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Abstract

This study examines how the 2000 and 2006 revisions of the fee-for-service system have
affected patient-nurse ratios and the average length of hospital stays in Japan. The
empirical results show that hospitals are quite responsive to changes in price policy. The
fee revisions have certainly achieved the policy objectives of reducing patient-nurse ratios
and the length of hospital stays. As a result, hospitals have responded by greatly
increasing the number of expensive beds for acute care. However, this was not exactly
predicted by the Japanese government which has aimed to reallocate health care resources

such as beds to sub-acute or long-term care.
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1. Introduction

The Japanese health care system has seemed to be functioning successfully during the
last several decades. This would be implied by the fact that Japan has achieved the highest
level of population health in the world at a relatively low cost (WHO, 2000; Hashimoto
et al., 2011)2. However, some statistics show that the financial stability of the health care
system in Japan will be under threat, in particular, from demographic and economic
factors in the future (Shibuya et al., 2011). The population aged 65 and older will continue
to increase from 33.952 million in 2015 to 36.573 million in 2025 when the baby boomers
become 75 years of age and older, and then it will be peak at 38.782 million in 2042
(NIPSSR, 2013). On the other hand, the working-age population (those aged 15-64)
which supports the current pay-as-you-go social security system will shrink from 76.818
million in 2015 to 70.845 million in 2025, and then to 55.985 million in 2042 (NIPSSR,
2013). Among the OECD countries, the recent rate of increase in total health expenditure
as a percentage of gross domestic product (GDP) was the largest in Japan, an increase of
2 percentage points from 8 % in 2005 to 10% in the 2010s (OECD, 2014)3. Further, the
outstanding stock of Japanese national debt mainly caused by the growth of social security
expenditure was 10.46 trillion US dollars in 2013, which is more than double the size of
GDP (about 4.9 trillion US dollars), and it is the biggest public financial burden in the

world (Schwartz, 2013). In order to make the universal health care system financially

2 Japan’s global health indices, such as life expectancy at birth (79.9 years for males and 86.4 years
for females), infant mortality (2.2 deaths per 1,000 live births) and perinatal mortality (2.9 deaths per
1,000 live births), are among the best in the world, while its total health expenditure as a percentage
of gross domestic product (GDP) was 10% in 2011, ranking 23th among the OECD countries where
data are available in 2011-2013 (OECD, 2014; MHLW, 2010).

3 During the same period, total health expenditures as a percentage of GDP increased by
approximately 1.7 percentage points in Korea, the United States, and New Zealand, 1.3 percentage
points in Canada, 1.2 percentage points in Spain and Ireland; and 1.1 percentage points in Denmark,
the United Kingdom, and the Netherlands.



sustainable given the drastic changes in population structure and severe budget
constraints, health care reform which moves towards a more efficient reallocation of both
physical and human resources is urgently required.

Economic theory explains how an equilibrium price is achieved through the market
mechanism, which makes the distribution of resources efficient, yet does not necessarily
lead to equity in the society. However, in Japan, medical care is reimbursed under a
nation-wide uniform single payment system mainly based on a fee-for-service (FFS)
system completely controlled by the government. FFS is paid equally, regardless of the
types of insurance* and facility®. It is worth noting that Japan’s FFS is not adjusted to
take account of regional cost differences (Ikegami & Anderson, 2012). After an overall
revision rate for medical care services as a whole is determined by negotiations between
the Ministry of Health, Labour and Welfare (MHLW) and the Ministry of Finance®, the
FFS is officially revised on an item-by-item basis every other year through discussions

among the representatives of various interest groups (for example, physicians,

4 Since the Japanese public health insurance became a compulsory system in 1961, people are forced
to be enrolled into one of five types of public health insurance: (1) the “National Health Insurance
(NHI)” for farmers, self-employed, and retired persons under the employee’s health insurance; (2)
health insurance for the employees of large firms and managed by health insurance societies; and for
the employees of small firms and managed by the Japan Health Insurance Association (Zenkoku Kenko
Hoken Kyokai); (3) health insurance for the employees of national and local governments, and teachers
or the staff of private schools and managed by mutual aid associations; (4) seamen’s insurance; and
(5) the medical care system for people aged 75 and older.

5 The Japanese Medical Service Law defines two types of medical facilities, hospitals and clinics. A
“hospital” is a medical facility with 20 or more beds, while a “clinic” has less than 20 beds or no beds
at all.

6 The overall revision rates for the FFS set in these negotiations have apparently been influenced by
changes in political power. Under Prime Minister Junichiro Koizumi, the overall revision rates were
set at O or negative levels, such as -1.30% in 2002, 0.00% in 2004, and -1.36% in 2006, because the
Liberal Demographic Party (LDP) regarded achieving positive primary balance by 2011 as the first
priority of fiscal policy and, therefore, the LDP attempted to suppress social security spending. After
the Democratic Party of Japan (DPJ) won the election in 2009, the overall revision rates have turned
positive, for example, 1.55% in 2010 and 1.38% in 2012, which reflected the DPJ’s policy of
enhancing social security services rather than suppressing the financial deficit. The latest revision rate
of 0.63% is slightly positive and will be offset by an increase in the consumption tax rate from 5% to
8% implemented at the same time of the revision in April 2014, after the LDP regained government.
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pharmacists, dentists, psychiatrists from the supply-side, insurers, and patients from the
demand-side, and public interest groups as a third party) at the Central Social Insurance
Medical Council appointed by the MHLW’. Price regulation of medical care services
imposed by the government would influence the economic welfare in society, through the
effects of the revisions of the FFS on medical care providers’ treatment choices and,
consequently, the allocation of medical care resources. Hence, it is important for policy
makers to evaluate the impacts of a change in price policy on supply-side behavior (Tokita,
2004).

Some researchers emphasize the primary contribution of the reimbursement system
described earlier as being cost containment and, therefore, the efficiency in providing
medical care up to now (Ikegami & Campbell, 2004; Wagstaff, 2005; Ikegami et al. 2011,
Ikegami & Anderson, 2012). These points are also indicated in a report by the MHLW as
being important characteristics of the current health care system®. In contrast, other
empirical studies in the economics field using micro-based individual data have reached
different conclusions. First, the supply of medical care would often be inefficient because
supplier-induced demand (SID) might deliver unnecessary care for improving patient
outcomes, due to the asymmetric information among patients, insurers, and medical care
providers (Evans, 1974; Fuchs, 1978; Pauly, 1980; McGuire, 2000). As has been found
in the United States, some earlier studies have found the presence of SID in Japanese
medical care (Kawai & Maruyama, 2000; Tokita, 2004; Suzuki, 2005; Shigeoka &

Fushimi, 2014). These studies deal with either the introduction of the Diagnosis

" For details of the process of revising the FFS, see Hashimoto et al. (2011), Ikegami and Campbell
(2004) and MHLW (2012).
8 In addition to providing high-quality medical care at relatively low cost, MHLW (2015)
characterizes the Japanese health care system as follows: compulsory universal coverage as of 1961;
free access to medical care without a gatekeeping system; and income-related social insurance
subsidized by general taxes.



Procedure Combination (DPC) or the Prospective Payment System (PPS) in 2003 (Kawai
& Maruyama, 2000; Shigeoka & Fushimi, 2014), or the revision of the FFS in every other
year (Tokita, 2004; Suzuki, 2005) as natural experiments® and evaluate the impacts of
changes in price policy on medical care providers’ treatment choices and/or patterns. In
sum, the results show that medical care providers were quite responsive to the DPC/PPS
adoption and/or the revision of FFS, in the sense that they might extend the length of
hospital stays, increase the frequency of visits to a medical facility, and raise even patient-
days, in order to compensate for the decrease in the unit price of medical care?®.

Second and more importantly, the Japanese regulated price policy could lead to a more
uneven distribution of medical care resources with respect to geographic regions and
clinical departments or specialties. To my knowledge, lizuka and Watanabe (2014) is the
first empirical study to tackle this issue, using the introduction of the New Postgraduate
Medical Education Program in Japan in 2004 as a natural experiment, in order to clarify
the differences between the short-run and long-run demands for physicians in the labor
market. Hospitals in rural areas often have to pay physicians much higher salaries than
hospitals in urban areas in order to attract physicians. But, the price-regulation policy
does not allow these medical facilities to raise their fees for patients and absorb higher
wages, so that they have to exit the market in the long-run. Therefore, lizuka and
Watanabe (2014) conclude that “the demand for physician labor is inelastic in the short-

run but more elastic in the long-run”. Nevertheless, lizuka and Watanabe (2014) could

 As of 2003, the Japanese government introduced a new-flat-fee payment system called the DPC or
PPS, which covers part of inpatient hospital care. For the differences of this Japan’s version of the
case-mix payments and Diagnosis-Related Groups (DRGS), please see Ikegami and Anderson (2012).
10 Some researchers argue that SID might not occur or that the size of SID could be small enough to
be ignored in Japan, since most physicians are employees so that they might have no incentive to
induce demand. In addition, by law there are no private hospitals for-profit in Japan (Kishida, 2001;
Kadoya & Kodera, 2014).



not isolate the effect of price regulation on the labor supply of physicians directly, because
the price policy, more specifically, the revisions of the FFS, influence all over the medical
care market and, therefore, a control group which is not affected by the revisions could
not be identified. This is one of the most critical challenges for empirical studies
attempting to evaluate the impacts of price policy in Japan.

This study focuses on another key human resource for medical care, nurses, because
the patient-nurse ratio (PNR) in a ward has been one of the most significant factors for
determining reimbursements under the FFS system in the past few decades. For example,
it is internationally well-known that the average length of a hospital stay (LHS) is much
longer in Japan than in other OECD countries (OECD, 2014)!, and that this has been
considered to be one of the major causes of rising medical expenditures. Ogata (2003)
indicates that the insufficient allocation of medical care professionals such as physicians
and nurses in acute care hospitals would make LHS longer in Japan than in other
developed countries?. Therefore, the FFS system raised the reimbursement rate for
hospitals with a PNR less than a certain standard, conditional on shortening LHS.
Unfortunately, for the same reason as in lizuka and Watanabe (2014), so far, no studies
have clarified the impact of the revisions of the FFS on the demand and supply in the
labor market for nurses without a relevant counterfactual. Hence, the main objective of
this study is to examine the effects of price regulation on PNR in a ward and the average

LHS, using the FFS revisions as natural experiments. There are five types of inpatient

11 The average LHS in Japan for all causes has decreased rapidly from 34.4 days to 17.5 days during
the 1994-2012 period. This would be caused by the separation of hospital beds for long-term care from
beds for acute care in August, 2008. Even so, LHS in Japan still remains much longer than the OECD
average of 7.4 days.

12-Ogata (2003) also stated that the larger number of hospital beds per 1,000 people compared to other
countries and the mixture of inpatients with acute and chronical diseases in the same wards are major
causes of the longer LHS in Japan.



beds for (1) psychiatric disease, (2) infectious diseases, (3) tuberculosis, (4) long-term
care, and (5) other, called general beds. The reimbursement varies by type of beds?3, Since
the major revisions of FFS have been attempting to the PNR and the average LHS of
general beds, this study pays attention to only hospitals that have general beds.

In the next section, | describe some background information for this study. Section 3
explains the data used and the econometric strategy. The empirical results are presented

in the Section 4, and the final section contains a conclusion.

2. Background
2.1 Nurse labor market in Japan

The insufficient number of nurses in Japan has often been discussed in the past few
decades*. In response to an increase in the demand for nursing care in hospitals caused
by population aging and the diffusion of high-tech care (MHLW, 2012), the number of
universities with schools of nursing and, therefore, the total quota of nursing places at
universities have been growing rapidly following the Act on Assurance of Work Forces
enacted in 1992 by the Ministry of Education, Culture, Sports, Science and Technology

(MEXT)™. This has contributed to an increase in the total supply of nurses, such that the

13 In 2010, the numbers of beds by type of bed are: 346,715 for psychiatric disease, 1,788 for
infectious diseases, 8,244 for tuberculosis, 332,986 for long-term care, and 903,621 for other.
Accessed 19 January 2015. Available from URL:
http://www.mhlw.go.jp/toukei/saikin/hw/iryosd/11/d1/1-2.pdf

14 In accordance with the Economic Partnership Agreements (EPA) that Japan has signed with
Indonesia, the Philippines, and Vietnam, the Japanese MHLW has been accepting trainees for nursing
and long-term care workers from these countries since 2008. In the seven years from 2008 to 2014,
the total number of accepted trainees for nursing was 839. However, of these trainees, only 128 of
them passed the National Nursing Examination, which is not enough to influence the entire nurse labor
market in Japan, although the percentage of these trainees who pass the exam has increased from
0% in 2008 to 10.6% in 2013. Accessed 19 January 2015. Available URL:
http://ww.mhlw.go.jp/file/06-Seisakujouhou-11650000-
Shokugyouanteikyokuhakenyukiroudoutaisakubu/epa_gaiyou.pdf

15 The number of universities with a school of nursing has increased from 14 in 1992 to 210 in 2013.
Accordingly, the quota on the number of nursing places in universities rose greatly from 748 to 17,779
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number of registered nurses (RNs) has rapid increased from 308,415 in the mid-1980s to
1,015,744 in 2012, an increase of about 9 percentage on average every year. Accordingly,
the total number of nurses has more than doubled from 590,177 in 1984 to 1,373,521 in
2012, although the number of licensed practicing nurses (LPNSs) has declined since
2000%%%7, Thus, as Figure 1 indicates, compared to other OECD countries, the number of
practicing nurses per 1,000 population is not so low in Japan. In 2010, the number of
practicing nurses per 1,000 Japanese population was about 10, which is higher than the

average of 34 OECD countries which was 8.8.

[Figure 1 around here]

Even though the total labor supply of nurses has been growing, on average, the effective
job openings to applications ratio has always been more than 1.0, and even this ratio has
grown from 1.18 in 2000 to 2.69 in 2013 (MHLW, 2014). This indicates that excess
demand still remains. An answer from a macro perspective might be the geographically
uneven distribution of nursing labor. The allocation of nurses is biased toward the south-

west regions, and urban areas such as Tokyo and Osaka seem to have an insufficient

during the same period. MEXT. Table for trend of number of universities and quotas with school of
nursing and Quota (in Japanese). Accessed 19 January 2015. Available from URL:
http://www.mext.go.jp/component/a_menu/education/detail/ __icsFiles/afieldfile/2014/01/20/131403
1 3.pdf

16 In Japan, RNs are required to have 3,000 or more hours of training in a nursing program in
universities, colleges, or professional schools and to pass the National Nursing Examination in order
to obtain a license. On the other hand, LPNs should have 1890 or more hours of training in professional
schools or 5-years consecutive nursing high-school and pass a qualification exam conducted by any
of the 47 prefecture-level governments. According to the current rapid development of medical
technology, further sophisticated expertise and higher-tech skills are required to provide nursing care
in medical facilities. Hence, the abolition of LPNs has been one of major debates among interest
groups, such as Japanese Nursing Association (JNA) and Japan Medical Association (JMA) (JNA,
2009).

17 The number of physicians also started increasing in the mid-1980s by about 4 percentage on average
every year. However, the number of nurses has increased much faster than the number of physicians.
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number of nurses, even though this is where acute care hospitals are concentrated and so
the demand for nursing care is relatively high.

From a micro perspective, Nakata and Miyazaki (2010) provide another possible reason
for this. First, they suspect that the national health reform in 1994 increased the demand
for nurses, because supplemental care by family members for inpatients was no longer be
allowed in hospitals and nurses’ aides were excluded from the nominal head count of
nursing staff used in calculating the daily reimbursements as of 1994. Therefore, the
reform motivated hospitals to hire more RNs and LPNs in order to maintain the levels of
PNR and so, reimbursements, which would lead to a rise in the demand for nurses. Second,
Nakata and Miyazaki also discussed that nurses’ wages have not increased much, despite
the tight labor market, contrary to the standard demand-supply theory. Figure 2 shows the
mean hourly wages of nurses and their wages relative to the wages of welfare service
workers from 2001-2013. Overall, the mean hourly wage has not changed so much and
has even slightly fallen in some periods, while the relative wages of RNs and LPNs
compared to welfare worker have been increasing, but not considerably. Thus, it might
lessen an individual nurse’s incentive to stay in the labor market, due to their low
opportunity costs for a heavy workload. Therefore, the policy implications suggested by
Nakata and Miyazaki (2010) are: to introduce a reorientation program for nurses who are
no longer in the labor market; to restructure the working environment for nurses; and

finally, to reassess the current wage system.

[Figure 2 around here]
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2.2 Major revisions of the FFS related to the nurse labor market

This section describes the major revisions of the FFS for inpatient hospital care which
might influence the labor market for nurses in the last three decades, focusing on the PNR
for general beds. Figure 3 shows the trend in PNR by hospital size'® and the timing of

major revisions of the FFS.

[Figure 3 around here]

As of 1988, a ward where an employed nurse is assigned to ten inpatients (the so-called
10:1 PNR) and the average LHS is less than 20 days, started to be reimbursed with an
additional payment®®. After 1988, the nurse placement in medium-sized hospitals had
been catching up rapidly with that in large hospitals, where a relatively low PNR had
already achieved before the revision. Then, the FFS for wards not meeting the legal
standard of PNR required by the Medical Care Act, which is twenty patients per employed
nurse (20:1 PNR), was abolished in 1992 and hospitals which did not meet this standard
could no longer be reimbursed by the FFS system. Further, as discussed in the previous
section, the national health reform in 1994 forbid supplemental care by family members
for inpatients and, after the reform, nurses’ aides have no longer been counted in the PNR
for the purpose of calculating the daily reimbursement as of 1994. The major revisions in

1992 and 1994 should have led to a fall in the PNR even in small hospitals speedily. As

18 Hospitals are categorized into three sizes, small hospitals (the number of general beds is less than
100), medium-sized hospitals (the number of general beds is 100 and more and less than 500), and
large hospitals (the number of general beds is 500 and more), and these categories are generally utilized
in the surveys conducted by MHLW.

19 In this study, the PNRs are shown are based on the new standard revised as of 2006. Before 2006,
each PNR of "7:1", "10:1", "13:1", "15:1", "18:1", and "20:1" were counted as "1.4:1", "2:1", "2.5:1",
"3:1", "3.5:1", and "4:1" (Nagata et al., 2012). Please see footnote 27 for a further explanation.
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of 2000, three categories of charges for nursing care, medical supervision and
management, and a hospital room were combined into an inpatient hospital fee?. Also,
as conditions for additional reimbursements, the average LHS for various standards of
PNRs were revised to 21 days or less for “10:1’; 26 day or less for “13:1”; 60 days or less
for “15:17; and 90 days or less for “18:1”, respectively (MHLW, 2012). Finally, a new
standard for inpatient hospital fees was introduced in 2006. Nagata et al. (2012) provide
a good summary for this as follows. Instead of the number of inpatients per employed
nurses, the number of inpatients per working nurses per working hour became a new
criterion as of 200621, Also, as a new criterion for an additional reimbursement, a PNR of
“7:1” conditional on average LHS of 19 days or less (so-called a “7:1” hospital) was

introduced by the FFS system.

[Figures 4 & 5 around here]

Figures 4 and 5 summarize the trend of the number and distribution ratio of general
beds in 1984-2008, by hospital size and types of hospital based on criteria for an
additional reimbursement defined in 2000 and 2006. The total number of general beds
which meets the standard of a “7:1” hospital defined by the FFS system in 2006 were
1,354 (9% of total number of general beds), which has been increased to 317,901 in 2008

(43%). The increase could be clarified by increasing the number of general beds of the

20 Under the FFS system, dietary therapy expenses started to be evaluated separately from patient
inpatient hospital fees as of 2000 (MHLW, 2012).

2l Nagata et al. (2012) provide an example as follows, “if there were 20 nurses assigned to a ward
with 40 patients, according to the previous standard it was calculated that there was one nurse for
every 2 patients (=2:1). On the other hand, if there are 20 nurses assigned to a ward, at most only 4
nurses can work at same time because of shift work; therefore, by the new standard it was calculated
that 40:4 = 10:1”.
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“7:1” type in medium-sized and large hospitals, while the number of beds of the “non-
7:1” type in both sized hospitals has been decreasing gradually after 2000 (Figure 4). Also,
Figure 5 shows that almost all medium-sized and large hospitals could meet the conditions
for additional reimbursements after 2000, but more than 30% of small hospitals have not
satisfied with these standards, and they have remained categorized into “other”. Even so,
regardless of hospital size, the distribution ratios of general beds which meet the standard
of additional reimbursements have been increasing rapidly, in particular, after 2000. In
sum, these simple basic statistics indicate how hospitals started to respond especially to
the FFS revisions as of 2000. Therefore, among the revisions of the FFS in the past
decades, this study focuses on the latest drastic revisions of inpatient hospital fees in 2000
and 2006 as natural experiments when the FFS system begun to clarify new standards
based on PNR combined with LHS for an additional reimbursement. The data and

econometric strategy are explained in the next section.

3. Data and Econometric Strategy
3.1 Data structure

This study constructs hospital-year-based data by combining data from two nation-
wide surveys conducted by the MHLW, the “Hospital Report (HR)”, and the “Survey of
Medical Institutions (SMI)”, which contain common hospital identifiers from survey to
survey.

Both HR and SMI are population surveys which cover the entire hospital system in
Japan. First, the HR contains two questionnaires, one regarding patients and the other

relating to employees 2. Each hospital has to submit the results of the patient

22 All clinics with inpatient beds have to provide answers only to the questionnaire for patients every
month (Accessed 19 January 2015. Available URL: http://www.mhlw.go.jp/toukei/list/80-
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questionnaire which includes the total numbers of inpatients and discharged patients
every month to the MHLW, while the questionnaire for employees is conducted once a
year on the 1st of October and asks about the number of physicians, RNs, LPNs, dentists,
pharmacists, and other type of employees.

Unfortunately, in these surveys, the data necessary to calculate the new criteria adopted
from 2006, such as working hours and the structure of the shifts of nurses, is not available.

Instead, | simply define a PNR for a hospital in year t as follows:

%2, total number of inpatients in jth month of year t /12

PNR, =

Number of RNs on Oct 1 of yeart (1)
where t=1984, ..., 2008.

Second, SMI is conducted once every three years on the 1st of October??*. As with
HR, SMI includes questions related to the type and number of inpatient beds and
employees, and it has more detailed information on facilities compared to HR, such as
the type of owners, the presence of clinical departments, emergency rooms, an intensive
care unit (ICU), cardiac ICU (CICU), pediatric ICU (PICU), and teaching/educational

systems. Out of these, | use only variables commonly available from 1984 through 20082°.

la.html#link01), but clinics with no beds do not need to report answers to the HR. In order to focus
on the supply of inpatient care service in hospitals, this study excludes the data for clinics with
inpatient beds.

23 Therefore, the data are available in 1984, 1990, 1993, 1996, 1999, 2002, 2005, and 2008.

24 There is also a vital survey in the SMI, which is a monthly report related solely to the opening and
closing of hospitals/clinics (Accessed 19 January 2015. Available
URL:http://www.mhlw.go.jp/toukei/list/79-1b.html#1). This study uses only hospital data in the static
survey of SMI.

% Details of the number of inpatient beds, the type of owner, the presence of teaching/educational
systems, and the population size of municipality where a hospital is located are available for every
period. But, details of the type of owners and the presence of teaching/educational systems are
included only in SMI, but not in HR. So, for these variables, assuming that they do change over the
three year period, I merged HR with SMI.
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Finally, HR and SMI are merged by using the common hospital identifier in each
survey year. This study excludes hospitals which do not have general beds or which do
not meet any criteria of both PNRs and LHS for additional reimbursements as of 2000
described in section 2.2%. The average LHS seem to be too long for these hospitals,
probably because HR does not clarify the number of inpatients by type of beds so that the

average LHS including patients with non-acute diseases might be evaluated.

3.2. Econometric strategy

The econometric strategy used in this study is simple and straightforward. For the
primary purpose of this study — evaluating how responsive and sensitive hospitals are to
a change in price policy-, we visually want to show a change in PNR and LHS, before
and after the revision of the FFS system. | apply a difference-in-difference (DID)
estimator on the common support with kernel propensity score matching before/after the
revisions of FFS system in 2000 and 2006, respectively. As described in the previous
section, the revisions provide distinct criteria for the PNR combined with LHS for an
additional reimbursement, so that control and treatment groups can easily be constructed
in a DID context. An advantage of the use of a kernel propensity score matching DID
estimation method is that we can ignore observable time-invariant effects on PNR and
LHS because the model is supposed to extract hospitals which have similar characteristics

either in the treatment or the control group?’. For reference, our final model is as follows.

%6 Hospitals which are categorized into “Other” in Figure 5 are excluded from the regression analyses.
27 However, endogeneity issues still remain because it is difficult to make adjustments for time-
variant unobservable hospital characteristics. | will discuss this in the last section.
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where [before] and [after] implies post- and pre-revision of the FFS in 2000 and 2006.
Then, hospitals which have satisfied the new standard for an additional reimbursement, a
PNR of “7:1” conditional on average LHS of 19 days or less before the year of 2000/2006
are defined as “the controlled” (control group) and those which have not achieved “7:1”
requirements before 2000/2006 as “the treated” (treatment group). [Iater,1,Ibefore,1] @and
[Lafter,0:Ibefore,0] are respectively the treatment and control groups before and after 2000
and 2006, respectively, and N, [t=after, before] is the number of hospitals in the
treatment group. Let D; be a dummy variable indicating the i" hospital’s status with
D; =1 indicating a “non-7:1” hospitals and D; = 0 indicating a “7:1” hospital. The
variables indicating the i*" hospital’s PNR and LHS are denoted by Y;;(D;) as a
function of D;. P(X;) is the propensity score for the i® hospital at time t. The
variables appearing in X.; are dummy variables relating to the i*" hospital’s
characteristics at time t, which are the number of general beds, ownership types (public,

private, or other)?®, and the size of the population of municipality where the hospital is

28 While the number of hospital beds per 1,000 population is larger in Japan than in other OECD
countries (for example, 2.71 in Sweden, 2.75 in Canada, 2.95 in United Kingdom, 3.05 in United
States, 6.37 in France, 8.27 in Germany, and 13.4 in Japan (OECD, 2014)). In Japan, only 3.8% of
hospitals are large hospitals, so that most hospital beds are medium-sized or small hospitals. The data
in this study also shows that private non-profit hospitals occupy 66% of the medical care market,
which is the largest proportion among all hospital types.
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located®®. As results of the balancing test, the difference in the mean values of all X,;
between control and treatment groups are statistically insignificant at the base line of 2000
and 2006%°. W is the weight derived from the kernel propensity scoring matching
between treated and the matched control hospitals. In practice, for each outcome, & is
estimated as a coefficient of an interactive term of year dummy ([before] as 0 and [after]

as 1) with D;. | performed separate regressions for 2000 and 2006, by hospital size.

4. Results
4.1 Distribution of PNR and LHS over time

Figures 6 and 7 show histograms for PNR and LHS by the size of the hospital and the
timing of the major revisions of FFS, respectively. These histograms are obtained using
kernel density estimates®!. During the baseline period (1984-1987), the mean/median
PNRs are about 3.5/2.3, 6.7/3.3, and 9.6/6.4 with standard deviations of 4.0, 10.7, and
10.1 for large, medium-sized, and small hospitals, respectively, which decline to 1.2/1.1,
1.6/1.3, and 2.4/1.9, with standard deviations of 0.7, 0.8, and 2.1 in the period 2006-2008.
Similar to PNR, the mean/median LHS in 1984-1987 are about 31.6/ 30.3, 33.7/28.6, and
41.8/37.8 with standard deviations of 9.3, 16.1, and 21.5 for large, medium-sized, and
small hospitals, respectively, which decline to 18.0/16.7, 25.9/ 21.1, and 38.3/ 33.5, with
standard deviations of 6.7, 15.0, and 22.7 in the period 2006-2008. However, the standard

deviation for large hospitals has been shrinking over time, while the standard deviations

29 Municipalities are divided into 4 categories depending on the size of their population: a
“metropolitan area (MA)” with a population greater than one million; “rural urban center (RUC)” with
a population greater than 0.3 million and less than or equal to 1 million; a “local small city (LSC)”
with a population greater than 0.1 million and less than or equal to 0.3 million; and an “underpopulated
area (UPA)” with a population of less than or equal to 0.1million.

30 The results of the balancing test can be provided by the author, if it is requested by readers.

31 In producing the estimates in Figure 6, | have eliminated hospitals where the PNR is more than 10
(about 5% of the sample).
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for medium-sized and small hospitals have not changed.

Regardless of the size of the hospital, the distributions of PNR and LHS have been
shifting to the left over time. However, the decreases in PNR and LHS seem to be drastic
for medium-sized and large hospitals after the period, 1992-1999. Almost half of the large
hospitals had already met the requirements for a “7:1” hospital before 2006, and
consequently, 78% of the large hospitals attain an additional reimbursement after 2006.
Medium-sized hospitals have been steadily catching up with the large hospitals in 2000-
2005 and about 43% of medium-sized hospitals obtain the high reimbursement after 2006.
For small hospitals, the PNR and LHS had begun to fall slightly in 2000-2005, and 20%

of these hospitals have satisfied the new criteria after 2006.

[Figures 6 and 7 around here]

The distributions of PNR and LHS over time imply that large and even some medium-
sized hospitals could predict the direction of the price policy change in the near future
and make a decision even before the actual revision of the FFS. If that is the case, hospital
characteristics would affect how fast a hospital responds to a change in pricing policy. So,
balancing these characteristics between the control and treatment groups using a DID
estimator on the common support with a kernel propensity score matching would be

significant to identify the pure effect of a change in FFS on PNR and LHS.

4.2 Kernel propensity score matching DID estimates
Tables 1 and 2 present the results of estimating equation (2), before and after 2000 and

before and after 2006, respectively. DID estimates (&) show that the revision of the FFS
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system in 2000 significantly decreases PNR by -0.19 and -0.04 (-0.13, in average) ( p-
value <0.01). However, the effect on PNR is not statistically significant for small hospitals.
On the other hand, the revision in 2000 has the largest statistically significant effects on
LHS in small hospitals of about -7.1 days, following -4.5 days and -2.9 days in large and
medium-sized hospitals, respectively (-5.5 days, in average). Table 2 shows that the
revision in 2006 does have statistically significant impacts, such that it would influence
the PNR of each large and medium-sized hospitals, by -0.08 (p-value <0.1) and -0.07 (p-
value<0.05). As with the effect of the 2000 revision, the PNR of small hospitals is less
likely to be influenced by the 2006 revision. In contrast to PNR, regardless of hospital
size, LHS is more likely to be affected by the 2006 revision, -6.9 days, -3.7 days, and -
1.9 days for small, large, and medium-sized hospitals, respectively (-5.1 days, in average)

( p-value <0.01).

[Tables 1 and 2 around here]

Looking at the DID estimates that pick up the impact of the revisions of the FFS in
2000 and 2006, the impacts on PNR for both medium-sized and large hospitals turn out
to be statistically significant before and after 2000, rather than around 2006. After the
revision in 2006 which introduced an additional reimbursement for “7:1” hospitals, there
is a debate that medium-sized and large hospitals succeeded in increasing the number of
their nursing staff, but this is not the case for small hospitals, about 80% of which are run
by private organizations. Due to the limited number of nurses in the labor market, small
hospitals, particularly in rural areas, which could not provide better salary and/or working

conditions are at a disadvantage and completely failed to employ new additional nursing
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staff (Moriyama, 2009). In contrast to that debate, the results here show that the decline
in PNR after 2006 does not appear to be statistically significant as much as the one after
2000, probably because the declining trend of the PNR had already begun at an earlier
time period just after 2000 when the PNR became significant factors for the revision of
the FFS.

Interestingly, in contrast to the trends for PNR, both the 2000 and 2006 revisions seem
to decrease LHS significantly, in particular, among small hospitals, where we could not
observe statistically significant declines in PNR during the study periods. Although we
observe improvements in the average LHS in small hospitals to some extent after the
revisions, looking at the mean LHS in the treatment groups for small hospitals, LHS still
remains longer than 40 days in the base line periods for both 2000 and 2006.

A decline in PNR could contribute to reducing the average LHS to less than 30 days in
each medium-sized and large hospitals, approximately more than 50% and 70% of which
are run by public or social insurance interested organizations (S110). This might be
because public or SO hospitals are subsidized by the government more than private
hospitals, to provide attractive working conditions including wages to nurses. But, if that
is the case, it may not be sustainable. Consequently, the insolvent financial status of public
hospitals could be a further fiscal burden for municipalities, particularly in rural areas.
Therefore, as lizuka and Watanabe (2014) pointed out with respect to physicians labor,
local government hospitals may have to exit from the market due to the financial burden

of hiring many nurses to maintain a relatively high PNR with a shorter LHS.

5. Conclusion

Overall, the empirical results in this study indicate that the revisions of the FFS system
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in 2000 and 2006 have certainly achieved the policy objectives relating to the working
conditions for nurses in medium-sized and large hospitals, but that is not the case in small
hospitals. Further, regardless of hospital size, the “7:1” regulation is successful in
shortening the average LHS, however it still remains longer than one month particularly
in “non-7:1” small hospitals in the baseline periods.

In order to bring the average LHS for acute high-tech care with a PNR of “7:1” close to
the mean of OECD countries (7.4 days in 2014) , intermediate facilities and clinics are
necessary, where sub-acute, long-term, and home health care are provided. For example,
a patient could promptly be treated at an expensive acute high-tech care hospital and, after
a short stay at a high-tech hospital, he or she could be transferred to an intermediate care
hospital or clinics for rehabilitation to go back to daily life at home. Considering the
current increase in the number of old people living alone in the community without
informal care givers, the demand for this type of care after acute medical treatments will
be rising rapidly. For that purpose, health care resources such as physicians, nurses, and
beds should be reallocated to sub-acute, long-term, and home health care, and therefore,
the MHLW attempted to reduce the number of hospital beds for acute high-tech care to
about 180,000 by 2025 when the baby boomers become 75 and older. A series of revisions
of the FSS aim to clarify and differentiate the roles and functions of medical facilities
with various characteristics, rather than motivate them all in the same direction to satisfy
the high criterion for intensive care along with an additional reimbursement.
Unfortunately, hospitals were not discouraged from adopting unsympathetic new
standards for high reimbursement. As described in Figures 4 and 5, the number of general

beds for acute care which met the requirements for a “7:1” hospital with high
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reimbursement has increased up to 328,518 in 2010 (MHLW, 2012)*. This might be
caused by the response of medium-sized and large hospitals a change in price policy in
order to pursue higher reimbursement. However, this is not exactly what the MHLW
intended. Consequently, the latest revision of the FFS in 2014 turned to decrease
drastically the fee for inpatient hospital care provided by “7:1” hospitals, in order to
motivate some hospitals to transfer from “7:1” acute care hospitals to “non-7:1" providing
other type of care.

A lesson from this example is that constant quantitative evaluation of the impact of a
price policy on the supplier’s behavior is necessary, in particular, when a free hand choice
is allowed for health care providers, to some extent, under a price regulation policy.

Finally, there are a number of limitations of this study. First, the econometric strategy
in this study could not identify the effects of FFS revisions completely, since kernel
propensity matching score DID could account for observable time-invariant effects, but
unobservable influences still might remain within the model. Second, it did not evaluate
the impacts of the FFS on patient outcomes and medical costs, where it could be quite
challenging to identify pure effects because of the endogeneity problem between policy
changes and outcomes. Finally, due to data limitations, the long-run effects of the critical
revisions in 2006 have not been examined in this study. So, further research is necessary

to clarify the effects of policy-changes on health care in Japan.

32 Also, MHLW (2012) indicates that there are 248,606 beds in 10:1 hospitals, 33,668 beds in 13:1
hospitals, and 66,822 in 15:1 hospitals in 2010.
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Fig.1 Practising nurses per 1,000 population, 2010 and change between 2000 and 2010
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Source: OECD Health Data 2014; Eurostat Statistics Database; WHO European Health For All Database.
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Fig2. Mean hourly wages of nurses and relative wage to welfare service worker
(2001-2013)
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Note: Mean hourly wage is calculated by annual income (including bonus)/total annual hours of working (including overtime work).
Welfare service worker includes physical/occupational therapists, care managers, care workers, and home helpers.

Fig.3 PNR by hospital size and the timing of major revisions of FFS (1984-2008)
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Note: PRN and LHS stand for "patient-nurse ratio” and “length of hospital stay", respectively. All PRNs in this figure are based on the new standard revised

as of 2006. Before 2006, each PNR of "7:1", "10:1", "13:1", "15:1", "18:1", and "20:1" were counted as "1.4:1", "2:1", "2.5:1", "3:1", "3.5:1", and "4:1" .
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Fig.4 Number of general beds in hospitals
with PNRs of "7:1" versus more than "7:1", by hospital size
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Source: Number of general beds, PNRs, and an average LHS are calculated by the
author, based on HR and SMI (MHLW).

Note: "7:1" hospital is defined as a medical facility which satisfies PNR of 7:1
conditional on an average LHS of 19 days, while non-"7:1" hospitals do not meet the
criteria.
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Fig.5 Distribution ratio of number of general beds, by hospital size and types of PNRs
based on 2000 and 2006 criteria for additional reimbursements
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revision in 2000 and "7:1" hospital was defined in 2006.
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Fig. 6 Histogram of PNR by hospital size and the timing of major revisions of FFS with kernel density estimates
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Fig. 7 Histogram of LHS by hospital size and the timing of major revisions of FFS with kernel density estimates
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Table 1 Kernel propensity score matching DID estimates before and after 2000

Base line before 2000

Follow up after 2000

Outcome variables Number of Control Treated  Difference Control Treated  Difference DID R-square
observations at base line at follow up din Eq.(2)
A. PNR

A-1. All hospitals 19501 1.042 1.644 0.602 ** 0.880 1.352 0.473 o+ -0.130 **  0.133
(0.010) (0.010) (0.014) (0.012) (0.011) (0.016) (0.022)

A-2. Small hospitals 9708 0.728 1.421 0.693 0.653 1.314 0.660 -0.032 0.127
(0.016) (0.016) (0.022) (0.022) (0.020) (0.030) (0.038)

A-3. Medium-sized hospitals 8214 1.357 1.968 0.612 **1.008 1.429 0.421 xo.0191 0 0.321
(0.011) (0.011) (0.015) (0.011) (0.011) (0.016) (0.022)

A-4. Large hospitals 1403 1.396 1.568 0.172 o 1.024 1.157 0.133 % -0.040 ** 0.338
(0.016) (0.016) (0.022) (0.016) (0.016) (0.023) (0.032)

B. LHS

B-1. All hospitals 19501 20.549 36.849 16.300  ***  20.917 31.758 10.841  ** 5459 = 0.157
(0.223) (0.223) (0.316) (0.265) (0.247) (0.363) (0.481)

B-2. Small hospitals 9708 20.710 42.121 21411 & 24.280 38.602 14322 ** -7.089 ** 0.189
(0.359) (0.359) (0.508) (0.493) (0.432) (0.655) (0.829)

B-3. Medium-sized hospitals 8214 19.790 31.080 11.290 >  18.495 26.924 8.429 e -2.861 7t 0.162
(0.254) (0.254) (0.360) (0.271) (0.262) (0.376) (0.521)

B-4. Large hospitals 1403 20.461 28.395 7.934 ** 17.057 20.456 3.399 W* o -4536 ™ 0.259
(0.374) (0.374) (0.529) (0.383) (0.384) (0.542) (0.758)

Source: Estimated by the author, based on HR and SMI (MHLW).

Note: *** p<0.01; **p<0.05; and *p<0.1.
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Table 2 Kernel propensity score matching DID estimates before and after 2006

Base line before 2006 Follow up after 2006
Outcome variables Number of Control Treated  Difference Control Treated  Difference DID R-square
observations at base line at follow up 0 in Eq.(2)
A. PNR

A-1. All hospitals 21964 1.068 1.604 0.536 o 0.871 1.347 0.476 **-0.060 * 0.100
(0.009) (0.009) (0.012) (0.021) (0.020) (0.029) (0.031)

A-2. Small hospitals 11272 0.850 1.442 0.591 »r 0734 1.327 0.594 ** - 0.002 0.093
(0.013) (0.013) (0.019) (0.036) (0.032) (0.038) (0.052)

A-3. Medium-sized hospitals 8859 1.433 1.887 0.454 »* o 1.014 1.401 0.387 ¥+ -0.066 **  0.199
(0.009) (0.009) (0.013) (0.021) (0.020) (0.029) (0.032)

A-4. Large hospitals 1768 1.333 1.494 0.161 o 0.967 1.044 0.077 * -0.084 * 0.196
(0.013) (0.013) (0.018) (0.028) (0.029) (0.040) (0.044)

B. LHS

B-1. All hospitals 21964 21.514 38.033 16.519 e 22.542 33.958 11.416 o o -5103 0 0.171
(0.181) (0.181) (0.256) (0.449) (0.416) (0.612) (0.663)

B-2. Small hospitals 11272 22.129 42.163 20.035  **  25.753 38.861 13.108  *>*  -6.927 *** 0.193
(0.282) (0.282) (0.398) (0.772) (0.680) (1.029) (1.103)

B-3. Medium-sized hospitals 8859 20.532 32.342 11.810 ** 18.766 28.706 9.940 wro.1.871 % 0.175
(0.209) (0.209) (0.295) (0.464) (0.459) (0.653) (0.717)

B-4. Large hospitals 1768 21.676 29.193 7.518 ** o 16.406 20.255 3.849 B 23669 * 0.241
(0.289) (0.289) (0.409) (0.637) (0.654) (0.913) (1.000)

Source: Estimated by the author, based on HR and SMI (MHLW).
Note: *** p<0.01; **p<0.05; and *p<0.1.
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Burden of Disease in Japan: Using National and
Subnational Data to Inform Local Health Policy
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Department of Global Health Policy, Graduate School of Medicine, University of Tokyo, Tokyo, Japan

The Global Burden of Disease (GBD) study has been instrumental in guiding global health policy development since the early 1990s.
The GBD 2010 project provided rich information about the key causes of mortality, disability-adjusted life years, and their associated
risk factors in Japan and provided a unique opportunity to incorporate these data into health planning. As part of the latest update of
this project, GBD 2013, the Japanese GBD collaborators plan to update and refine the available burden of disease data by incorporat-
ing sub-national estimates of the burden of disease at the prefectural level. These estimates will provide health planners and policy
makers at both the national and prefectural level with new, more refined tools to adapt local public health initiatives to meet the
health needs of local populations. Moreover, they will enable the Japanese health system to better respond to the unique challenges
in their rapidly aging population and as a complex combination of non-communicable disease risk factors begin to dominate the pol-
icy agenda. Regional collaborations will enable nations to learn from the experiences of other nations that may be at different stages
of the epidemiological transition and have different exposure profiles and associated health effects. Such analyses and improvements
in the data collection systems will further improve the health of the Japanese, maintain Japan’s excellent record of health equity, and

provide a better understanding of the direction of health policy in the region.

Key words: Burden of disease, Japan, Comparative risk factor analysis, Health policy, Non-communicable disease, Aging

INTRODUCTION

The Global Burden of Disease (GBD) is a an essential tool in
the global battle to improve health [1]. This project provides a
systematic approach to calculating comprehensive, consistent,
and comparable measures of health loss due to diseases, inju-
ries, and their associated risk factors [2]. The latest GBD study,
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known as GBD 2010, was conducted by the Institute for Health
Metrics and Evaluation (IHME) in collaboration with six aca-
demic partners worldwide including the University of Tokyo
and was published in December 2012 [3,4]. In this study, the
GBD research team introduced new analytical methods and a
wider range of data. They also called on experts around the
world to inform estimation methods with local advice and in-
sights. Through these new approaches, the project’s scope has
expanded to cover 291 diseases and injuries in 187 countries
from 21 regions, with estimations of these trends since 1990
[5]. The GBD 2010 also expanded on previous comparative risk
factor analyses to cover a total of 67 risk factors [6].

The current iteration of the GBD, with its heavy focus on
comparable and consistent disease burden and risk factor
analyses between regions, makes it a useful tool not only for
comparative health system assessment but also for planning
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public health programs and preventive interventions [7] and
identifying gaps in international data systems [8]. For example,
the GBD 2010 was able to describe trends in morbidity and mor-
tality associated with the epidemiological transition in China [9].
The GBD studies can also be used, to some extent, for compara-
tive health system assessments that allow for consistent and rig-
orous comparisons of health outcomes between countries with
diverse social and health systems. For example, comparisons
between the UK and the European Union clearly elucidated ar-
eas that were underperforming in the UK health system com-
pared to its European counterparts [10]. Individual countries
have also used the results of these comparisons to inform policy
debate on issues specific to their own health needs. For exam-
ple, Khang used the GBD 2010 results and project’s detailed
metrics to publish a review of non-communicable diseases
(NCD) and strategies for NCD management in Korea [11].

Since the release of the GBD 2010 results, the GBD project has
been aiming to not only include country experts but also create
more detailed burden estimates using data that are only acces-
sible to local researchers as well as at a sub-national level, where
possible [12]. Sub-national estimates of disease burden and
comparative risk would enable researchers and policy makers to
explore variation and inequality within countries to better in-
form domestic and international health policy planning. As part
of this effort to create detailed national estimates, the Depart-
ment of Global Health Policy at the University of Tokyo has com-
menced a three-year project to update the GBD 2012 results at
the national and sub-national level for Japan. This article de-
scribes the burden of disease, achievements in administering

Rank 1990 2010

1 Cerebrovascular disease Low back pain

2 Low back pain Cerebrovascular disease
3 Ischemic heart disease Ischemic heart disease
4 Stomach cancer Lower respiratory infections
5 Lower respiratory infections Other musculoskeletal

6 Road injury Lung cancer

7 Self-harm Self-harm

8 Other musculoskeletal Stomach cancer

9 Neck pain Neck pain

10 Lung cancer Falls

From Institute for Health Metrics and Evaluation. Global Burden of Disease
country profile: Japan. Seattle: Institute for Health Metrics and Evaluation;
2012 [16].
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health care, future challenges, possible methods for estimating
sub-national disease burden using the Japanese national bur-
den of disease project, and the potential value of sub-national
estimates of disease burden for policy makers in Japan.

THE BURDEN OF DISEASE IN JAPAN

Japan’s achievements in health care administration have be-
come a model for achieving good health at low cost. Japanese
female life expectancy at birth has ranked number one globally
since the 1980s. Life expectancy increased by 5.5% over 20
years, from 81.9 years in 1990 to 86.4 years in 2010 for females
and from 75.9 years in 1990 to 79.6 years in 2010 among males
[13]. After rapid improvements in life expectancy due to post-
war advances in child health and vaccinations, this recent 20-
year improvement has primarily resulted from the effective con-
trol of risk factors for NCD mortality [13,14]. For example, reduc-
tions in stroke-related mortality have occurred against a back-
drop of low inequality and universal health coverage [15].

Table 1 shows the highest-ranked causes of disability-ad-
justed life years (DALYs) in Japan in 1990 and 2010 based on
the GBD 2010 results [16]. In 2010, the highest-ranked causes
of DALYs in Japan were lower back pain, cerebrovascular dis-
ease, and ischemic heart disease. These causes of DALYs are
associated with increasing age and have been the highest-
ranked causes of DALYs since 1990. Of the 25 most important
causes of DALYs, road injury showed the largest decrease, fall-
ing by 42% from 1990 to 2010; however, self-harm remains
one of the most important causes of DALYs.

Rank 1990 2010
1 Dietary risks Dietary risks
2 High blood pressure High blood pressure
3 Smoking Smoking
4 Alcohol use Physical inactivity
5 High fasting plasma glucose High body mass index
6 Ambient PM pollution High fasting plasma glucose
7 High body mass index Alcohol use
8 Occupational risks Ambient PM pollution
9 High total cholesterol High total cholesterol
10 Drug use Occupational risks

From Institute for Health Metrics and Evaluation. Global Burden of Disease
country profile: Japan. Seattle: Institute for Health Metrics and Evaluation;
2012 [16].

PM, particulate matter.
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Table 2 shows the contribution of the 10 most important
risk factors to DALYs in Japan, also drawn from the GBD 2010
project [16]. In 2012, a country-specific comparative risk as-
sessment was conducted in Japan under the GBD framework.
This assessment explored these risk factors in more detail us-
ing 2007 datasets and focused on mortality rather than DALYs.
This national assessment used a systematic review of the liter-
ature and analysis of locally available exposure data to build a
more detailed picture of these risk factors than was otherwise
made available at the global level by the GBD 2010 project. In
doing so, this national assessment focused on only the top 16
risk factors for ill health in Japan and developed a measure of
joint risk to represent the complexity of dietary risk factors,
which are difficult to analyze separately. This national assess-
ment also used richer data to estimate contributions to lost
life expectancy and probability of death among these risk fac-
tors. In turn, this analysis provided a slightly different insight
compared to results based only on DALYs such as in the GBD
2010 results. These results provide more detail about the rela-
tive balance of risks; however, the more detailed data sources
and restricted set of risk factors has led to some differences
with the GBD 2010. Nevertheless, both the GBD 2010 and this
2012 national assessment revealed the same top three risk
factors including dietary risks, high blood pressure, and smok-
ing, and the 2012 national assessment estimated the effect of
these risk factors on life expectancy and mortality. The 2012
national burden of disease analysis was in broad agreement
with GBD 2010 and demonstrates the power of a national bur-
den of disease estimation conducted under the GBD frame-
work [17].

Figure 1 shows the contribution of the top 16 risk factors in
Japan to changes in life expectancy at 40 as well as the change
in probability of death in the 15 to 60 and 60 to 75 year age
groups. Smoking remains a key risk factor among men in Ja-
pan and is responsible for a total of nearly 2 years of lost life
expectancy at the age of 40 and almost a 15% increase in
mortality for men aged between 15 and 60 years old. For
women and men, a complex joint risk factor profile built from
high blood pressure, blood glucose, low-density lipoprotein
cholesterol, and body mass index is responsible for a large
proportion of the mortality. In women, this joint risk factor
profile alone accounts for nearly a 1.5-year change in their life
expectancy at 40. Therefore, Japan’s preventive health and
public health goals in the immediate future should be focused
on the management of hypertension and risk factors for stroke
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and coronary heart disease that are embedded in this joint risk
factor model as well as continuing to emphasize dietary inter-
ventions and improved management of suicide risks and de-
pression.

SUB-NATIONAL ESTIMATES OF RISK AND
MORTALITY IN JAPAN

It has been suggested that inequality based on region,
cause, and wealth [18] as well as other risk factors that influ-
ence mortality are increasing in Japan [19]; however, these
trends have changed since the early 1990s due to economic
stagnation and other social determinants of health [20]. Given
the regional variations in health financing and performance
[15] and the challenges facing Japan’s health system in the fu-
ture [21], a detailed understanding of the sub-national varia-
tions in the causes of death and illness as well as their associ-
ated risk factors is essential.

Initial research that focuses on identifying variations among
the causes of death at prefectural and municipal level may be
the most effective tool to inform sub-national health policy
making. Figure 2 shows the crude mortality rate among 50 to
59 year olds in Japan in 2010 [22] and the different patterns of
mortality across the country. A broad tendency towards high-
er mortality was found in the north. Variations in the culture of
these areas, urban planning, and the different income struc-
tures and lifestyle patterns across Japan may explain these
variations in risk.

The use of geographical differences in mortality demon-
strates the role that sub-national burden estimates can play in
identifying variations in health and indicate possible causes of
future divergence in health outcomes between regions. By
conducting a sub-national analysis, it is possible to identify re-
gion-specific health intervention needs and begin construct-
ing a local policy framework from data collected at the nation-
al level.

THE ROLE OF SUB-NATIONAL ESTIMATION
IN POLICY DEVELOPMENT

The 2011 Lancet series on Japan identified major policy
challenges facing the Japanese health system, considering
that its universal health care system serves one of the most
rapidly aging populations. Moreover, this series recommended
that prefectural governments play a key role in forming and
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implementing health policy because of the huge regional
variations in health insurance premiums within Japan [21].
However, for prefectural governments to play this role they
will need to have access to high quality data on both the
health challenges of their communities, the major risk factors
for ill health, and past trends in these risk factors. Sub-national
burden of disease estimates are an ideal tool for engaging
with policy-makers, and the visualization tools developed by
the IHME, such as the GBD compare tool [23], make it possible
for policy-makers with little knowledge of epidemiology to
quickly and easily compare their prefectural health profile
with both their own historic profile and the profile of other
prefectures.

In addition to enabling the development of locally driven
plans to modify key risk factors and develop plans to reduce
future health burdens, these local profiles also enable prefec-
tural governments to identify gaps in the data and make in-
vestments in high quality data collection systems. For modern
health planning, collecting high quality data is essential. Just
as the GBD projects have revealed areas for improvement in
data collection systems globally [8], so too will the local pro-
files naturally lead local organizations to improve their own lo-
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cal data systems. This kind of local response to gaps in the
data may also lead to bottom-up pressure for the develop-
ment of high quality data at a national level as prefectural
government planners who assign priorities and plan for future
health needs begin to understand the importance of burden
estimates where national-level data systems are lacking.

However, national and sub-national burden of disease cal-
culations cannot be the only analyses. One of the key method-
ological advances of the GBD study is the use of data across
regions so that nations with sparse data in one health area can
draw information from data available for other countries in
the region. This process of data synthesis can also be used for
national and sub-national estimates. Regional collaborations
will enable nations at the same stage of epidemiological tran-
sition to share data on exposure risks and effect sizes, espe-
cially where exposures are more common in one nation or
sub-national region than another. This kind of collaboration
will also enable these nations to draw on the experience of
others further along this epidemiological pathway, enabling
better estimates of current and future NCD burden. Both tech-
nically and institutionally, collaboration is essential to improv-
ing GBD estimates and national and sub-national burden esti-
mations.

DISCUSSION

In 1990 and 2010, Japan had the lowest age-standardized
mortality rate and age-standardized rate of years of life losts
globally [24]. Japanese life expectancy increased from the late
1950s and remained the highest in the world at the end of the
1980s. The early increase in longevity during the 1950s to 1960s
has been credited to the implementation of effective infectious
disease control programs [14], with the Japanese government
enacting 32 health laws within ten years after the end of World
War Il [24]. Interventions that prevented infant and child mortal-
ity at that time included clean water, institutional delivery, and
universal vaccinations. Subsequently, the implementation of
preventive measures against NCD mortality and the mainte-
nance of an equitable and accessible universal health system
assured continued gains in the health of the Japanese popula-
tion throughout the epidemiological transition [13]. Because of
these interventions, Japan came to represent a model for uni-
versal health development [15,25], and these achievements are
reflected in the results of the GBD 2010 project.

Although Japan performed well in promoting the popula-
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tion’s health status, several challenges for the Japanese health
system remain. Cancer, heart disease, and cerebrovascular dis-
ease, the three leading causes of death, have contributed to
approximately 50% of the population’s lifetime risk [17]. There-
fore, reducing NCD mortality is the key to prolonging the pop-
ulation’s longevity. Lifestyle risk factors such as smoking are
the most important factors associated with NCDs. Japan has
successfully reduced the population’s average blood pressure,
which can be associated with an unhealthy diet, but the man-
agement of other lifestyle risk factors is still important. The
next challenge for dietary interventions involves improving
the methods used to address the complex joint risk factors in-
cluding high blood pressure, blood glucose, low-density lipo-
protein cholesterol, and body mass index. These complex risk
factors are associated with urbanization, aging, and dietary
changes as more Western food is incorporated into Japanese
diets. Therefore, sophisticated interventions and policies at
both the national and local level will be required.

Although smoking rates have been declining in Japan,
smoking is still the leading preventable risk factor accounting
for approximately 50% of adult mortality among young men
[26]. Highly effective policies for tobacco control are needed in
Japan, such as higher cigarette prices and stricter tobacco
control ordinances consistent with the Framework Convention
on Tobacco Control [27]. Another challenge for the Japanese
health system is reducing mortality and morbidity rates asso-
ciated with self-harm. More than 30 000 suicides have oc-
curred in Japan every year since 1998, and, although the gov-
ernment has implemented several interventions and strate-
gies to prevent suicide, no substantial improvements have
been noted [28]. Therefore, effective interventions in the com-
munity and in workplaces are necessary for self-harm preven-
tion.

Although Japan’s health system is famous for maintaining
equity in health coverage [25], we have shown that significant
variations in patterns of mortality and risk are evident by age,
region, and wealth. Maintaining equity in the future will re-
quire interventions and policy instruments to target these re-
gional- and wealth-based inequities. Moreover, any policy de-
velopment should rely on the analysis of risk factors using
high quality data available at the regional and local level. Be-
ginning with analyses at the prefectural level, it is our goal to
develop estimates of years of life lost to death and disability as
well as the major contributing risk factors within the GBD
framework to guide policy development and inform local

National Burden of Disease in Japan

health decisions. These sub-national estimates will help to in-
form national and prefectural governments about evident
health challenges and provide detailed assessments of disease
burden to those who allocate resources and plan interven-
tions. In addition, these sub-national estimates will provide re-
newed impetus to reform the relationships between central
and local governments as well as improve data systems and
research [21].

Results of the new GBD 2013 study, which will become the
most recent burden of disease study, are scheduled to be pub-
lished in late 2014 [4]. This new GBD study will estimate trends
in the burden of disease throughout 1990 to 2013 with the
addition of more risk factors than were included in the GBD
2010. This iteration of the GBD project also aims to use data
that are directly available from national collaborators. Since
the release of GBD 2010, the IHME has been actively seeking
collaborators at the national level to provide more accurate,
comprehensive, and detailed data as well as to give expert ad-
vice on the findings. A study as broad and complex as the GBD
project requires many simplifications and approximations, but
also has many gaps in the data and local knowledge. By incor-
porating national-level collaborators and detailed data, esti-
mates that are even more accurate will hopefully be produced
and updated frequently. We aim to incorporate our sub-na-
tional estimation process into the next round of the GBD proj-
ect, thus enabling our results on sub-national variation and in-
equality to inform the data on national and sub-national varia-
tion in other parts of the region, which is similar to how the
variations between nations has informed estimates within re-
gions in the GBD 2010 project [5].

CONCLUSION

The GBD framework has been essential to understanding
the successes and challenges in reducing mortality and the
burden of health in Japan. By providing comprehensive infor-
mation on the national and sub-national disease burden, the
GBD studies will be crucial in informing future agendas and
policies in countries throughout the region and especially in
Japan. However, the quality of the GBD outcomes is depen-
dent on the commitment and involvement of country-level
collaborators. Nations throughout Asia should commit to this
unique and challenging project and encourage epidemiolo-
gists throughout the region to participate.
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While the Obama administration is struggling to achieve universal health coverage in the US,
Japan celebrated the 50th anniversary of its universal health coverage system in 2011. Japan’s
universal health insurance coverage is now deeply rooted in both patients’ and doctors’ minds.

But the principle of ‘free access’ to medical procedures and medications is being challenged
by the economic realities of sustaining this system.

\
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Under Japan’s current health insurance system, a uniform fee schedule, which the government
determines, regulates the price of all medical procedures and drugs. In sharp contrast to
American doctors, who believe in their ‘professional freedom’ of deciding the prices they
charge, Japanese doctors rarely question government regulations in the sector. The price of
health care is uniform throughout the country and people can receive care at any clinic or
hospital so long as they contribute to the specified co-payments, which is often around 10-30
per cent. ‘Free access’ is the core principle of Japan’s universal health coverage maintained

in the last half century, in which patients have full freedom to choose their own health care
providers and all approved drugs are covered by insurance. Japan’s universal health coverage
negates the need for things such as managed care, gatekeepers, preauthorisation and
restrictive formularies. And in the absence of control on the supply side, Japan has become a
country most heavily equipped with medical facilities and technology among OECD member
countries in terms of the number of hospital beds, dialysis units, CTs and MRIs per population.

But free access to new and expensive drugs is increasingly placing a strain ™! on Japan’s
health insurance system. When Japan achieved universal health coverage over 50 years ago,
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medical care and drugs were primitive and cheap. Free access was economically feasible. But
development and innovation of medical technology brought about effective but expensive drugs
— the most expensive being Zevalin, which is used to treat lymphoma. One set of Zevalin comes
with a price tag of US$26,000 (AU$29,000). One set of llaris, used to treat rare paediatric
chronic diseases, comes with a price tag of US$14,000 (AU$15,600). And unlike Zevalin, which
is for one-off use, patients may need multiple repeats of llaris. Under Japan’s current universal
health coverage, doctors are free to prescribe expensive drugs such as Zevalin and llaris

without any pre-authorisation. Patients, of course, will have to contribute to co-payments of
approximately 10-30 per cent, but can claim back the amount exceeding certain limits from their
insurers.

In 2013, the Central Social Insurance Health Care Committee (CSIHCC), which reviews the
revision of the uniform fee schedule as well as the drug price list every two years, proposed to
introduce economic evaluation in granting the health insurance coverage and setting prices.
Economic evaluations will aim to measure how much it will cost to prolong one year of life for
anti-cancer drugs, and how much it will cost to improve the quality of life for drugs for chronic
diseases in comparison with other existing, less-expensive drugs or treatments. Drugs must be
effective to be approved — but must be effective enough to justify their price tags to be covered
by Japan’s insurance system. CSIHCC will first establish methodology and standards to carry
on economic evaluation and plans to introduce it in as early as 2016. Thresholds of
£20,000-30,000 (AU$37,000-55,000) for prolonging one quality-adjusted year of life used in the
UK National Health Service were quoted in the discussion paper presented at CSIHCC.

At present, all approved drugs are automatically covered by insurance and prices were set to
ensure pharmaceutical manufacturers to recoup the investment for new drugs. It is not yet
certain what threshold will be adopted nor if any drugs in the present price list will be excluded
from insurance coverage. One thing is certain: it is a radical departure from the ‘free access’
principle that came with Japan’s universal health coverage over half a century ago. If a patient
wants access to medication that is not covered by insurance, he or she will be required to pay
fully out of pocket. Inevitably, patients will be selected based on their ability to pay. Also, in
economic evaluation, lives are not treated equal. One year of life in pain and agony is valued
less than one year of life in full health. The aforementioned thresholds may be lowered if the
drug is not effective enough to achieve full health.

The departure from the ‘free access’ principle currently in place in Japan is an inevitable
compromise to sustain universal health coverage into the future. For now, Japan will have to
face a grim fact that lives are not created equal.

Etsuji Okamoto @ is Senior Researcher at the National Institute of Public Health, Department of
Health & Welfare Service Research.
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URL to article:
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The global economic crisis, household income and
pre-adolescent overweight and underweight: a nationwide birth

cohort study in Japan

P Ueda'? N Kondo® and T Fujiwara®

BACKGROUND: We hypothesized that children from lower income households and in households experiencing a negative income
change in connection to the global economic crisis in 2008 would be at increased risk of adverse weight status during the
subsequent years of economic downturn.

METHODS: Data were obtained from a nationwide longitudinal survey comprising all children born during 2 weeks of 2001. For 16,403
boys and 15,206 girls, information about anthropometric measurements and household characteristics was collected from 2001 to 2011
on multiple occasions. Interactions between the crisis onset (September 2008) and household income group, as well as the crisis onset
and a > 30% negative income change in connection to the crisis, were assessed with respect to risk of childhood over- and underweight.
RESULTS: Adjusted for household and parental characteristics, boys and girls in the lower household income quartiles had a larger
increase in risk of overweight after the crisis onset relative to their peers in the highest income group. (Odds ratio (95% confidence
interval) for interaction term in boys=1.23 (1.02-1.24); girls = 1.35 (1.23-1.49) comparing the lowest with the highest income
group.) Among girls, an interaction between the crisis onset and a >30% negative change in household income with respect to risk
of overweight was observed (odds ratio for interaction term =1.23 (1.09-1.38)). Girls from the highest income group had an
increased risk of underweight after the crisis onset compared with girls from the lowest income group.

CONCLUSIONS: Boys and girls from lower household income groups and girls from households experiencing a negative income
change in connection to the global economic crisis in 2008, may be at increased risk of overweight. Vulnerability to economic
uncertainty could increase risk of overweight in preadolescence.

International Journal of Obesity accepted article preview 18 May 2015; doi:10.1038/ijo.2015.90

INTRODUCTION

Childhood overweight is a serious public health challenge
globally." Although Japan has lower rates compared with many
other high-income countries, the problem is increasing. In 2007,
~10% of the 6-11-year old children were overweight; a
prevalence twice as large as that recorded in 1978.

Socioeconomic disadvantage has in numerous studies been
linked to childhood overweight, although the association differs
depending on study setting, sex and ethnicity.>™> Exposure to
negative life events and psychosocial stressors in childhood—
including parental stress and financial problems—may also
increase risk of childhood overweight and obesity.®™

During the past 20 years of economic recession in Japan,
growing socioeconomic disparities have been observed.”
Concern for further erosion of social security arose in the fall of
2008 as Japan was one of the countries hardest hit by the global
economic crisis. Gross domestic product dropped by 6.3% in 2009
and unemployment rates increased from around 4% in the first
half of 2008 to 5.5% in July 2009."" The crisis disproportionally
affected the low-income groups and workers with precarious
employment; income inequality and poverty rates rose
considerably,’ and social welfare programs have been unable
to provide adequate support to those in need.”

In other high-income countries, the economic downturn has
been linked to deteriorated health and increased psychosocial
problems among children, in particular those from lower
socioeconomic groups.'*

Against this background, it is of relevance to assess the
potential effects of the recent economic downturn on weight
status among children in Japan. We examined the relation
between household income and trajectories in weight statuses
throughout the period of the economic crisis, using data from a
nationwide longitudinal birth cohort study. Children in this cohort
were born in 2001, and were thus exposed to the economic
downturn at a possibly sensitive age for the development of
overweight?'> In addition, we evaluated trajectories of
underweight prevalence as underweight may be associated with
socioeconomic factors'®'” and constitutes a health issue among
girls in Japan' and other Asian countries.'®

MATERIALS AND METHODS

This study was based on data from the Longitudinal Survey of Newborns in
the 21st Century, conducted by the Ministry of Health, Labour and Welfare
in Japan between the years 2001 and 2011. All babies born in Japan
between January 10 and 17, and July 10 and 17 in 2001 were identified
using the birth record list of vital statistics for Japan (n=>53,575).
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Questionnaires were sent to parents with mail when the children were 0.5,
1.5, 25, 35, 45, 55, 7, 8, 9 and 10 years old. Parents returning the
questionnaires to the Ministry of Health, Labour and Welfare were
regarded as approving participation in the study. In total, 47,015
questionnaires were returned at 6 months, corresponding to an 88%
response rate. A total of 10,753 children were excluded as parents did not
report weight and height on at least one occasion before the crisis onset
and after the crisis onset, respectively, and 4,653 children were then
excluded as income for at least 1 year before and after the crisis onset were
not recorded. This gave us a sample of 31,609 children (67% of the
responding subjects), of which 16,403 were boys and 15,206 were girls. The
study was exempt from approval by the Institutional Review Board as it
was conducted by the Ministry of Health, Labour and Welfare and the data
were stripped of all information enabling identification of individuals.

Parents were asked to report weight (to the nearest 0.1 kg) and height
(to the nearest 0.1 cm) of the child as well as date of measurement. Body
mass index (BMI) was determined according to the formula: weight
(kg)/height® (m). Overweight and underweight were defined using age
(by month) and sex-specific cut points from the International Obesity Task
force starting from 2 years of age. The cut points correspond to a BMI of
> 25 (overweight) and < 18.5 (underweight) at 18 years of age.

Other variables

Parents reported household income (father’s income, mother’s income and
other incomes) for the years 2001, 2002, 2004, 2005, 2006, 2007 and 2010.
The average household income for the years before the downturn in 2008
was compared with the household income in 2010 (after the crisis onset).
Variables were generated for income reductions of >30, >20 and > 10%.

Number of household members was recorded in questionnaires from
the years 2002, 2005 and 2006. Household income was divided by the
square root of the number of household members'® for these years and
income quartiles before the onset of the economic crisis were determined
based on the average of the obtained values.

Father's and mother’s education were reported at the 1.5 years follow-
up and categorized into junior high school, high school, vocational school
and higher education. Parents’ age at birth of the child was categorized
into <20, 20-24, 25-29 and >29 years. Residential area in 2011
(last follow-up) was grouped into the 20 designated cities as specified
by the Japanese government, other cities and rural areas. Children were
categorized as belonging to a three generation household—a potential
risk factor for childhood overweight in Japan®’—if at least one grand-
parent was living in the household in 2011.

Statistical analysis

Data were analyzed in STATA SE statistical package, version 12.1. As
previous studies have found differences between the sexes in associations
between socioeconomic and psychosocial factors and risk of
overweight®?' as well as risk patterns for underweight,>?* we performed
separate analyses for boys and girls.

In our primary analyses, we assessed the changes in weight status in
children before and after the onset of the economic downturn with respect
to income quartile, and a >30% income reduction in connection to the
crisis. We calculated odds ratios (ORs) for overweight and underweight,
respectively, using a generalized estimating equation model,* with an
exchangeable correlation structure. Data were based on 1-month intervals
starting from January 2003 when the first batch of children included in the
survey reached 2 years of age. To explore the potential point of changes in
trajectories of the risks for developing over-/underweights, we carried out
a series of analysis. The first model (model 1) included an age variable and
a term for the crisis onset to assess the potential change in risk of the
outcomes across the whole population during the study period and after
the onset of economic downturn. Interaction terms for the step term
(a dummy variable representing a potential time point of weight trajectory
changes) and income quartile, and the step term and income reduction
were also included to assess if changes in risk differed between the income
groups and between the groups experiencing >30% income reduction
and those that did not. To assess model fit for different step terms,
Bayesian information criterion was compared between models with
alternative step terms by 3-month intervals from June 2008 to December
2009. Our preliminary analysis showed that Bayesian information criterion
was lowest for the model with the step term for September 2008 (data not
shown) Thus, September 2008 was used for the step term in all analyses. In
the next step (model 2), analyses were further adjusted for potential
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confounding factors including parents’ education and age, household
composition (two parent household, single parent household, three
generation household) and residential area.

Dummy variables were created for missing data on covariates and
included in the analyses. We also performed analyses on income
reductions between other years (2001-2004 vs 2005 and 2001-2005 vs
2007); using alternative income reduction cut offs, namely, of >20 and
>10%; and excluding subjects with missing data on covariates.

RESULTS

The average annual household income of the years before the
crisis onset by income quartiles were (in Japanese yen (JPY)):
2,727,000 (s.d.=1,440,000), 4,384,000 (869,000), 5,709,000
(1,799,000) and 9,075,000 (5,180,000). In total, 3013 (9.5%) of the
households experienced a reduction in household income of 30%
or more after the crisis onset. The average annual income for these
households was 6,348,000 (s.d.=6,134,000) Japanese yen before
the onset of the economic downturn and 2,631,000 (2,718,000)
Japanese yen in 2010 (Table 1). Overall, prevalence of overweight
in boys increased from the age of 4 years (Supplementary
Information 1), and in girls the general trend was an increase in
prevalence that plateaued at age 9 years (Supplementary
Information 2); a pattern previously observed in Japanese
children.>"?” Boys and girls in the two lower household income
quartiles had consistently higher prevalence of overweight across
the years of observation. (Figure 1) Trajectories of overweight
prevalence for boys and girls from households with and without a
>30% reduction in household income during the economic
downturn are shown in Figure 2.

Overweight

Among boys, risk of overweight increased with age, and there was
a significant increase in overweight risk after September 2008
(onset of economic downturn) in both models. However, there
was no statistical evidence for differences in the trajectories of
overweight risk after the onset of the crisis between households
experiencing a >30% negative income change during the crisis
and those that did not: OR=1.05 (95% confidence intervals
=0.93-1.17) for the cross term between >30% negative income
change and September 2008 (model 2). On the other hand, boys
in the two lower income quartiles had a faster increase in
overweight risk after September 2008 compared with their
counterparts from the highest income quartile (OR for lowest
quartile=1.12 (1.02-1.24); OR for second lowest quartile =1.15
(1.04-1.26) in model 2). (Table 2)

Girls from households experiencing a >30% income reduction
after the crisis onset, had a higher risk of overweight after
September 2008 compared with their peers from households with
no such income change (OR=1.23 (1.09-1.38)). Girls in the lower
income quartiles had a faster increase in overweight risk after the
onset of the economic downturn compared with girls from the
highest quartile with the association being more pronounced in
the lowest two quartiles (OR for the lowest income quartile =1.35
(1.23-1.49), OR for the second lowest quartile=1.25 (1.13-1.38)).

Results did not differ materially in both boys and girls when
using >20% income reduction and > 10% income reduction cut
offs; the OR (95% ClI) for the cross term between September 2008
and income reduction was 1.03 (0.93-1.14) for >20% and 1.06
(0.98-1.16) for >10% in boys. The corresponding numbers for
girls were 1.14 (1.03-1.27) for >20%, and 1.11 (1.02-1.21) for
> 10% (Supplementary Information 3). Results were not consider-
ably different when excluding subjects with missing information
on covariates (data not shown). Further analyses using alternative
time points for calculating income reductions showed that our
original analyses (comparing the average household income
during 2001-2007 with 2010) showed the most robust results

© 2015 Macmillan Publishers Limited



Table 1. Population characteristics: Japanese newborns in 2001 in the
Longitudinal Survey of Babies in 21st Century, followed up until 2011
Boys Girls
N (%) 16,403 (51.9) 15,206 (48.1)
Income quartile, n (%)
1 (lowest) 4120 (25.1) 3783 (24.9)
2 4085 (24.9) 3817 (25.1)
3 4119 (25.1) 3783 (24.9)
4 (highest) 4079 (24.9) 3823 (25.1)
>30% negative income change 1531 (9.3) 1482 (9.8)
during economic crisis, n (%)
>20% negative income change 2136 (13.0) 2096 (13.8)
during economic crisis, n (%)
>10% negative income change 3225 (19.7) 3083 (20.3)
during economic crisis, n (%)
Residential area, n (%)
20 designated cities 4209 (25.7) 3868 (25.4)
Other cities 10,640 (64.9) 9908 (65.2)
Rural 1505 (9.2) 1377(91)
Missing 49 (0.3) 3 (0.4)
Mother's age (SD) 30.3 (4.3) 30.3 (4.3)
Father's age (SD) 32.5 (5.4) 32.4 (5.3)
Missing, n (%) 299 (1.2) 313 (1.4)
Father's education, n (%)
Junior high school 860 (5.2) 789 (5.2)
High school 6220 (37.9) 5816 (38.3)
Vocational school 2579 (15.7) 2333 (15.3)
Higher education 6332 (38.6) 5896 (38.8)
Missing 412 (2.5) 372 (2.5)
Mother's education, n (%)
Junior high school 418 (2.6) 392 (2.6)
High school 6108 (37.2) 5771 (38)
Vocational school 7120 (43.4) 6420 (42.2)
Higher education 2467 (15) 2373 (15.6)
Missing 290 (1.8) 250 (1.6)
Single parent household, n (%) 266 (1.6) 246 (1.6)
Missing, n (%) 5 (0) 5(0)
Three generation household, n (%) 3781 (23.1) 3388 (22.3)

across the models using the different income reduction cut offs of

>30, >20 and >10% (Supplementary Information 3).

Underweight

Among boys, prevalence of underweight decreased with age in
both models. Models showed higher risk of underweight (adjusted
for the decreasing risk by age) after September 2008. No clear
evidence of interactions was seen between the crisis onset and
income group or between the crisis onset and negative income
change during the economic crisis (Table 2).

Among girls, risk of underweight decreased with age and was
higher after September 2008 in both models. Girls in the highest
income quartile had faster increase in underweight risk after the
onset of the economic downturn compared with girls from
the lowest quartile (OR for the lowest quartile compared with the
highest 0.90 (0.83-0.98); Table 3).

Results did not differ materially in both boys and girls when
using >20% income reduction and > 10% income reduction cut
offs or when excluding subjects with missing information on
covariates (data not shown).

© 2015 Macmillan Publishers Limited
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Figure 1. Overweight prevalence with 95% confidence intervals in
boys and girls by year and household income quartile.

DISCUSSION

In this nationwide cohort study from Japan, we found that boys
and girls from lower income households were at a higher risk of
being overweight after the onset of the 2008 economic downturn
compared with their peers from higher-income households.
Moreover, girls from households experiencing an income
reduction in connection to the economic downturn had a higher
risk of overweight after the crisis onset than did girls in
households without such income reductions. These associations
were not seen for underweight.

Although a large number of studies have investigated the
relationship between socioeconomic level and childhood
overweight and obesity, only a handful have used longitudinal
data to assess child BMI in relation to trajectories of
socioeconomic status or distress. In a cohort from the United
States, children who belonged to low-income groups throughout
childhood were more likely to maintain their overweight status
and children who became low income during childhood were at
higher risk of obesity between 2 and 15 years of age compared
with their peers who never were of low-income status.® Another
US-based study showed that children experiencing downward
mobility in household income and stable low income had greater
BMI percentile at 15 years of age relative to children in households
with more favorable income trajectories.?® However, a third US
report showed that children from households going in and out of
poverty had lower risk of becoming overweight between ages 4
and 14 years, compared with children from never poor
households.*®

The observational nature of this study precludes conclusions
regarding causality. Although the observed increase in overweight
risk after the crisis for girls in household experiencing a negative
income change implies that social and economic hardships may
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Figure 2. Overweight prevalence by year in boys and girls from
households experiencing a >30% income reduction in connection
to the global economic crisis and in children from households with
no such income reduction.

alter the BMI trajectory of the child, changes in household income
may not be regarded as happening at random. Moreover, the
divergence in BMI trajectories between the income groups may
have occurred in preadolescence regardless of the economic crisis.

If causal, the observed associations could be explained by a
number of potential mechanisms. Studies from other high-income
countries show that negative life events that may be associated
with the economic downturn—including maternal stress, family
health problems, financial strain and unstable parental employ-
ment—are associated with childhood overweight.”#3° Negative
life events in the family may result in a higher food intake, in
particular comfort foods,®'* which function to alleviate stress at a
neurobiological level.>* Moreover, cuts in the family budget may
lead to decreased consumption of fruits and vegetables** and
increased consumption of fast food.>® In Japan, longer maternal
working hours, in particular among contract workers, have been
correlated to increased risk of overweight.>® These pathways are
supported by studies from other countries in which the economic
crisis has been linked to worsening nutrition habits and increased
mental health problems in children, particularly among those from
disadvantaged families." Low-income families may be more
vulnerable to the stressors induced by the crisis as they do not
have adequate resources to cope with them.

We only found significant associations between income
reduction and increased risk of overweight after the crisis
onset among girls. The relationship between socioeconomic
disadvantage,®* negative life events, ' psychosocial stresses’>2
and overweight risk may be more pronounced among girls. Eating
response to stress is reported more frequently among women394°

Girls in the highest income groups had a higher risk of
underweight after the crisis onset. In Japan underweight
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prevalence seems to be underpinned by body shape ideals
favoring thinness among girls>**' and it could be speculated that
girls from higher-income households may be aware of body ideals
compared with girls from lower income households as they reach
preadolescence, and that the diversion of their BMI trajectories
coincided with the onset of the economic crisis.

Strengths of this study include repeated measures of weight
and height data from a nationwide sample of Japanese children
and information about a number of important covariates in the
assessment of the relation between the economic downturn and
childhood overweight. Our study has limitations, however. Data
on household income, and weight and height of the children were
based on parents’ report. However, a study from Japan found fairly
precise parental reports of children’s weight status. The sensitivity
and specificity for obesity was 83.3-93.3% and 96.3-98.9%,
respectively.*? Accurate reports of children’s anthropometric data
may also have been facilitated in our study as parents could
specify any date of measurement.** Furthermore, one-third of the
households responding to the initial questionnaire could not be
included as required BMI or household income data were not
available. Subjects with missing data did not differ from included
subjects with respect to sex (P=0.718), but had lower annual
household income before 2008 (4,716,000 (s.d.=4,290,000) vs
5,842,000 (3,307,000) JPY, P < 0.001), younger mothers (29.0 vs
30.3 years at birth, P <0.001), and were more likely to reside in
rural areas in 2001 ( 20.0% vs 18.8%, P=0.001) and to have single
parents (3.6% vs 1.6%, P < 0.001), that is, they were possibly of
lower socioeconomic status. There is no apparent reason however,
to suspect that subjects with missing data would differ system-
atically with respect to the relation between the exposures and
the outcomes, and thereby cause spurious associations. If
anything, the households most severely affected by hardships
during the crisis may have been more likely to drop out from the
study and also having children gaining more weight. In such a
case, a conservative bias may prevail. In addition, all children were
born in the same year and followed for ten years, with which we
were not able to adjust for the potential variations in the effects
across ages. Future studies should test our hypothesis with the
data composed of children born in various years.

CONCLUSIONS

Boys and girls from lower income households and girls from
households experiencing an income reduction during the global
economic crisis starting in 2008, were at increased risk of
overweight, but not underweight after the crisis onset. These
findings provide yet another argument for policy measures aiming
to support households going through financial and social hard-
ships, in particular in the context of the increasing social
disparities in Japan.
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Table 2. Odds ratio (OR) and 95% confidence interval (Cl) for risk of overweight and underweight relative to normal weight in boys

Overweight

Underweight

Model 1
OR (95% Cl)

Model 2
OR (95% Cl)

Model 1
OR (95% Cl)

Model 2
OR (95% Cl)

Observations
Age (years)

Household income quatrtile before 2008
1 (lowest)
2
3
4 (highest)

> 30% negative income change during economic crisis
No
Yes

Step term
Before September 2008
After September 2008

Interaction between income change and step term
<30% negative income change after September 2008
>30% negative income change after September 2008

Interaction between income quartile and step term
Income quartile 1 after September 2008
Income quartile 2 after September 2008
Income quartile 3 after September 2008
Income quartile 4 after September 2008

Father's education
Junior high school
High school
Vocational school
Higher education
Missing

Mother's education
Junior high school
High school
Vocational school
Higher education
Missing

Single parent household
No
Yes
Missing

Three generation household
No
Yes

Residential area
20 designated cities
Other cities
Rural
Missing

Father's age
< 20 years
21-25 years
26-30 years
> 30 years
Missing

Mother's age
< 20 years
21-25 years
26-30 years
> 30 years

99,504
1.02 (1.01-1.04)

1.15 (1.02-1.30)

1.07 (0.95-1.21)

1.00 (0.89-1.14)
1.00 (ref)

1.00 (ref)
1.14 (0.99-1.31)

1.00 (ref)
1.52 (1.39-1.66)

1.00 (ref)
1.04 (0.93-1.17)

1.12 (1.02-1.23)

1.14 (1.04-1.26)

0.99 (0.90-1.09)
1.00 (ref)

99,504
1.02 (1.01-1.04)

0.92 (0.80-1.05)

0.95 (0.83-1.08)

0.95 (0.84-1.08)
1.00 (ref)

1.00 (ref)
1.08 (0.93-1.24)

1.00 (ref)
1.52 (1.39-1.67)

1.00 (ref)
1.05 (0.93-1.17)

1.12 (1.02-1.24)
1.15 (1.04-1.26)
0.99 (0.90-1.09)
1.00 (ref)

1.00 (ref)
0.92 (0.79-1.08)
0.87 (0.73-1.04)
0.73 (0.62-0.87)
0.89 (0.62-1.30)

1.00 (ref)
0.72 (0.58-0.88)
0.66 (0.54-0.82)
0.62 (0.50-0.79)
0.80 (0.52-1.25)

1.00 (ref)
1.18 (0.88-1.59)
2.15 (0.45-10.23)

1.00 (ref)
1.39 (1.28-1.51)

1.00 (ref)
1.07 (0.98-1.17)
1.11 (0.97-1.27)
1.73 (0.96-3.14)

1.00 (ref)
2.10 (0.91-4.85)
1.77 (0.76-4.11)
2.10 (0.91-4.88)
2.32 (0.93-5.81)

1.00 (ref)
1.08 (0.68-1.73)
1.07 (0.67-1.72)
1.14 (0.71-1.83)

99,504
0.86 (0.85-0.87)

1.00 (ref)
1.06 (0.96-1.17)

1.00 (ref)
1.51 (1.40-1.63)

1.00 (ref)
0.96 (0.87-1.06)

1.04 (0.96-1.13)

0.98 (0.91-1.07)

1.07 (0.99-1.16)
1.00 (ref)

99,504
0.86 (0.85-0.87)

1.00 (ref)
1.05 (0.95-1.16)

1.00 (ref)
1.51 (1.40-1.63)

1.00 (ref)
0.96 (0.87-1.06)

1.04 (0.96-1.13)
0.98 (0.91-1.07)
1.07

1

(0.99-1.16)
.00 (ref)

1.00 (ref)
1.04 (0.91-1.19)
1.01 (0.87-1.17)
1.03 (0.90-1.19)
0.97 (0.71-1.33)

1.00 (ref)
0.97 (0.81-1.17)
0.95 (0.79-1.15)
0.94 (0.77-1.15)

1.31 (0.90-1.9)

1.00 (ref)
0.89 (0.68-1.16)
0.40 (0.04-3.72)

1.00 (ref)
0.95 (0.88-1.01)

1.00 (ref)
0.93 (0.87-1.00)
0.98 (0.88-1.09)
0.96 (0.57-1.63)

1.00 (ref)
0.77 (0.43-1.35)
0.79 (0.44-1.39)
0.79 (0.45-1.40)
0.98 (0.51-1.89)

1.00 (ref)
1.35 (0.89-2.05)
1.24 (0.81-1.89)
1.22 (0.80-1.86)

A generalized estimating equation model,?*

with an exchangeable correlation structure was used for the analysis.
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Table 3. Odds ratio (OR) and 95% confidence interval (Cl) for risk of overweight and underweight relative to normal weight in girls

Overweight

Underweight

Model 1
OR (95% CI)

Model 2
OR (95% CI)

Model 1
OR (95% Cl)

Model 2
OR (95% Cl)

Observations
Age (years)

Household income quartile before 2008
1 (lowest)
2

3
4 (highest)

>30% negative income change during economic crisis
No
Yes

Step term
Before September 2008
After September 2008

Interaction between income change and step term
<30% negative income change after September 2008
>30% negative income change after September 2008

Interaction between income quartile and step term
Income quartile 1 after September 2008
Income quartile 2 after September 2008
Income quartile 3 after September 2008
Income quartile 4 after September 2008

Father's education
Junior high school
High school
Vocational school
Higher education
Missing

Mother's education
Junior high school
High school
Vocational school
Higher education
Missing

Single parent household
No
Yes
Missing

Three generation household
No
Yes

Residential area
20 designated cities
Other cities
Rural
Missing

Father's age
< 20 years
21-25 years
26-30 years
> 30 years
Missing

Mother's age
< 20 years
21-25 years
26-30 years
> 30 years

92,267
0.99 (0.97-1.00)

1.14 (1.01-1.29)

1.00 (0.88-1.13)

0.91 (0.81-1.04)
1.00 (ref)

1.00 (ref)
0.98 (0.84-1.13)

1.00 (ref)
1.06 (0.97-1.17)

1.00 (ref)
1.22 (1.08-1.37)

(1.22-1.49)
(1.13-1.38)
(1.07-1.31)
.00 (ref)

13
1.2
1.1

5
5
8
1

92,267
0.99 (0.97-1.00)

0.90 (0.79-1.03)

0.86 (0.76-0.98)

0.85 (0.74-0.96)
1.00 (ref)

1.00 (ref)
0.92 (0.80-1.07)

1.00 (ref)
1.06 (0.97-1.17)

1.00 (ref)
1.23 (1.09-1.38)

1.35 (1.23-1.49)
1.25 (1.13-1.38)
1.18 (1
1

.07-1.31)
.00 (ref)

1.00 (ref)
0.93 (0.78-1.10)
0.90 (0.74-1.09)
0.79 (0.65-0.95)
0.98 (0.64-1.50)

1.00 (ref)
0.63 (0.51-0.78)
0.51 (0.41-0.64)
0.47 (0.36-0.60)
0.58 (0.35-0.96)

1.00 (ref)
1.06 (0.75-1.50)
1.38 (0.13-14.13)

1.00 (ref)
1.27 (1.15-1.39)

.00 (ref)

(1.06-1.29)
(1.21-1.63)
(0

1
7
1
7 (0.32-1.85)

1.1
14
0.7

1.00 (ref)
0.85 (0.39-1.85)
0.94 (0.43-2.08)
1.11 (0.50-2.46)
0.80 (0.32-1.98)

1.00 (ref)
1.22 (0.69-2.18)
1.14 (0.63-2.04)
1.24 (0.69-2.23)

92,267
0.94 (0.93-0.95)

1.08 (0.99-1.18)

1.10 (1.01-1.20)

1.05
1

(0.96-1.15)
.00 (ref)

1.00 (ref)
0.96 (0.86-1.07)

1.00 (ref)
1.50 (1.39-1.61)

1.00 (ref)
1.00 (0.91-1.11)

0.90 (0.83-0.98)

0.94 (0.87-1.02)

0.99 (0.92-1.08)
1.00 (ref)

92,267
0.94 (0.93-0.95)

1.09 (0.99-1.21)

1.10 (1.00-1.22)

1.05 (0.95-1.15)
1.00 (ref)

1.00 (ref)
0.96 (0.86-1.07)

1.00 (ref)
1.50 (1.39-1.61)

1.00 (ref)
1.00 (0.91-1.11)

0.90 (0.83-0.98)

0.94 (0.87-1.02)

0.99 (0.92-1.08)
1.00 (ref)

1.00 (ref)
1.04 (0.90-1.20)
1.11 (0.95-1.30)
1.05 (0.90-1.22)
0.92 (0.65-1.31)

1.00 (ref)
0.88 (0.73-1.07)
0.89 (0.73-1.08)
0.86 (0.70-1.07)
1.22 (0.80-1.84)

1.00 (ref)
0.97 (0.73-1.29)
5.17 (1.53-17.49)

1.00 (ref)
0.95 (0.88-1.02)

1.00 (ref)
0.92 (0.86-0.99)
0.86 (0.76-0.97)
0.79 (0.46-1.34)

1.00 (ref)
0.55 (0.30-1.00)
0.62 (0.34-1.13)
0.63 (0.34-1.14)
0.59 (0.29-1.18)

1.00 (ref)
1.53 (0.93-2.52)
1.35 (0.81-2.23)
1.32 (0.80-2.19)

A generalized estimating equation model,**

with an exchangeable correlation structure was used for the analysis.
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Global trends and projections for tobacco use, 1990-2025:
an analysis of smoking indicators from the WHO
Comprehensive Information Systems for Tobacco Control

Ver Bilano, Stuart Gilmour, Trevor Moffiet, Edouard Tursan d’Espaignet, Gretchen A Stevens, Alison Commar, Frank Tuyl, Irene Hudson,
Kenji Shibuya

Summary

Background Countries have agreed on reduction targets for tobacco smoking stipulated in the WHO global monitoring
framework, for achievement by 2025. In an analysis of data for tobacco smoking prevalence from nationally representative
survey data, we aimed to provide comprehensive estimates of recent trends in tobacco smoking, projections for future
tobacco smoking, and country-level estimates of probabilities of achieving tobacco smoking targets.

Methods We used a Bayesian hierarchical meta-regression modelling approach using data from the WHO
Comprehensive Information Systems for Tobacco Control to assess trends from 1990 to 2010 and made projections
up to 2025 for current tobacco smoking, daily tobacco smoking, current cigarette smoking, and daily cigarette
smoking for 173 countries for men and 178 countries for women. Modelling was implemented in Python with
DisMod-MR and PyMC. We estimated trends in country-specific prevalence of tobacco use, projections for future
tobacco use, and probabilities for decreased tobacco use, increased tobacco use, and achievement of targets for tobacco
control from posterior distributions.

Findings During the mostrecent decade (2000-10), the prevalence of tobacco smoking in men fell in 125 (72%) countries,
and in women fell in 156 (88%) countries. If these trends continue, only 37 (21%) countries are on track to achieve
their targets for men and 88 (49%) are on track for women, and there would be an estimated 1-1 billion current
tobacco smokers (95% credible interval 700 million to 1-6 billion) in 2025. Rapid increases are predicted in Africa for
men and in the eastern Mediterranean for both men and women, suggesting the need for enhanced measures for
tobacco control in these regions.

Interpretation Our findings show that striking between-country disparities in tobacco use would persist in 2025, with
many countries not on track to achieve tobacco control targets and several low-income and middle-income countries
at risk of worsening tobacco epidemics if these trends remain unchanged. Immediate, effective, and sustained action
is necessary to attain and maintain desirable trajectories for tobacco control and achieve global convergence towards
elimination of tobacco use.

Funding Ministry of Health, Labour and Welfare, Japan; Ministry of Education, Culture, Sports and Technology,
Japan; Department of Health, Australia; Bloomberg Philanthropies.

Copyright © 2015. World Health Organization. Published by Elsevier Ltd/Inc/BV. All rights reserved.

Introduction

Tobacco control is a global health priority. The WHO
Framework Convention on Tobacco Control, which
entered into force in 2005, formalised global
commitment,’ and so far has been ratified by
180 parties.? However, country-specific progress varies
substantially, with very high prevalence of smoking
among both men and women in many countries.’
WHO estimates that about 6 million people worldwide
die each year from causes attributed to smoking, with
most of these deaths occurring in low-income and
middle-income countries.* The 2011 UN political
declaration on non-communicable diseases provided
additional impetus both for urgent and sustained
control of tobacco use and for preventive action against
other risk factors for non-communicable diseases.’ In

2013, the World Health Assembly endorsed the WHO
global monitoring framework for non-communicable
diseases and an associated voluntary global target of a
30% relative reduction in tobacco use worldwide among
people aged 15 years or older by 2025 (with 2010 levels
as baseline). This target was officially agreed on by
WHO member states on the basis of experience from
countries that had successfully implemented at the
highest level of achievement at least three of the
demand reduction measures outlined in the WHO
Framework Convention, and will account for varying
initial starting points for tobacco control in assessment
of national progress.® This target was endorsed at the
Sixth Meeting of the Convention of Parties in Moscow
in October, 2014.” Monitoring of progress towards these
targets will be of enormous benefit to individual
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countries because it will assist them in taking necessary
corrections or new actions to reduce consumption of
tobacco products.

Although some country-specific estimates of prevalence
and trends in tobacco smoking are available, a compre-
hensive and consistent set of estimates—combining
historical trends and the most up-to-date data with
projections of the future burden of tobacco use—is
needed for as many countries as possible. The WHO
Reports on the Global Tobacco Epidemic regularly provide
specific-year estimates for smoking prevalence, but do
not provide changes over time or levels of uncertainty
around estimates.’ The Institute for Health Metrics and
Evaluation recently estimated prevalence trends from
1980 to 2012, but only for one measure, daily smoking.*
Neither of these studies projected trends in smoking
prevalence nor assessed target achievement.**

The tobacco epidemic proceeds through distinct
stages,” which can be affected by policy interventions;”
because many countries with mature tobacco epidemics
have now implemented extensive control policies under
the 2003 Framework Convention,’ trends from the past
10 years can serve as a useful guide for future strategies.
Synthesis of existing trend data by region and country,
with projections, can provide a useful instrument to
assist development for tobacco control. We aimed to
provide a comprehensive and consistent set of trend
estimates for four tobacco use indicators from 2000 to
2010, and projections to 2025, with target achievement
probabilities under the WHO global monitoring
framework, using the most comprehensive and up-to-
date nationally representative data available.

Methods
Study design and data sources
We did a systematic assessment of trends for four tobacco
smoking indicators—current tobacco smoking, daily
tobacco smoking, current cigarette smoking, and daily
cigarette smoking—for 178 countries from 1990 to 2014
with baseline projections to 2025. The four indicators
we modelled represent important characteristics of
frequency and product type, and are intended to capture
the full diversity of tobacco smoking for which data are
available. We report estimates for prevalence and trends
in current tobacco smoking, incorporating daily smoking
and occasional smoking" of any type of smoked tobacco.
We obtained data about tobacco use prevalence from
the WHO Comprehensive Information Systems for
Tobacco Control. This database encompasses major,
internationally standardised data sources that report
tobacco use of any kind; all data sources used are
population-based surveys in the public domain. We
investigated data availability and quality for all 194 WHO
member states. The primary datasets included reports of
survey estimates submitted to the WHO Framework
Convention on Tobacco Control Secretariat, surveys such
as the Global Adult Tobacco Survey®? operated as part of
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the WHO Global Tobacco Surveillance System, and major
nationally representative health surveys such as the World
Health Survey,” Demographic and Health Surveys, the

For the Demographicand

Behavioral Risk Factor Surveillance System,* and the HealthSurveyssee http://www.

WHO STEPwise surveys.® Data quality control at the
time of collection was done by the WHO Comprehensive
Information Systems for Tobacco Control unit, and
discrepancies (eg, zero values of major prevalence
estimates, higher reported prevalence for women than for
men, prevalence more than 60%, or inconsistencies in
different indicators) were investigated with country
representatives before finalisation in the database. Details
about the identification process for data sources and
about data entry, reconciliation, and quality checking
procedures are provided in the appendix.

A data source was included if it provided prevalence
estimates from country surveys for one or more of the
four tobacco use indicators used in this study; involved
randomly selected participants representative of the
general population; and was officially recognised by the
national health authority. A data source was excluded if it
was earlier than 1990, was not nationally representative
(eg, urban or rural only, geographic or political
subdivision, subpopulations such as students only), or if
the maximum age of target participants was younger
than 15 years. The dataset for this analysis encompassed
896 surveys in 180 countries covering the period 1990 to
2014, amounting to 26153 datapoints specific to country,
year, sex, and age.

Outcome definitions

Tobacco refers to all forms of smoked tobacco encountered
in the surveys including, but not limited to, cigarette, cigar,
pipe, and water pipe. Cigarette included any kind of
cigarette such as manufactured, roll-your-own, or local
variants (eg, bidis in India or kreteks in Indonesia).
Current refers to smoking at least once in the 30 days
before the survey. Daily refers to smoking at least once per
day during the same 30 day period.* Almost all surveys in
the dataset excluded experimental smokers when reporting
prevalence of current and daily smoking. Current tobacco
smoking is an important indicator because it can more
sensitively detect trends among groups with historically
low prevalence of smoking (eg, women” and late
teenagers®) than can the other component tobacco use
indicators; we focused on this outcome in this study.

Statistical analysis
For analytic purposes, we categorised countries into
21 regions representing tobacco epidemiology and
geography. These groups combined tobacco use patterns
and control history with the UN geoscheme subregions.**
Details of the country groupings are provided in the
appendix.

The analytic approach for this study needed to address
data scarcity for some countries, non-standard age
categories, and information for four tobacco smoking

measuredhs.com/

See Online for appendix
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Figure 1: Estimated prevalence of current tobacco smoking in 2025

Figure shows age-standardised mean estimates for individuals aged 15 years or older. NA=not available.

indicators, with consistency constraints between indicators
such that current tobacco smoking served as the prevalence
envelope for daily tobacco smoking and current cigarette
smoking, which in turn were both greater than or equal to
daily cigarette smoking. To overcome these challenges, we
developed a Bayesian hierarchical meta-regression model,
combining observed data with additional prior assumptions
to derive posterior distributions of the quantities of interest.
This multistage modelling approach handles these
problems by first identifying trends at the regional level,
and then using these trends to build priors for the
coefficients in subsequent country-level models, enabling
supplementation of scarce country data with regional
information. We used a piecewise linear spline to model
age-specific prevalence in the population aged 15 years or
older with breakpoints per 10-year age group chosen in
consultation with WHO tobacco and statistical experts.
This is a flexible approach that captures diversity and detail
in age patterns in different countries.

We fitted the model over two periods, 1990-2000 and
2000-10, and used a time-period interaction term to
allow for potential shifts due to country-level changes in
time-varying factors (eg, implementation of tobacco
control measures). Indicator coefficients with constraints
in the form of priors enabled simultaneous and
consistent estimation of the different indicators of
tobacco use. Details about the model equations, a
directed acyclic graph for the Bayesian hierarchical
structure, and detailed information about prior
assumptions are provided in the appendix. We did model
fitting separately for men and women, applying Markov-
chain Monte Carlo methods implemented in the Python
programming language.” We used the DisMod-MR*
package (a Bayesian modelling instrument) to handle
non-standard age categories, model specification, and
meta-regression, and the PyMC package” for Markov-
chain Monte Carlo simulation. We obtained posterior
distributions for all outcomes of interest, enabling the
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calculation of probabilities of decrease or increase in
prevalence of tobacco use, and probabilities of reaching
tobacco control targets by 2025.

We fitted separate models by country and sex to allow
for potentially diverging trends between sexes. We
obtained trend estimates for the period 1990-2000 and
2000 onwards, carrying the post-2000 trend forward to
provide projections for all four indicators to 2025.
1000 draws per year of age were generated from
the resulting posterior distributions, and we used
the WHO standard population® to obtain aggregated,
age-standardised prevalence for ages 15 years or older.
We estimated means and obtained 95% credible intervals
from the 2-5% and 97- 5% percentiles of the distributions
of these replicates. We obtained numbers of smokers
by multiplying prevalence and population estimates.?
Quintiles of mean prevalence were calculated for 2010
and 2025. We calculated percentage changes from 2010
to 2025 and posterior probabilities of reduction, increase,
and target achievement from these distributions. A
posterior probability of reduction of 95% or greater
means that at least 95% of the simulated percentage
changes are below zero.

We used autocorrelation plots to assess model
convergence, tested for predictive accuracy using root-
mean-squared errors and coverage of 95% posterior
predictive intervals, and checked for robustness in out-of-
sample prediction by holdout cross-validation. We used the
Bayesian information criterion to assess interaction terms.”

Role of the funding source

The funders had no role in the design, implementation,
analysis, or writing of the study, or choice of journal. The
corresponding author had full access to all the data and
had final responsibility for the decision to submit for
publication.

Results

We generated estimates about current tobacco smoking
for 173 countries for men and 178 countries for women.
The appendix contains country-specific estimates of
prevalence in 2010 and 2025; relative percentage
changes and posterior probabilities of reduction,
increase, and target achievement; and prevalence
quintiles in 2010 and 2025 by WHO region and income
categories. Figure 1 shows maps of predicted prevalence
quintiles in 2025. The first quintile represents countries
with the lowest prevalences, whereas the fifth quintile
represents those with the highest prevalences.
Prevalence estimates in 2000 ranged from less than
25% in the first quintile to 56% or greater in the fifth
quintile for men, and from less than 3% in the first
quintile to 27% or greater in the fifth quintile for
women. For men, most countries in the first quintile
(21 [57%)] countries) were low-income or middle-income
countries in Africa, with the fifth quintile concentrated
in Europe and the western Pacific. For women, most
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Number of Direction of trend, 2000-10 =95% probability, 2010-25
countries
Decrease Increase Decrease Increase
Men
Low-income or middle-income countries
AFRO 40 15 (44%) 25 (56%) 1(5%) 15 (37%)
AMRO 23 22 (57%) 1(1%) 13 (54%) 0
EMRO 13 2(14%) 11 (73%) 0 2(2%)
EURO 17 16 (27%) 1(<1%) 4(12%) 0
SEARO 9 7(86%) 2 (14%) 3(80%) 0
WPRO 20 20 (89%) 0 1(5%) 0
Subtotal 122 82 (80%) 40 (20%) 22 (40%) 17 (5%)
High-income countries
AFRO 0 0 0 0 0
AMRO 8 7 (42%) 1(<1%) 3(39%) 0
EMRO 6 0 6 (13%) 0 4(5%)
EURO 31 31(73%) 0 15 (25%) 0
SEARO 0 0 0 0 0
WPRO 6 5 (11%) 1(<1%) 3(8%) 0
Subtotal 51 43 (94%) 8 (6%) 21 (56%) 4(2%)
Total for men 173 125 (83%) 48 (17%) 43 (43%) 21 (5%)
Women
Low-income or middle-income countries
AFRO 42 36 (88%) 6 (12%) 21 (50%) 0
AMRO 25 25 (60%) 0 24 (60%) 0
EMRO 13 7 (74%) 6 (18%) 6 (74%) 0
EURO 18 16 (27%) 2 (1%) 6 (11%) 0
SEARO 9 9 (100%) 0 9(100%) 0
WPRO 20 20 (88%) 0 7 (87%) 0
Subtotal 127 113 (96%) 14 (4%) 73 (88%) 0
High-income countries
AFRO 0 0 0 0 0
AMRO 8 (40%) 0 7 (38%) 0
EMRO 1(4%) 5(3%) 0 0
EURO 31 27 (56%) 4(16%) 9(16%) 0
SEARO 0 0 0 0 0
WPRO 6 6 (12%) 0 4(9%) 0
Subtotal 51 42 (88%) 9 (12%) 20 (51%) 0
Total for women 178 155 (95%) 23 (5%) 93 (81%) 0
Data are n, in which n refers to number of countries, or n (%), in which n refers to number of countries and % refers to
the proportion of the regional population covered. Table shows data for individuals aged 15 years or older; income
categories are from The World Bank. AFRO=WHO African Region. AMRO=WHO Region of the Americas. EMRO=WHO
Eastern Mediterranean Region. EURO=WHO European Region. SEARO=WHO Southeast Asian Region. WPRO=WHO
Western Pacific Region.
Table 1: Relative change in age-standardised prevalence of current smoking by WHO region

countries in the first quintile were low-income and
middle-income countries from diverse geographies
(21 [84%] countries), including 14 (45%) African nations.
Conversely, countries in the fifth quintile were
concentrated mainly in Europe and the western Pacific.
By 2010, estimated prevalences ranged from less than
24% in the first quintile to 48% or greater in the
fifth quintile for men, and from less than 2% in the
first quintile to 22% or greater in the fifth quintile for
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Figure 2: Relative change in prevalence of current tobacco smoking between 2010 and 2025
Figure shows age-standardised mean estimates for individuals aged 15 years or older. NA=not available.

women. For men, 24 (67%) countries in the first quintile
were low-income or middle-income countries in Africa
and the Americas, with several African nations
increasing in prevalence. The composition of the fifth
quintile remained similar to those in 2000. For women,
patterns in the first and the fifth quintiles also remained
similar to those in 2000. Our estimates of trends
between 2000 and 2010 suggested that tobacco control
efforts have been successful, with 125 (72%) countries
for men and 155 (87%) countries for women showing
any level of decrease to 2010.

If recent trends remain unchanged, there will be an
estimated 1-1 billion current smokers (95% credible
interval 700 million to 1-6 billion) in 2025. We project
that the highest smoking quintile among men will
shift from low-income and middle-income countries in
Europe and the western Pacific to those in Africa and
the eastern Mediterranean, suggesting a rapidly
growing epidemic of tobacco smoking in this region
and a major additional burden of non-communicable
disease in these countries. For women, 2025 prevalence
patterns will remain similar to those at baseline, with
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the first quintile mostly consisting of low-income and
middle-income countries from diverse geographies
including 15 (43%) African nations, with the
fifth quintile concentrated in Europe and the western
Pacific.

Table 1 summarises patterns in trend estimates from
2000 to 2010 and probabilities of reduction and increase
in prevalence from 2010 to 2025 by region and income
category. Corresponding relative percentage changes
from 2010 to 2025 are mapped in figure 2. From 2000
to 2010, 125 (72%) countries experienced decreases
in prevalence for men, compared with 155 (87%)
countries for women. If such trends continue, only
43 (25%) countries for men and 93 (52%) countries for
women will have 95% or greater probability of decrease
from 2010 to 2025, and 21 (12%) countries will have
95% or greater probability of increase among men over
the same period. Decreases are projected for most
countries in almost all regions except Africa for men
and the eastern Mediterranean for both men and
women. We noted high (=95%) probabilities of decrease
for most countries in the Americas for both men and
women. By contrast, high probabilities of increase were
estimated for about a third of countries in Africa and
the eastern Mediterranean for men. For European men,
15 (48%) high-income countries had a high probability
of reduction, compared with only four (24%)
low-income or middle-income countries, suggesting
that within-region income inequalities remain an issue
in tobacco control.

Scatterplots of relative percentage changes from 2010
to 2025 against baseline prevalence in 2010 are
provided in figure 3, with countries categorised
according to probabilities of achieving tobacco control
targets. Only 37 (21%) countries are on track to achieve
their targets for men and 88 (49%) countries are on
track for women. Only three (2%) countries for men
and 22 (12%) countries for women had high
probabilities (=95%) of target achievement. We
estimated relative prevalence increases of greater than
100% for men in seven (4%) countries in Africa and the
eastern Mediterranean. We noted low (<5%) target
achievement probabilities for several countries for
both sexes. Geographic representations of target
achievement probabilities are shown in figure 4 and
summaries by WHO region and World Bank income
classification are shown in table 2. Low-income and
middle-income settings had higher proportions
(38 [31%] vs eight [16%]) of countries with low target
achievement probabilities for men and high-income
settings had higher proportions (12 [24%] vs 12 [9%]) of
countries with low target achievement probabilities for
women, suggesting continued growth of tobacco
smoking among men in low-income countries and
persistence among women in high-income countries.

The results for all indicators by country are available on
the WHO website.
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Figure 3: Relative change in prevalence of current tobacco smoking between 2010 and 2025, versus baseline

prevalence and probabilities of target achievement
*Seven countries with more than 100% relative change not shown.

Discussion

This analysis of nationally representative survey data
provides a comprehensive set of comparable and
consistent estimates and projections for four tobacco
use indicators and target achievement probabilities
under the global monitoring framework for non-
communicable diseases; the use of the most up-to-date
data and a comprehensive modelling process enabled
information from multiple indicators to be used directly
in a single flexible model (panel). We estimated trends
in prevalence of tobacco smoking from 1990 to 2010
using data available until June, 2014, and made
projections to 2025 for 178 countries for women and
173 countries for men. We also estimated mean
percentage changes in prevalence between 2010 and
2025 with posterior probabilities of reduction, increase,
and target achievement. We engaged with national
authorities to ensure a comprehensive database, used

For the results of all
indicators by country see
http://www.who.int/tobacco/
publications/surveillance/en/
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Figure 4: Probability of 30% reduction in tobacco use by 2025

Figure shows probability of countries achieving a 30% relative reduction compared with prevalence levels in 2010, assuming current trends continue.

the latest available survey data, and consulted with
individual countries regarding discrepancies as part of
the WHO global estimation process.

We noted wide variation in baseline prevalence,
suggesting differences in tobacco epidemic stages and in
control efforts between countries. Our prevalence
projections showed that such disparities are likely to
persist. Countries already at mature stages of the
smoking epidemic at baseline, which are projected to
retain high prevalence in 2025, need immediate and
effective implementation or strengthening of measures
for smoking cessation, avoidance of relapse, and
deterrence of initiation. Countries where the smoking
epidemic has not gained a foothold or is in its early stages
are mostly in low-income or middle-income countries
where tobacco control might not be a top priority because
of scarce resources to address pressing health concerns.
However, these situations present opportunities for these
countries’ governments, in cooperation with the

international community, to invest in or strengthen cost-
effective preventive strategies before tobacco companies
establish and expand their markets.

Many countries will not achieve the 30% reduction
target if current trends remain unchanged, and more
effort is needed to attain or to maintain desirable
trajectories. The demand reduction measures in the
WHO Framework Convention on Tobacco Control
(known as WHO MPOWER measures) serve as a good
starting point. Aimed to assist countries with
implementation of the framework, these measures
consist of six broad implementation strategies: “monitor
tobacco use and prevention policies, protect people from
tobacco smoke, offer help to quit tobacco use, warn about
the dangers of tobacco, enforce bans on tobacco
advertising, promotion and sponsorship, and raise taxes
on tobacco”.” Although the WHO Framework Convention
on Tobacco Control has been ratified by 180 parties to
date,’ completeness of implementation of the MPOWER
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measures varies greatly across countries.’ The importance
of immediate and extensive MPOWER implementation
is exemplified by Turkey, which we project will achieve a
greater than 30% reduction in current smoking
prevalence by 2025, representing an annual decrease of
greater than 2.0% over 15 years. Turkey ratified the
Framework Convention on Tobacco Control in 2004, and
is the only country to have been assessed by WHO to
have implemented MPOWER measures at the highest
level. Turkey has experienced substantial reductions in
tobacco use prevalence since then. If sustained, this
trend would be sufficient to attain the 2% annual
reduction over 15 years required by the target. However,
even countries on track towards target achievement
should be vigilant and exert efforts to maintain desirable
trajectories. Norway provides an example of the
importance of vigilance to maintain tobacco control
efforts. We estimate that Norway will achieve a
45% reduction in current smoking prevalence,
representing a 3-0% annual decrease over 15 years, with
high probabilities (>95%) for both men and women.
After waning prioritisation of tobacco control in the
1980s and stalled prevalence reductions, tobacco use
reductions were again achieved after reinvigoration of
the national programme for tobacco control in the 1990s,
and have been maintained.” Norway was able to achieve
a 30% reduction in tobacco use within a decade,” and its
national tobacco control strategy continues to evolve.*
These countries offer lessons in effective tobacco control,
and show the potential value of the MPOWER package
for countries that we have identified as at risk of
increasing or static trends in current smoking prevalence.

Although tobacco control strategies are at the forefront
of changes in tobacco use prevalence, smoking trends
might also result from other factors. Similar to Norway,
Sweden is projected to achieve 37% or greater relative
reduction in current smoking prevalence, representing
annual decreases over 15 years for both men and women
of roughly 2-4%. In both countries, however, consumption
of smokeless oral tobacco (snus) has been increasing in
recent years.*? Although snus has been suggested to
help smoking cessation, its health effects remain
controversial and debate about its role as a tobacco
cessation strategy is ongoing.**** Some portion of
Norway and Sweden’s success might therefore represent
substitution to unmeasured forms of tobacco use rather
than cessation, and for any country the particular cultural
context of tobacco use remains an important consideration
in interpretation of our model outputs.

Our study also had several limitations. First, our study
relied on self-reported data with the potential for
reporting bias that could vary across settings and over
time. However, validation exercises with biomarkers in
high-income settings have shown self-reported smoking
behaviour to have high sensitivities (>90%),** and cross-
country surveys in low-income and middle-income
countries use scientific and evidence-based protocols to
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Number of Projectedto  Probability of achieving target by 2025
countries  achieve
target
<5% 5to <50% 50t0<95% =95%
Men
Low-income or middle-income countries
AFRO 40 1(5%) 24 (51%) 15 (44%) 1(5%) 0
AMRO 23 16 (55%) 1(1%) 6 (3%) 15 (54%) 1(<1%)
EMRO 13 0 9 (70%) 4(3%) 0 0
EURO 17 2(9%) 2 (<1%) 12 (15%) 3(12%) 0
SEARO 9 3(80%) 2 (17%) 4 (17%) 3 (80%) 0
WPRO 20 2 (<1%) 0 18 (89%) 2 (<1%) 0
Subtotal 122 24 (38%) 38 (20%) 59 (42%) 24 (38%) 1 (<1%)
High-income countries
AFRO 0 0 0 0 0 0
AMRO 8 2 (4%) 5(2%) 3(39%) 0
EMRO 6 0 6 (13%) 0 0 0
EURO 31 8 (16%) 1(<1%) 21 (55%) 7 (17%) 2 (1%)
SEARO 0 0 0 0 0 0
WPRO 6 3(8%) 1(<1%) 2 (3%) 3 (8%) 0
Subtotal 51 13 (25%) 8 (6%) 28 (43%) 13 (50%) 2 (<1%)
Total for men 173 37 (35%) 46 (17%) 87 (42%) 37 (40%) 3 (<1%)
Women
Low-income or middle-income countries
AFRO 42 22 (50%) 4(9%) 15 (36%) 21 (50%) 2(5%)
AMRO 25 25 (60%) 0 0 24 (48%) 1(13%)
EMRO 13 6 (74%) 6 (18%) 1(<1%) 0 6 (74%)
EURO 18 5 (10%) 2 (1%) 11 (16%) 5 (10%) 0
SEARO 9 8 (96%) 0 1(4%) 2 (14%) 6 (82%)
WPRO 20 6 (82%) 0 13 (<1%) 5 (86%) 2 (1%)
Subtotal 127 72 (85%) 12 3%) 41 (10%) 57(51%) 17 (36%)
High-income countries
AFRO 0 0 0 0 0 0
AMRO 8 7 (38%) 0 1(2%) 5 (34%) 2 (4%)
EMRO 6 0 4(3%) 2 (5%) 0 0
EURO 31 6 (13%) 8 (32%) 16 (26%) 5 (12%) 2(1%)
SEARO 0 0 0 0 0 0
WPRO 6 3(2%) 0 3(10%) 2 (1%) 1 (<1%)
Subtotal 51 16 (40%) 12 (24%) 22 (36%) 12 (36%) 5 (4%)
Total for women 178 88 (76%) 24 (7%) 63 (15%) 69 (48%) 22 (30%)
Data are n, in which n refers to number of countries, or n (%), in which n refers to number of countries and % refers to
the proportion of the regional population covered. Table shows data for individuals aged 15 years or older; income
categories are from The World Bank. AFRO=WHO African Region. AMRO=WHO Region of the Americas. EMRO=WHO
Eastern Mediterranean Region. EURO=WHO European Region. SEARO=WHO Southeast Asian Region. WPRO=WHO
Western Pacific Region.
Table 2: Probability of achieving the target of a 30% relative reduction in tobacco use by WHO region

ensure comparability across settings and over time.”
Although residual variability due to differences in data
sources might persist despite quality control efforts,
these factors were addressed to the extent feasible by
prior specifications in the statistical model. Second, the
need to calculate projections necessarily placed
restrictions on the model choices. Although use of a
functional form in the model enabled projection beyond
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Panel: Research in context

Systematic review

We searched PubMed with the terms “tobacco” OR “smoking” OR “cigarette” AND
“trends” or “projections” for articles published in English before Dec 16, 2014. We
identified no articles that provided a comprehensive and comparable systematic
assessment of recent trends and projections ensuring consistency for four tobacco use
indicators and including target achievement probabilities under the WHO global
monitoring framework. We identified articles that estimated recent trends or made
projections for a single country or small subsets of countries for one or two indicators.?*>°

Interpretation
Our findings show that striking between-country disparities in tobacco use would persist
in 2025, with many countries not on track towards target achievement and several
low-income or middle-income countries at risk of worsening tobacco epidemics if recent
trends remain unchanged. Immediate, effective, and sustained action is necessary to
attain and maintain desirable trajectories for tobacco control and achieve global
convergence towards elimination of tobacco use.
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the timeframe of the data, all our projection estimates
are subject to the standard limitations of projections
based on a functional assumption, irrespective of the
sophistication of the Bayesian hierarchical approach.
Third, our study did not include estimates for smokeless
tobacco, which is an important form of tobacco use.
Unfortunately, severe limitations in availability and
quality of data for smokeless tobacco compared with
smoked forms* precluded the inclusion of smokeless
tobacco in this study. Additionally, smokeless tobacco
could have very different risk factors and use profiles
compared with smoked tobacco, and might be better
modelled in a separate study focusing on countries
known to have appreciable prevalence of this form,
rather than as a single indicator in a global study. Fourth,
although a formal impact evaluation of the Framework
Convention on Tobacco Control has not been done, there
is some evidence that it accelerated adoption of some
measures for tobacco control,* and future shifts
occurring after country ratification might not be fully
captured in our basis period for projection. However,
varying lags in actual implementation of control
measures after implementation of the framework, and
existing policies for tobacco control in place before the
framework, precluded use of the year of ratification as
the base point for projections. Instead, we opted to use a
common starting point that allowed for a straightforward
comparison of projections, and provided a common
reference point from which to examine country
differences in actual implementation of tobacco control
measures. Finally, some of the countries represented in
our data had very few datapoints, and the trend estimates
for these countries are likely highly affected by regional
estimates. For these countries, the trend can be
interpreted as their likely future trajectory of tobacco use
prevalence if they adopt the tobacco control policies
common in their region. Although trend estimates from
our research can serve as an indicator of these countries’

future tobacco trends, these countries need to improve
surveillance and monitoring of tobacco use to properly
understand their future risk profile of non-
communicable diseases.

Patterns in target achievement probabilities, trajectories,
and projected prevalence uncover areas for attention. We
estimated low probabilities of target achievement and
upward trends in prevalence for most countries in the
WHO African region for men and in the WHO eastern
Mediterranean region for both sexes. For men, both
regions have several countries—six (32%) for the eastern
Mediterranean region and 15 (38%) for the African
region—with high (=95%) estimated probabilities of
increase, and 37% of the population covered by the African
region are almost certain to experience increases in
tobacco smoking by 2025 if urgent action is not taken to
reverse the progress of the smoking epidemic. Global
inequalities in tobacco control continue to exist, with many
more high-income than low-income countries achieving
reductions in tobacco smoking by 2010, and the future
landscape of tobacco control starkly defined by national
income: less than 1% of the population of low-income and
middle-income countries live in areas with a high
probability of achieving tobacco control targets, compared
with 36% of the population of high-income countries.
International cooperation is thus needed, consistent with
evidence that country capacity is a crucial mediator in
implementation of tobacco control measures.® In view of
increasing trends in other risk factors for non-
communicable diseases (eg, blood pressure* and high
body-mass index?), and low resources for several countries
in these regions, immediate and effective action should be
taken to prevent potential epidemics of non-communicable
diseases that could burden already-fragile health systems.
Tobacco is the most policy-responsive risk factor for non-
communicable disesases,® and with price the key
determinant of initiation and cessation, high specific
excise taxes on all brands could prevent increases and
induce reductions in prevalence as well as generate
revenues for health financing® for these countries.

Synthesis of target achievement probabilities and
projected prevalence also provides impetus for stronger
control strategies for tobacco, even for high-income
countries. Projected target achievement should not be
taken as cause for complacency; some countries, such as
Japan, with greater than 50% probability of achieving the
target would still belong to the third-highest quintile of
current prevalence of tobacco smoking (29% to <36%)
among men in 2025. Our findings lend support to those
from a modelling exercise that recommended a more
ambitious reduction target for tobacco use to achieve
corresponding goals to reduce premature mortality from
non-communicable diseases.® Although a 30% relative
reduction is feasible on the basis of previous experience
and is useful for benchmarking progress,* it should not
hold countries back from aspiring to more challenging
yet efficient pathways towards elimination of tobacco use.
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Although efforts for tobacco control in the past decade
have been successful in reduction of tobacco use in
many countries, some countries are at risk of
substantial increases in tobacco use, and tobacco
control targets remain out of reach for many. If recent
trends remain unchanged, we project that many
countries will not achieve tobacco control targets and
more than 1 billion people will remain current smokers
in 2025. Stagnating trends imply that future research is
needed to devise ways to accelerate progress and for
innovation in tobacco control strategies. Countries in
Africa and the eastern Mediterranean, with few
resources and fragile health systems, are susceptible to
worsening tobacco epidemics, and there is also evidence
that the epidemic will persist among women in some
high-income countries. Immediate, effective, and
sustained action is needed to attain and maintain
desirable trajectories towards a tobacco-free world.
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Abstract

Objective

To investigate the effect of social deprivation and ethnicity on inpatient admissions due to di-
abetes in England.

Design

Facility-based cross-sectional analysis.

Setting

National Health Service (NHS) trusts in England reporting inpatient admissions with better
than 80% data reporting quality from 20102011 (355 facilities).

Participants

Non-obstetric patients over 16 years old in all NHS facilities in England. The sample size
after exclusions was 5,147,859 all-cause admissions.

Main Outcome Measures

The relative risk of inpatient admissions and readmissions due to diabetes adjusted
for confounders.

Results

There were 445,504 diabetes-related hospital admissions in England in 2010, giving a di-
rectly (age-sex) standardized rate of 1049.0 per 100,000 population (95% confidence inter-
val (Cl): 1046.0—1052.1). The relative risk of inpatient admission in the most deprived
quintile was 2.08 times higher than that of the least deprived quintile (95% CI: 2.02-2.14),
and the effect of deprivation varied across ethnicities. About 30.1% of patients admitted due
to diabetes were readmitted at least once due to diabetes. South Asians showed 2.62 times
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(95% CI: 2.51 — 2.74) higher admission risk. Readmission risk increased with IMD among
white British but not other ethnicities. South Asians showed slightly lower risk of readmis-
sion than white British (0.86, 95% CI: 0.80 —0.94).

Conclusions

More deprived areas had higher rates of inpatient admissions and readmissions due to dia-
betes. South Asian British showed higher admission risk and lower readmission risk than
white British. However, there was almost no difference by ethnicity in readmission due to di-
abetes. Higher rates of admission among deprived people may not necessarily reflect
higher prevalence, but higher admission rates in south Asian British may be explained by
their higher prevalence because their lower readmission risk suggests no inequality in pri-
mary care to prevent readmission. Better interventions in poorer areas, are needed to re-
duce these inequalities.

Introduction

It is well known that socioeconomic deprivation is associated with excess hospital admissions.
For example, people in unskilled employment[1], people from a household whose head is in an
unskilled-labour social class, or with an adult member of the family who cannot work due to ill-
ness, experience higher rates of emergency admission[2]. In the United States, people in highly
deprived socioeconomic conditions or from certain ethnic minorities have a higher risk of
diabetes-related hospitalization[3]. To the extent that these inequalities in admission rates are
preventable, they represent a burden of potentially avoidable hospital admissions which, if ad-
dressed, may lead to health service efficiencies.

Diabetes is a typical example of a chronic non-communicable disease. Diabetes patients
need continuous careful management in primary care by a general practitioner (GP) to prevent
complications that may lead to hospitalization. In Type 1 diabetes, failure of primary care man-
agement can lead to acute ketoacidosis, which requires immediate emergency department ad-
mission; acute sequelae of untreated or poorly-managed type 2 diabetes can also lead to
preventable hospital admissions. In the context of a growing diabetes epidemic in the UK, prev-
alence of type 1 and type 2 diabetes are expected to increase from approximately 0.6% and
5.4% of the whole population respectively in 2010/2011 to 0.9% and 7.7%, respectively by
2035/2036[4], for assumed population projections at 2035[5]. The annual cost of emergency
calls for severe hypoglycaemia is £13.6m for England alone[6], and the total cost of diabetes is
estimated to increase from £23.7bn in 2010/2011 to £39.8bn by 2035/2036[4]. Reducing excess
inpatient admissions, especially in high-prevalence groups, is important to both reduce unnec-
essary expenditure on medical services and to reduce demand on NHS hospitals.

In the UK the prevalence of diabetes is estimated to be almost equal across socioeconomic
status in men and at most double in women between the highest and lowest social classes[7].
Thus, a socioeconomic gradient in excess hospital admissions due to diabetes in the UK may
reflect poorer management of chronic diabetes in this group. Some research also suggests in-
equality in diabetes primary care by ethnicity[8]. British of black Caribbean or south Asian de-
scent are known to have a higher prevalence of diabetes[9-11] and without good quality
management in primary care it is likely that this higher prevalence will be represented in higher
rates of emergency admissions.
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Excess rates of admission for diabetes represent a health system burden that can be reduced
through targeting better quality primary care management of diabetes[12] such as controlling
blood glucose concentration and blood pressure[13]. In a period of straitened finances in the
UK and significant cuts to both social welfare and health services[14], it is important to under-
stand the role that socioeconomic inequality can play in increasing the burden on health sys-
tems, to better prepare for and manage its health system effects. Furthermore, the current
agenda for NHS reform in the UK focuses on increasing the role of GPs in clinical commission-
ing and health service planning[15], suggesting that GPs will be playing a greater future role in
public health than has previously been the case, with the risk that flaws in primary care service
will have a greater impact on the health system in the future. In this study, we investigate the
relationship between socioeconomic deprivation, ethnicity and inpatient admission for diabe-
tes using data for all of England.

Methods
Data sources

Data on individual inpatient hospital admissions was obtained from the inpatient components
of the UK Hospital Episode Statistics (HES) data set. This data contains individual records of
all attendances occurring in England from 2010-11, and was obtained from the National
Health Service (NHS) Information Centre[16]. The population data for Lower Super Output
Areas (LSOAs), the key geographical variable on which data on socioeconomic deprivation is
available for 2011, was obtained from the website of the Office for National Statistics[17]. This
data set contained 8,696,242 all-cause admissions in 498 hospitals.

Patients with obstetric-related diagnostic codes were excluded because gestational diabetes
has very different etiology, management and epidemiological patterns than adult diabetes. In
the inpatient data, only patients admitted through elective and emergency admission pathways
were analyzed and other admission methods (maternity, psychiatric etc.) were excluded.

To avoid duplication of patient data due to follow-up admission, between- or within-facility
referral for the same admission period, only the initial admission record for any hospital stay
(the first episode of a “spell” in HES terminology) was analyzed This exclusion criterion is stan-
dard practice for analysis of admission data in the inpatient dataset[16]. Patients under 16
years old were also excluded from this analysis. Admissions from postcodes in Wales, Scotland,
Northern Ireland, the Channel Islands, the Isle of Man, and any “pseudopostcodes” were ex-
cluded because these postcodes lack information about the Index of Multiple Deprivation
(IMD), and only data for England were analyzed.

Missing data

Before analysis, records were excluded on a facility-wise basis depending on the rate of missing
data in key variables. Hospitals with less than 80% valid data on diagnosis were excluded from
the data set. Because ethnicity is relatively poorly recorded in the data, analysis of the relation-
ship between hospital admission and ethnicity was restricted to only those hospitals with at
least 80% valid data on both diagnosis and ethnicity.

Age-sex standardization of emergency admission rate

Directly standardized inpatient admission rates per 100,000 population were calculated as the
age- and sex-standardized mean of the admission rates of each IMD quintile using the whole of
England as the reference population. All statistical analysis was conducted on crude admission
counts in order to adjust for age and sex.
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Covariates

Admission due to diabetes was defined as a hospital admission with primary or secondary diag-
nosis from the ICD 10 codes E10—E14. IMD was used to express the degree of socioeconomic
deprivation. This index is given at the level of small districts called Lower Super Output Areas,
each consisting of about 672 households on average[18], and aggregates indices measuring in-
come, employment, health, education, housing services, crime, and the living environment
[19]. We adjusted all analyses for the confounding effect of patients’ sex, ethnicity, age on the
day of admission, and rural-urban indicator. In the HES data, rural-urban indicator is classified
into nine categories[20] representing degree of urbanization. For this analysis, we collapsed
them into three: urban, town, and village/hamlet. The admission method, elective or emergen-
cy, was also adjusted for.

HES data classifies ethnicity into 18 categories[20], but we grouped data into six categories:
white, mixed, south Asian, black, Asian, and others.

Statistical analysis

The relationship between regional deprivation and inpatient admission was analyzed using a
multiple Poisson regression model with random effects for region (the LSOA) and IMD treated
as a region-level variable. Population by broad age groups (16-29, 30-44, 45-64, over 65) at
the LSOA level was used as an offset in the regression model. All results from the multiple re-
gression models are presented as relative risks with confidence intervals and p-values. We cate-
gorized IMD into quintiles and age into the same broad age groups as were present in the
population data. An interaction term between IMD and ethnicity was included in the model to
identify effect modification due to ethnicity.

Analysis of high-impact users

Using the same set of inpatient admission data, patients readmitted to hospital for diabetes
were identified and their total number of readmissions calculated. To adjust for varying dates
of initial admission, the time at risk was calculated in person-years from the first admission to
the end of the data collection period (31* March 2011). A small number of patients whose re-
cord of observation period exceeded one year were excluded (20,352 patients). After exclusion,
230,535 patients remained. The number of readmissions was analyzed using multi-level Pois-
son regression. However, a small number of extreme outliers (more than 11 readmissions:
0.05% of the whole dataset) were excluded due to computational problems. The natural log of
the person-year was used as the offset in the Poisson regression, and LSOA-level population
was excluded because the analysis was only being conducted on the subset of those admitted
from each area. Admission method of the initial admission due to diabetes for each patient was
included as a covariate in this model, to test the relative risk of readmission of emergency com-
pared to elective patients.

Ethics Considerations

Approval was given for the use of the data by the NHS Information Centre. Because the
data is anonymous, routine monitoring data open to the public, further ethics approval is not
required.

Results

A flowchart describing the application of exclusion criteria and removal of missing data is sum-
marized in Fig. 1. There were a total of 8,696,242 all-cause admissions in 498 hospitals. After
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Complete data
8,696,242 admissions
498 facilities

Unmatched LSOA
»| (outside England,

A A

8,289,808 admissions
497 facilities

data lacking IMD information)

- Referral cases

Y

» (including within-facility cases)
+ Obstetric-related cases

5,309,351 admissions
478 facilities

Data from facilities with <80%

y

diagnosis record coverage

5,309,159 admissions
473 facilities

Data from facilities with <80%

Y

ethnicity record coverage

5,147,859 admissions
355 facilities

Fig 1. Data exclusion flowchart.

doi:10.1371/journal.pone.0116689.9001
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applying the exclusion criteria, 5,309,351 admissions remained, spread across 478 hospitals.
After excluding data with insufficient diagnostic codes and ethnicity data, 5,147,859 records re-
mained in the data set, spread over 355 NHS hospitals. This is 97.0% of all valid attendances
and 74.3% of all valid NHS hospitals.

In the whole of England, there were a total of 445,504 diabetes admissions, giving a crude
rate of 1049.0 (95% CI: 1046.0-1052.1) admissions per 100,000 population.

Fig. 2 shows IMD quintile-specific directly standardized admission rates. The age-sex stan-
dardized admission rate increases with increasing deprivation.

Table 1 shows the result of multiple regression analysis of diabetes admissions by IMD quin-
tile adjusting for ethnicity. Likelihood ratio tests comparing the multi-level model with a simple
Poisson regression without random effects in the model showed the random effects were signif-
icant. The relative risk of diabetes-related admission increases with IMD quintile. The poorest
quintile of white British had a 2.08 times (95% CI 2.02-2.14) higher admission risk than the
richest quintile. The risk of diabetes-related admission among south Asian British was 2.62
(95% CI 2.51-2.74) times higher than white British. Although statistically significant, the risk
increase among other non-white British was not large. Other risk factors for hospital admission
were age, sex and living in an urban area.

The chi square value of the Wald likelihood test of overall interaction terms (185.25,
p-value <0.001) shows that there was a statistically significant interaction between ethnicity and
deprivation. Fig. 3 shows the relationship between diabetes-related hospital admission risk and
IMD quintile, for selected ethnicities calculated from linear combinations of the coefficients
shown in Table 1. The effect modifier for south Asian ethnicity showed lower sensitivity to IMD
(1.68 times higher risk in the most deprived quintile than the least deprived quintile) than black
British (2.28 times higher risk) or white British (2.08 times higher risk). This is suggestive of an
attenuated effect of deprivation in south Asian British relative to white and black British.

A total of 174,932 patients were admitted due to diabetes at least once and 73,684 patients
were admitted more than once. Table 2 shows the result of Poisson regression of readmission
in these patients. For this model the random effect was also significant. The relative risk of
diabetes-related readmission also increases with IMD quintile but the association was much
weaker than that of admission. The poorest quintile of white British had a 1.18 times (95%

CI 1.15-1.22) higher readmission risk than the richest quintile. The relative risk of readmission
in south Asian British was 0.86 (95% CI 0.80-0.94) times that of white British. Other ethnic
groups did not show significant difference from white British except the “other” ethnic group.
Readmission risk was slightly higher in patients whose index admission was elective than those
who were admitted through the emergency department. Women showed slightly lower risk of
readmission than men. Almost all other covariates showed no significant difference.

Fig. 4 shows the relationship between readmission and IMD by selected ethnicities, calculat-
ed from linear combinations of the coefficients shown in the Poisson regression. Black and
white British show almost no difference by IMD quintiles, while hospital readmission in more
deprived groups was higher in white British though the relationship is attenuated.

Discussion

This is the first study to analyze the effect of socioeconomic deprivation and ethnicity on inpa-
tient hospital admission and readmission due to diabetes using inpatient admission data for all
of England, by deprivation quintiles and by ethnic groups. Our study is the first analysis of
HES data for the whole of England to use multi-level modeling in the statistical analysis. We
used IMD as a second level effect, because IMD is calculated at the level of LSOA rather than
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Fig 2. IMD quintile-specific directly standardized admission rate due to diabetes.

doi:10.1371/journal.pone.0116689.9002

for individuals[19]. This enables our study to incorporate the effect of unmeasured communi-
ty-level influences on hospital admission risk.

In this study we found that risk of inpatient admission for diabetes increases with increasing
socioeconomic deprivation measured by IMD quintile, and that although the relationship ex-
ists across all ethnicities it is strongest in white and black British. The relative risk of hospital
admission in the most deprived quintile among white British was 2.08 (95% CI 2.02-2.14)
times higher than the least deprived quintile. The relative risk in the most deprived quintile
was 1.68 (95% CI: 1.58-1.77) times and 2.28 (95% CI: 2.02-2.57) times higher than the least de-
prived quintile among south Asian and black British, respectively. Admission risk was 1.61
times (95% CI: 1.60-1.62) higher for transfer from emergency departments than through elec-
tive or planned admission pathways.

This research also found that ethnic minority groups are at higher risk of hospital admission
for diabetes compared to white British people even after adjusting for socioeconomic depriva-
tion. For diabetes, this may reflect the known differences in prevalence between South Asian,
white and black British[9-11]. We found readmission rates in most non-white groups were not
significantly different from the white group, though the smaller number of observations gave
wider confidence intervals. This suggests that the relationship between ethnicity and inpatient
admission may reflect racially-specific higher prevalence, but may also be a function of differ-
ences in primary care management or health-seeking behavior[21]. By contrast, this study
found that people from poorer areas had higher rates of readmission, even after adjusting for
ethnicity. Even though they were admitted once, after discharge the same people in these socio-
economic groups were more likely to be admitted to hospital again. This suggests that preva-
lence alone does not account for the differences in admission risk by IMD.

The two main possible causes of the increased risk of hospital admissions and readmissions
in poorer areas are excess prevalence of individual risk factors in poorer individuals, or poorer
management of diabetes in primary care in poorer areas[22]. One of the most important risk
factors for diabetes is obesity, and the prevalence of obesity is inversely associated with
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Table 1. Multiple regression model of relationship between hospital admission due to diabetes, IMD

quintile and ethnicity.

Variables Relative 95% Confidence P-
Risk Interval value

IMD quintile

Quintile 1 (Least Deprived) 1 N.A.

Quintile 2 1.16 1.13-1.19 <0.001

Quintile 3 1.35 1.32-1.39 <0.001

Quintile 4 1.68 1.63-1.73 <0.001

Quintile 5 (Most Deprived) 2.08 2.02-2.14 <0.001

Age

16-29 years 1 N.A.

30—44 years 2.28 2.22-2.34 <0.001

45-64 years 5.88 5.74-6.02 <0.001

65 + years 14.17 13.83-14.51 <0.001

Sex

Men 1 N.A.

Women 0.64 0.63-0.64 <0.001

Region type

Urban 1 N.A.

Town 0.89 0.87-0.91 <0.001

Village 0.81 0.80-0.83 <0.001

Ethnicity

White 1 N.A.

Mixed 1.49 1.29-1.72 <0.001

South Asian 2.62 2.51-2.74 <0.001

Black 1.22 1.09-1.37 0.001

Asian 1.02 0.87-1.21 0.783

Others 1.32 1.21-1.43 <0.001

IMD/ethnicity interaction

IMD Quintile 1: all 1 N.A.

IMD Quintile 2:

Mixed 0.83 0.68-1.01 0.061

South Asian 0.91 0.86-0.97 0.004

Black 1.23 1.07-1.42 0.004

Asian 1.22 0.95-1.57 0.111

Others 1.03 0.92-1.16 0.585

IMD Quintile 3:

Mixed 1.15 0.97-1.37 0.10

South Asian 0.85 0.81-0.91 <0.001

Black 1.20 1.05-1.36 0.006

Asian 0.83 0.65-1.06 0.135

Others 1 0.90-1.11 0.946

IMD Quintile 4:

Mixed 0.73 0.61-0.86 <0.001

South Asian 0.81 0.77-0.86 <0.001

Black 1.12 0.99-1.26 0.068

Asian 1.10 0.89-1.36 0.371

Others 0.89 0.80-0.98 0.019

(Continued)
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Table 1. (Continued)

Variables Relative 95% Confidence P-
Risk Interval value

IMD Quintile 5:

Mixed 0.86 0.73-1.01 0.074

South Asian 0.81 0.77-0.85 <0.001

Black 1.10 0.97-1.24 0.127

Asian 1.07 0.87-1.32 0.538

Others 0.86 0.78-0.95 0.003

Admission method

Elective 1 N.A.

Emergency 1.61 1.60-1.62 <0.001

Likelihood ratio statistic against without random 129728.94(<0.001)

effect mode (p-value)

doi:10.1371/journal.pone.0116689.t001

socioeconomic status in developed nations[23]. Type 2 diabetes prevalence increased in the
UK between 1994 and 2006 and the increase was associated with socioeconomic inequality
measured by social class categories[7], though there was no consistent pattern in individual
risk factors[24].

In the UK, the poor and ethnic minorities are more likely to consult their GP than second-
ary care[25] and people from more deprived socioeconomic backgrounds use all forms of med-
ical services less frequently[8]. Although historical socioeconomic disparities in diabetes care
[26] seem to have reduced[24], it has been suggested that there is still poorer control of risk fac-
tors such as HbA, . in more deprived white British[27]. In the context of the pathway of care
through Britain’s health system, this result suggests a failure of the primary care gate-keeping
role, leading to increased need for secondary care for diabetic patients in highly deprived areas.
In the most deprived areas and the areas with the worst health and deprivation indicators (so-

25
1

2
I

Relative risk

1.5

IMD quintile

|0 White @ South Asian e Black

Fig 3. Sensitivity of relative risk of admission to IMD quintiles by ethnicity.

doi:10.1371/journal.pone.0116689.g003
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Table 2. Multiple regression model of relationship between number of hospital readmissions due to

diabetes, IMD quintile and ethnicity.

Variables Relative 95% Confidence P-
Risk Interval value
IMD quintile
Quintile 1 (Least Deprived) 1 N.A.
Quintile 2 1.02 0.99-1.05 0.166
Quintile 3 1.06 1.08-1.10 <0.001
Quintile 4 1.13 1.09-1.16 <0.001
Quintile 5 (Most Deprived) 1.18 1.15-1.22 <0.001
Age
16-29 years 1 N.A.
30—44 years 0.91 0.87-0.96 <0.001
45-64 years 0.97 0.93-1.01 0.128
65 + years 1.02 0.97-1.06 0.453
Sex
Men 1 N.A.
Women 0.90 0.89-0.91 <0.001
Region type
Urban 1 N.A.
Town 1.03 1.00-1.06 0.079
Village 1.01 0.98-1.03 0.723
Ethnicity
White 1 N.A.
Mixed 1.01 0.79-1.29 0.964
South Asian 0.86 0.80-0.94 0.001
Black 1.03 0.84-1.26 0.779
Asian 0.73 0.53-1.01 0.058
Others 1.16 1.02-1.33 0.026
IMD ethnicity interaction
IMD Quintile 1: all 1 N.A.
IMD Quintile 2:
Mixed 1 0.71-1.39 0.981
South Asian 1.06 0.95-1.19 0.270
Black 1.11 0.87-1.42 0.383
Asian 0.96 0.59-1.57 0.111
Others 0.77 0.63-0.93 0.007
IMD Quintile 3:
Mixed 1.17 0.86-1.58 0.313
South Asian 1.04 0.94-1.14 0.499
Black 0.92 0.73-1.14 0.432
Asian 0.80 0.49-1.32 0.387
Others 0.77 0.65-0.92 0.003
IMD Quintile 4:
Mixed 0.92 0.69-1.23 0.582
South Asian 1.03 0.94-1.14 0.495
Black 0.92 0.74-1.13 0.411
Asian 1.29 0.85-1.95 0.230
Others 0.91 0.78-1.07 0.264
(Continued)
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Table 2. (Continued)

Variables Relative 95% Confidence P-
Risk Interval value

IMD Quintile 5:

Mixed 0.78 0.58-1.04 0.092

South Asian 0.97 0.88-1.07 0.543

Black 0.92 0.74-1.13 0.404

Asian 1.80 1.22-2.65 0.003

Others 0.82 0.70-0.96 0.014

Admission method

Elective 1 N.A.

Emergency 0.85 0.84-0.86 <0.001

Likelihood ratio statistic against without random 9465.53 (<0.001)

effect model (p-value)

doi:10.1371/journal.pone.0116689.t002

called Spearhead areas), GPs obtain lower scores on the quality and outcomes framework
(QOF), an indicator of quality of primary care. Practices in Spearhead areas have lower num-
bers of GPs per practice and higher caseloads for each GP, which may lead to lower quality of
practice[28]. Poorer management of diabetes and higher prevalence of undiagnosed diabetes,
combined with restricted access to medical services and poorer patterns of health-seeking be-
havior, is likely to lead to an increased burden on secondary care services, and our results con-
firm this increased service use.

Higher rates of admission we observed in some ethnicities may also be partially explained
by higher prevalence. In a recent study, the age-standardized prevalence of diabetes in black
British and south Asian descendants was two or three times that of white British, respectively
[29]. The higher risk of inpatient admission is consistent with this difference in prevalence.
There is some evidence that black and south Asian British are treated with HbA . control more
intensively[30], although findings about quality of primary care in ethnic minorities are

1.5

Relative risk
e

IMD quintile

e White e South Asian e Black

Fig 4. Sensitivity of relative risk of readmission to IMD by ethnicity.

doi:10.1371/journal.pone.0116689.9004
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inconsistent[8,31]. We could not adjust for body mass index (BMI) in this analysis due to un-
availability of this data in the HES data, and the high rates of admission in some ethnicities
may be partly explained by racial differences in the role of this risk factor. A Canadian study
has shown that south Asian and black people can develop diabetes at lower BMI thresholds
than white people, though the mechanism is not understood[32]. Recent NICE guidance on as-
sessing BMI thresholds finds that south Asian and black people may have equivalent risk in
lower BMI than white people, but the guidance does not specify ethnicity-specific thresholds
due to insufficient evidence[33]. The result of our study suggests that primary care in these eth-
nic minorities may not be sufficiently managed, though the guidance recommends multi-com-
ponent interventions in ethnic minorities[33]. On the other hand, in light of this potential
differential risk structure, the finding of almost no difference in readmission rates among non-
white ethnicities and slightly lower risk of readmission in south Asians may mean this more in-
tensive care in these ethnic groups may have improved diabetic condition and reduced the risk
of readmission. Considering these results, first diagnosis of diabetes may be a key to address
the inequality in risk of admissions. A better understanding of both prevalence and readmis-
sion pathways is necessary in these ethnicities to better understand the causes of the inequali-
ties observed in this study.

Because this study uses a secondary data collection, it is subject to several limitations. We
could not adjust for any individual confounding factors beyond age and sex, so could not adjust
for the confounding effect of health background including severity of disease, occupation, em-
ployment status, educational history or whether patients have already received medical care
against diabetes before hospital admission. Future research using data linking hospital admis-
sions and primary care databases should focus on the pathway from primary to secondary care,
to identify possible causes of the increased risk of diabetes-related admission in more socio-
economically deprived areas.

This study has found a strong association between socioeconomic deprivation and ethnicity
and diabetes-related inpatient admission. Action needs to be urgently taken to reduce prevent-
able hospital admissions by:

« Increasing attention on the quality of management of NCDs and their risk factors in primary
care, especially in “Spearhead” areas with large deprived populations. Current attempts to
improve primary care management of diabetes are focused on the quality and outcomes
framework (QOF) but there is limited evidence that this is working effectively in “Spearhead”
areas. Furthermore, south Asian and Black patients are more likely to be excluded from QOF
measures, and these excluded patients are less likely to achieve intermediate treatment tar-
gets[34]. To avoid such problems, the incentive structure built into this program needs to be
changed to better reflect the growing NCD epidemic

Increasing community awareness of diabetes and promoting healthy behavior through mass
media or education emphasizing the importance of early diagnosis, better dietary and blood-
sugar monitoring amongst those already diagnosed, and more regular primary care visits.
These screening, prevention and management efforts should be especially focused in highly
deprived areas

« Development of innovative methods to target deprived areas and high-risk ethnic groups for
improvements in diabetes treatment and management. This will include improvements in
community nursing and continuity of care; development of care plans implementable in
primary care and easily understood by patients; inclusion in care plans of targets to reduce
inpatient admissions; and improvements in timeliness of access to outpatient care. These
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methods will need to use the new coordination and funding powers of the clinical commis-
sioning groups (CCGs) that were established in April 2013[35].

« Constructing a nationally standardized referral database which can be shared by all NHS fa-
cilities, CCGs and GPs to understand and improve referral patterns. This will require re-
newed commitment to information systems reform, which will be challenging given resource
constraints and the limited progress of the NHS Care Records Service[36].

The UK diabetes research agenda needs to consider ways to improve research on the rela-
tionship between diabetes prevalence and socioeconomic deprivation and ethnicity. Better,
more accurate measures of prevalence of diabetes are essential in order to better understand
the extent of the problem in England, and to enable measures of hospital admission intensity
to be standardized by disease prevalence rather than total population. These measures can be
achieved by expanding the coverage and scope of the Health Survey for England, over-sam-
pling areas with high ethnicities and deprived areas, and increasing the detail and scope of the
NCD sections of this survey, and also by using the central coordinating authority of the Infor-
mation Centre to identify local and regional datasets that may contain important information
on regional and local variations in prevalence. Improvements in collection of ethnicity and di-
agnostic codes in the hospital episode statistics data are also essential.

Inequality in health outcomes as a result of NCDs is not inevitable and can be reversed. For
example, IMD has no influence on survival due to heart failure and numbers of patients with a
first hospital admission with heart failure reached a plateau in 1998[37]. This suggests that
medical care for heart failure has been improved for people from all socioeconomic back-
grounds, but for diabetes is still insufficient. Through better attention to primary care manage-
ment of diabetes, at least some part of the inequity in health outcomes experienced by the most
deprived members of British society can be reduced.
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Catastrophic household expenditure on health in Nepal: a cross-

sectional survey

Eiko Saito,® Stuart Gilmour,? Md Mizanur Rahman,? Ghan Shyam Gautam, Pradeep Krishna Shrestha® &
Kenji Shibuya®

ObjectiveTo determine the incidence of — and illnesses commonly associated with — catastrophic household expenditure on health in Nepal.
Methods We did a cross-sectional population-based survey in five municipalities of Kathmandu Valley between November 2011 and January
2012. For each household surveyed, out-of-pocket spending on health in the previous 30 days that exceeded 10% of the household's total
expenditure over the same period was considered to be catastrophic. We estimated the incidence and intensity of catastrophic health
expenditure. We identified the illnesses most commonly associated with such expenditure using a Poisson regression model and assessed
the distribution of expenditure by economic quintile of households using the concentration index.

Findings Overall, 284 of the 1997 households studied in Kathmandu, i.e. 13.8% after adjustment by sampling weight, reported catastrophic
health expenditure in the 30 days before the survey. After adjusting for confounders, this expenditure was found to be associated with injuries,
particularly those resulting from road traffic accidents. Catastrophic expenditure by households in the poorest quintile were associated with
at least one episode of diabetes, asthma or heart disease.

Conclusion In an urban area of Nepal, catastrophic household expenditure on health was mostly associated with injuries and
noncommunicable diseases such as diabetes and asthma. Throughout Nepal, interventions for the control and management of
noncommunicable diseases and the prevention of road traffic accidents should be promoted. A phased introduction of health insurance
should also reduce the incidence of catastrophic household expenditure.

Abstractsin ( ,<, H13Z, Francais, Pycckuii and Espafiol at the end of each article.

Introduction

In many developing countries, a large proportion of the
money spent on health care comes from the out-of-pocket
expenditure of patients or their families. In Bangladesh, India
and Nepal, for example, this proportion has been estimated
to be 48-69%.' Households in such countries can experience
financial hardship and often impoverishment as a result of
their spending on health care.”” In the long term, financial
protection against the risk of catastrophic health expenditure
at household level can be achieved through tax-based health
financing systems or social health insurance schemes - or a
combination of both.® In developing countries that have in-
adequate public funds for health, some transitional measures
such as voluntary community-based health insurance schemes
may be introduced.” Low-income countries are increasingly
either implementing essential health packages for disease
treatment free of charge or providing patients - or their
families — with conditional cash transfers for selected health
services. Such interventions may often use up a large share of
a country’s public health subsidies.®

Nepal is a low-income country. In 2011its gross domestic
product was 620 United States dollars (US$) per capita.’ Since
2006, certain health care services - including the drugs on a
national essential drugs list — have been available free of charge
at publicly funded district hospitals, health posts, sub-health
posts and primary health-care centres.’” A Safe Delivery In-
centive Programme was implemented throughout Nepal in
2005. This programme has provided pregnant women with
cash incentives to encourage institutional delivery and, since

2009, it has also made deliveries free of charge at government
facilities and some private facilities."" The Nepalese govern-
ment subsidizes the treatment of cancers, heart disease, kidney
disease and other severe diseases up to a maximum of 50 000
Nepali rupees per patient — just over US$ 500 at the mean ex-
change rate for 2014."° Although voluntary community-based
health insurance schemes are being piloted in six districts of
Nepal, their coverage remains sporadic and there is no other
publicly-run health insurance scheme in the country."
Despite the treatment subsidies and pilot insurance
schemes in Nepal, the incidence and main causes of cata-
strophic household expenditure on health have not been inves-
tigated in detail in the country. It remains unclear if the exist-
ing public subsidies that target specific diseases are providing
reasonable financial protection to the general population.
There have only been a few attempts to determine the effect of
disease-specific medical costs on household economic status
in southern Asia>'>" or to determine which illnesses have
the most impact on household expenditure.'*-'” We therefore
estimated the incidence of - and determined the illnesses that
were most commonly associated with — catastrophic household
expenditure on health in an urban area of Nepal.

Methods
Study design

We used a multivariate Poisson regression model to analyse
self-reported data — on illness and financial expenditure in
the previous 30 days - that we collected in a population-based
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cross-sectional household survey in
Kathmandu Valley. The survey covered
all five municipalities in Kathmandu
Valley: Bhaktapur, Kathmandu, Kirtipur,
Lalitpur and Madhyapur-Thimi. We
used data from the 2011 national census
as the sampling frame and the corre-
sponding census enumeration areas as
the primary sampling units. We aimed
to sample a total of 2000 households - by
multi-stage cluster sampling - between
November 2011 and January 2012. We
based our choice of sample size on a
cluster sampling method, the precision
of the estimates required for the study®
and an estimate of the prevalence of
hypertension in the study area (8%) -
assuming that hypertension in those
over 20 years of age may represent a
major economic burden within the
study households."” For the first stage
of the sampling, 100 enumeration areas
were selected, using systematic sam-
pling with probability proportional to
the number of households in each area.
For the second stage, a cluster of 20
dwellings was selected in each selected
enumeration area. If a selected dwelling
contained more than one household,
one household in that dwelling was
randomly selected. We considered an
eligible respondent to be the household
head or the most knowledgeable adult
in a selected household. To collect data,
we used a standardized questionnaire —
pre-tested in 100 households in the city
of Lalitpur - that included questions on
household demographics, education,
expenditure and durable goods, self-re-
ported episodes of disease, care-seeking
behaviour, total health-related expendi-
tures and inpatient health expenditures,
and the coping strategies that household
members followed to finance health
care (Appendix A; available at http://
www.ghp.m.u-tokyo.ac.jp/wp-content/
uploads/2014/07/Appendix-A.pdf).
We recorded morbidities that had
reportedly occurred in the 30 days be-
fore the survey and any chronic condi-
tions that had reportedly continued for
more than 3 months in the 12 months
before the survey. Each reported illness
that had been diagnosed by an allopathic
or ayurvedic doctor and the symptoms
of any undiagnosed illness were coded
according to a disease list that we based
on the results of previous studies'>** and
a focus group discussion conducted with
health workers in Kathmandu (Appen-
dix A). Whenever possible, interviewers
cross-validated a reported diagnosis

with the corresponding outpatient card
or hospital discharge report. To assess
the differences of disease occurrence
across economic quintiles we conducted
X* tests.

Expenditure

The out-of-pocket expenditure on health
of each study household - over the 30
days before the survey — was estimated
by asking the respondents how much
their households had spent, separately,
on consultation or diagnosis fees, drugs,
other medical supplies and hospitaliza-
tion costs. The interviewers also posed
separate questions on the costs of tradi-
tional healers, homeopathic treatments,
ayurvedic treatments and home rem-
edies. We also asked each respondent
to give a single aggregated estimate of
their household’s total expenditure on
health in the previous 30 days to see if -
as in previous studies®*” - this estimate
fell substantially below the sum of the
respondent’s corresponding separate es-
timates of expenditure on several aspects
of health care - i.e. the disaggregated
estimate. We used Wilcoxon rank sum
test to compare the respondents’ aggre-
gated and disaggregated estimates. Total
household expenditure was estimated
from the reported consumption, in the
30 days before the survey, of purchased
and home-produced goods, including
foods, non-foods, housing and durable
goods. This estimated expenditure and
an adult-equivalent score — based on the
number and ages of the members of the
household - for each household were
then used to identify the economic quin-
tile to which each study household be-
longed.” Quintiles 1 and 5 represented
the poorest and wealthiest households,
respectively.

Comorbidity costs

Some of our study subjects had expe-
rienced concurrent episodes of two or
more illnesses that were treated concur-
rently. Such subjects were generally only
able to report the total costs of health
care for the comorbidities. In these cir-
cumstances, we used a regression-based
approach - similar to that used by Trog-
don et al.** - to allocate a proportion of
the jointly reported costs to each illness.
More details of such cost allocation are
available in Appendix A.

Catastrophic health expenditure

If, in the 30 days before the survey, a
study household had spent more than

Bull World Health Organ 201 4;92:760—767| doi: http://dx.doi.org/10.2471/BLT.13.126615
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10% of its total expenditure on health
care, that household was considered to
have experienced catastrophic health
expenditure in that period.>* For the
study households in general and for
each economic quintile of the study
households, we assessed the impact on
household economic welfare of out-of-
pocket spending on each of the 10 types
of illness that were most commonly
reported. We used the concentration
index” to see if the percentage of house-
holds that experienced catastrophic
health expenditure was unequally
distributed across the five economic
quintiles. Concentration indexes with
95% confidence intervals (CI) and their
associated P-values were calculated us-
ing bootstrapping with 100 iterations
and the delta method.”*** The concen-
tration index can range between —1 and
+1. In our study, indexes well below
and well above zero would indicate that
catastrophic expenditure is concentrated
among the relatively poor and relatively
wealthy households, respectively. We
measured the intensity of expenditure
burden using catastrophic overshoot,
i.e. the average of payments surpassing
the catastrophic threshold across all
households, expressed as the proportion
of additional payments above 10% of the
total household consumption and aver-
aged by the total number of households.
A concentration index significantly
below zero indicates a greater overshoot
among the poor. We also report the
mean positive overshoot, i.e. the share
of additional payments above 10% of
the total household consumption, aver-
aged by the number of households with
catastrophic expenditure.

Analysis of risk factors

We used a Poisson regression model to
predict the incidence of catastrophic
health expenditure among households
affected by a particular illness. We strati-
fied the model by household economic
quintile to assess the relative risk — of
catastrophic household expenditure -
posed by each of the commonly reported
illnesses in each quintile. The variables
included in the model were: whether
there was a history of hospitalization
in the previous 30 days; the number
of people in the household; whether
the household had used a health-care
provider in the previous 30 days and,
if so, whether the provider or providers
used by the household in the previous 30
days were public, private or both public
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and private; the age of the household
head; whether the household head had
primary or lower, secondary or higher
education; the number of children aged
less than five years in the household; the
number of people aged over 65 years
in the household; and whether, in the
previous 30 days, a household member
had reportedly suffered more than one
episode of the 10 most commonly re-
ported illnesses. We adjusted all analyses
for the sampling structure of the survey.
The results are reported as rate ratio
(RR) and 95% CI. All the analyses were
performed using Stata version 12.1
(StataCorp. LP, College Station, United
States of America).

Ethical approval

Ethical approval was given by the Eth-
ics Committee of the University of
Tokyo and - under registration number
49/2011 - by the Nepal Health Research
Council. Written informed consent was
obtained from the participating respon-
dents before they were interviewed.

Results

Morbidity, provider choices and
costs

Some details of the study households
are shown in Table 1. As no consenting
respondents could be found in three
households, data were collected from
1997 (99.8%) of the 2000 selected house-
holds. The 10 illnesses that were most

Eiko Saito et al.

Table 1. Characteristics of the study households, Nepal, 2011-2012

Household characteristic Value®
Mean no. of household members (95% Cl) 44 (43t04.5)
Proportion of household members (95% Cl) (n=9177)

Aged <5 years 0.09 (0.07 t0 0.10)
Aged > 65 years 0.05 (0.04 to 0.06)

Mean age of household head, years (95% Cl) (n=1997)

No. (%) of household heads (n=1997)
Male

Female

With no education

Educated only to primary level
Educated only to secondary level
With higher education

Owning home

Renting

In home provided free of charge
Squatting/occupying land illegally
Living in other types of dwelling

46.1 (44.7 10 47.5)

Cl: confidence interval.
¢ Adjusted for sample weights.

commonly reported as occurring among
members of the study households - in
the 30 days before interview - are
shown in Table 2. Cases of common cold
and concurrent cough and fever were
grouped as cold/cough/fever, since many
household members reportedly suffered
these complaints simultaneously. Hy-
pertension among household members
aged more than 20 years appeared to
be positively correlated with household
expenditure (Table 2). In the 30 days

before interview, members of the study
households who needed health care had
mostly used just private providers or a
combination of private providers with
other types of facilities (Appendix A).
When comparing the respondents’ ag-
gregated and disaggregated estimates of
their households’ out-of-pocket spend-
ing on health using a nonparametric
test, we found little difference between
the two types of estimate (z=0.102,
P=0.92).The disaggregated estimates

Table 2. llinesses most commonly reported as occurring in the previous 30 days, by economic quintile,* Nepal, 2011-2012

Iliness % of households (95% Cl) Difference
All Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintiles  Detween

(n=1997) (n=371) (n=359) (n=401) (n=415) (n=as1)  9roups.P

All household

members

Cold/cough/fever 128(11 21t0144) 129(10.1t015.7) 11.6 (9410 13.8) 137(103'(0 0) 13.2(99t0164) 12.6(10.5t0 14.8) 0.811

Gastritis/peptic ulcer 6(281t0423) 5(33t07.6) 8(1.8t03.7) 8(24105.2) 4(23t04.5) 24(15t03.2) 0.008

Arthritis 9(231t03)5) 4(16103.2) 8 (3.1t0—6.6) 7 (1910 3.5) 2(14t03.0) 21(131t03.0) <0.001

Asthma 1(09to14) 3(06t020) 9(0.3t0 1.5) 0(05t014) 5(08to2.1) 1.0(0.6to 1.5) 0.526

Migraine/headache 9(06t01.2) 3(05t02.1) 0.5(0.2t00.8) 2(04t020) 9(0.1t026) 0.6(0.2to 1.1) 0.336

Injury .7 (0.5t01.0) 1(05t01.7) 4(0.0t00.8) 6(0.2to 1.0) 7(03t01.0) 1.0(04t0 1.7) 0.202

Heart disease 6(0.4100.8) 83(03t01.2) 3(0.1t00.6) 6(0.2to 1.0) 5(0.1t00.8) 1.0(05t0 1.4) 0.132

Household members

aged > 20 years

Diabetes 3.7(3.1t0423) 23(1.0t03.6) 3.1(1.7t04.5) 38(271t04.8) 38(261t05.1) 53(3.8t06.8) 0.045

Hypertension 1050210 11.7) 58(391t07.8) 94(70t0119) 119(94t0143) 114(9.1t013.7) 134(109t0159) <0.001

Hyperuricaemia 0.7 (03t01.1) 03(00t00.5) 16(02t03.1) 1.1(00t02.3) 13(03t023) 10(0.2t0 1.9) 0.291

Cl: confidence interval.

 Quintile 1 represents the poorest households and quintile 5 represents the wealthiest households.

® Calculated using ¥’ tests.
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Table 3. Household out-of-pocket spending on health care in the previous 30 days, by economic quintile,* Nepal, 2011-2012

Expenditure Households that reported expenditure on health
Al Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5

(n=1517) (n=270) (n=275) (n=301) (n=324) (n=347)
Costs per household,
Nepalese rupees (SE)°
Outpatient 1999 (202) 1564 (266) 23 (664) 1559 (149) 2037 (242) 2722 (514)
Inpatient 39657 (6310) 25200 (12437) 47 (20377) 26059 (8153) 34578 (7170) 50044 (8104)
Ayurvedic 861 (138) 01 (55) 907 (251) 828 (131) 759 (460) 1268 (340)
Other traditional medicine or 335(100) 63 (117) 239 (80) 346 (130) 512 (336) 319(117)
healers
Transportation and other 471 (74) 31(8) 143 (53) 98 (28) 90 (36) 69 (26)
costs
Proportion of total 10.1(1.26) 10.7 (1.55) 14.8 (3.80) 83(1.81) 10.3(3.24) 6.9 (1.48)

household expenditure
represented by out-of-
pocket spending on health
care, % (SE)

SE: standard error; USS: United States dollars.

¢ Quintile 1 represents the poorest households and quintile 5 represents the wealthiest households.
® The average conversion rate during the study was 1 Nepalese rupee to US$ 0.012.

indicated that households in the richest
economic quintile spent a considerably
smaller share of their total expenditure
on health (6.9%) than the other house-
holds (range: 8.3% in quintile 3 to 14.8%
in quintile 2; Table 3).

Catastrophic health spending

Incidence and intensity

According to the respondents, 13.8% of
the study households had experienced
catastrophic expenditure on health in

the 30 days before interview (Table 4).
Such expenditure was most frequently
associated with episodes of hyperten-
sion, followed - in descending order of
frequency - by cold/cough/fever, diabe-
tes and asthma (Table 4). Catastrophic
expenditure associated with certain
illnesses — such as migraine/headache
(concentration index: —0.879; P<0.001)
- appeared to be concentrated among
the relatively poor households. When
we investigated the level by which out-
of-pocket treatment costs for each of the

commonly reported illnesses exceeded
the threshold for catastrophic expendi-
ture, we found that the treatment costs
for cold/cough/fever (concentration
index: —0.392; P<0.001) and migraine/
headache (concentration index: —0.901;
P<0.001) appeared to exceed those
that the poorer households could bear
(Table 5).

Determinants

The risk of catastrophic spending on
health - in the 30 days before interview -

Table 4. Distribution of catastrophic health expenditure in previous 30 days, divided by major iliness, Nepal, 2011-2012

Iliness Catastrophic expenditure (atastrophic overshoot® Mean positive
% of study Concentration index %" Concentration index overshho ot
households (95% Cl) (95% Cl) i
(n=1997)
Any 13.8 —0.126 (—0.184 to —0.069) 4.6 —0.045 (—0.195 t0 0.105) 33.2
Hypertension 1.3 —0.206 (—0.417 t0 0.004) 0.1 —0.224 (—0.462t0 0.116) 10.7
Cold/cough/fever 12 —0.262 (—0.459 to —0.066) 0.1 —0.392 (—0.539 to —0.245) 6.8
Diabetes 1.1 —0.099 (—0.304 to 0.107) 0.1 —0.250 (-0.6171t00.118) 10.2
Asthma 1.0 —0.185 (—0.389t0 0.018) 0.1 0.008 (— 0536100552) 12.3
Gastritis/peptic ulcer 0.9 —0.111 (—0.447 t0 0.225) 0.2 0.364 (—0.111 t0 0.839) 17.9
Injury 0.8 —0.033 (—0.328 t0 0.261) 04 0.011 (-0.479 t0 0.501) 493
Arthritis 0.7 —0.233 (—0.467 t0 0.014) 0.3 —0.395 (—0.830 t0 0.041) 412
Heart disease 0.5 —0.247 (—0.497 t0 0.002) 0.0 —0.194 (-0.511t0 0.122) 83
Migraine/headache 0.2 —0.879 (0957 to —0.801) 0.0 —0.901 (-0.981 to —0.821) 48
Hyperuricaemia 0.2 0426 (0.379 t0 0.473) 0.0 0426 (0.379 t0 0.473) 5.0

Cl: confidence interval.

¢ The mean value by which household out-of-pocket expenditure on the illness — as a percentage of total household expenditure — exceeded the 10% threshold used

to define catastrophic household expenditure.

® The mean level by which out-of-pocket expenditure on the illness, by a household reporting catastrophic health expenditure, exceeded the 10% threshold used to

define catastrophic household expenditure.
¢ Adjusted for sampling weight.
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Table 5. lliness and the risk of catastrophic health expenditure in the previous 30 days, by economic quintile,* Nepal, 2011-2012

lliness® Rate ratio (95% Cl)
Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5

Diabetes 237 (1.16 10 4.83) 3(1.03t04.41) 285( 67 10 4.84) 4(061t02.13) 1.04 (045 t0 2.39)
Heart disease 2.24(1.2910 3.88) 0.76 (0.26 to 2.27) 9(0.50t0 2.85) 7 (0.74 t0 6.43) 236(0.83t06.71)
Asthma 2.09(1.28103.42) 1.62 (0.73 t0 3.59) 194( 12 10 3.36) 426( 89109.61) 39(0.401t04.82)
Arthritis 72 (0.82t0 3.63) 21(1.24103.94) 1.29 (0.67 t0 2.48) 2.32(1.141t04.70) 91 (0.75 t0 4.88)
Hypertension 66 (0.87 t0 3.15) 3.26 (1.21t0 8.81) 147 (0.81 t0 2.67) 52(0.92t0 2.51) 62 (0.69 t0 3.81)
Migraine/headache 64 (0.74 t0 3.68) 435(1.7 1.04) 1.96 (0.58 t0 6.60) 2.29(0.931t0 5.62) NAC

Gastritis 1.55(0.76 t0 3.17) 1.29 (O 63 10 2. 66) 32(0.731t02.38) 45(0.77 t0 2.74) 2.09 (0.86 to 5.06)
Cold/cough/fever 25(0.57 t0 2.73) 220 (1.10 to 4.40) 0.85(0.471t0 1.52) 91 (043 t0 1.94) 0.87 (040 to 1.87)
Injury 9(0.35t04.03) 3.57 (141 t0 9.05) 258( 14t05.81) 259( 32 t0509) 347(1 42 to849)
Hyperuricaemia 0.91(0.38t0 2.16) 1.24 (040 to 3.84) 1(0.011t00.97) 5(1.65 t0 6.00) 74 (0.37 t0 8.26)

Cl: confidence interval; NA: not applicable.

2 Quintile 1 represents the poorest households and quintile 5 represents the wealthiest households.
® For each illness, we compared households that had experienced at least one episode with households that had experienced no episodes.
¢ No episodes of migraine/headache were reported in households in quintile 5.

varied by the type of illness that affected
the household and the economic quin-
tile to which the household belonged
(Table 5). For example, in households
belonging to the poorest quintile, one or
more episodes of diabetes (rate ratio, RR:
2.37; 95% CI: 1.16-4.83), asthma (RR:
2.09;95% CI: 1.28-3.42) or heart disease
(RR: 2.24; 95% CI: 1.29-3.88) were as-
sociated with a significantly increased
risk of catastrophic expenditure. The
occurrence of at least one episode of dia-
betes increased the risk of catastrophic
spending by households in quintiles 2
(RR: 2.13; 95% CI: 1.03-4.41) and 3
(RR: 2.85; 95% CI: 1.67-4.84) but did
not significantly increase the risk of such
spending by the wealthier households.
Injury was associated with an elevated
risk of catastrophic spending from the
second to the fifth quintile (Table 5).

Discussion

This study provides evidence relating
illnesses to catastrophic out-of-pocket
expenditure on health care. More than
one in every seven of the households
that we investigated in urban areas of
Kathmandu Valley reported catastroph-
ic expenditure on health in the previous
30 days. In an earlier nationwide study,
using the same definition, the corre-
sponding proportion was only 5.9%."
However, our study focused on urban
areas of Nepal, where health facilities are
used more frequently than in rural areas.

After adjusting for confounders,
we found that major noncommunicable
diseases - such as diabetes, asthma
and heart disease — were often associ-

764

ated with catastrophic spending in the
poorest households. We also found that
injury significantly increased the risk of
catastrophic expenditure, irrespective
of the household’s economic status. A
strong relationship between catastrophic
expenditure and diabetes was also
reported in a review of data from 35
low- and middle-income countries."
In a study in Viet Nam, the households
of 27.5% of inpatients receiving treat-
ment for injury had been faced with
catastrophic expenditure.”

In Nepal there is scope for reduc-
ing the economic burden caused by
noncommunicable diseases such as
diabetes and heart disease. The control
and management of the associated
risk factors need to be improved, to
prevent the onset of the diseases and
any further complications. The Islamic
Republic of Iran has successfully em-
ployed programmes of primary health
care, targeted training of health work-
ers and clear guidelines to improve
diabetes screening and diagnosis at an
early stage.”” The regulation of tobacco
and alcohol can also reduce the risks of
several noncommunicable diseases. The
government of Nepal banned tobacco
and alcohol advertisements in 1996 and
has taxed tobacco and alcohol products
for many years. The raising of tobacco
prices has been found to be an effective
way of reducing tobacco consumption,
especially among manual labourers
and other low-income groups.’" Such
interventions can reduce the incidence
of some noncommunicable diseases.’

It was not surprising to see injuries
among the major causes of catastrophic

household expenditure in Kathman-
du Valley. Although drink-driving is
banned in Nepal and the traffic police
conduct regular breath tests among
drivers in cities, road traffic accidents re-
main a major cause of injuries requiring
treatment in Nepal — as in south-eastern
Asia.” In the absence of any general
health insurance scheme, serious injury
is likely to be associated with unexpected
and large household expenditures. The
government of Nepal should consider
intensifying programmes for the preven-
tion of traffic accidents and injuries in
urban municipalities, through road and
workplace safety measures such as speed
limits and traffic signals.*

As a policy priority - for the pre-
vention of health-care-related financial
catastrophe in the urban households of
Nepal - some form of broad-based risk
pooling needs to be encouraged.®*>* The
introduction of such a financial protec-
tion mechanism may be challenging in
Nepal, and with limited fiscal space, a
rapid increase in Nepal’s national health
expenditure seems unlikely, at least in
the short-term.”” However, a phased
introduction of health insurance or
other forms of financial protection may
be feasible.”*

This study has several limitations.
First, it was conducted between No-
vember 2011 and January 2012 - i.e. in
mid-winter. The timing of the survey
may well have influenced the recorded
prevalence of communicable diseases
such as colds, which tend to be more
common in winter than in summer.
However, in a national survey that took
place in 2010-2011 - the Nepal Living
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Standard Survey - cold/cough/fever was
found to be the most prevalent illness
throughout the year.”” Other studies
have also reported a fairly consistent
prevalence of diabetes and hypertension
in urban Nepal."*"!

The second limitation is that our
results are based on self-reported health
spending. We assumed that poor house-
holds might use coping strategies to
minimize their expenditure on health
care - e.g. avoiding consultations with
physicians, skipping dosages or selecting
cheaper medicines. In the treatment of
chronic illnesses, non-adherence to pre-
scribed medications is common.*** Al-
though respondents were asked whether,
to minimize costs, they had ever skipped
a dosage, delayed seeking new supplies
of medicines or reduced doses, we were
not able to quantify how much the re-
spondents may have saved from such

cost aversion. Therefore, although, for
each of the commonly reported illnesses,
we estimated the treatment costs paid by
an affected household, these estimates
may have been smaller than the full
costs of a standard regimen of treatment.

Despite its limitations, this pop-
ulation-based study demonstrates
associations between injury and sev-
eral major diseases and the incidence of
catastrophic household expenditure on
health care. By identifying the economic
burden posed by each type of common
illness, it should be possible to prioritize
health interventions that are most likely
to protect households from impoverish-
ment - even in resource-limited settings.

In Nepal, there is an urgent need to
initiate programmes for the control and
management of the diseases associated
with catastrophic household spending
and the prevention of road traffic and

Research
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other injuries. A phased introduction
of health insurance, initially designed
to cover or subsidize the costs of care
for diabetes and heart disease, should be
considered in Nepal. The national gov-
ernment needs to take extra measures
to protect the poorest in its population
from financial catastrophe. l
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Résumé

Dépenses catastrophiques de santé des ménages au Népal: une enquéte transversale

Objectif Déterminer lincidence de dépenses catastrophiques de
santé des ménages — et les maladies généralement associées a ces
dépenses — au Népal.

Méthodes Nous avons mené une enquéte transversale sur la population
dans cing municipalités de laVallée de Katmandu entre novembre 2011
etjanvier 2012. Pour chague ménage étudié, les dépenses de santé qui
sont restées a la charge du ménage dans les 30 jours précédents et qui
ont dépassé 10% des dépenses totales du ménage au cours de la méme
période, ont été considérées comme étant catastrophiques. Nous avons
estimé l'incidence et l'intensité des dépenses catastrophiques de santé.
Nous avons identifié les maladies les plus généralement associées avec
de telles dépenses en utilisant un modéle de régression de Poisson
et évalué la distribution des dépenses par quintile économique des
ménages en utilisant l'indice de concentration.

Résultats Danslensemble, 284 des 1 997 ménages étudiés a Katmandu,
c-a-d. 13,8% apres correction par pondération de I'échantillonnage, ont

signalé des dépenses catastrophiques de santé dans les 30 jours qui ont
précédé l'enquéte. Aprés ajustement pour les variables confusionnelles,
nous avons pu montrer que ces dépenses étaient associées a des
blessures, en particulier celles causées par les accidents de la route. Les
dépenses catastrophiques des ménages faisant partie du quintile le plus
pauvre étaient associées a au moins un épisode de diabéte, d'asthme
ou de maladie cardiaque.

Conclusion Dans une zone urbaine du Népal, les dépenses
catastrophiques de santé des ménages furent principalement associées
ades blessures et a des maladies non transmissibles comme le diabéte
ou I'asthme. A travers tout le Népal, des interventions pour le contréle
et la gestion des maladies non transmissibles et pour la prévention des
accidents de la route devraient étre encouragées. Une introduction
progressive de I'assurance maladie devrait également réduire lincidence
des dépenses catastrophiques des ménages.

Pesiome

PaCHPOCTpaHEHI/Ie 3aboneBaHun B pe3ynbraTte KaTaCTPOd)VI'-IECKVIX pacxoaoB AoOMaALUHNX X03ANCTB Ha
MeauynHCKne yayru B Henane: nepekpecTtHoe ucciepoBsaHue

Lenb OnpepnennTb BAMAHME KaTaCTPOPUYECKMX PACXOA0B Ha
MeAMUMHCKMe ycnyrn B Henane 1 BbIABWTD, Kakie 3aboneBaHns B
6ONbLUMHCTBE CITyYaeB CBA3aHbI C STUMM PAaCXOAaMM, a TakKe YacToTy
BO3HWKHOBEHWS 3TVIX 3a00NeBaHNI.

MeTopgbl C HoA6pA 2011 . no AHBapb 2012  OGbINO NpoBeaeHO
nepekpecTHoe WUCCNeaoBaHMe CPean HaceneHuda nAatu
MYHULMNanbHbIX 0bpa3oBaHnii [lonnHel KatmaHay. Pacxoasl Ha
MeAULMHCKIME YCIyrv ANA BCEX AOMALLIHMX XO3AUCTB, MPUHUMABLUMX
yJacTue B UCCNEeA0BaHMN, MPU3HABANINCH KaTaCTPOGUYECKIMY, €CTIN
3a npenbiaywme 30 aHert oHy NpeBbilani 10% oT 06LLMX PacxonoB
[IOMALLHEro X03ANCTBA 3a 3TOT Nepuof.. bbinv oLeHeHbl BAVAHME 1
BENMUMHA KaTaCTPOGUUECKMX PACXOA0B Ha MEeAVUMHCKIME YCIyrI.
Bbinn onpeaeneHbl 3a601eBaHNs, KOTOpble Yallle BCero CBA3aHbl C
TaKMMI PaCXOAAMM, MOV MOMOLLM MOAENM MYaCCOHOBCKOW perpeccum
1 OL|eHeHO pacnpeaeneHne PacxoaoB MO IKOHOMUYECKNM KBUHTUAAM
[IOMALLHWX XO3AMCTB NPW MOMOLLM MHAEKCA KOHLEHTPALMN.
Pe3ynbtatbl Bcero 284 13 1997 gomallHMX XO3AMCTB B KatvaHzay,
Yy4aCTBOBAaBLUMX B MCCNefoBaHuUK, YTo cocTasnaeT 13,8% nocne

MOMPaBKM Ha pa3mep BbIOOPKKM, COOBLLNM O KAaTaCTPOGUUECKIMX
pacxofax Ha MeAuLMHCKe ycyri 3a 30 AHel, NpewecTBOBaBLUMX
onpocy. [Mocne nonpagkn € y4eTom BO3MOKHBIX HEN3BECTHbBIX
baKkTOpOB 3TW pacxofbl OKa3anucCb CBA3aHbl C TPaBMamu, B
0COBEHHOCTV NOMYUYEHHbIMY B Pe3yribTaTe AOPOXHbIX MPOVCLUECTBUN.
B gOoMalLHMX XO35MCTBAX, OTHOCALMXCA K cCaMol BegHOoN YacTu
HaceneHus, Obinn OTMEYEHbBl Kak MUHUMYM MO OfHOMY C1y4alo
avabeTa, aCTMbl U cepaeUHO-COCYANCTbIX 3a60NeBaHMI.

BbiBog B ropoackmx paoHax Henana katacTpoduueckme pacxofpl
JOMALLIHWX XO3ANCTB Ha MEAULIMHCKIME YCAYrA NPeMyLLECTBEHHO
CBA3aHbl C TPaBMamu U HeMHOEKLUMOHHbIMK 3aboneBaHnAMY,
TakUMK Kak avabeT v actma. Ha Bcen Tepputopun Henana
JOIKHBI ObITb MPEANPUHATLI ONePaTVBHbIE MEPbI MO KOHTPOSIO 1
NpPodUNAKTVIKE HEMHPEKLMOHHbIX 33001EeBAHMI 1 NPefOTBPALLEHNIO
[IOPOXHO-TPAHCMOPTHbIX MPOUCLLIECTBUI. [1o3TanHOe BHeapeHne
MeAMUMHCKOTO CTPaxoBaHWA AOMKHO CHU3UTb YMCIEHHOCTb
KaTaCcTpodUuecKmx pacxofoB AOMALLHNX XO3ANCTB Ha MeaVLMHCKI1E
yenyri.

Resumen

Incidencia del gasto catastrofico por motivos de salud y enfermedades asociadas con el mismo en los hogares en Nepal: un

estudio transversal

Objetivo Determinar la incidencia del gasto catastréfico por motivos de
salud de los hogares y las enfermedades generalmente asociadas con
dichos gastos en Nepal.

Métodos Se llevo a cabo una encuesta transversal de la poblacion en
cinco municipios del Valle de Katmandu entre noviembre de 2011y enero
de 2012. Para cada hogar encuestado, se considero catastrofico cualquier
gasto de desembolso directo por motivos de salud enlos ultimos 30 dias
que hubiera excedido el 10 % del gasto total del hogar durante el mismo
periodo. Se estimo la incidencia y el grado de los gastos catastroficos
por motivos de salud. Se identificaron las enfermedades asociadas con
mayor frecuencia con dichos gastos mediante un modelo de regresion
de Poisson y se evalud la distribucién del gasto por quintil econémico
de los hogares mediante el indice de concentracion.

Resultados En total, se descbrio que 284 de los 1997 hogares estudiados

en Katmandu, es decir, un 13,8 % tras el ajuste mediante el muestreo
de peso, tuvieron que hacer frente a gastos catastréficos por motivos
de salud en los 30 dias anteriores a la encuesta. Después del ajuste por
factores de confusién, se hallé que dicho gasto estaba asociado a lesiones,
sobre todo aquellas derivadas de accidentes de trafico y, en los hogares
pertenecientes al quintil mas pobre, con al menos un episodio de diabetes,
asma o enfermedades cardiacas.

Conclusion En un drea urbana de Nepal, el gasto catastréfico de los
hogares por motivos de salud estuvo en su mayorfa asociado a lesiones y
aenfermedades no transmisibles como la diabetes y el asma. Es necesario
fomentarlas intervenciones para el controly el manejo de las enfermedades
no transmisibles, asi como la prevencion de los accidentes de trafico en
todo Nepal. La introduccién gradual de un seguro médico también podria
reducir la incidencia de los gastos catastréficos de los hogares.
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Table 1 X&E OFLRHE (FRL 23 4F 4 ARER)

AT EFE DR HPTATE DF R RE
N=133,395 N=233,281 P value
il (mean=SD, years) 81.7+7.4 82.5+7.3 P<0.01
PERI, &t 68.9% 66.4% P<0.01
I
A HE 1 41.4% 44.3% P<0.01
A 2 40.4% 39.2%
P 3 18.3% 16.5%
HWATERIE, Y 43.1% 63.6% P <0.01
FRTOBES — &AL N .
=+ =+ P<0.01
(mean==SD, units/month) 750725878 8066--5830 00
P W
public non-profit provider 7.7% 11.4% P<0.01
private non-profit provider 54.8% 65.9%
for-profit provider 37.5% 22.8%
WATU ANE U T — 3 VR, Y 37.0% 18.2% P<0.01
M E PR F DT, H Y 49.3% 72.6% P<0.01
ST R F (N=57,473) (N=148,248)
T HER A B L
5=x5. .8*5. P <0.01
(mean==SD, days/month) 95=5.2 9853 00
SEH A /\gg“’ Va5 g — “Xﬁ VAN
BT - A — e R 747.9+132.8 740.2+121.9 P <0.01
(mean=£SD, units/day)
ST TN S B . A OAY
IBPTITHEHALEL - TS0 58.6+27.1 62.2+26.4 P <0.01

(mean==SD, units/day)

RERIZEOMEIII N 7 Y —BREOGEIE x 2 BE L, EAEITIT t EZ Vi,

*public non-profit provider: G ASLMA, tESEAEZHES

private non-profit provider: fhfEAkIE N, ERIEN, FEH - METEN (A% - —#%) .

b, £, NPO
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Table 2 BEIEZBEERT ORI

WETEFEDRRR EET T RE R
N=12,748 N=14,957 P value
=SSN
public non-profit provider 5.7% 9.1% P<0.01
private non-profit provider 44.1% 57.2%
for-profit provider 50.3% 33.8%
WU ANEY T—a SPREEH Y 24.5% 13.5% P<0.01
AR D Y 45.9% 64.4% P<0.01

* public non-profit provider: Hi G ALK, @k ES
* private non-profit provider: ftfEAEN, EFRIEN, LM - MEEN (4% « —#).

feetihy ZEfh. NPO
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Table 3 BET/ER A OF &2 5 2 52, First-part (linear model)

pooling model random effect model fixed effect model
coef. P value coef. P value coef. P value
PRI (=2 ) 0.048 P<0.01 0.057 P<0.01 omitted
A 0.007 P<0.01 0.005 P<0.01 0.000 0.67
S
ZAEE 1
A 2 -0.032 P<0.01 0.003 P<0.01 0.003 P<0.01
T 3 -0.017 P<0.01 -0.002 P<0.01 -0.002 P<0.01
TR & X — 0.194 P<0.01 0.196 P<0.01 omitted
IS E & X — 0.010 P<0.01 0.011 P<0.01 0.016 P<0.01
SHH SEARIL S
@g{ﬁég@%} < | 0010 P<0.01 -0.010 P<0.01 -0.010 P<0.01
AWRE I —
1A
2 H -0.001 0.07 -0.001 P<0.01 -0.001 P<0.01
3H 0.000 0.93 0.000 0.56 0.001 P<0.01
4 A -0.002 P<0.01 -0.003 P<0.01 -0.006 P<0.01
5H 0.000 0.77 0.000 0.20 -0.004 P<0.01
6 H 0.001 0.06 0.001 P<0.01 -0.002 P<0.01
7H 0.002 P<0.01 0.002 P<0.01 -0.001 P<0.01
8 H 0.001 0.06 0.001 P<0.01 -0.001 P<0.01
9 A 0.003 P<0.01 0.002 P<0.01 0.001 0.03
10 H 0.004 P<0.01 0.004 P<0.01 0.003 P<0.01
11 H 0.005 P<0.01 0.004 P<0.01 0.003 P<0.01
12 H 0.003 P<0.01 0.003 P<0.01 0.002 P<0.01
cons -0.135 P<0.01 -0.135 P<0.01 0.575 P<0.01
N. of obsrvations 8800224 8800224 8800224

* Breusch and Pagan % 7&: P value<0.01

* Hausman /& i£: ¥%(16)=1758.91: P value<0.01
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Table 4 12> %7-9 OFEFTNEF A BEICE X 558 Second-part (linear model)

pooling model random effect model fixed effect model
coef. P value coef. P value coef. P value
PERI (1=2ct) 0.656 P<0.01 0.640 P<0.01 omitted
A 0.027 P<0.01 0.021 P<0.01 -0.006 0.07
T
A 1
A 2 0.627 P<0.01 0.454 P<0.01 0.441 P<0.01
A 3 1.901 P<0.01 0.936 P<0.01 0.891 P<0.01
AT DR A X — 0.245 P<0.01 0.229 P<0.01 omitted
I ERSE ¥ X — 0.435 P<0.01 0.490 P<0.01 0.519 P<0.01
= ARSI
@g\%ﬁ%ﬁ;éﬁ L_ | 0043 P00l | 0040  P<0OL | -0039  P<0.01
AWH I —
1A
2 A 0.106 P<0.01 0.111 P<0.01 0.115 P<0.01
3A 0.967 P<0.01 0.978 P<0.01 0.984 P<0.01
4 H 0.187 P<0.01 0.147 P<0.01 0.125 P<0.01
5A4 0.584 P<0.01 0.548 P<0.01 0.528 P<0.01
6 A 0.610 P<0.01 0.579 P<0.01 0.561 P<0.01
7A 0.715 P<0.01 0.687 P<0.01 0.671 P<0.01
8 A 0.892 P<0.01 0.869 P<0.01 0.855 P<0.01
9 A 0.483 P<0.01 0.465 P<0.01 0.454 P<0.01
10 H 1.006 P<0.01 0.992 P<0.01 0.984 P<0.01
11 A 0.694 P<0.01 0.685 P<0.01 0.678 P<0.01
12 A 0.511 P<0.01 0.506 P<0.01 0.503 P<0.01
cons 6.626 P<0.01 7.387 P<0.01 10.334 P<0.01
N. of obsrvations 4253928 4253928 4253928

* Breusch and Pagan f& & : P value<0.01

* Hausman £ i: x2(16)= 1261.46: P value<0.01
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Table5 1 B¥72 0 O@BPAT/EEME (AT —Y RAEH) 125 X 5HE;Third-part (linear

model)
pooling model random effect model fixed effect model
coef. P value coef. P value coef. P value
PEBI (1=Ath) 13.949  P<0.01 | 14.415 P<0.01 omitted
i 0.879 P<0.01 0.724 P<0.01 -0.080 0.22
S
FAE 1
P 2 112.021 P<0.01 112.096 P<0.01 112.048 P<0.01
P 3 237.746  P<0.01 | 232.764  P<0.01 | 232485 P<0.01
BT H#EORRRS X — -4.226  P<0.01 | -4221  P<0.01 omitted
IrimmdoE 7 < — -1.972  P<0.01 | -1.583 P<0.01 -0.764  P<0.01
SHERNSEARER S —
@g;liéig}ﬁ;ﬁ\§ T -0.504 0.01 -0.492 P<0.01 -0.492 P<0.01
HAWRHZ I —
1H
2 A 0.462 0.03 0.505 P<0.01 0.606 P<0.01
3 A 0.855 P<0.01 0.935 P<0.01 1.092 P<0.01
4 H -0.979 P<0.01 -1.260 P<0.01 -1.866 P<0.01
5H 0.074 0.73 -0.181 0.05 -0.736 P<0.01
6 H 0.417 0.05 0.190 0.04 -0.308 P<0.01
7H 1.044 P<0.01 0.843 P<0.01 0.405 P<0.01
8 H 1.144 P<0.01 0.975 P<0.01 0.601 P<0.01
9 H 0.885 P<0.01 0.748 P<0.01 0.441 P<0.01
10 H 1.357 P<0.01 1.253 P<0.01 1.013 P<0.01
11 H 1.296 P<0.01 1.221 P<0.01 1.036 P<0.01
12 A 0.403 0.06 0.367 P<0.01 0.284 P<0.01
cons 582.657 P<0.01 596.178 P<0.01 670.904 P<0.01
N. of obsrvations 4253928 4253928 4253928

* Breusch and Pagan f# & P value<0.01

* Hausman & & y%(16)= 321.97: P value<0.01
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Table 6 1 BHY¥72 0 O@BPAT/rEEAE (NEES) 125 2 AL, Third-part (linear model)

pooling model random effect model fixed effect model
coef. P value coef. P value coef. P value
PERI (1=~cth) -2.682 P<0.01 -2.843 P<0.01 omitted
A 0.056 P<0.01 0.053 P<0.01 0.007 0.79
S
2 1
P 2 3.641 P<0.01 1.057 P<0.01 0.857 P<0.01
A 3 4.815 P<0.01 1.640 P<0.01 1.339 P<0.01
AT DR & X — 3.601 P<0.01 3.522 P<0.01 omitted
IR E & X — 10.067 P<0.01 10.261 P<0.01 10.325  P<0.01
SHERFNSEARER S —
@g@éig}ﬁ;ff\ﬁ 1o -0.340 P<0.01 -0.323 P<0.01 -0.321 P<0.01
AWK I —
1A
2 A 0.070 0.36 0.087 0.02 0.095 0.02
3AH 0.023 0.77 0.059 0.13 0.071 0.07
4 A -1.880 P<0.01 -2.033 P<0.01 -2.081 P<0.01
5H -0.998 P<0.01 -1.133 P<0.01 -1.176 P<0.01
6 H -0.315 P<0.01 -0.433 P<0.01 -0.471 P<0.01
7H 0.147 0.06 0.044 0.26 0.010 0.81
8 H 0.284 P<0.01 0.202 P<0.01 0.173 P<0.01
9 A 0.314 P<0.01 0.249 P<0.01 0.226 P<0.01
10 A 0.079 0.30 0.033 0.39 0.016 0.69
11 A -0.039 0.62 -0.068 0.08 -0.081 0.04
12 A -0.066 0.39 -0.081 0.04 -0.087 0.03
cons 55.098 P<0.01 55.098 P<0.01 61.635 P<0.01
N. of obsrvations 4253928 4253928 4253928

* Breusch and Pagan % 7&: P value<0.01

* Hausman f& 7€ ¥3(16)= 567.99: P value<0.01
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Table7 1202HY7%=Y 0FEY—ERBEMEKIZE X HEE

pooling model randam effect model fixed effect model
coef. P value coef. P value coef. P value
PERI (A=A tk) 353.5 P<0.01 330.1 P<0.01 omitted
AR 74.6 P<0.01 58.8 P<0.01 -2.4 0.3
I
2 1
T 2 2176.5 P<0.01 1767.1 P<0.01 1744.9 P<0.01
A 3 6210.0 P<0.01 4196.8 P<0.01 4124.3 P<0.01
TR A X — 688.1 P<0.01 665.5 P<0.01 omitted
IR E & X — 520.9 P<0.01 626.5 P<0.01 691.0 P<0.01

WHT DR 22—

e N 4 S — 1249  P<001 | 1360  P<0.0l | 1364  P<0.01

AWRHE I —
1A
2 A 76.0 P<0.01 87.4 P<0.01 95.2 P<0.01
3A 763.0 P<0.01 785.6 P<0.01 798.0 P<0.01
4 A -53.7 P<0.01 -132.2 P<0.01 -179.9 P<0.01
5H 255.7 P<0.01 185.8 P<0.01 142.2 P<0.01
6 H 324.0 P<0.01 262.2 P<0.01 223.1 P<0.01
7H 419.4 P<0.01 364.5 P<0.01 330.1 P<0.01
8 H 602.5 P<0.01 556.7 P<0.01 527.4 P<0.01
9 H 274.9 P<0.01 237.7 P<0.01 213.7 P<0.01
10 H 702.9 P<0.01 675.1 P<0.01 656.3 P<0.01
11 H 489.8 P<0.01 470.6 P<0.01 456.3 P<0.01
12 H 358.2 P<0.01 348.7 P<0.01 342.3 P<0.01

cons -825.6 P<0.01 1079.8 P<0.01 6827.2 P<0.01

N. of obsrvations 4253928 4253928 4253928

* Breusch and Pagan f& & P value<0.01

* Hausman & 7€ ¢?(16)= 9684.77 P value<0.01
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women: an evidence from Japanese nationwide survey

Mutsumi Tokunaga?, Hideki Hashimoto?

aDepartment of Health and Social Behavior, The University of Tokyo, School of Public Health

This study was supported in part by Grants-in-Aid for Scientific Research from the
Ministry of Health, Labour and Welfare (H22-seisaku-shitei-033) and by the
Grant-in-Aid for Scientific Research of the Ministry of Health, Labour and Welfare of
Japan (H26-Chikyukibo-ippan-001).

1. Introduction

Care giving to older people with needs has been dominantly dependent on informal
care provision by female caregivers. A recent meta-analysis of 229 studies reported that 69% of
the informal caregivers were women, and that gender gap existed in hours and numbers of care
taking [1]. Gender-biased burden of caregiving could be attributed to traditional norms about gender
roles [2, 3], gender-specific skills for caring [4], or gender gap in wage in labor market [5].

In order to relieve and equalize the burden of care in the household [3, 6], some countries
including Japan have introduced long-term care insurance (LTCI) system to provide formal care
services with affordable copayment [2, 7] that at least partially succeeded in increasing labor market
participation of women [8]. However, there remains a gap within gender; women in lower income
household did not enjoy such benefit.

As we know of, a within-gender gap across socioeconomic status (SES) has been only poorly
studied in informal care giving. Most previous studies focusing on gender disparity in informal care
provision ignored a gap across caregivers' SES [9, 10, 11, 12, 13, 14, 15, 16, 17]. Gender and
socioeconomic status as represented in income, occupation, and educational attainment are

conceptually independent [18, 19, 20, 21], but are intertwined in social stratification of life chances


http://park.itc.u-tokyo.ac.jp/dhsb/index.html

and risks [22]. Women have a larger risk of low income, low educational attainment, and limited
opportunities to access resources such as healthcare [23, 24, 25, 26, 27, 28, 29, 30].

Under these backgrounds, women in low socioeconomic status (SES) may face a larger risk of
biased care burden because they lacks resources to buy formal care, have less social support, and/or
have no choice but remains in household for informal care without labor force skills. Such
intertwined impact of gender and SES on the distribution of informal care burden, if exists, deserves
policy attention to design welfare program for fair contribution and compensation of informal care in
the society. The focus on not only gender gap, but disparity within women is considered important,
while we are not aware of any literature directly addressing socioeconomic within-gender gap in
informal care giving among women.

The aim of this study was to reveal the association of SES of women with the chance of being a
primary caregiver for older people in needs. We focused particularly on household income, marital

status, work status, and educational background among women.

2. Subjects and methods
2.1. Data source

A public insurance system has been an exclusively dominant platform to provide a formal LTC
in Japan since 2000 [2]. The eligibility of formal care service use is based solely on a functional
assessment of the recipient through a standardized protocol, regardless of households’ demographic
and SES conditions, and copayment is reduced or exempted in case of low-income households. We
believe the investigation of within-gender gap in informal care provision under public LTC
provision in Japan would help us identify a gap attributable to women’s status in the household
regardless of household’s affordability of LTC.

For this study, we utilized data from the Comprehensive Survey of Living Conditions of the
People on Health and Welfare (CSLCP), a nationwide representative, population based
cross-sectional survey of households that is conducted every three years by the Ministry of Health
Labour and Welfare in Japan. We pooled data derived from 2010 and 2013 surveys to obtain a
sufficient size for analysis. The 2010 survey used a probabilistic sampling of about 5500 sampling
area units stratified by 47 prefectures in Japan, then asked all the households in the sampled unit to
participate in the self-administered questionnaire survey on household sociodemographic conditions
and health status, educational status, marital status and work status of household members. In 2500
randomly-selected area units from the original sample, an additional questionnaire was further
distributed to all households having a member eligible for public LTC at the time of the survey to
collect information regarding formal LTC service use, informal care giving, and functional

conditions of care recipients.



2.2 Subjects and sampling

For our purpose, we have to define the “population at risk”, or those who could be an informal
caregiver in the household and/or labor force in formal labor market. To focus on a within-gender
gap, we excluded male subjects from our analysis. We further limited our sample to females aged
between 40 and 60 because women in this range of age are the most likely to be involved in personal
care mainly with their elderly parents, and at the same time, they can be still part of the labor force
[11, 31, 32]. We exclude women older than 60, the age of public pension eligibility, because they
were more likely retired, and to be involved in care giving of their old spouses/parents regardless of
socioeconomic status.

In 2010, the original survey included 228,864 households and 609,018 subjects from 5,510
sampling units in 47 prefectures in Japan (household response rate=79.1%). 7192 households were
eligible for LTC survey, of which 5912 households gave effective response. We limited our analysis
to 2980 households where care recipients had cohabitation with primary caregivers within the same
household. We did so because the survey collected detailed information of care givers only in the
same household with the care recipient. We excluded 59 households where the caregiver took care of
more than two care recipients at the same time. Consequently, 1103 households and their 1181
women aged 40-60 years of working age were available as target sample for further analysis. We
conducted similar procedures for the 2013 data; we appended the datasets to obtain 2399 female

subjects in 2236 households.

2.2 Measurement

2.2.1 Female family member characteristics
We considered female family members’ characteristics, including age (40=<age<50 or 50=< <60),
marital status (whether currently married) [29], health status (whether have a chronic disease under
treatment). Job status (full-time job, part-time job, no-job) [33], and educational attainment (“junior
or high school degree”, “community college or training graduates”, and “university or graduates or

above”) were counted as an indicator of female’s individual SES.

2.2.2. Care recipient characteristics
We included care recipients’ characteristics such as age, gender, health status and care eligibility
level in public LTCI as indicators of the amount of care required. More specifically, eligibility
level higher than Il indicated those without functional independence, and need assistance in
meal, toileting, bathing, and clothing [2, 3]. We divided the level into severe (Level IllI, IV, and
V) vs. mild (Level I and I1, and less than Level 1).



2.2.3. Household characteristics
The number of household members over 18 years aged living together was included in the
analysis because it should reflect the household capacity for informal care provision and the
need for formal care related to household structure. The existence of the household members
under 18 years old was also included because it should reflect conflicting demand for care
provision to dependent children in the household. Equivalent household income was obtained
through imputation, of which details are available elsewhere [3].

2.3. Statistical analysis

We compared caregiver women and non-caregiver ones in their demographic,
socioeconomic, and health statuses by using t-tests and chi-square tests as they fit. We
also compared by the caregiving status of women the characteristics of cohabited care
recipients and their households. Then, we conducted multiple logistic regressions of
caregiving status as a target variable, regressed on women’s socioeconomic status with
adjustment for care recipient’s and household characteristics (e.g., care level, gender,
and chronic disease under treatment, household composition, and equivalent household
income). Since the severity of care need may differentially affect the chance of being
caregivers, we tested interaction terms between care eligibility level of the care
recipient and caregiver’s educational, job status, and marital status. As we found a
significant interaction by education and marital status, analysis stratified by care
eligibility level (mild and severe) was additionally conducted. Statistical significant was
inferred at a p value of 0.05. The results from the multivariate analysis were expressed

as odds ratio (OR) with 95% confidence intervals (CI).

4. Results

The characteristics of female members (non-caregivers, caregivers), care recipients, and households
by caregiving status are presented in Table 1. All of the 982 non-caregiver women were cohabited
with caregiver family members, majority of whom were women older than 60 or younger than 40
(not shown in the table). Caregiver women were on an average 3 years older than non-caregiver
counterparts (p=<.0001) and more likely to have chronic conditions (p=<0.0001). Caregiver women
were more likely to have high-school education or less, and to be non-workers, as well. Finally,
caregiver women were more likely to be cohabited with care recipients of older age, female gender,
and mild care needs. Finally, a quarter of caregiver women belonged to the lowest quartile group of

household income.



Table2 showed the results of multivariate logistic regression analysis for caregiving status as
an outcome. Younger age, fulltime work status, and married status were significantly related to
non-caregiving status, while education was not significantly related to the caregiving status (model
1). However, after including an interaction term between education and care recipient’s care levels,
the interaction was significant (loglikelihood ratio test p=0.0003), and high school education or less
turned to be significantly related to the chance of being a caregiver (p=0.0001). Marital status also
showed a significant interaction with the care eligibility levels (loglikelihood ratio test p=0.0015, not
shown in the table).

Table3 shows the results of adhoc analysis stratified by care recipient’s care eligibility
level. the odds ratio of the possibility of primary caregiver by subgroup, the caregiver living with
care recipient at mild level and at severe level, respectively. It is found that compared with the
caregivers (n=693 of 1074)) with care recipient at mild care level and those at severe level (n=725 of
1325) were significantly associated with the elder age-group (OR, 0.61; 95% CI, 0.43-0.86 vs.
OR,0.41; 95%CI,0.29-0.56), full time job (OR,0.46; 95%CI,0.28-0.76 vs. OR,0.36;
95%CIl,0.23-0.55) , married (OR,1.02; 95%CIl,0.65-1.60 vs. OR,0.41 ;95%CIl,0.27-0.64) and lower
level education (OR,1.00; 95%ClI, 0.67-1.49 vs. OR,1.94; 95%CI,1.37-2.74).

5. Discussion

LTCI was introduced in order to relieve the burden of the caregivers and equalize it in 2000.
Nevertheless, much more women still remain informal caregiver than men. To the best of our
knowledge, this study is the first to investigate that the inequality within women for primary
caregiver might be caused not only by the gender gap, but by the socioeconomic gap, using the
nationwide representative population based data.

Our results showed that there was no significant association between educational or marital
status and caregiver living with care recipient after adjustment for equivalent household income,
demographic variables of care recipient. But, in the subgroup analysis by care recipient’s stratum of
severity, the women with lower human resources were likely to be caregiver with care recipient at
severe level: the women with lower educational background, non-marital status, older, and
unemployed, while the women living with care recipient at mild level were not associated with
educational status or marital status significantly.

For the cause of this observed linkage, there are two possible explanations. First, the severe care
level accounts for a lot of demand for care provided. For care recipient with mild care level which
caregiver may provide more casual help, even caregiver in full-time will be easy to care. But, for

care recipient with severe care level who needs to be watched for almost all day, caregiver in



full-time work may be difficult to care and have to buy more care services or quit her work or
change her job into lower-paying jobs that accommodate part-time hours or flexible schedules to
make time for care [34]. As a result, as the more severe the care level of the care-recipient, the more
likely the caregiver will have to take a leave of absence from their job in order to provide care.

Second, for the more severe recipient, it takes longer time to care and more cost.
Under such occasion, women with higher human capital may have a strong tendency to go out for
their work instead of caring by themselves because of their own high opportunity cost. On the
contrary, women with lower human capital have to stay at home for caring, because they may have
little financial gain from going out to work even if they seek a job; Educational level is a major
determinant of the value of time. The shadow price of time of college graduates exceeds that of high
school graduates or below [35]. The problem of wage gap was caused not only between men and
women, but even within women.

LTC is closely connected with shadow price because the informal care is low-value-added and
cheaper labor than other labors. Consequently, socially- and economically-vulnerable people, such
as women with disadvantage who are unmarried, unemployed or with lower education, tend to be
inflicted caregivers by other family members. Policy makers should more discuss about double
burden, socio-economic and gender inequality, upon female caregivers who are not financially
independent. We made a suggestion that we should add more value to informal care by cash benefit
in order to compensate the gap between caregiver and non-caregiver or design some housing with
flexible assistance to meet the caregiver’s needs, especially in severe case[36].

While our strengths of our study are based on a large national population-based with high
coverage data, we could not take into account for several limitations. First, this was cross-sectional
data, so that we could not distinguish which comes first, woman with no job might be stuck with
care by other family members or as a reverse direction of causality, woman might resign her job
after she became caregiver. Further research with panel data should be needed. Second, we
understood that relationship between caregiver and care recipient such as daughters-in-law and
married daughter have played an important role in informal care-giving arrangements within East
Asian traditional norms[37] [38][39]. But, we could not put their relationship as variable, because
we could not distinguish whether it was biological or marital relationship because of data

availability.
6. Conclusion
LTCl was introduced in Japan to lighten the traditional gender-biased burden of

caregivers. Recently, the gender-biased burden has been lightened. On the other hand, our study

indicated that there still remained the problem of within gender discrimination influenced by human



capital such as marital status, labor status, and educational status for the possibility of the
caregiver among women aged 40-60 living with care-recipient. To equalize the gap between
caregivers and non-caregivers under LTC, policy makers should design the respite care services for
24 hours in order to relieve their burden, or revise LTCI systems involving the cash benefit.
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Abstract

Rapid population aging is regarded as a risk to social sustainability of Japan. Precise estimation of future
demand for medical and long-term care in heterogeneous segments of older people is imperative for
designing system reform and stability. Currently available future projection, however, simply assumes static
and average status of comorbid prevalence and mortality by age and sex. To overcome the limitation, a
state-transition multivariable micro-simulation model was developed by following previously developed US
Future Elderly Model (FEM), but using Japanese national representative panel data as benchmark reference.
Preliminary comparison between estimation and real-world vital statistics confirmed backward validity of our
simulation forecast, except for overestimation of cancer death numbers. We discuss potential improvement
of the model, and future application of the developed model for policy evaluation.

1. Background

Rapid population aging is regarded as a risk to social sustainability of Japan (Cabinet Office, 2015).
Increasing demand for pension support, and medical / long-term care against decreasing support resources
threats financial projection of the nation’s economy. Population ageing also leads to a considerable disparity
among older people in terms of their economic, health, and social resources (Ichimura, et al. 2009).
Apparently, precise estimation of future demand for health and social services in heterogeneous segments
of older people is imperative to design efficient system reform and stability.

Further challenge to future projection of people’s health is that health affects and is affected by
socioeconomic conditions (WHO, 2008), and change in life conditions and available health technologies
over time leads to change in people’s likelihood of health, function, comorbidity and death (Tango, and
Kurashina, 1987; Ma, et al. 2007; Wang, et al. 2015). Currently available future projection, however, simply
assumes static and average status of comorbid prevalence and mortality by age and sex strata (National
Institute of Population and Social Security Research, 2012), fails to incorporate diverse and dynamic
associations between health, economy, and social conditions among older people.

One countermeasure to overcome the limitation above has been proposed by Goldman and his colleague
economists. Future Elderly Model (FEM) incorporates comprehensive measurement derived from panel data
surveys to produce micro-simulation of older people’s health, function, mortality, social participation, and
economy (Goldman, et al. 2004: Lakdawalla, 2014). The model has been applied to a wide range of policy
projection in public health, (Goldman, et al. 2009; Lakdawalla, et al. 2005; Lakdawalla, and Philipson, 2009;
Michaud, et al. 2012), healthcare (Bhattacharya, et al. 2005; Lakdawalla, et al. 2009), technology innovation
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impact (Goldman, et al. 2005), and public finance (Michaud, et al. 2011). Most recently, the model was
applied to older population in European and other countries including Japan (Chen, et al. 2016). However,
the model development in Japanese context is still in its early stage, and reference data use is limited to a
few data source available to US researchers.

In this paper, we report our interim results of developing a version of Japanese FEM with the use of wider set
of nationally representative micro data sources to complement previous trials. Our aim to apply nationally
representative data source is two folds; to better reflect Japanese demographic and vital status in the
projection, and to improve estimation precision to reflect Japanese population in older age.

2. What is FEM

FEM is a Markovian-based multivariate micro-simulation model that consists of three components: health
transition module, mortality module, and new cohort module (Figure 1). Health transition module comprises
of the probability matrix that reflects disease incidence and transition of individual’s multiple comorbidity
statuses (horizontal arrows in Fig 1). Mortality module, vertical arrows in Figurel, contains the probability of
mortality exit from survivors by accounting for individual’s comorbidity status in a previous time period. New
cohort module generates a new cohort to newly enter elderly population aged 50 years old and over.

Figurel. Framework of FEM

New 50 year-olds New 50 year-olds
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NLSMEP Health & Health &
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3. Estimation methods and data sources

3-1. Health transition module

In FEM, the probability of disease incidence is generated by first-order Markov process.

Let H, denotes a vector of individual’'s health status at time t, and X denotes a vector of demographic
characteristics such as birth year, educational status, marital status, and smoking habit in the initial survey
year (see Appendix Tablel for included variables). We assumed the probability of disease incidence at the
subsequent period H.., follows logistic distribution: for any individual,



Hiyy = H(H,, X). 1)
We defined the individual’'s health status with comorbid conditions of 6 statuses (heart disease, hypertension,
hyperlipidemia, stroke, diabetes, and cancer of any kind) since these conditions are major causes of death
and underlying risk factors (lkeda, et al. 2011). We assumed all health conditions are absorbing states (or
once diagnosed, the condition continues until death or attrition):

Hesy = max(I(HZ, >0), H) (2)
where I(.) denotes an index function.

To calculate the health transition probabilities, we estimated a random effect logit model separately for each
chronic condition. To rewrite equation (1) as

Hies1 =B (X @) vy Hye +1+ 5 (3)
for each individual i aged a;, attimet.
We measured demographic characteristics X with gender, educational status, marital status, and smoking
habit in the initial survey year. We defined time variant health status with comorbid conditions provided by 6

dichotomous variables. #; and &;, are unobserved heterogeneity and the error term, respectively.

Coefficients [ and y in equation (3) provide transition matrix for calculation of disease incidence.

We excluded individuals who were already diagnosed in the first wave of panel data for each condition to
purify transition probability of disease incidence, rather than prevalence.

3-2. Mortality module

In mortality module, we included in the module the probabilities of death from heart disease, cancer, and
stroke since they are the 3 main causes of death in Japan. Approximately 65% of deaths among 50s, 60s
and 70s population are attributable to these 3 diseases (Health, Labour and Welfare Statistics Association,
2015). Although the original FEM contains more than 10 causes of death, we believe starting with a mortality
module with 3 main causes provides a step board for a more extended module. We regarded heart disease
(101-102.0, 105-109, 120-125, 127, 130-152), cancer (C00-C97), and stroke (160-169) coded in International
Classification of Death cause version10 (ICD-10).

To build this module, we need to treat competing risks among death causes. For example, an individual with
diagnosed conditions of heart disease and stroke in time period t may die of heart disease, stroke,
combination of both causes, or other causes of death in the following time period (Figure 2-a). We need to
specify competing attribution of death causes to a subpopulation with a certain set of chronic comorbidity
conditions.

Ideally, vital statistics with multiple causes of death linked with cohort observation of past comorbidity status
is the best resource to obtain such multiple attribution of comorbidity and death causes. In reality, such data
is very difficult to obtain. Instead, for model simplicity, the original FEM assumes that comorbidity
corresponds to a cause of death (e.g. an individual with heart disease will die of heart disease), and that



multiple comorbidity leads to additive probability of mortality from corresponding comorbidity statuses (e.g.
mortality of heart disease + mortality of cancer for a case with the two comorbidity statuses).

Since this will lead to upwardly biased mortality, we assumed instead in our model that causes of death are
grouped in mutually exclusive manner (Figure 2-b), and each category has a priority cause of death
(Tablel).

In more details, if comorbidity of heart disease and stroke occurs, we prioritize death from heart disease
because heart disease survivors are most likely to die of heart disease, while even stroke survivors would
have a 22% chance to die of heart conditions (Bronnum, et al. 2001). We prioritized cancer death when
comorbidity of cancer and stroke occurs because cancer patients are most likely to die of cancer, and about
12% of stroke survivors also die of cancer. If comorbidity of heart disease and cancer occurs, we
differentially assign death cause according to the time order of comorbidity incidence. We assign death of
heart disease in the case that individual was diagnosed with heart disease earlier than with cancer, and vice
versa.

Figure2. Venn diagram of disease comorbidity (left) and disjoint groups for assignment to one cause specific
mortality (right)
(a) (b)

Groupl.
heart
disease

heart
disease

Non of 3 diseases Group4. other

Group3.
stroke

Group?2.
cancer

Note: Exterior rectangle (universal set) illustrates the total population. (a) Red, blue, black circles denote
groups of patients with heart disease, cancer, and stroke. Comorbidity status is represented intersection of
circles. Patients in the intersection of red and blue circles are diagnosed with heart disease and cancer. If
people who haven’t been diagnosed any of three diseases, they will be located out of circles. (b) To assign a
priority cause of death, patients who suffer from multiple diseases will be categorized in one group out of
three under mutually exclusive rule in Tablel. People who suffer from none of 3 diseases will belong to the
fourth group.

Tablel. Classification of 4 groups

Group Health condition in the previous year
(likely to die from...)
1. Heart disease Heart

Heart+Stroke




Heart(earlier incidence)+Cancer
Heart(earlier incidence)+Cancer+Stroke

2. Cancer Cancer

Cancer+Stroke

Cancer(earlier incidence or coincidence)+Heart
Cancer(earlier incidence or coincidence)+Heart+Stroke

3. Stroke Stroke

4, Other None of Heart, Cancer, or Stroke

Finally, sex specific mortality rate for age strata by 1 year was obtained as follows. First, we calculated the
estimated number of individuals with a set of comorbidity by direct standardization method, using 2005
Census population as a reference population, and the proportion of the corresponding set of comorbidity
obtained from social survey datasets we adopted of which details are presented shortly. Then, we obtained
the number of mortality case due of culprit causes of death from vital statistic records, following the assumed
rules shown in Table 1. Obtained number of cases was divided by the number of individuals with
corresponding set of comorbidity to make disease specific mortality rate for each age-sex strata.

3-3. Backward validity check

Using health transition and mortality modules as developed above, we estimated a trend of comorbidity
prevalence and cause specific mortality of a virtual closed cohort over a period of time, and compared the
estimation results with observed statistics of corresponding age-sex strata in referred survey data for
backward validity check of the estimation precision.

Consequently, in this report, we did not treat new cohort module in our simulation, because new cohort
module is necessary only in the case of open-cohort assumption that is required for future population
projection.?

3-4. Data sources

To obtain transition probability of statuses, panel data structure is the most preferred source for the purpose.
The Original FEM relied mainly on a nationally representative panel dataset such as The Health and
Retirement Study (HRS) and Medicare Beneficiary Survey (MCBS), and complementally used a nationally
representative cross-sectional data such as National Health Interview Surveys (NHIS). For mortality
modules, they relied on vital statistics records linked with HRS (Goldman, et al. 2009; Lakdawalla, et al.
2009).

Contrarily, Chen et al. (2016) developed a demographic, health and economic state-transition
micro-simulation model for Japan adopting the Future Elderly Model (EFM) to forecast trend in disability
among Japanese elderly using Japan Study of Aging and Retirement (JSTAR) and Nihon University

1 New cohort module generates incoming cohort for the subsequent time period. US FEM integrated the
joint distribution of demographic and health status of initial 50 year-old population from HRS and health
trends among under 50 years old population from NHIS (Goldman, et al. 2004).



Japanese Longitudinal Study of Aging (NUJLSOA). NUJLSOA adopted a probabilistic sample of Japanese
aged over 65, while JSTAR adopted probabilistic sample of those aged 50-75 at the baseline in selective
municipalities across the nation, and does not provide nationally representative figures.

In this paper, we focused on health transition module and mortality module. We used 8 waves of National
Longitudinal Survey of Middle-aged and Elderly People (NLSMEP) and 3 waves of Japanese Study of
Ageing and Retirement (JSTAR) for estimation of the probability of disease incidence. We also used a
microdata of vital statistics between the period of 2005 and 2012 for estimation of the probability of disease
specific mortality. Details of data sources are described in the appendix.

4. Estimation results

4-1. Health transition module

From parameter estimates fitting random effect logit model based on NLSMEP, we obtained the transition
matrix A (Table 2). As NLSMEP is annual panel data, the transition matrix A reflects transition of health
conditions with 1-year interval.

Random effect assumption was supported by the high values of rho (second row from the bottom in Table2).
Age was associated with increased risk of incidence for all diseases. The incidence of heart disease was
significantly associated with diabetes, hypertension, and hyperlipidemia that is on par with existing
epidemiological evidence. Stroke was also associated with heart disease, but this seems more likely due to
their common risk factors.

Incidence of cancer showed associations with all other chronic conditions, which is not well explained by
biological mechanism. We interpreted this as a residual confounding by age rather than reflecting underlying
biological causes of cancer. Significant prediction of diabetes by preceding heart disease condition may also
need careful treatment because it would be rather due to a reverse causation. As such, the estimated
probability matrix does not necessarily fit biomedical associations among comorbidity conditions, which is
already known in US FEM (Lakdawalla, 2014). Because of this, theoretical adjustment of estimated
transition matrix is recommended based on existing medical and epidemiological evidences.

Parameter estimates from JSTAR provided the transition matrix B (Table 3). The transition matrix B transits
health conditions with 2-year interval because JSTAR is a 2 year cycled panel data. Matrix B gives us similar
patterns as in matrix A.

Table2. Paneled logit estimators for calculation of the probability of disease incidence based on NLSMEP
(transition matrix A)

Diabetes Heart Stroke Hypertension | Hyperlipidemia | Cancer
Male 2.336 1.324 0.586 1.205 -1.582 -0.281
Education -1.114 0.599 -1.259 0.165 1.699 0.028
Marital -0.926 -1.268 -0.326 0.125 -1.180 -0.199
Smoke 0.924 1.212 1.027 0.840 0.043 0.616




Age 1.539 0.837 0.699 1.593 1.685 1.025
Diabetes 1.855 1.549 1.487 0.975 0.707
Heart 1.625 2.577 1.654 1.020 0.490
Stroke 0.816 2.453 3.085 0.434 0.739
Hypertension 1.765 2.830 3.679 2.010 0.276
Hyperlipidemia 1.737 1.365 0.986 1.663 0.670
Cancer 0.752 0.783 1.452 -0.087 0.649

Constant -112.448 -66.704 -62.039 -107.612 -117.213 -78.274
sigma_u 13.493 8.666 8.635 13.069 18.222 9.622
Rho 0.982 0.958 0.958 0.981 0.990 0.966
Log-likelihood -13324.4 -10459.7 -6109.4 -24180.2 -24657.4 -9518.4

Note: Sigma_u denotes the

contribution of the panel-level variance component out of the total variance.

standard deviation of the panel-level variance component. Rho measures

Table3. Paneled logit estimators for calculation of the probability of disease incidence based on JSTAR

(transition matrix B)

Diabetes Heart Stroke r|;|yperten3|o 2yper||p|dem| Cancer

Male 1.714 1.115 2.653 0.942 -0.769 1.524
Education -0.732 0.467 -0.591 -0.363 0.571 0.038
Marital -0.003 0.734 2.242 0.026 0.445 0.837
Smoke -0.239 -0.421 -0.186 -0.117 -0.523 0.290
Age 0.005 0.164 0.342 0.150 0.021 0.167
Diabetes 0.797 1.340 0.166 0.833 0.387
Heart 0.021 0.526 0.388 -0.318 -1.104
Stroke 1.217 0.289 1.434 0.247 -0.512
Hypertension 1.572 0.762 2.052 0.655 0.297
Hyperlipidemia 1.704 0.962 0.991 1.348 -1.839
Cancer 1.475 -0.149 1.562 -0.235 -0.381

Constant -16.455 -24.689 -43.054 -17.193 -8.368 -26.087
sigma_u 7.660 6.168 6.791 5.591 3.668 5.957
Rho 0.947 0.920 0.933 0.905 0.804 0.915
Log-likelihood -576.2 -539.5 -346.3 -1,194.9 -865.4 -371.2

4-2. Mortality module

We plotted the probabilities of death from heart disease, cancer, stroke, and other causes in Figures 3 and 4.

Both NLSMEP and JSTAR suggest the probability of cancer death is much higher than heart disease and

stroke for both male and female.

Mortality rate of cancer for male in Figure 3 jumped at 51 years old that seems effect of underdiagnoses in

the first wave of NLSMEP. Similar effects can be observed in all 3 diseases for both male and female.

Moreover, because very small number of middle aged females experienced stroke, disease specific

mortality rate of stroke for females aged 50s looked unstable relative to others. Overall, the mortality rate

attributable to heart disease, stroke, and cancer gradually decreased among NLSMEP population for both

male and female while Japanese official death rates by cause of death (per 100,000 population) increases

among 50s and 60s population (Vital Statistics 2014). We concluded that our disease specific mortality rates
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are considerably affected by underdiagnosis of preceding comorbidity conditions.

We extended curves of disease specific mortality rate up to 77 years old using JSTAR. We observed the
mortality rate attributable to heart disease, stroke, and cancer increases for both male and female which is
consistent with official death rate of Japan.

Fugure3. Disease specific mortality rate based on NLSMEP and vital statistics (50 - 66 years old)

Disease specific mortality rate (male) Disease specific mortality rate (female)

Figure4. Disease specific mortality rate based on JSTAR and vital statistics

Disease specific mortality rate (male) Disease specific mortality rate (female)

4-3. Backward validation check

We assessed our simulation result with backward validation. We started our simulation from year 2005 to
compare the results with observed numbers in NLSMEP. First, we executed random sampling by age and
gender from 1st wave of NLSMEP with replacement, in order to replicate Japanese population in 2005
between 50 years old and 59 years old, keeping information of age, gender, education, marital status,
smoking history, health conditions (heart disease, hypertension, hyperlipidemia, stroke, diabetes, and
cancer). Second, 6 health conditions were transited in the individual level from year 2005 to year 2006 by
transition module. Third, we categorized individuals into 4 groups by classification in Table 3, and then we
assigned them corresponding disease specific mortality rates. At last, probabilistic mortality exists happened
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in 2005 population, and then we obtained 2006 population. We repeated the same steps for year 2006
through 2012 (Figure 5).

Next, we extended the range of age of our simulation using JSTAR. As JSTAR survey started in 2007, we
set the initial population as with 2007 Japanese population. Because the sample size in JSTAR is not
sufficiently large, we pooled all 3 waves of JSTAR and took 3 consecutive observations by birth cohort
groups. For instance, when we created 53 year old population of 2007 for our simulation, we randomly
sampled from observations of 52 years old, 53 years old, and 54 years old in the 1st, 2nd, and 3rd waves.
We transited health conditions in 2-year cycle, and we executed mortality module twice before we ran the
next transition module.

Figures 5 and 6 describe the simulation results based on NLSMEP and vital statistics. Exact numbers in the
figures are listed in Appendix Tables 3-6. Our model underestimated the number of mortality in 2005 for both
male and female, probably, due to underdiagnosis of comorbidity conditions in the first wave of the panel
data. Splitting the results by age (not shown), our model seemed to fit well for the 53-56 age group, however,
it underestimated the diseased population for 50-52 age group and overestimated the diseased population
for 57-59 age group. The number of cancer deaths in 2012 was overestimated and it was particularly notable
for 57-59 age group. JSTAR suggested similar results.

Overestimation of cancer deaths happened partly because our transition matrices may suffer from reverse
causal links and confounding bias as we mentioned earlier. Our simulation may need further refinement of
matrix elements to better fit biomedical/epidemiological evidence on comorbidity conditions and death
causes.

Figure 5. Estimated population from NLSMEP (upper) vs simulated population (lower)

Estimated vs Simulated population (male) Estimated vs Simulated population (female)
0 2,000,000 4,000,000 6,000,000 8,000,000 10,000,000 0 2,000,000 4,000,000 6,000,000 8,000,000 10,000,000 12,000,000
2005(age:50-59) 2005(age:50-59)
2006(age:51-60) 2006(age:51-60)
2007(age:52-61) 2007(age:52-61)
2008(age:53-62) 2008(age:53-62)
2009(age:54-63) 2009(age:54-63)
2010(age:55-64) 2010(age:55-64)
2011(age:56-65) 2011(age:56-65)
2012(age:57-66) 2012(age:57-66)
simulated 2005 simulated 2005
simulated 2006 simulated 2006
simulated 2007 simulated 2007
simulated 2008 simulated 2008
simulated 2009 simulated 2009
simulated 2010 simulated 2010
simulated 2011 simulated 2011
simulated 2012 simulated 2012
Groupl. Heasrt Disease Group2. Cancer Group3. Stroke Group4. Others Groupl. Heasrt Disease Group2. Cancer Group3. Stroke Group4. Others

Figure 6. Observed number of death in Vital Statistics (upper) and simulated number of death (lower)



Observed vs Simulated Number of Death (male) Observed vs Simulated Number of Death (female)

0 10,000 20,000 30,000 40,000 50,000 60,000 70,000 80,000 90,000 100,000 0 5,000 10,000 15,000 20,000 25,000 30,000 35,000 40,000 45,000 50,000
2005(age:50-59) 2005(age:50-59)
2006(age:51-60) 2006(age:51-60)
2007(age:52-61) 2007(age:52-61)
2008(age:53-62) 2008(age:53-62)
2009(age:54-63) 2009(age:54-63)
2010(age:55-64) 2010(age:55-64)
2011(age:56-65) 2011(age:56-65)
2012(age:57-66) 2012(age:57-66)
simulated 2005 simulated 2005
simulated 2006 simulated 2006
simulated 2007 simulated 2007
simulated 2008 simulated 2008
simulated 2009 simulated 2009
simulated 2010 simulated 2010
simulated 2011 simulated 2011
simulated 2012 simulated 2012
Groupl. Heasrt Disease Group2. Cancer Group3. Stroke Group4. Others Groupl. Heasrt Disease Group?2. Cancer Group3. Stroke Group4. Others

5. Discussion for future study

As our interim results showed, the projection of comorbidity prevalence and cause-specific mortality through
developed simulation fairly follows a real-world trend of older people’s health status, though it still needs
rigorous refinement, especially in mortality module.

In addition to model refinement, extension of coverage over older population is a challenge. NLSMEP and
JSTAR do not cover those aged 75 and over, and currently we could not identify suitable panel data source
for older age strata. A possible alternative is to use repeated cross-sectional data of national representative
survey as pseudo-panel data. For this purpose, National Comprehensive Survey of Living Conditions of
People on Health and Welfare (NCSLCPHW), conducted every three years and most latest in 2013, would
be suitable.

There are several morbidity and functional conditions that we have failed to include in the module at this
stage partly because (i) ADL limitation rarely happens to NLSMEP population (aged 50-66 years old) and (ii)
NLSMEP lacks main causal diseases of ADL limitation (e.g. osteo-arthritis, cognitive disease, and so on)
except stroke. Since we obtained better projection when we dropped ADL limitation from estimators of
transition probabilities, we thought ADL limitation was noise rather than predictor of comorbidity conditions
for NLSMEP population for the reason above. However, there might exist other solutions to improve our
model (e.g. to exclude reverse causal relationships from the health transition matrix). In the next step, we will
attempt to incorporate ADL difficulty, IADL difficulty, and additional health conditions (e.g. dementia, arthritis)
from JSTAR. To improve prediction of functional status, we plan to involve socioeconomic status (e.g.
currently work or not) as well.

Involving socioeconomic status into the dynamic model will enable us to see complex effects across health
and economic outcomes (Shimizutani, et al. 2014; Stowasser, et al. 2011). FEM may be a powerful tool for
visualizing wealth-health gradient among population. A challenge will be how to obtain stable estimation with
reduced sample size after stratification by socioeconomic status. Bayesian estimation and smoothing
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methods would be necessary to be included in the model building.

Despite of these expected challenges, development of Japanese FEM would be a promising endeavor to
open new methods of policy evaluation and experimental policy discussion and to deepen our understanding
on complex and dynamic health-wellbeing associations among diverse older people in this country.
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Appendix

Data sources

National Longitudinal Survey of Middle-aged and Elderly People (NLSMEP)

National Longitudinal Survey of Middle-aged and Elderly People (NLSMEP) follows a national representative
sample of 23 thousand Japanese in age of 50-59 as of 2005 annually. It is still going on and currently 11th
wave of NLSMEP was done as of the year 2015. We used 1st through 8th waves for estimation in this study.
NLSMEP consists of demographics, 6 comorbid conditions (heart disease, hypertension, hyperlipidemia,
stroke, diabetes, and cancer of any kind), functional limitation in activities of daily life, depression (K6
guestionnaire), self-reported health, earnings, work status, work classification, retirement age, education,
smoking status, marital status, and expenditure (household, medical).

Japanese Study of Ageing and Retirement (JSTAR)

Japanese Study of Ageing and Retirement (JSTAR) covers 3.7 thousand Japanese in age of 50-75 as of
2007 in 5 municipal cities for 3 waves. We extended the range of age cohorts up to 75 years old using
JSTAR. As another role, JSTAR reinforces information for ADL, IADL and cognitive function, which are
limited in NLSMEP. JSTAR has 19 comorbid conditions and ADL and IADL variables. ADL and mobility
guestions are verbatim translation from SHARE. IADL measurement in JSTAR is Tokyo Metropolitan
Institute of Gerontology Index of IADL, which is most widely used, validated scale of IADL in Japan,
overlapping items with IADL measurement in HRS, SHARE, and ELSA (Fujiwara, et al. 2010).

11



Vital Statistics

Vital Statistics provides individual mortality records with gender, age, and the leading cause of death in

ICD-10 code. It is a complete survey for Japanese living in Japan, collected by Ministry of Health, Labour

and Welfare. Years 2005 through 2012 are available in the data format. Occupational and industrial

information are additionally available in 2005 and 2010, which are the years of Population Census. NLSMEP

does not contain mortality exit information, and JSTAR does so only partially. We relied government’s vital

statistics records to obtain the age-sex specific proportion by leading cause of death between the period of

2005-2012 to reflect trend change of death causes and mortality. We currently consider the probabilities of

death from heart disease, cancer, and stroke since they are the three main causes of death in Japan.

Appendix Tablel. Definition of variables in NLSMEP and JSTAR

Data source

NLSMEP (aged 50-67)

JSTAR (aged 50-79)

Demographic

Age Birth year (1945-1955) Birth year (1930-1957)
Gender 1: male / 2: female 1: male / 2: female
1: Middle school ; 5!3??2%3{”““'6 school
2 High S.ChOOI 3: Junior college
3: Vocational school 4 Vocational school
Education 4: Com colledge 5j University
2 g?;\(ljeur;gschool 6: Graduate school (Master’s)
7j Other 7: Graduate school (Ph.D)
] 8: Other
(1% wave)
marital or common-law partnaer
(1% wave) 1: yes (exist)

marital status

1: living with his/her spouse
2: separated
3: divorced or widowed

2:no
marital history of the solitary
1: never married

Smoke

) 2: widowed
4: never married 3- divorced
4: don't know
5: refused to answer
(1% wave) (1% wave)

1: currently smoke

2: smoked in the past,

but | have quit

3: never smoked regularly

1: currently smoke

2: smoked in the past,

but | have quit

3: never smoked regularly

Health status

heart disease
hypertension
hyperlipidemia
stroke

1: diagnosed
2: not diagnosed
V: unknown or refused to

(1st wave)

0: not diagnosed

1: diagnosed

(2nd and 3rd waves)

1: newly diagnosed

2: fully recovered once but recurred in

diabetes answer
cancer the past 2 years
3: still be treated
4: fully recovered / never diagnosed
0: no problem . -
ADL limitation | WK 1: having difficulty but no help | =: &S (has difficulty)
get up 2:no

2: needing someone’s help
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dress
feed
toilet
bath

Appendix Table2. Variable creation for paneled logit models

Panel estimator Transition matrix A Transition matrix B
Data source NLSMEP (aged 50-67) JSTAR (aged 50-79)
Sample size n=30,837 n= 10,071

1: male 1: male
Gender 0: female 0: female

(mean: 0.48) (mean: 0.50)

1: college education or higher 1: college education or higher
Education 0: otherwise 0: otherwise

(mean: 0.16) (mean: 0.12)

1: married as of the 1t wave 1: married as of the 1t wave
Marital status 0: otherwise 0: otherwise

(mean: 0.87) (mean: 0.82)

1: ever smoke as of 15t wave 1: ever smoke as of 15t wave
Smoke 0: otherwise 0: otherwise

(mean: 0.51) (mean: 0.46)
Health status 1. newly diagnosed or diagnosed at least | 1: newly diagnosed or diagnosed at least

once in the past once in the past
(Note) 0: otherwise 0: otherwise

o 1: needing at least one help 1: having at least one difficulty

ADL limitation 0: otherwise 0: otherwise

Note: (i) For NLSMEP, we interpolated health status by the previous answer when the respondents refused to
answer. For instance, if a respondent answered he/she was never diagnosed as a cancer patient ("2: not
diagnosed") in the 15t wave, refused to answer ("V: unknown or refused to answer") in the 2" and 3 waves, and
"1: diagnosed" in the 4™ wave, then we indicated "0: otherwise" in the 15t, 2", and 3rd waves, and "1: newly
diagnosed or diagnosed at least once in the past" in the 4™ wave.
(i) For JSTAR, when the respondents chose "1:Newly diagnosed with or indicated", "2:Fully recovered once but
recurred in the past 2 years", or "3: Still be treated" in the 2" and 3™ waves, we indicated "1: newly diagnosed or
diagnosed at least. "

Appendix Table 3. Estimated population from NLSMEP vs simulated population (male)

Male Grou?l. reastt Group2. Cancer Group3. Stroke Group4. Others
Disease

Year observed | simulated | observed | simulated | observed | simulated | observed | Simulated
2005(age:50-59) 328,106 331,422 | 129,224 122,340 | 126,319 122,502 | 8,876,960 | 8,884,345
2006(age:51-60) | 463,782 | 500,505 | 178,856 | 233,992 | 161,184 | 170,813 | 8,605,037 | 8,512,158
2007(age:52-61) 561,239 | 566,839 | 235,407 | 251,596 | 200,354 | 187,215 | 8,354,178 | 8,353,976
2008(age:53-62) 650,474 | 624,062 | 283,104 | 273,923 | 234,149 | 199,284 | 8,124,015 | 8,201,809
2009(age:54-63) 721,280 | 693,029 | 351,767 | 304,053 | 265,097 | 214,243 | 7,890,073 | 8,023,364
2010(age:55-64) 808,803 | 776,422 | 413,949 | 342,952 | 279,494 | 232,366 | 7,658,975 | 7,814,639
2011(age:56-65) 883,616 | 876,527 | 485,947 | 392,159 | 301,833 | 253,390 | 7,417,325 | 7,570,139
2012(age:57-66) 981,198 993,832 | 572,821 449,614 | 313,260 277,396 | 7,141,650 | 7,289,449

Appendix Table 4. Estimated population from NLSMEP vs simulated population (female)
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Groupl. Heasrt

Female S Group2. Cancer Group3. Stroke Group4. Others

Year observed | simulated | observed | simulated | observed | simulated | observed | Simulated
2005(age:50-59) 162,760 | 156,623 | 197,402 | 193,685 74,288 72,369 | 9,156,604 | 9,168,377
2006(age:51-60) 235,910 | 249,869 | 249,531 | 308,944 | 104,211 | 110,526 | 8,977,215 | 8,901,713
2007(age:52-61) 307,375 | 291,038 | 311,566 | 335,546 | 128,797 | 125,008 | 8,794,030 | 8,793,087
2008(age:53-62) 363,130 | 328,775 | 361,743 | 367,893 | 149,713 | 136,662 | 8,639,562 | 8,683,756
2009(age:54-63) 420,480 | 375,576 | 412,831 | 409,542 | 169,864 | 151,113 | 8,481,739 | 8,551,128
2010(age:55-64) 466,828 | 433,018 | 489,271 | 461,257 | 188,135| 169,310 | 8,311,325 | 8,391,536
2011(age:56-65) 537,177 503,724 | 571,494 524,088 | 205,061 190,622 | 8,109,659 | 8,200,685
2012(age:57-66) 604,388 588,847 | 686,342 599,038 | 232,806 215,745 | 7,863,802 | 7,974,911

Appendix Table 5. Observed number of death in Vital Statistics and simulated number of death (male)

Groupl. Heasrt

Male Disease Group2. Cancer Group3. Stroke Group4. Others

Year observed | simulated | Observed | simulated | observed | Simulated | observed | Simulated
2005(age:50-59) 7,601 5,872 20,299 12,526 4,841 3,548 20,957 21,195
2006(age:51-60) 7,771 8,172 22,034 22,823 5,008 4,588 20,920 22,259
2007(age:52-61) 8,042 8,636 24,480 23,536 5,072 4,860 21,842 23,516
2008(age:53-62) 8,958 9,063 26,635 25,111 5,386 5,090 22,546 25,125
2009(age:54-63) 9,245 9,836 28,962 27,325 5,587 5,107 23,868 26,042
2010(age:55-64) 9,993 10,508 31,583 29,950 5,947 5,618 25,699 28,088
2011(age:56-65) 10,509 11,589 34,434 34,705 5,931 5,938 28,287 29,692
2012(age:57-66) 11,262 13,222 37,030 39,682 6,262 6,373 27,471 31,178

Appendix Table 6. Observed number of death in Vital Statistics and simulated number of death (female)

Female

Groupl. Heasrt

Group2. Cancer

Group3. Stroke

Group4.

Others

Disease
Year observed | simulated | observed | simulated | observed | simulated | observed | Simulated
2005(age:50-59) 2,045 1,501 13,735 9,499 2,223 1,864 6,778 7,138
2006(age:51-60) 2,136 2,090 14,269 14,272 2,264 2,467 7,089 7,544
2007(age:52-61) 2,146 2,354 15,244 14,658 2,209 2,447 7,431 8,134
2008(age:53-62) 2,353 2,487 16,175 15,805 2,332 2,613 7,712 8,822
2009(age:54-63) 2,416 2,598 16,485 17,589 2,435 2,539 8,019 9,512
2010(age:55-64) 2,741 2,901 18,113 20,062 2,393 2,731 8,921 10,308
2011(age:56-65) 3,039 3,269 19,161 23,219 2,588 2,934 11,264 11,156
2012(age:57-66) 3,204 3,843 19,861 27,333 2,603 3,297 10,137 12,107

Appendix Figurel. Comparison of disease prevalence by age and gender among LSMEP, JSTAR, and

NCSLCPHW

(a) diabetes

(b) heart disease
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Four years ago, Japan celebrated 50 years of achieve-
ment of good health at low cost and increasing
equity for its population.t In 1961, at the beginning

An interactive

available at NEJM.org

of a period of rapid economic development, while

the country was still relatively
poor (with a gross domestic prod-
uct [GDP] half the size of Brit-
ain’s), Japan reached full health
insurance coverage of its popula-
tion. In the next half-century, it
continued to develop
its health system and
improve equity, even
applying this principle
of universal health coverage in
its global health diplomacy.
Now, however, Japan faces serious
fiscal pressure due to a sluggish
economy and the rapid aging and
low birth rate of its population
— but it is striving to sustain its
health system in the face of these
challenges.

graphic is

N ENGLJ MED 373;19

Japan followed a nonlinear path
to universal coverage. Previous
Japanese policymakers were some-
times motivated to develop the
health system for reasons of polit-
ical economy that were unrelated
to health. For example, Japan’s
first national policy for health in-
surance was introduced in 1923,
motivated in part by imperial vi-
sions and the desire for a strong
and healthy workforce for war.
During World War II, Japan
achieved nearly 70% health insur-
ance coverage. Then, in the post-
war period, political competition
among the major parties promot-
ed government efforts to expand
coverage, as the conservative Lib-
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eral Democratic Party sought to
provide benefits to its rural con-
stituents and to weaken the agen-
das of the Socialist and Commu-
nist parties by redistributing social
resources to industrial workers.
Japan was not unique in this re-
gard: in countries such as Britain
and Germany, the process of at-
taining universal health coverage
also stretched over long periods
and was advanced by various po-
litical motivations.? Though such
mixed origins don’t diminish the
value of Japan’s health policy ac-
complishments, they do highlight
the importance of viewing the
process from historical and politi-
cal perspectives.

Japan’s achievements in health
status are well known (see table).
Since 1986, Japan has ranked first
in the world in women’s life ex-
pectancy at birth, which reached
87 years in 2014. Life expectancy
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Selected Characteristics of the Health Care System and Health Outcomes in Japan.*

Variable

Health expenditures in 2013
Per capita (U.S. $)
Percentage of GDP
Out-of-pocket (% of private health expenditures)
Public sources (% of total)
Health insurance
Percent of population covered

Funding sources

Access
Hospital beds per 10,000 population in 2013 (no.)
Physicians per 1000 population in 2012 (no.)

Percent of total government health expenditures spent on mental
health care in 2011

Clinics using electronic medical records in 2011 (%)
Physicians’ average monthly income in 2013 (U.S. $)
Life and death
Life expectancy at birth in 2013 (yr)
Additional life expectancy at 60 yr in 2013 (yr)
Deaths per 1000 population in 2013 (no.)
Infant deaths per 1000 live births in 2013 (no.)
Deaths of children <5 yr of age per 1000 live births in 2013 (no.)
Maternal deaths per 100,000 live births in 2013 (no.)
Fertility and childbirth
Average births per woman in 2014 (no.)
Births attended by skilled health staff in 2013 (%)
Preventive care
Colorectal-cancer screening generally available at primary care level
Children 12—-23 mo of age receiving measles immunization in 2013 (%)
Prevalence of chronic diseases (%)
Diabetes in persons 20-79 yr of age in 2014
HIV infection
Prevalence of risk factors (%)
Obesity in adults =20 yr of age in 2013
Smoking in adults =20 yr of age in 2013

Value

3,966
10.3
80.2
82.1

>99.9

Taxes and
premiums

133
2.3
4.9

20.9
11,769

83.5

25.9
10.1
2.1

3.0

34

1.4
99.8

Yes

95.5

5.1
<0.1

3.7
19.3

* Data are from the Organization for Economic Cooperation and Development; the World Bank,
Hashimoto et al.; the Japan Ministry of Health, Labor, and Welfare; the World Health Organi-

zation; and the National Institute of Population and Social Security Research. GDP denotes

gross domestic product, and HIV human immunodeficiency virus.
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for Japanese men surpassed 80
years in 2013. Japan’s infant mor-
tality rate, reported as 2.1 per 1000
live births in 2013, is the lowest

in the world. But a continuing de-
cline in birth rate means that the
country’s population is shrink-
ing, even as it ages more rapidly

THE FUTURE OFJAPAN’S HEALTH SYSTEM

than in other societies. The pro-
portion of people older than 65
years increased from around 12%
in 1990 to 25% in 2013, and the
proportion of older people has
exceeded the proportion of young
people (0 to 14 years of age) since
1997. This demographic transi-
tion has created huge fiscal and
health care challenges.

In addition to improving health
outcomes, Japan’s social insurance
system has made incremental
improvements in equity through
cross-subsidies and tax transfers,
which contributed to income re-
distribution in addition to risk
pooling. As many countries have
done, Japan expanded health cov-
erage population group by popu-
lation group, through policies de-
signed for different groups with
differing levels of coverage (both
in terms of benefits and funding)
— thereby creating disparities
and problems of fairness. Govern-
ment action and new social policy
were required in order to reduce
these inequities. Japan’s single
reimbursement fee schedule (for
all physicians and patients) and
single benefit package for all so-
cial insurance programs created
a foundation for equity in access.
The government then increased
equity by changing the copayment
policies for the various insurance
programs, reducing benefits for
employees of private companies
(by increasing their copayment
rates), and increasing benefits for
the elderly and non—employment-
based insurance plans (by reduc-
ing their copayment rates). Policy-
makers thus made the overall
health system more equitable over
time, reflecting the value that
Japanese society places on egali-
tarianism.

Those achievements in equity
are now at risk. Japan still has
about 3500 insurance plans, with
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MYOCARDIAL INFARCTION

A 55-year-old man with no serious health conditions has a moderately
severe myocardial infarction.

In his suburban Tokyo home, Tanaka-san wakes up one day with
chest pain. When the pain continues for 30 minutes, his family be-
comes worried and calls an ambulance, which arrives in 5 minutes.
The emergency medicine team contacts the dispatcher, who asks a
neighborhood general hospital whether there is room for an admis-
sion but is told that the coronary care unit is full. After 30 minutes of
calls, the dispatcher finally finds a private hospital (with 150 beds)
20 minutes away that is willing to accept the patient.

This hospital has heart catheterization, MRI, and other equip-
ment, and the emergency doctor in charge obtains an electrocardio-
gram and serum enzyme test to diagnose a myocardial infarction.
A cardiologist is called to perform a cardiac catheterization, which
reveals an infarction of a high lateral branch of the left anterior
descending artery. A stent is immediately inserted, and reper-
fusion is established. The patient then stays in the hospital for
2 weeks.

The total hospitalization fee reaches ¥1.5 million (U.S. $12,000,
including two heart stents for $6,700 and facility fees of $2,500).
Coverage from Japan’s High-Cost Medical Care Benefit System
allows Tanaka-san to pay only $1,300, to cover the fee for a single-
bed room for a few nights, insurance copayments, and some extra
meal fees.

The day before discharge, Tanaka-san receives instructions on
medication and lifestyle counseling. He is instructed to visit the out-
patient clinic 2 weeks later. Because the hospital is far from his home,
the patient asks for an introduction to a nearby general practitioner.
Eight months later, however, follow-up angiography to see whether
any restenosis has occurred has still not been done.

Hideki Hashimoto, Masayo Matsuzaki, and Mikko Kanda contributed to this case
study.

varying premium levels, so some
private companies or municipali-
ties provide better financial bene-
fits than others. The fragmented
insurance plans are differentially
affected by the increasing num-
ber of elderly people in Japan.
As people age and retire, they move
from employment-based plans
to non—employment-based plans,
whose costs per person increase
as older enrollees are added. As
a result, non—employment-based
plans increasingly have financial

N ENGLJ MED 373;19

problems, especially as compared
with Japan’s employment-based
plans. In an effort to reduce the
financial problems for these plans
and address the needs of the ag-
ing population, Japan introduced
a national policy for long-term
care insurance in 2000, and in
2008, it created a new health in-
surance program for people over
75 years of age.

Rising health care costs are a
serious concern in Japan today:
if the country takes no action,
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health expenditures could increase
from the current 8% of GDP to
around 11% by 2025.# Rising
costs are a result of structural
problems in the health system,
especially the rapidly aging pop-
ulation and the frequent use of
high-cost technologies such as
magnetic resonance imaging and
relatively high-priced generic med-
icines (which cost 60% of brand-
name prices in Japan). Two de-
cades of economic stagnation
during the 1990s and 2000s (the
“lost decades”) also mean that
health care costs have been tak-
ing a proportionately greater bite
out of the GDP.

A final major challenge involves
improving the quality of care in
the Japanese system. Quality and
efficiency have often been ig-
nored by Japan’s health policies.
Existing government programs
tend to focus on quantifying in-
puts and structures rather than
on creating incentives to improve
quality or addressing problems
in outcomes. Some studies have
suggested that postsurgical mor-
tality rates in large hospitals in
Japan are as low as those report-
ed in other countries but that the
quality of primary care and inpa-
tient chronic care services may be
problematic.? Japanese hospitals
and clinics are poorly differentiat-
ed by level of services, and there
is no standardized benchmarking
to assess hospital performance.

The Japanese government is
acutely aware of these challenges
and the intersecting crises of rapid
aging and fiscal sustainability,
which are further confounded by
the health system’s complex gov-
ernance, including the mecha-
nism for defining the fee sched-
ule, as well as people’s changing
expectations about both medical
and nonmedical aspects of health
care.r The government is trying
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PREGNANCY AND CHILDBIRTH

A healthy 23-year-old woman is pregnant for the first time.

Suzuki-san is married and lives in a Tokyo suburb. Realizing that
she is pregnant, she goes to a neighborhood hospital to consult an
obstetrician, who confirms the pregnancy, and she pays him ¥8,000
(U.S. $64), since pregnancy is not covered by Japan’s national health
insurance.

Suzuki-san next visits the nearby municipal health center. She
notifies the authorities about her pregnancy and receives the Mother
and Child Health Handbook, to record information from the physi-
cian's medical examination, any concerns about the pregnancy, ob-
servations about the newborn baby, and ongoing observations
about the infant. She also receives a pregnancy health checkup con-
sultation ticket and an ultrasound inspection visit ticket, which pro-
vide her with partial financial support for these antenatal services.

During her pregnancy, Suzuki-san follows the typical schedule of
14 visits for health checkups at her hospital. At each visit, she is ex-
amined by the obstetrician for risks and symptoms of pregnancy
complications and meets with the midwife for nutritional and men-

tal health care and support.

At 20 weeks, she decides on a hospital and on a vaginal delivery.
After the birth, Suzuki-san stays as an inpatient for 5 days. She pays
a total of ¥620,000 ($5,000) for all hospital services and is reim-
bursed by health insurance for ¥420,000 ($3,400).

Two weeks after the birth, a midwife will visit Suzuki-san at home
at no charge. Two weeks later, Suzuki-san will bring her infant to the
hospital where she gave birth, where she will see an obstetrician-
gynecologist and her child will see a pediatrician.

Hideki Hashimoto, Masayo Matsuzaki, and Mikko Kanda contributed to this case study.

to find ways to ensure fiscal sus-
tainability, in response to the com-
mitment made by Prime Minister
Shinzo Abe to eliminate deficits
by 2020. Recent laws seek to pro-
mote both the differentiation of
hospitals by function and the
community-level integration of
medical treatment, long-term care,
and preventive care by 2025. Japan
is also considering a proposal to
consolidate insurance plans at the
prefectural level. In 2014, the Abe
cabinet endorsed a government
health care strategy that aims to
facilitate the development of in-
novative technologies through a

N ENGLJ MED 373;19 NEJM.ORG

new Agency for Medical Research
and Development. But these
changes are not likely to be suf-
ficient to address the profound
fiscal and demographic problems
facing the country. Maintaining
Japan’s current system by increas-
ing premiums or taxes while cut-
ting benefits, as was done in the
past, might buy some time —
but it would be very costly po-
litically and would not resolve
fundamental structural problems.
Incremental changes at the mar-
gins will no longer suffice.
Instead, we believe that Japan
needs a new vision of health care

The New England Journal of Medicine
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and health systems for the future.
In June 2015, an advisory panel
of young experts, appointed by
Health Minister Yasuhisa Shiozaki,
presented its vision of health care
for Japan in 2035.° The panel’s
report proposes a paradigm shift
for Japan’s health system, to re-
direct its focus from inputs to
outcomes, from the quantity of
services provided to patients’ con-
cerns about quality, from govern-
mental regulation to professional
self-regulation, from cure to care
and well-being, and from special-
ization of services to integrated
approaches across medical and so-
cial service sectors. The new health
system would continue to empha-
size fairness and solidarity, while
building on individual patient val-
ues and desires and emphasizing
global health perspectives.> The
government, recognizing that
Japan needs new solutions for its
profound problems, has explicitly
called on the younger generation
to produce innovative ideas for
improving the health system.

The hope is that Japan will be
able to mobilize new ideas, sys-
tems, and technologies to assist
its growing elderly population and
conform to changing social val-
ues and growing structural con-
straints and that the Japanese
government will be able to jump-
start the economy and get it grow-
ing again (using Prime Minister
Shinzo Abe’s strategies of govern-
ment spending, monetary easing,
and structural reforms, known as
“Abenomics”), even as the popu-
lation continues to age and
shrink. More and more countries
are confronting similar challeng-
es, but Japan is first in line. Ac-
complishing these multiple and
sometimes conflicting goals will
not be easy, but that’s the chal-
lenge that Japan’s health system
and society must tackle.

NOVEMBER 5, 2015
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owadays, the reality of ex-

orbitant drug pricing over-
shadows even the most excep-
tional stories of drug efficacy.
It’s true that we’re making huge
biomedical strides, yet it’s also
true that prices for new drugs
are rising, as are prices of exist-
ing treatments.

A case in point is nivolumab,
which, as Motzer et al. report in
this issue of the Journal (pages
1803-1813), appears to extend
median survival in patients with
metastatic renal-cell cancer by
nearly half a year. But the cost to
insurers and patients of using
the drug for this condition — by
my estimate, around $65,000 for
Medicare beneficiaries and up to
twice that for commercially in-
sured patients — can’t be ignored.

The price hurts patients, limit-
ing their access and depleting
their savings. Under the current
system of insurance, many pa-
tients have to pay large sums out
of pocket, and research shows
that when that happens, some
patients will stop taking medica-
tions even if they are very effec-
tive. The high costs of cancer care
also drive patients into bankruptcy.

The problem is particularly
acute for Medicare beneficiaries,
who account for the majority of

N ENGLJ MED 373;19

New Math on Drug Cost-Effectiveness

Peter B. Bach, M.D., M.A.P.P.

patients with cancer in the United
States. For nivolumab, a drug
categorized as physician-admin-
istered and thus insured under
Medicare’s Part B benefit, Medi-
care assigns 20% of the cost to
the patient. Although most Med-
icare beneficiaries have extra in-
surance to cover this expense
— through Medicaid, an employer-
based plan, or a private-market
product such as Medigap — ap-
proximately 15% do not, accord-
ing to the 2011 Medicare Current
Beneficiary Survey. In other words,
a sizable number of Medicare pa-
tients receiving this treatment
could owe about $13,000 —
more than half the typical annual
median income among Medicare
beneficiaries, which is $24,150
(Medicare beneficiaries who lack
additional coverage actually tend
to have incomes below this level).

Exacerbating this problem,
Medicare sets no upper limit on
coinsurance under Part B (or un-
der Part D) even though commer-
cial plans regulated under the
Affordable Care Act do have out-
of-pocket maximums. Federal law
prevents the maker of nivolumab
(Bristol-Myers Squibb) from pro-
viding assistance to patients who
cannot afford the treatment. Pro-
grams such as Genentech’s for

NEJM.ORG
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Related article, p. 1803

Avastin, in which beneficiaries
receive the drug free once they
have spent a certain amount in a
calendar year, are rare.?

Policymakers, stymied by the
rising cost of drugs, might think
that an approach that relies on
cost-effectiveness analyses would
help the health care system deal
with the high price of new treat-
ments. After all, the United King-
dom sets standards for cost-effec-
tiveness at about $40,000 per
quality-adjusted life-year for new
drugs, and overall health care
spending there is a fraction of
what it is in the United States.

Of course, this potential solu-
tion remains theoretical today,
since Medicare cannot limit drug
access on the basis of cost-effec-
tiveness; rather, laws require
Medicare to cover all cancer drugs
for all uses approved by the Food
and Drug Administration (FDA) or
listed in recognized compendia
and to pay the price the manu-
facturer chooses to charge. But
even if Medicare could set such
limits, I believe that policymakers
would find limited relief from
the approach.

Expensive drugs can still seem
deceptively cost-effective, because
of the long upward spiral we have
seen in the prices of cancer treat-
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Abstract

Background

China has rapidly expanded health insurance coverage over the past decade but its impact
on hypertension control is not well known. We analyzed factors associated with hyperten-
sion and the impact of health insurance on the management of hypertension in China from
1991 to 2009.

Methods and Findings

We used individual-level data from the China Health and Nutrition Survey (CHNS) for blood
pressure, BMI, and other socio-economic variables. We employed multi-level logistic
regression models to estimate the factors associated with prevalence and management of
hypertension. We also estimated the effects of health insurance on management of hyper-
tension using propensity score matching. We found that prevalence of hypertension
increased from 23.8% (95% Cl: 22.5-25.1%) in 1991 to 31.5% (28.5-34.7%) in 2009. The
proportion of hypertensive patients aware of their condition increased from 31.7% (28.7—
34.9%) 10 51.1% (45.1-57.0%). The proportion of diagnosed hypertensive patients in treat-
ment increased by 35.5% in the 19 years, while the proportion of those in treatment with
controlled blood pressure remained low. Among diagnosed hypertensives, health insurance
increased the probability of receiving treatment by 28.7% (95% CI: 10.6—46.7%) compared
to propensity-matched individuals not covered by health insurance.

Conclusions

Hypertension continues to be a major health threat in China and effective control has not
improved over time despite large improvements in awareness and treatment access. This
suggests problems in treatment quality, medication adherence and patient understanding
of the condition. Improvements in hypertension management, quality of medical care for
those at high risk, and better health insurance packages are needed.
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Introduction

In China, hypertension is the second most common disease risk factor [1]. Approximately 177
million people are estimated to be living with hypertension, with relatively low rates of aware-
ness and control of this condition. [2,3] Previous studies have shown that public health services
may be making little contribution in informing patients of their hypertensive status, [4] and
more research is needed to understand how the response to this disease can be improved in the
context of a rapidly changing health system and an aging population. Also, although some
research on hypertension management in China has been conducted, the direct associations of
health insurance on hypertension management still remain unknown.

China’s health insurance coverage has increased rapidly from 45% in 2006 to around 90%
in 2009, [5] but the effectiveness of health insurance packages for hypertensive patients is not
yet well understood at the population level, even though some contain special measures for
severely hypertensive patients. [6] Given China’s rapid development over the past decade and
the changes in health insurance coverage over the last five years, it is essential to evaluate the
impact of health insurance on hypertension management and control.

In this article we had three main objectives:

« Estimating the prevalence of hypertension in China during the period of the CHNS;

o Estimating the proportion of those with prevalent hypertension who were aware of their dis-
ease, receiving treatment for it, or had controlled blood pressure;

o Estimating the effect of increased health insurance coverage on the management of
hypertension.

Method

Data sources

We used datasets from the China Health and Nutrition Survey (CHNS), a cohort study estab-
lished in 1989 with a total of eight survey waves in nine provinces until 2009. From 1989 to
2009, the CHNS collected data over a total of eight waves in nine provinces: Guangxi, Guizhou,
Heilongjiang, Henan, Hubei, Hunan, Jiangsu, Liaoning, and Shandong. A stratified, multistage
cluster sampling process was used to select samples in each of the provinces. Counties in each
province were stratified according to income (low, middle, and high), and four counties in each
province were selected using probability sampling. In each province, the capital city and a low-
income city were selected if possible, although in two provinces large cities other than capitals
had to be selected. Within these primary sampling units, villages, townships and urban/subur-
ban neighborhoods were selected randomly. From 1989 to 1993 there were 190 primary sam-
pling units: 32 urban neighborhoods, 30 suburban neighborhoods, 32 towns (county capital
city), and 96 rural villages. After 2000, this increased to 216 units comprised of 36 urban neigh-
borhoods, 36 suburban neighborhoods, 36 towns, and 108 villages. [7]

In this study, we used a repeated cross-sectional design, focusing on only new subjects
above 35 years old in each wave for two reasons: First, physical exams in previous waves may
have some effect on the awareness of high blood pressure in study subjects; secondly, the popu-
lation under 35 has low prevalence of hypertension and hypertension in this age group may
reflect very different risk factors. We excluded the first (1989) wave because the blood pressure
testing method was different in this wave and information on some other socioeconomic vari-
ables was missing. Participants without fully recorded blood pressure testing results in other
waves were also excluded in this study. For propensity score matching, we also took out partici-
pants who did not have socioeconomic variables that we used for matching.
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Statistical analysis

Multi-level logistic regression models were used in this analysis. We modeled a household-
level random intercept to adjust for the genetic and socio-economic similarities within one
family. The four outcomes in these models were:

1. Prevalence, defined as hypertension diagnosed at the time of entry into the study cohort or
normal blood pressure readings in a subject currently taking anti-hypertensive medication.
Hypertension was defined as average systolic blood pressure of the second and third of
three tests>140 mm Hg, or average diastolic blood pressure of the second and third test>90
mm Hg;

2. Awareness, defined as a self-report of medically-diagnosed hypertension among subjects
with hypertension;

3. Treatment, defined as people aware of their hypertension who were receiving anti-hyperten-
sive medication treatment; and

4. Control, defined as normal blood pressure among people who were receiving treatment

Predictors tested in this model were sex, obesity, age and region of residence; study wave;
education; income; presence of health insurance; smoking and alcohol use. Household per cap-
ita income in Yuan, inflated to 2009 values (1 US dollar = 6.83 Yuan), [8] was used as the
income predictor in the model, divided into quintiles. Standardized prevalence of hypertension
was also calculated to adjust for changes in the age distribution of new entrants over time.
Since no information on probability weights is provided in the CHNS, no probability weights
were used in this model. [7] We retained all possible predictors in our final regression model
including those that were not statistically significant.

Propensity score matching

We employed propensity score matching to estimate the average effects of health insurance on
the management and control of hypertension. Propensity score matching is a process to adjust
the data by matching the treated group to a control group that is defined as similar according
to a propensity score developed based on background characteristics. [9] After propensity
score matching, the comparability between the treatment variable (in this study, health insur-
ance) and confounder variables is enhanced. By reducing the link between treatment variable
and background variables through propensity score matching, regression results are less
model-dependent and have reduced potential for bias. [9]

For the propensity score matching analysis, we used the k-Nearest neighbors matching
method with five neighbors and matched individuals having health insurance with individuals
who did not have health insurance using a propensity-score calculated based on study wave,
age, sex, province, residency, income, and education level. One-to-one matching was used for
sensitivity analysis, and found the similar results.

Results
Demographic characteristics of the sample

A total of 25,936 new subjects were involved in the CHNS until 2009. From these 1609 (6.2%)
new participants in wave 1989 and 14,356 (55.4%) subjects aged under 35 or with no age infor-
mation were removed. Finally, a total of 9971 (38.4%) subjects were used in our study with a
mean age of 52.5 (range 35.0 to 96.5 years old). Table 1 shows the descriptive statistics of the

PLOS ONE | DOI:10.1371/journal.pone.0152091 March 22, 2016 3/14



@'PLOS ‘ ONE

Health Insurance and Hypertension Control

Table 1. Demographic and socio-economic properties of the sample.

Frequency Proportion (%)
Wave
1991 4532 45.5
1993 414 42
1997 1705 171
2000 738 7.4
2004 1029 10.3
2006 475 4.8
2009 1078 10.8
Gender
Male 4826 48.4
Female 5145 51.6
Province
Liaoning 1113 11.2
Heilongjiang 914 9.2
Jiangsu 1160 11.6
Shandong 1293 13.0
Henan 1202 12.1
Hubei 874 8.8
Hunan 968 9.7
Guangxi 1297 13.0
Guizhou 1150 11.5
Residency
Urban 3931 39.4
Rural 6040 60.6
Age
35-44 3465 34.8
45-54 2572 25.8
55-64 2164 21.7
65-74 1221 12.3
>75 549 5.5
BMI
Normal 6488 65.1
Underweight 774 7.8
Overweight 1948 19.5
Obese 761 7.6
Smoking history
None or past smoker 6470 66.1
Current smoker 3313 33.9
Alcohol use frequency
None 6095 62.3
No more than 2 times a week 1948 19.9
More than 2 times a week 1738 17.8
Health insurance
No 6221 62.6
Yes 3714 37.4
Education
Not graduated from primary school 3729 38.6
(Continued)
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Table 1. (Continued)

Frequency Proportion (%)
Graduated from primary school 2138 221
Graduated from middle or high school 3042 31.5
Tertiary education 765 7.9

doi:10.1371/journal.pone.0152091.t001

study sample. The health insurance coverage rate in this sample was 37.4%, and 45.5% of the
total sample came from the 1991 wave.

Prevalence of hypertension

Table 2 shows prevalence of hypertension along with multi-level logistic regression analysis
results. Prevalence of hypertension among the whole sample was 28.3% (95% CI 27.3-29.2%)
and increased to 31.5% (28.5-34.7%) in 2009. Trends in prevalence of hypertension were
unchanged after standardization using the WHO Standard Population as a reference distri-
bution. Age was significantly positively associated with prevalence of hypertension, and more
than half of elderly individuals (over 65 years old) had hypertension. Consistent with previ-
ous studies, women had lower prevalence of hypertension than men with odds ratio 0.67
(95% CI 0.57-0.79). Obesity increased the odds ratio of being hypertensive by a factor of 4.48
(3.41-5.89). Heavy drinking was also positively associated with prevalence of hypertension
with an odds ratio of 1.34 (1.11-1.61). However, smoking and income had little effect. Com-
pared to Liaoning province, Jiangsu, Hubei, and Guangxi provinces had lower prevalence of
hypertension.

Trends in factors associated with hypertension

Fig 1 shows how trends in tobacco and alcohol use, BMI and health insurance coverage have
changed over time in this survey. The smoking rate increased from 1991 to 1993, and gradually
decreased after that. The obesity rate (including obesity and overweight) increased slightly
from 1991 to 2009. Health insurance coverage increased over time and grew rapidly after 2006.
In 2009, health insurance coverage reached around 90% in this sample.

Management and control of hypertension

Table 3 shows hypertension prevalence, awareness rates amongst hypertensives, treatment
rates amongst diagnosed hypertensives, and control rates amongst medically-treated hyperten-
sives in each wave. Fig 2 shows the trends in prevalence and outcomes of hypertension man-
agement over time. The proportion of people with hypertension who were aware of their
condition gradually increased over time and reached 51.1% (95% CI 45.1-57.0%) in 2009
(Table 3). Table 4 shows the logistic regression results of management outcomes. Elderly, obese
and well-educated subjects were more likely to be aware of their hypertension. Current smok-
ers or people living in rural areas were less likely to know about their hypertension. Inequality
in hypertension awareness rates was found among different provinces, with people from
Jiangsu, Hubei, and Guangxi provinces more likely to be diagnosed (Table 4).

Among individuals who were diagnosed as hypertensive, treatment rates have increased
rapidly from 66.2% (60.3-71.7%) to 89.7% (83.6-94.1%) over the 19 years (Table 3). Although
treatment rates increased rapidly over time, only 32.1% (95% CI 24.2-40.8%) of treated people
had their hypertension under control in the latest survey in 2009 (Table 3). Table 4 shows that
only age and district were significantly associated with control, with older people or residents

PLOS ONE | DOI:10.1371/journal.pone.0152091 March 22, 2016 5/14



@'PLOS ‘ ONE

Health Insurance and Hypertension Control

Table 2. Prevalence of hypertension by key risk factors.

Frequency Proportion (%) Odds ratio (95% Cl) P-value
Age
35-44 385 12.1 1 NA
45-54 566 23.7 2.41 (2.02-2.88) <0.001
55-64 790 38.6 5.67 (4.67-6.88) <0.001
65-74 605 52.4 12.10 (9.56-15.30) <0.001
>75 273 55.0 16.62 (12.23-22.58) <0.001
Wave
1991 1040 23.8 1 NA
1993 117 29.9 1.25 (0.92-1.71) 0.2
1997 501 33.5 1.38 (1.12-1.71) 0.003
2000 229 315 1.14 (0.87-1.50) 0.3
2004 311 325 1.20 (0.95-1.52) 0.1
2006 133 31.7 1.23 (0.90-1.66) 0.2
2009 288 31.5 1.36 (1.06-1.74) 0.02
Gender
Male 1342 30.2 1 NA
Female 1277 26.5 0.66 (0.57-0.77) <0.001
Province
Liaoning 420 38.1 1 NA
Heilongjiang 284 36.9 0.99 (0.73-1.33) 0.9
Jiangsu 331 30.1 0.46 (0.36—0.60) <0.001
Shandong 410 32.4 0.63 (0.50-0.81) <0.001
Henan 286 28.5 0.58 (0.45-0.75) <0.001
Hubei 234 28.1 0.65 (0.50-0.86) 0.002
Hunan 207 23.6 0.56 (0.43-0.74) <0.001
Guangxi 230 19.3 0.35 (0.26-0.45) <0.001
Guizhou 217 19.4 0.36 (0.27-0.47) <0.001
Residency
Urban 1225 33.3 1 NA
Rural 1394 249 0.90 (0.78-1.03) 0.1
BMI
Normal 1456 23.3 1 NA
Underweight 160 21.3 0.58 (0.46-0.75) <0.001
Overweight 788 41.6 2.39 (2.06-2.77) <0.001
Obesity 225 56.1 4.25 (3.24-5.58) <0.001
Smoke
No or used 1754 29.0 1 NA
Current smoker 810 26.5 0.83 (0.72-0.97) 0.02
Alcohol use frequency
No 1607 28.2 1 NA
No more than 2 times a week 428 241 0.93 (0.79-1.11) 0.4
More than 2 times a week 530 32.4 1.29 (1.07-1.54) 0.007
Have health insurance
No 1431 24.6 1 NA
Yes 1181 34.5 1.15 (0.99-1.32) 0.06
Education
No graduated from primary school 1070 30.5 1 NA
(Continued)
PLOS ONE | DOI:10.1371/journal.pone.0152091 March 22, 2016 6/14



el e
@ ) PLOS ‘ ONE Health Insurance and Hypertension Control

Table 2. (Continued)

Frequency Proportion (%) Odds ratio (95% Cl) P-value
Graduated from primary school 517 25.9 0.90 (0.75-1.07) 0.2
Graduated from middle or school 700 25.2 1.04 (0.87—1.24) 0.7
Tertiary education 207 29.3 0.72 (0.55-0.94) 0.02
Quintiles of income
1 486 225 1 NA
2 383 24.6 1.10 (0.90-1.36) 0.4
3 597 32.0 1.25 (1.03-1.52) 0.03
4 550 30.0 1.04 (0.85-1.28) 0.7
5 590 33.0 0.98 (0.78-1.25) 0.9

doi:10.1371/journal.pone.0152091.t002

of Liaoning and Shandong provinces less likely to have their hypertension under control.
There was no significant time trend in control rates amongst treated patients, and increased
health insurance coverage also had little association with control.

Propensity score matching

The average treatment effects of health insurance on awareness in total were 0.05 (95% CI
-0.08 t0 0.19, p-value 0.2), 0.06 (-0.08 to 0.20, p-value 0.2) in urban areas and 0.01 (-0.21 to
0.23, p-value 0.5) in rural areas after propensity score matching. The average treatment effect
of health insurance on treatment was 0.29 (0.11 to 0.47, p-value 0.001) in total, 0.27 (0.05 to
0.48, p-value 0.008) in urban areas and 0.27 (-0.11 to 0.65, p-value 0.08) in rural areas. The

Percentage (%)
10 20 30 40 50 60 70 80 90 100

0
1

T T T T | | | T T T
1991 1993 1995 1997 1999 2001 2003 2005 2007 2009
Years

Current smoking ——— Overweight
Heavy drinking Health insurance coverage

Fig 1. Trends in smoking, heavy drinking, obesity (including overweight and obesity) and health insurance coverage.
doi:10.1371/journal.pone.0152091.g001
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Table 3. Prevalence, awareness, treatment and control of hypertension.

Wave

1991
1993
1997
2000
2004
2006
2009
Total

Frequency

1040
117
501
229
311
133
288

2619

Prevalence

Proportion
(95% Cl) (%)
23.8 (22.5-25.1)
29.9 (25.4-34.7)
33.5 (31.1-36.0)
31.5 (28.1-35.0)
32.5 (29.6-35.6)
31.7 (27.3-36.4)
31.5 (28.5-34.7)
28.3 (27.3-29.2)

doi:10.1371/journal.pone.0152091.t003

Awareness Treatment Control
Frequency Proportion Frequency Proportion Frequency Proportion
(95% Cl) (%) (95% Cl) (%) (95% ClI) (%)
283 31.7 (28.7-34.9) 186 66.2 (60.3-71.7) 37 19.9 (14.4-26.4)
25 24.5 (16.5-34.0) 18 72.0 (50.6-87.9) 4 22.2 (6.4-47.6)
124 25.1 (21.3-29.1) 101 81.5 (73.5-87.9) 33 32.7 (23.7-42.7)
89 39.4 (33.0-46.1) 71 79.8 (70.0-87.6) 18 25.4 (15.8-37.1)
122 39.7 (34.2-45.5) 106 86.9 (79.6-92.3) 37 34.9 (25.9-44.8)
55 41.4 (32.9-50.2) 46 83.6 (71.2-92.2) 13 28.3 (16.0-43.5)
146 51.1 (45.1-57.0) 131 89.7 (83.6-94.1) 42 32.1 (24.2-40.8)
844 34.6(32.7-36.5) 659 78.3(75.3-81.0) 184 27.9 (24.5-31.5)

average treatment effect of health insurance on control was -0.12 (-0.32 to 0.09, p-value 0.9) in
total, -0.07 (-0.30 to 0.16, p-value 0.7) in urban areas and -0.05 (-0.41 to 0.30, p-value 0.6) in
rural areas. Health insurance showed a positive effect only on treatment, people with health
insurance had a 29% higher chance to receive hypertension treatment compared to those who
do not have health insurance. The effect on awareness and control was not significant, which
was consistent with the logistic regression results.

Among diagnosed hypertensives, health insurance increased the probability that they would
receive treatment by 28.7% (95% CI: 10.6-46.7%, p-value 0.001) compared to propensity-
matched individuals who were not covered by health insurance.

| 1 1 1 1

Percentage (%)
10 20 30 40 50 60 70 80 90 100
1

1

1

T T T T T T T T T T
1991 1993 1995 1997 1999 2001 2003 2005 2007 2009

Year

Prevalence n —— Awareness
Treatment —  Control

Fig 2. Trends in prevalence, awareness, treatment and control of hypertension.
doi:10.1371/journal.pone.0152091.g002
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Table 4. Characteristics of management outcomes.

Awareness Treatment Control

Odds ratio (95% Cl) P-value Odds ratio (95% Cl) P-value Odds ratio (95% Cl) P-value

Age
3544 1 NA 1 NA 1 NA
45-54 2.01 (1.37-2.95) <0.001 1.85 (0.61-5.62) 0.3 0.44 (0.20-0.96) 0.04
55-64 3.53 (2.39-5.22) <0.001 2.19 (0.77-6.26) 0.1 0.45 (0.22-0.95) 0.04
65-74 3.82 (2.51-5.80) <0.001 1.31 (0.46-3.70) 0.6 0.49 (0.22-1.07) 0.07
>75 2.95 (1.82-4.79) <0.001 5.73 (1.05-31.30) 0.04 0.45 (0.18-1.13) 0.09
Wave
1991 1 NA 1 NA 1 NA
1993 0.80 (0.45-1.46) 0.5 2.12 (0.45-9.99) 0.3 0.73 (0.18-3.00) 0.6
1997 0.57 (0.40-0.81) 0.002 2.88 (0.92-9.00) 0.07 1.43 (0.74-2.80) 0.3
2000 1.18 (0.76-1.84) 0.5 4.47 (1.22-16.32) 0.02 1.82 (0.78-4.25) 0.2
2004 1.11 (0.77-1.62) 0.6 4.75 (1.36-16.58) 0.02 2.03 (1.04-4.00) 0.04
2006 1.23 (0.77-1.98) 0.4 3.85 (0.91-16.23) 0.07 1.21 (0.52-2.84) 0.7
2009 1.90 (1.28-2.82) 0.001 3.78 (1.14-12.59) 0.03 1.71 (0.88-3.34) 0.1
Gender
Male 1 NA 1 NA 1 NA
Female 1.35 (1.04-1.74) 0.02 1.18 (0.61-2.27) 0.6 0.79 (0.49-1.26) 0.3
Province
Liaoning 1 NA 1 NA 1 NA
Heilongjiang 1.27 (0.80-2.03) 0.3 0.87 (0.26-2.77) 0.8 3.19 (1.30-7.82) 0.01
Jiangsu 1.87 (1.26-2.78) 0.002 4.99 (1.28-19.54) 0.02 2.65 (1.22-5.79) 0.01
Shandong 1.08 (0.74—1.58) 0.7 1.82 (0.66-5.02) 0.2 1.95 (0.84—4.56) 0.1
Henan 1.01 (0.66—1.55) 0.9 3.97 (1.01-15.55) 0.05 2.48 (1.05-5.89) 0.04
Hubei 1.89 (1.21-2.97) 0.005 2.67 (0.78-9.15) 0.1 3.49 (1.41-8.630) 0.007
Hunan 1.45 (0.91-2.32) 0.1 2.40 (0.69-8.34) 0.2 3.65 (1.41-9.44) 0.008
Guangxi 1.58 (1.01-2.46) 0.04 3.63 (0.91-14.40) 0.07 4.05 (1.69-9.72) 0.002
Guizhou 1.55 (0.96-2.51) 0.08 1.96 (0.54-7.17) 0.3 2.79 (1.09-7.13) 0.03
Residency
Urban 1 NA 1 NA 1 NA
Rural 0.75 (0.60-0.95) 0.01 1.05 (0.58-1.91) 0.9 1.02 (0.68—1.56) 0.9
BMI
Normal 1 NA 1 NA 1 NA
Underweight 0.50 (0.29-0.84) 0.01 4.22 (0.66-26.86) 0.1 0.83 (0.28-2.48) 0.7
Overweight 1.39 (1.10-1.76) 0.005 1.57 (0.84-2.95) 0.2 0.62 (0.40-0.96) 0.03
Obesity 3.04 (2.07-4.45) <0.001 5.07 (1.29-19.84) 0.02 1.51 (0.89-2.58) 0.1
Smoke
No or used 1 NA 1 NA 1 NA
Current smoker 0.71 (0.54-0.93) 0.01 1.00 (0.50-2.01) 1 0.86 (0.50-1.46) 0.6
Alcohol use frequency
No 1 NA 1 NA 1 NA
No more than 2 times a week 0.92 (0.68-1.26) 0.6 1.19 (0.52-2.75) 0.7 0.81 (0.45-1.44) 0.5
More than 2 times a week 0.74 (0.54-1.02) 0.07 0.59 (0.24-1.44) 0.2 0.85 (0.43-1.67) 0.6
Have health insurance
No 1 NA 1 NA 1 NA
Yes 1.02 (0.79-1.31) 0.9 2.81 (1.22-6.46) 0.02 0.65 (0.40-1.07) 0.09
Education
(Continued)

PLOS ONE | DOI:10.1371/journal.pone.0152091 March 22, 2016 9/14



@’PLOS ‘ ONE

Health Insurance and Hypertension Control

Table 4. (Continued)

No graduated from primary school
Graduated from primary school
Graduated from middle or school
Tertiary education

Quintiles of income

doi:10.1371/journal.pone.0152091.1004

Awareness Treatment Control
Odds ratio (95% Cl) P-value Odds ratio (95% Cl) P-value Odds ratio (95% Cl) P-value

1 NA 1 NA 1 NA
1.58 (1.16-2.15) 0.003 1.39 (0.61-3.14) 0.4 0.81 (0.45-1.45) 0.5
1.52 (1.11-2.09) 0.009 0.80 (0.34-1.88) 0.6 1.51 (0.85-2.69) 0.2
1.85 (1.19-2.86) 0.006 2.88 (0.74-11.31) 0.1 1.59 (0.78-3.26) 0.2

1 NA 1 NA 1 NA
0.89 (0.60-1.31) 0.6 0.88 (0.33-2.32) 0.8 1.39 (0.59-3.29) 0.5
0.97 (0.69-1.37) 0.9 1.32 (0.54-3.25) 0.5 1.16 (0.55-2.46) 0.7
1.12 (0.79-1.60) 0.5 1.09 (0.45-2.64) 0.8 1.82 (0.90-3.65) 0.1
0.98 (0.66-1.45) 0.9 1.52 (0.52—4.49) 0.4 1.56 (0.73-3.32) 0.3

Discussion

This is the first population-based study to assess trends in the management and control of
hypertension using a household survey covering 19 years of rapid change in China, which used
a similar sampling and data collection method for seven consecutive waves. Trends in preva-
lence and management of hypertension were comparable in each wave, along with their risk
factors, so the results are comparable over time and enable comparison of the periods before
and after coverage of insurance increased. This is also the first study to estimate the treatment
effects of health insurance on prevalence and management of hypertension in China using pro-
pensity score matching.

Prevalence of hypertension reached about 30% after 1997, which is slightly higher than
found in a cross-sectional study by Gao and colleagues in 2013 based on data collected from
the 2007-2008 China National Diabetes and Metabolic Disorders Study. [10] This may be
because of different definitions of hypertension in these two studies. Our method of defining
hypertension was slightly less restrictive than that of Gao and colleagues, and may give
increased prevalence estimates relative to their findings.

According to the latest Chinese guidelines for the management of hypertension, the preva-
lence of hypertension has significantly increased over time. [3] However, in this study, the time
trend remains stable, which may be explained in two ways. First, the data used in the 2010 Chi-
nese guidelines came from four surveys, with different study populations, methods and defini-
tions. Second, we only used new participants in the CHNS, who have a similar age structure in
each wave. Since age is the most important determinant of prevalence, similar age structures
may result in a non-significant time trend while in other surveys, the age structure is changing
in the study sample along with the aging process nationwide.

Consistent with previous studies, elderly men were at higher risk of hypertension, and obe-
sity and heavy drinking had a strong positive effect on prevalence of hypertension. [4] People
with middle incomes were more likely to have hypertension, which may be attributed to their
lifestyles. The CHNS study does not include comprehensive information on salt intake, but
according to previous studies, salt is widely used in home cooking in China. [11] Daily salt
intake is generally higher in northern areas, and more than 80% of residents take salt in excess
of dietary recommendations. [12] Unobserved differences in salt intake may explain regional
or wealth-based differences in hypertension in this study. Smoking rates slightly decreased
over time in this study, consistent with previous national surveys. [13] Also, consistent with
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previous studies, the prevalence of overweight and obesity in our study increased rapidly with
rapid development in the economy and living standards in China. [14]

The awareness rate increased over time, and in the 2009 wave half of people who had hyper-
tension were diagnosed. Although elderly and overweight people had greater awareness of
their hypertensive status, the rate of awareness among these groups is still low given their
much higher risk of hypertension. People living in rural areas and with lower education levels
are less likely to be aware of their hypertension. This may be because these people lack the
resources to obtain hypertension knowledge. Health education programs for elderly and rural
populations may be effective ways to promote awareness of hypertension. [15] Differences in
hypertension awareness between rural and urban areas may also relate to different types of
health insurance targeting different populations. For instance, the New Rural Cooperative
Medical Scheme (NCMS) covers people in rural areas while the Urban Resident/Employee
Basic Medical Insurance covers people in urban areas. Our results indicate that there might be
some inequity between urban and rural health insurance packages in early diagnoses of hyper-
tension. Inequities in service utilization and health outcomes between urban and rural areas
have been reported, especially in 1990s. [16]

Treatment rates amongst those diagnosed with hypertension increased to around 90% by
2009. However, among people receiving medication, the proportion of people who have actu-
ally achieved control of their hypertension was only 30%. This situation of low control of
hypertension is consistent with previous studies both in China and other countries, which
found limited hypertension-related knowledge, ignorance of non-pharmacological treatments,
unsatisfactory medication adherence, and inappropriate medical treatment all limited the
effectiveness of treatments. [3,17,18]

Although elderly people were at higher risk of hypertension, they were less likely to have
controlled hypertension. This may be because systolic hypertension due to age-related factors
such as arteriosclerosis was common among elderly people. [19] Previous studies have shown
that it is more difficult to control systolic blood pressure than diastolic blood pressure, and
combinations of two or more antihypertension drugs are required for effective treatment. [20]
Also, inequalities in hypertension prevalence and management were found across provinces,
which may be due to variation in lifestyles, dietary habits, health treatment costs, insurance
reimbursement levels, and health promotion programs between different areas. However, there
was not enough information about health policies and programs implemented at the sub-
national levels, and more information and surveys are needed to explain this variation. Since
prevention and management of hypertension are national health promotion goals, the inequal-
ities across provinces indicate that stronger national-level monitoring and guidelines may be
necessary to achieve national goals for hypertension control programs and policies.

Although increased health insurance coverage was significantly associated with increased
levels of treatment, we found little effect of health insurance on control of hypertension. Some
longitudinal studies in the US have shown a positive effect of health insurance on awareness
and control of hypertension as well as drug adherence. [21] At the individual level, better
health knowledge has been shown to be effective in promoting medication adherence and
blood pressure control. [22] These findings indicate that there may be problems with the qual-
ity of treatment being received, access to drugs or adherence to management guidelines,
together with personal health-seeking behavioral factors in China.

Hypertension, like other chronic diseases, needs long periods of outpatient treatment. How-
ever, some studies show that current Chinese medical benefit packages are still limited and
mainly focus on inpatient costs. [23] A study in some provinces in China found that outpatient
care for people with chronic diseases had very low reimbursement levels which indicates that
people living with hypertension may receive inadequate financial support. [24] This could
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affect medication adherence since previous studies have shown a positive association between
lower cost of medication and better medication adherence. [25]

Although primary health centers have been proven effective in early diagnosis and manage-
ment of hypertension, there are no systematic guidelines and rules for hypertensive case man-
agement at the community level in China, which may lead to low medication adherence
among hypertensive patients. Some community-level studies conducted in China have shown
that adherence with drug regimens is lower than 50%. [26] Regular health checks and blood
pressure tests are not implemented or included in the health insurance package nationally,
although some studies have shown their effectiveness in early diagnosis and management of
hypertension. [27]

The main limitation of this study is that no probability sampling information is available in
the CHNS. [7] This will affect the accuracy of trend analysis, but has little effect on logistic
regression analysis since we used sub-samples instead of the whole sample, and merged samples
in different waves, making it impossible to apply sampling weights even where they are avail-
able. Provinces involved in this study were mostly located in the northeast and middle part of
China, so there were no samples from the richest and poorest provinces. However, the nine
provinces chosen in this study range from the wealthiest to the poorest five, and may be rela-
tively representative of the national income distribution. [28] Another limitation is lack of infor-
mation about the method used to measure blood pressure, which may vary by wave and district.
We did not include the types of health insurance in our models because the proportion of miss-
ing data on this information is too high. Also the variables we used in this study are not compre-
hensive, and other unobserved characteristics such as physical activity could also effect the
management of hypertension. Last but not least, there is no detailed information on the meth-
ods used to recruit new participants in the CHNS, so the new households added in the sample
units might not be randomly selected, although these new units should be randomly selected.

This study suggests that China’s health insurance system has been effective in increasing
hypertension treatment but that more needs to be done to improve effective coverage of hyper-
tension control. Primary health care center involvement in health education, regular commu-
nity-based screening, especially for high risk populations such as elderly men, and promotion
of medication adherence should be considered where these interventions can be shown to be
cost-effective. Also, lifestyle interventions such as reducing daily salt intake that have been
proven effective in reducing blood pressure in Japan, [29] should also be considered in China.
By improving public health and preventive measures in the current health insurance package,
the Chinese government can act early and effectively to prevent the most serious consequences
of this challenging and growing non-communicable disease epidemic.
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Summary

We conducted a systematic review and meta-analysis of population-based cohort
studies of maternal body mass index (BMI) and risk of adverse birth and health
outcomes in low- and middle-income countries. PubMed, Embase, CINAHL and
the British Nursing Index were searched from inception to February 2014. Forty-
two studies were included. Our study found that maternal underweight was
significantly associated with higher risk of preterm birth (odds ratio [OR], 1.13;
95% confidence interval [CI], 1.01-1.27), low birthweight (OR, 1.66; 95% CI,
1.50-1.84) and small for gestational age (OR, 1.85; 95% CI, 1.69-2.02). Com-
pared with mothers with normal BMI, overweight or obese mothers were at
increased odds of gestational diabetes, pregnancy-induced hypertension, pre-
eclampsia, caesarean delivery and post-partum haemorrhage. The population-
attributable risk (PAR) indicated that if women were entirely unexposed to
overweight or obesity during the pre-pregnancy or early pregnancy period, 14%
to 35% fewer women would develop gestational diabetes, pre-eclampsia or
pregnancy-induced hypertension in Brazil, China, India, Iran or Thailand. The
highest PAR of low birthweight attributable to maternal underweight was found
in Iran (20%), followed by India (18%), Thailand (10%) and China (8%).
Treatment and prevention of maternal underweight, overweight or obesity may
help reduce the burden on maternal and child health in developing countries.

Keywords: Low- and middle-income countries, maternal BMI, population-
attributable risk, pregnancy and health outcomes.

Abbreviations: BMI, body mass index; PAR, population-attributable risk.

obesity reviews (2015) 16, 758-770

Introduction

in 2013, notably in developing countries (2). Patterns of
overweight and obesity differ between countries, regions

Obesity and overweight are recognized as a growing global
health problem (1). Worldwide, prevalence of overweight
or obesity, defined as an adult body mass index (BMI) of
25 kg m™ or greater, increased by 27.5% between 1980
and 2013 (2). The proportion of overweight among adult
women globally increased from 29.8% in 1980 to 38.0%
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and by country income, with overweight or obesity more
prevalent among men in developed countries and among
women in developing countries (2). In developing coun-
tries, the number of deaths as a result of maternal
overweight/obesity more than doubled from 336,967
deaths in 1990 to 840,427 deaths in 2010. In developed
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countries, the numbers remained almost stable (739,527
deaths in 1990 to 898,040 deaths in 2010) (3). Therefore,
developing countries face an increasing burden of over-
weight and obesity, while underweight also remains a sig-
nificant health problem among women of childbearing age.

The growing epidemic of maternal overweight/obesity
accounted for 1.1 million deaths and 2.3% of global
disability-adjusted life years (DALYs) in 1990 and 1.7
million deaths and 4.1% of DALYs in 2010 (3,4). Several
observational studies show that maternal underweight,
overweight or obesity during pre-pregnancy or early preg-
nancy are a threat to maternal and infant health (5-14). For
mothers, major adverse health outcomes are gestational
diabetes, pregnancy-induced hypertension, pre-eclampsia,
post-partum haemorrhage and caesarean delivery. Infants
of overweight or obese mothers are at increased risk of low
birthweight, preterm birth, small for gestational age and
stillbirth. However, not all studies show a statistically
significant relationship and there are no comprehensive
assessments for each of these outcomes comparing under-
weight, overweight and obese mothers with normal-weight
mothers using high quality cohort studies in developing
countries. Maternal underweight in early pregnancy is the
leading risk factor for adverse birth outcomes in developing
countries, including low birthweight (8,15), preterm birth
(15,16), small for gestational age (8,9,17) and stillbirths
(15), but previous meta-analyses have compared these
outcomes by overweight or obese versus normal-weight
mothers in both developed and developing countries sim-
ultaneously (18-20). Most systematic reviews and meta-
analyses are limited to the relationship between maternal
BMI and specific birth and maternal health outcomes, espe-
cially gestational diabetes and caesarean delivery, and
usually only in developed countries (21-23). Other mater-
nal health problems including pregnancy-induced hyper-
tension and post-partum haemorrhage have not been
studied in relation to maternal BMI. Estimating adverse
birth and maternal health risks associated with under-
weight, overweight or obesity may help inform decision-
making in clinical settings and programme development to
improve maternal and child health outcomes.

We undertook a systematic review and pooled available
evidence from cohort studies conducted in developing
countries with a reference group of normal BMI mothers to
determine the association between maternal underweight,
overweight or obesity before or during early pregnancy
(first trimester or first prenatal visit) and low birthweight,
preterm birth, small for gestational age and stillbirth. We
assessed the risk of gestational diabetes, pregnancy-induced
hypertension, pre-eclampsia, caesarean delivery and post-
partum haemorrhage for underweight, overweight and
obese mothers relative to normal-weight mothers. In addi-
tion, no previous study has estimated the population-
attributable risk (PAR) of adverse pregnancy and maternal

© 2015 World Obesity

health outcomes for maternal BMI at pre-pregnancy or
during early pregnancy. In order to assess the impact of
maternal BMI, we estimated the PAR for selected adverse
perinatal and maternal health outcomes by maternal BMI
categories.

Methods

The review was undertaken according to the protocol
(Supporting Information Text) and Meta-analysis of Obser-
vational Studies in Epidemiology (MOQOSE) guidelines
(Supporting Information Table S1).

Search strategy

We conducted a search for studies on pre-pregnancy and
first trimester BMI and risk of perinatal and maternal
health outcomes with the assistance of an information
specialist. We used four electronic databases: PubMed,
Embase, CINAHL and British Nursing Index. We devel-
oped search strategies consisting of a combination of free
text words, words in titles/abstracts and medical subject
headings for exposure, participants and study designs. The
full search strategies and search results for the four data-
bases are shown in the Supporting Information Tables S2,
S2, S3 and S4. Further searches for eligible studies were
conducted by reviewing references within identified papers
and relevant journals. We set no language restrictions. We
defined low- and middle-income countries based on the
World Bank criteria of 2013 (24).

Selection of studies

In the first stage of screening, two assessors (MMR and
MSR) independently screened titles and abstracts according
to the inclusion and exclusion criteria. In the second stage,
four assessors (MMR, SKA, SN and MK) screened the
full text of selected studies to assess eligibility. Studies that
were cohorts (prospective or retrospective) with pregnant
women of reproductive age (15 years or over) were
included as subjects. We included studies reporting BMI
measures (maternal normal weight, underweight, over-
weight or obesity), reflecting status preceding any signifi-
cant pregnancy weight gain (i.e. measured or reported pre-
pregnancy and/or during the first trimester or first prenatal
visit) and perinatal and maternal health outcomes. We fol-
lowed the World Health Organization (WHO), Chinese
Guidelines for Prevention and Control (GPC) (25) and
Institute of Medicine (IOM) (26) definitions for classifica-
tion of BMI. We treated BMI as our main exposure vari-
able. Height and weight were also separately treated as
exposure variables. Therefore, we ignored thresholds for
defining maternal BMI in the second screening stage in
order to cover studies that reported height or weight only

16, 758-770, September 2015
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rather than BML Birth and health outcomes were preterm
delivery (defined as a birth before 37 weeks of gestation),
low birthweight (defined as weight <2,500 g), small for
gestational age (defined as birthweight below the 10th per-
centile of the gestational age and sex), gestational diabetes,
pre-eclampsia or pregnancy-induced hypertension, caesar-
ean delivery, including both elective and emergency,
and blood loss after delivery. Studies with high-risk popu-
lations such as people living with human immunodeficiency
virus/acquired immunodeficiency syndrome, malaria, heart
disease, diabetes, pre-eclampsia or pregnancy-induced
hypertension at baseline were excluded.

Data extraction and management

Prior to tabulating the final data, a data extraction form
was designed, trialled and modified. From full-text articles
and reports using the agreed form, four review authors
(MSR, SKA, SN and MK) independently extracted data on
country of origin, year of study, study design, participants,
exposures and their time of assessment, outcomes, con-
founders and measures of association based on information
available from publications. We included five articles
written in languages other than English (Spanish, Chinese,
French and Portuguese) and consulted people proficient in
these languages. We excluded two Persian studies due to
lack of an appropriate translator with sufficient knowledge
on the topic (27,28). We resolved discrepancies through a
consensus process. We contacted authors of the original
reports about further details when information on out-
comes, exposures or study design was unclear.

Quality assessment in included studies

We used a specific checklist to assess the methodological
quality of all included cohort studies with the Newcastle-
Ottawa Scale criteria set by Wells et al. (29). Four authors
(MSR, SKA, SN and MK) independently assessed the study
quality using a predefined evaluation form for cohort
studies, which assigned a score ranging from 0 to 9. Studies
were defined as high quality if they scored 26, moderate
quality if they scored 4-5 or low quality if they scored 0-3.

Statistical analysis

We used BMI categories of normal, underweight, over-
weight and obese as defined by each study. In the meta-
analysis, we used odds ratios (OR) with 95% confidence
intervals (CI). If the OR was unavailable, we estimated the
unadjusted OR with 95% CI from raw data and then used
this estimate in the meta-analysis. A few studies did not
include results for normal versus underweight or normal
versus obese. In this case, we estimated pooled ORs using
random-effects models among those studies reporting an

16, 758-770, September 2015

OR for underweight or obese versus normal weight and
then replaced this pooled estimation in those studies
lacking results for underweight or obese groups. This
replacement procedure increases the number of studies
and may help to improve the power in meta-analysis. We
checked the direction and consistency of ORs before and
after imputation. The direction was the same among the
studies and pooled estimation remained the same before
and after replacing these values, suggesting that the replace-
ment of exposure and outcomes did not have major effects
on these findings.

We used fixed-effects (30,31) or random-effects (32)
models to estimate summarized results on the basis of
heterogeneity (I* statistic) assessments. The I? value refers to
the percentage of variability across studies due to between-
study heterogeneity (33). We estimated the I? statistic with
P-values for each meta-analysis to describe the extent of
heterogeneity. We used fixed-effects models if I> < 50 and
random-effects models for outcomes with heterogeneity
measured above this threshold. Values of 25%, 50% and
75% were considered as low, moderate and high heteroge-
neity, respectively. We used Funnel plots and Egger’s regres-
sion asymmetry test to examine publication bias (34). To
account for these publication biases in meta-analysis, we
additionally performed trim-and-fill procedures (35).

We conducted subgroup and random-effects meta-
regression analysis to assess the effects of study design
(prospective or retrospective), sample size above or below
the median value (<3,715 or >3,715), maternal mean age
(€27 years or >27 years, the median of the sample), BMI
measurement point (pre-pregnancy or first trimester),
BMI cut-offs (WHO, GPC or IOM), confounding factors
(adjusted or unadjusted), country income categories (low-
and lower middle-income or upper middle-income coun-
tries) and geographic region (Southeast Asia, Middle East
or Central and South America). We also performed sensi-
tivity analyses to evaluate differences in pooled effects after
dropping a small number of studies that we defined as
highly influential on the basis of the variance and weight
estimates from meta-analysis.

We estimated the PAR for perinatal and maternal health
outcomes due to maternal underweight, overweight and
obesity using the estimates obtained from our meta-
analysis. The PAR estimates the fraction of adverse out-
comes that would not have occurred if the maternal
population was not underweight, overweight or obese
during the pre-pregnancy or early pregnancy period. PAR
was calculated using a modified Levin’s formula for multi-
ple exposure categories, proposed by Hanley (36,37).

The formula for the overall PAR calculation is

3 0e(OR ~1)

PAR (%)= ==
Y o POR =1 +1

x100,k=1,2,...,K
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Records identified through database
searching
(n=27,242)

Additionalrecords identified
through othersources
(n=11)

Duplicates removed

Figure 1 PRISMA flowchart for selection of
studies.
while that for the exposure-specific PAR calculation is

pr(OR, - 1)
Y p(OR—-1)+1

PARy (%) = x100,k=1,2,...,K

Where p is the proportion of exposure to the risk factor
in the total population of mothers, OR is the pooled odds
ratio of a risk factor for a specific birth or health outcome
and K is the number of categories of the risk factor. Preva-
lence data were used separately for each country and mater-
nal BMI category (underweight, overweight and obesity) to
obtain PARs for each group. We used country-specific ORs
for low birthweight, preterm birth, small for gestational
age, stillbirths, gestational diabetes, pregnancy-induced
hypertension, pre-eclampsia, caesarian delivery and post-
partum haemorrhage. These were derived from the meta-
analysis or from single studies where only one study could
be found, while data on the proportion of BMI categories
was derived from included population-based studies. We
used Stata version 12.1/MP (StataCorp, College Station,
TX, USA), for all analyses.

Results

Literature search

We initially identified 27,242 studies, of which 17,322 were
from PubMed, 9,252 from Embase, 549 from CINAHL
and 119 from the British Nursing Index (Fig. 1). After

© 2015 World Obesity

(n=7,169)
A 4
Records screened Records excluded
(n=20,084) i (n=19,904)
Excluded, with reason (n = 138)

Developed countries (n = 86)
—® Small sample size (<100) (n = 2)
Case-control, cross-sectional studies

Full-text articles assessed
for eligibility
(n=180)

and secondary data analysis (n = 13)
Others (reviews, editorials, letters to

editor, commentaries, high-risk
population such as HIV/AIDS, heart
disease, BMI measurement at second
or third trimester) (n = 37)

Studiesincludedin
qualitative synthesis
(n=42)

Studiesincludedin
quantitative synthesis
(meta-analysis)
(n=22)

excluding duplicates, 20,073 remained for title and
abstract screening. Of these, 169 full-text papers were
reviewed and 138 articles were excluded due to small
sample size (<100 women), study design (case-control,
cross-sectional or secondary data analysis), non-research
material, high-risk populations or BMI measured at second
or third trimester (Fig. 1). We also included 11 studies
identified through hand search and from reference lists. In
total, 42 studies met the inclusion criteria for our review
and 22 studies were included in the meta-analysis.

Study characteristics

The basic characteristics of the 42 studies included in our
systematic review are presented in Supporting Information
Table S6. The majority were conducted in Southeast
Asia and in upper middle-income countries (Supporting
Information Table S7). There were 34 prospective cohorts
and eight retrospective cohorts. Of the 42 studies, 16
reported preterm birth (5,9,10,13-16,38-46), 18 low
birthweight (7,10,11,14,15,39,41-45,47-53), seven small
for gestational age (9,17,39,41,44,54,55), five stillbirth
(9,15,16,44,56), 19 gestational diabetes (5,6,9,12,13,15,
17,38,40,41,43,57-64), nine pregnancy-induced hyperten-
sion (5,6,13,17,38,41,63,65,66), nine pre-eclampsia (5,9,
13,15-17,43,60,62), 10 caesarean delivery (6,9,14,15,38,
41-43,60,67), three post-partum haemorrhage (6,9,15)
and two perinatal mortality (43,44). The study-specific
proportion of BMI and events by perinatal and maternal
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Table 1 Meta-analysis summary results

Qutcomes Number  Underweight Overweight Obese
of studies
OR (95% ClI) Heterogeneity OR (95% Cl) Heterogeneity OR (95% Cl) Heterogeneity
(P-value) (P-value) (P-value)
Pregnancy outcomes
Preterm birth 11 1.13 (1.01-1.27) 81 2(<0.001) 1.05(0.91-1.20) 74.3(<0.001) 1.21(0.95-1.53) 79.3 (<0.001)
Low birthweight 8 1.66 (1.50-1.84) 0(0.9) 0.81(0.73-0.9) 0.0 (0.7) 0.75(0.65-0.86) 6.5(0.4)
Small for gestational age 5 1.85(1.69-2.02) 0(0.4) 0.74 (0.70-0.77) 35.7(0.2) 0.60 (0.39-0.92) 72.3(0.01)
Stillbirth 3 0.98 (0.37-2.58) 68 1(0.04) 1.13(0.87-1.45) 43.2(0.2) 1.563(0.63-3.71) 69.4 (0.1)
Maternal health outcomes
Gestational diabetes 13 0.47 (0.43-0.52) 0(0.6 2.18(1.90-2.51) 54.1(0.01) 3.74 (2.89-4.84) 78.6 (<0.001)
Pregnancy-induced hypertension 5 0.50 (0.40-0.61) 0 (0. 5) 2.27 (2.01-2.56) 0.1 (0.4) 5.61(4.86-6.46) 0.0(0.5)
Pre-eclampsia 8 0.70 (0.59-0.83) 21. 7( 2) 1.98 (1.64-2.40) 63.2(<0.01)  3.87(3.48-4.29) 42.8(0.1)
Caesarean delivery 7 0.62 (0.53-0.74) 93 6(<0.001) 1.32(1.10-1.58) 84.8(<0.001) 1.86(1.36-2.54) 90.4 (<0.001)
Post-partum haemorrhage 3 0.58 (0.49-0.69) 0(0.7) 3.13(1.00-9.81) 96.9 (<0.001) 3.48 (1.62-7.47) 90.5 (<0.001)

Cl, confidence interval; OR, odds ratio.

health outcomes are presented in Supporting Information
Tables S8 and S9. Only three of the 42 studies were
assessed as moderate in quality, all others were high quality
(Supporting Information Table S10).

Pooled estimation of birth and health outcomes

Pooled ORs in the 22 studies included in the meta-analysis
are presented in Table 1. Sensitivity analysis, publication
bias and trim-and-fill estimates for all outcomes are in
Supporting Information Tables S11 and S12. A total of
492,745 (range: 270-353,477) subjects with mean age 27.8
(mean age range: 24.3-32.3) were included in our meta-
analysis. In comparison with normal weight, underweight
was significantly associated with a greater risk of preterm
birth (OR, 1.13; 95% CI, 1.01-1.27), low birthweight
(OR, 1.665 95% CI, 1.50-1.84) and small for gestational
age (OR, 1.85; 95% CI, 1.69-2.02; Table 1). Both over-
weight and obesity were found to be a risk factor for
diabetes,
pre-eclampsia, caesarean delivery and post-partum haem-

gestational pregnancy-induced hypertension,
orrhage (Table 1). Maternal overweight/obesity was asso-
ciated with increased risk of stillbirths, but no increasing
trend was observed for preterm birth with increasing BMI.
Detailed country-specific pooled ORs according to perina-
tal and maternal health outcomes are presented in Support-
ing Information Tables S13 and S14. The risk of stillbirth,
gestational diabetes, pregnancy-induced hypertension, pre-
eclampsia, caesarean delivery and post-partum haemor-
rhage increased with increasing BMI. Our narrative review
results indicated that the risk of delivering babies with low
birthweight was significantly higher among underweight
(relative risk [RR], 1.30; 95% CI, 1.09-1.54) and shorter
(RR, 1.51; 95%, 1.2-1.9) women (Supporting Information
Table S15) (47,50). We also found that underweight
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women were more likely to deliver babies with small for
gestational age (Supporting Information Table S15) (5,44).
Among obese mothers, incidence of gestational diabetes
and caesarean section delivery was higher (Supporting
Information Table S15) (38,60).

Stratified analyses

We found moderate to severe heterogeneity in some peri-
natal and maternal health outcomes (Table 1). Therefore,
we conducted stratified analyses to examine the heteroge-
neity in results for preterm birth, small for gestational age,
stillbirth, gestational diabetes, pre-eclampsia, caesarean
delivery and post-partum haemorrhage. Stratified analyses
by study design, sample size, mean maternal age, BMI
measurement timing, BMI cut-offs, confounding factors,
country income category and geographic region are pre-
sented in Tables2 and 3 and Supporting Information
Tables S16 and S17. Stratifying by geographic region
revealed an increased risk in the Middle East among over-
weight mothers (OR, 1.55; 95% CI, 1.06-2.26; P =0.01)
for preterm birth compared with Southeast Asia and
Central and South America (Table 2). Obese mothers in
the Middle East were more likely to develop pre-eclampsia
compared with the other regions, but the association was
not statistically significant (P = 0.20; Table 3). In general,
the BMI thresholds of individual studies were different but
there was little evidence that the results varied by BMI
cut-off, with preterm birth as the only outcome sensitive
to the threshold definition. There was lower risk of
preterm birth in the studies using WHO BMI cut-offs
among overweight (OR, 0.86; 95% CI, 0.77-0.96;
P=0.01) and obese (OR, 0.93; 95% CI, 0.76-1.15;
P =0.01) mothers compared with studies that used GPC
and IOM cut-offs.
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Table 2 Stratified analysis of selected pregnancy outcomes by BMI

Characteristics Preterm birth Low birthweight
Pooled OR (95%Cl) P-value* Pooled OR (95%Cl) P-value*
Underweight
Study design
Prospective 1.17 (0.94-1.45) 0.59 1.66 (1.46-1.88) 0.95
Retrospective 1.03 (0.80-1.33) 1.67 (1.40-1.98)
BMI measurement
Pre-pregnancy 1.13 (0.87-1.46) 0.12 1.61(1.39-1.88) 0.63
First trimester 1.07 (1.02-1.13) 1.70 (1.48-1.95)
BMI cut-off
WHO 1.27 (0.99-1.63) 0.12 1.59 (1.41-1.79) 0.83
GPC 0.98 (0.85-1.13) 1.73 (1.35-2.22)
IOM 0.88 (0.54-1.42) 1.67 (0.56-5.00)
Confounding factors
Adjusted 1.05 (0.88-1.26) 0.40 1.68 (1.37-2.06) 0.88
Unadjusted 1.18 (0.80-1.74) 1.65 (1.47-1.86)
Country income category
Low and lower middle-income 0.71(0.43-1.18) 0.10 1.67(1.14-2.44) 0.98
Upper middle-income 1.16 (1.03-1.30) 1.66(1.49-1.84)
Geographic region
Southeast Asia 1.04 (0.82-1.32) 0.62 1.64 (1.41-1.89) 0.59
Middle East 0.88 (0.54-1.42) 2.46 (1.14-5.31)
Central and South America 1.25 (0.95-1.65) 1.66 (1.44-1.92)
Overweight
Study design
Prospective 0.83 (0.76-0.90) 0.00 0.81(0.71-0.91) 0.99
Retrospective 1.15 (1.04-1.27) 0.76 (0.50-1.15)
BMI measurement
Pre-pregnancy 1.05 (0.87-1.27) 0.93 0.80 (0.67-0.96) 0.94
First trimester 1.08 (1.01-1.16) 0.80 (0.69-0.93)
BMI cut-off
WHO 0.86 (0.77-0.96) 0.01 0.74 (0.61-0.90) 0.46
GPC 1.13(1.02-1.25) 0.92 (0.72-1.17)
IOM 1.56 (1.06-2.26) 0.69 (0.22-2.20)
Confounding factors
Adjusted 1.09 (0.92-1.29) 0.39 0.83(0.74-0.95) 0.30
Unadjusted 0.94 (0.74-1.20) 0.74 (0.60-0.90)
Country income category
Low and lower middle-income 0.81(0.67-0.98) 0.15 0.81(0.71-0.92) 0.91
Upper middle-income 1.09 (0.94-1.26) 0.80 (0.66-0.96)
Geographic region
Southeast Asia 1.07 (0.94-1.21) 0.01 0.81(0.73-0.90) 0.89
Middle East 1.55 (1.06-2.26) 0.69 (0.22-2.20)
Central and South America 0.83 (0.75-0.91) 0.60 (0.15-2.42)
Obese
Study design
Prospective 0.93 (0.73-1.19) 0.01 0.73 (0.62-0.86) 0.63
Retrospective 1.44 (1.18-1.76) 0.69 (0.32-1.47)
BMI measurement
Pre-pregnancy 1.19 (0.89-1.58) 0.79 0.72 (0.52-1.00) 0.99
First trimester 1.28 (0.82-2.02) 0.74 (0.61-0.91)
BMI cut-off
WHO 0.93(0.76-1.15) 0.01 0.67 (0.52-0.86) 0.22
GPC 1.57 (1.36-1.83) 0.96 (0.68-1.35)
IOM 1.32(0.74-2.35) 0.36 (0.08-1.65)
Confounding factors
Adjusted 1.31(0.94-1.83) 0.37 0.79 (0.67-0.95) 0.22
Unadjusted 1.06 (0.89-1.26) 0.63 (0.46-0.87)
Country income category
Low and lower middle-income 1.10 (0.91-1.33) 0.78 0.73 (0.62-0.87) 0.88
Upper middle-income 1.23 (0.92-1.65) 0.67 (0.41-1.10)
Geographic region
Southeast Asia 1.35(1.10-1.66) 0.02 0.74 (0.62-0.90) 0.53

Middle East
Central and South America

1.32 (0.74-2.35)
0.80 (0.70-0.91)

0.36 (0.08-1.65)
1.05 (0.29-3.80)

*Represents the test for significance of the effect modification across strata and these P-values come from the meta-regression.
BMI, body mass index; Cl, confidence interval; GPC, Guidelines for Prevention and Control for Chinese; IOM, Institute of Medicine; OR, odds ratio; WHO, World Health

Organization.
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Table 3 Stratified analysis of selected maternal health outcomes by BMI

Characteristics Gestational diabetes Pre-eclampsia Caesarean delivery
Pooled OR (95%Cl) P-value* Pooled OR (95%Cl) P-value* Pooled OR (95%Cl) P-value*
Underweight
Study design
Prospective 0.46 (0.40-0.54) 0.36 0.75(0.54-1.03) 0.19 0.70 (0.67-0.73) 0.24
Retrospective 0.44 (0.32-0.61) 0.57 (0.40-0.79) 0.55(0.33-0.92)
BMI measurement
Pre-pregnancy 0.48 (0.38-0.59) 0.43 0.66 (0.46-0.96) 0.83 0.70 (0.47-1.03) 0.33
First trimester 0.46 (0.39-0.55) 0.67 (0.52-0.86) 0.58 (0.46-0.72)
BMI cut-off
WHO 0.46 (0.37-0.55) 0.18 0.73(0.55-0.97) 0.43 0.66 (059-0.74) 0.73
GPC 0.54 (0.45-0.64) 0.52 (0.30-0.91) 0.58 (0.28-1.18)
IOM 0.22 (0.05-0.94) 0.68 (0.36-1.28) 0.41(0.14-1.26)
Confounding factors
Adjusted 0.51(0.42-0.62) 0.30 0.74 (0.58-0.95) 0.44 0.58 (0.28-1.18) 0.64
Unadjusted 0.46 (0.39-0.54) 0.41(0.16-1.03) 0.66 (0.59-0.74)
Country income category
Low and lower middle-income 0.46 (0.33-0.66) 0.78 NA 0.70 (0.66-0.74) 0.28
Upper middle-income 0.49 (0.43-0.55) 0.68 (0.54-0.85) 0.58 (0.44-0.75)
Geographic region
Southeast Asia 0.49 (0.40-0.61) 0.59 0.48 (0.30-0.77) 017 0.62 (0.48-0.79) 0.74
Middle East 0.45 (0.36-0.58) 0.68 (0.36-1.28) 0.41(0.14-1.26)
Central and South America 0.46 (0.36-0.58) 0.76 (0.63-0.93) 0.70 (0.66-0.74)
Overweight
Study design
Prospective 2.04 (1.68-2.48) 0.33 1.67 (1.41-1.97) <0.01 1.13(0.87-1.48) 0.00
Retrospective 2.40 (1.89-3.04) 2.61(2.13-3.18) 1.55 (1.42-1.68)
BMI measurement
Pre-pregnancy 2.18 (1.89-2.51) 0.82 1.84 (1.56-2.17) 0.06 1.30 (0.94-1.80) 0.92
First trimester 2.17 (1.48-3.18) 2.55(1.43-4.57) 1.38(1.13-1.68)
BMI cut-off
WHO 2.48 (1.87-3.28) 0.37 1.58 (1.32-1.90) 0.17 1.18 (0.93-1.51) 0.18
GPC 1.98 (1.72-2.28) 2.32(1.68-3.20) 1.60 (1.50-1.69)
IOM 2.32(1.35-3.98) 2.38 (1.53-3.70) 1.30 (0.65-2.60)
Confounding factors
Adjusted 1.99 (1.82-2.19) 0.44 1.98 (1.46-2.68) 0.92 1.47 (1.24-1.74) 0.30
Unadijusted 2.46 (1.75-3.44) 1.91 (1.69-2.16) 1.25 (0.97-1.61)
Country income category
Low and lower middle-income 3.10 (2.11-4.55) 0.13 NA 1.20(0.77-1.88) 0.15
Upper middle-income 2.11(1.85-2.41) 1.98 (1.64-2.40) 1.45 (1.28-1.65)
Geographic region
Southeast Asia 2.28 (1.88-2.77) 0.75 2.30 (1.78-2.97) 0.04 1.38 (1.14-1.67) 0.44
Middle East 2.22(1.52-3.25) 2.38 (1.53-3.70) 1.30 (0.66-2.6)
Central and South America 1.97 (1.569-2.45) 1.51(1.28-1.78) 0.93 (0.61-1.41)
Obese
Study design
Prospective 3.23 (2.13-4.89) 0.30 3.59 (3.14-4.10) <0.01 1.49 (0.96-2.32) 0.02
Retrospective 4.37 (2.94-6.49) 5.37 (4.20-6.88) 2.45(2.21-2.72)
BMI measurement
Pre-pregnancy 3.54 (2.65-4.73) 0.63 3.79 (3.24-4.44) 0.04 1.87 (1.14-3.06) 0.97
First trimester 4.16 (2.22-7.79) 5.58 (4.00-7.77) 1.84(1.11-3.04)
BMI cut-off
WHO 3.85(2.33-6.37) 0.57 3.83(2.84-5.16) 0.72 1.61(1.05-2.47) 0.40
GPC 3.26 (2.45-4.32) 4.49 (3.40-5.93) 2.49 (2.24-2.78)
IOM 6.21(3.21-12.01) 4.70 (2.50-8.83) 1.61(0.81-3.22)
Confounding factors
Adjusted 3.33(2.46-4.50) 0.31 4.19 (3.21-5.48) 0.88 1.90 (1.24-2.90) 0.92
Unadijusted 4.59 (2.72-7.73) 4.28 (3.05-6.00) 1.84 (1.20-2.81)
Country income category
Low and lower middle-income 8.23 (5.26-12.87) 0.03 NA 1.82 (0.82-4.03) 0.82
Upper middle-income 3.42 (2.72-4.30) 4,12 (3.46-4.90) 1.93 (1.44-2.59)
Geographic region
Southeast Asia 4.10(2.92-5.77) 0.53 4.64 (3.63-5.93) 0.20 2.12(1.52-2.97) 0.19

Middle East
Central and South America

4.04 (1.53-10.67)
2.75 (1.94-3.91)

4.70 (2.50-8.83)
3.25 (2.71-3.89)

1.61(0.81-3.22)
0.94 (0.62-1.43)

*Represents the test for significance of the effect modification across strata and these P-values come from the meta-regression.

BMI, body mass index; Cl, confidence interval; GPC, Guidelines for Prevention and Control for Chinese; IOM, Institute of Medicine; NA, not applicable; OR, odds ratio; WHO,

World Health Organization.
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Table 4 Pregnancy and health outcomes attributed maternal body mass index (BMI)

Country Prevalence, Population-attributable risk, %
%
Preterm Low Gestational Pre- Pregnancy-induced Caesarean Post-partum
birth birthweight diabetes eclampsia hypertension delivery haemorrhage
Argentina
Underweight 59 2.7 -0.4
Overweight 19.3 -3.4 8.3
Obese 8.2 -1.7 13.5
Total BMI -2.3 21.5
Brazil
Underweight 5.61 -2.0 -11 -0.7
Overweight 25.13 16.5 4.2 15.8
Obese 17.38 20.0 32.6 41.9
Total BMI 44.9 35.7 57.0
China
Underweight 11.5 0.4 7.9 -4.3 -39 -4.6 -2.8 -1.6
Overweight 18.3 1.7 -14 13.9 141 14.4 9.3 171
Obese 6.8 3.7 -0.3 9.9 15.7 19.9 8.6 131
Total BMI 5.9 6.2 19.6 25.9 29.7 151 28.6
India
Underweight 20.9 17.5 -5.6 -6.8 -5.2 2.7
Overweight 20.9 -3.6 22.0 16.0 9.3 55.2
Obese 9.3 -2.1 33.5 25.4 13.7 17.0
Total BMI 1.9 49.9 34.6 17.7 69.6
Iran
Underweight 15.8 -1.9 19.8 -7.5 -4.0 -7.9 -9.6
Overweight 13.2 6.8 -3.5 13.5 14.4 18.6 41
Obese 3.6 1.1 -2.0 8.3 10.5 15.3 2.3
Total BMI 6.1 14.4 14.3 20.9 26.0 -3.2
Thailand
Underweight 17.7 111 9.7 -10.6 -9.9 -9.0 -7.7
Overweight 13.0 0.6 -4.5 26.9 13.5 4.8 5.3
Obese 43 0.0 2.4 14.9 16.2 4.8 3.0
Total BMI 1.7 2.7 31.2 19.8 0.6 0.6
Turkey
Underweight 1.8 -0.4
Overweight 50.0 28.5
Obese 13.6 34.7
Total BMI 62.9

Burden of maternal body mass index

The PARSs of selected adverse perinatal and maternal health
outcomes attributable to maternal BMI are presented by
country in Table 4. The PAR for maternal BMI ranged
from 14% in Iran to 63% in Turkey for gestational diabe-
tes, 26% in Iran to 57% in Brazil for pregnancy-induced
hypertension, 20% in Thailand to 36% in Brazil for pre-
eclampsia and 0.6% in Thailand to 70% in India for post-
partum haemorrhage. The highest PAR of gestational
diabetes for maternal obesity was found in Turkey (35%),
followed by India (34%), Brazil (20%) and Thailand
(15%). The PAR for maternal underweight also varied
across countries, ranging from 8% in China to 20% in Iran
for low birthweight. In India, maternal obesity before or
during early pregnancy contributed to 25% of pre-

© 2015 World Obesity

eclampsia, 14% of caesarean delivery and 17% of post-
partum haemorrhage; whereas maternal underweight
contributed to 18% of low-birthweight deliveries.

Discussion

In this systematic review and meta-analysis, we investigated
the effect of maternal BMI (underweight, overweight or
obese), before or during early pregnancy, on perinatal and
maternal health outcomes in low- and middle-income
countries. This is the first attempt to assess the proportion
of selected adverse perinatal and maternal health outcomes
attributable to maternal BMI. Most included cohort studies
were high quality. In women who were overweight or obese
during pre-pregnancy or early pregnancy, the meta-analysis
demonstrated a significantly higher risk of adverse health
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outcomes, including gestational diabetes, pregnancy-
induced hypertension, pre-eclampsia, caesarean delivery
and post-partum haemorrhage. Underweight mothers were
found to be at higher risk of delivering preterm, low-
birthweight and small-for-gestational-age babies than
normal-weight mothers. Sensitivity analyses confirmed a
similar association after dropping a small number of highly
influential studies. Higher maternal BMI contributed 10%
to 35% of adverse maternal health outcomes and under-
weight contributed 8% to 20% of adverse perinatal out-
comes, especially low birth-weight in developing countries.

The most recent Global Burden of Disease data shows
that globally almost 38 % of adult women aged 20 years or
older fell into overweight categories with a BMI between
25 and 30 kg/m? in 2013 (2). In developing countries,
overweight or obesity is more prevalent among women
than men (2); while underweight remains a significant
health problem among women (6,9,13,54). Our review
data showed that underweight is more prevalent among
women pre-pregnancy or during early pregnancy in India
(21%) (6), Thailand (18%) (15), Iran (16%) (13) and
China (11%) (9). High maternal BMI is common in Turkey
(50% of women are overweight and 14% obese) (40) and
Brazil (25% of women are overweight and 17% obese)
(54). However, some countries, including India (6), China
(9), Iran (13) and Thailand (15), are facing problems due to
low and high maternal BMI simultaneously. Our study
found a greater burden of poor maternal health attribut-
able to obesity in Brazil (20% of gestational diabetes, 33 %
of pre-eclampsia and 42% of pregnancy-induced hyperten-
sion) and India (34% of gestational diabetes, 25% of
pregnancy-induced hypertension, 14% of caesarean deliv-
ery and 17% of post-partum haemorrhage). Underweight
accounted for a major proportion of low birthweight in
Iran (20%), India (18%), China (10%) and Thailand
(10%). Our study showed that overall the highest contri-
bution of maternal BMI to the burden of gestational dia-
betes is in Turkey (63 %), followed by India (50%), Brazil
(45%), Thailand (31%), China (20%) and Iran (14%).
Pregnancy-induced hypertension due to maternal BMI is
also more prevalent in Brazil (57%) and India (35%) than
China (30%) and Iran (26%). Developing countries are
facing a double burden of adverse perinatal and maternal
health outcomes attributable to maternal BMI.

According to our results, overweight and obesity are
associated with significantly higher risk of gestational dia-
betes, pregnancy-induced hypertension, pre-eclampsia, cae-
sarean delivery and post-partum haemorrhage relative to
normal BMI mothers. Previous meta-analyses found a
similar association regarding gestational diabetes (68,69)
and caesarean delivery (21). However, these previous
papers were mainly limited to developed countries and
maternal pre-pregnancy BMI. The effect of overweight and
obesity on gestational diabetes, pre-eclampsia and caesar-
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ean delivery was consistent by maternal age (aged <27
years vs. >27 years) and confounding adjustment (adjusted
vs. unadjusted) across studies. We did not find greater risk
of adverse maternal health outcomes among underweight
women, suggesting that the main contribution to greater
adverse maternal health outcomes is from overweight and
obese mothers.

Our systematic review and meta-analysis indicated that
underweight mothers have a higher risk of delivering low-
birthweight and small-for-gestational-age babies. This
finding is consistent with one meta-analysis (23), but we
cannot compare with other meta-analyses due to different
categorization of BMI. For instance, previous studies
present the results of low birthweight (20) and preterm
birth (18,19) among overweight and/or obese women com-
pared with normal-weight women. Although several epide-
miological studies indicated that maternal underweight is
still a significant problem in developing countries and the
leading risk factor for low birthweight (8,15), preterm birth
(15,16) and small for gestational age (8,17), none of these
previous meta-analyses considered underweight in their
analysis. We considered all four BMI categories in our
meta-analysis to investigate perinatal and maternal health
outcomes in connection with maternal BMI. Our study
demonstrated that the risk of stillbirth is relatively higher
among overweight and obese mothers but the association
was not statistically significant. Two previous meta-
analyses found a significantly higher risk of stillbirth
among all higher categories of maternal BMI (18,22). The
small discrepancy regarding significant association might
be due to the lack of more detailed analysis or the limited
number of studies reporting stillbirth as an outcome. To
date, there are very few epidemiological studies that
reported stillbirth in relation to maternal BMI, especially in
developing countries, and the extent of the association is
still unclear in low-income countries. Assessment of still-
birth outcomes is lacking in many epidemiological studies
of perinatal outcomes and is a neglected issue. Even Mil-
lennium Development Goal 4 excludes stillbirth as an
outcome of progress in perinatal health.

Consistent with previous studies (70-74), maternal
height was inversely associated with risk of low
birthweight. Ozaltin ef al. found that maternal height is
negatively associated with risk of child mortality, stunting,
undernutrition and wasting (72). Although it is not com-
pletely understood how maternal height might be associ-
ated with adverse birth and health outcomes, several
biomechanical, biological or environmental factors may be
involved (75-77). Small uterus size and lower blood flow,
found in short-statured women, directly imposes physical
limitations on the growth of the uterus, placenta and fetus
(70,73,74,78-80). This may lead to membrane stretching,
vaginal difficulties during labour and increased risk of
preterm birth, low birthweight and caesarean delivery.
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Chronic maternal energy and micronutrient deficiency
during early life are also an important component limiting
growth, resulting in retardation and short stature as well as
subsequent restricted fetal growth, duration of gestation or
other adverse health outcomes especially in developing
countries (74,77,78,81-83). Generally, shorter women are
more likely to pass a genetic predisposition for small
growth on to their fetus (78).

Our study found that high BMI was associated with a
larger increase in risk of gestational diabetes, hypertension
and caesarian delivery. The exact biological mechanisms by
which obesity affects the mode of delivery or development
of gestational diabetes are not well understood. Obesity
may increase adipocytes or pelvic soft issue even in the
absence of disease (84-86). Abundance of adipocytes in
obese women has been suggested as a cause of excessive
inflammatory responses and pelvic soft tissue could narrow
the diameter of the birth canal, influencing both the devel-
opment of gestational diabetes and caesarean delivery,
respectively (84-86). Thus, policymakers in developing
nations need to be aware of both maternal height as well as
the growing epidemic of overweight and obesity in popu-
lations of young women and the tide of increased maternal
risks that this epidemic will bring.

This study focused on high quality cohort studies with
large sample sizes, including both published and gray lit-
erature, and covered foreign language papers. This enabled
us to include a large number of high-quality studies, which
allowed us to draw strong conclusions. Additionally, we
used a comprehensive search strategy, performed extensive
quality assessment, followed the checklist of the MOOSE
group (87) and examined heterogeneity with stratified
analysis in order to investigate the effect of maternal BMI
before or in early pregnancy on birth and health outcomes.
However, several limitations should be considered. First,
although the WHO developed the standard cut-off points
for BMI categorization (underweight, <18.50 kg m™;
normal, 18.50-24.99 kg m™%; overweight, >25-<30 kg m™
and obese, 230 kg m™), not all studies used this categori-
zation. Different definitions and categorization can lead to
variations in ORs even within a single data set. However, in
our systematic review, almost all studies used WHO thresh-
olds except studies in China and Iran. Chinese studies
mainly used GPC thresholds for overweight (24 kg m>—
<28 kg m™2) and obesity (>28 kg m2) in Chinese adults
(25) and Iranian studies followed the categorization of
BMI from the IOM, American Academy of Pediatrics and
American College of Obstetricians and Gynecologists
(underweight, <19.8 kg m™; normal, 19.8-<26 kg m™2;
overweight, 26-29 kg m™ and obese, >29 kg m™2) (26).
Consistent with other meta-analyses, we summarized the
data according to the original studies’ definitions and clas-
sification of BMI (20,88). This minimizes the variation of
BMI cut-off points across studies and allows the definition
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of specific populations for each country. Additionally, we
performed sensitivity analyses for different BMI thresholds
for each BMI category and found little evidence that the
summary results varied by definition of BMI. Second, our
study addressed only findings related to pre-pregnancy or
first trimester BMI and excluded studies analysing data
related to second or third trimester BMI, gestational weight
gain, visceral fat or fat distribution. However, epidemio-
logical studies suggest that maternal pre-pregnancy or early
pregnancy BMI is a strong predictor of pregnancy and
maternal health outcomes (6,8,9,16). Third, not all studies
presented adjusted ORs and adjustment factors varied
across studies. We used both crude and adjusted ORs in the
same meta-analysis, so the pooled risk estimates may be
biased. However, we conducted meta-regression and sub-
group analysis by presence or absence of confounder
adjustment and did not find any significant differences in
pooled ORs. Fourth, out of 22 studies in the meta-analysis,
most of the studies were from upper middle-income coun-
tries (18 studies) and only four studies were from low- and
lower middle-income countries. Therefore, the results may
not be generalizable to low-income settings. This uneven
distribution of studies suggests a strong need to improve
research on maternal health outcomes and risk factors in
the poorest countries, particularly using well-designed pro-
spective studies.

In conclusion, maternal overweight and obesity were
associated with a significantly higher risk of gestational
diabetes, pregnancy-induced hypertension, pre-eclampsia,
caesarean delivery and post-partum haemorrhage. Being
short or underweight was associated with a significantly
higher risk of low birthweight and small for gestational
age. Although overweight and obesity were found to be
slightly protective against low-birthweight deliveries,
small for gestational age and preterm babies in low-income
countries, greater adverse maternal health outcomes were
found in these groups. Clinicians and policymakers should
counsel women pre-pregnancy or in early pregnancy on the
adverse threats of height, underweight, overweight and
obesity on their own and their infant’s health in order to
encourage informed women to optimize their BMI before
conception. Clinicians need to be aware of the importance
of management of weight in pregnancy and the proper
identification and management of BMI-related risks
during antenatal care. To prevent height-related pregnancy
burden, long-term interventions are necessary in order to
improve the height of young women before they become
pregnant. Public and private organizations in low- and
middle-income countries should jointly work together to
introduce long-term interventions including adequate
calorie/protein or micronutrient supplementation during
the pre-pubescent or adolescent period and prevent child
marriage. By acting to prevent this epidemic and to mini-
mize the associated risks, policymakers in low- and middle-
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income countries can reduce the consequences of the
epidemiological transition for pregnant mothers and
infants and can ensure that gains in maternal and child
health are not reduced during this complex phase of health
system transition.
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ABSTRACT

Caregiving to older people with needs has been mainly dependent on informal care provision by female
caregivers. Compared with the care burden gender gap, the within-gender gap in women's socioeco-
nomic status (SES) has attracted less policy attention. We investigated the association between middle-
aged women's SES and the likelihood of being a primary caregiver for elderly informal care, focusing on
household income, women's marital status, work status, and educational background under the uni-
versal and public system of formal long-term care provision in Japan. We used repeated cross-sectional
data from nationally representative household surveys conducted between 2010 and 2013 to obtain a
sample of 2399 women aged between 40 and 60 years living in the same household as a care recipient.
We conducted multiple logistic regression analysis to obtain odds ratios of being a primary caregiver in
the household regressed on women's SES variables, adjusting for the characteristics of care recipients
and household composition. The results showed that single women with lower education were likely to
be primary caregivers when the care recipients had severe levels of care needs, whereas the association
was null in the case of care recipients with milder conditions. The results indicated that women's low
education and non-married status were related to a higher likelihood of becoming a primary caregiver of
severely disabled elderly for reasons other than lower economic power.

To emancipate socioeconomically vulnerable women from the care burden, a broader set of social,
economic, and welfare policies are needed.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Caregiving to older people with needs has been mainly depen-
dent on informal care provision by female caregivers. A recent
meta-analysis of 229 studies reported that 69% of informal care-
givers are women, and that there is a gender gap in the number of
caretakers and the hours spent caretaking (Pinquart and Sorensen,
2006). This gender-biased burden of caregiving may result from
traditional norms about gender roles (Ikegami, 1997; Tokunaga
et al., 2015), gender-specific skills for caring (Allen, 1994), or the
wage gender gap in the labor market (Heimueller and Inglis, 2006).

To relieve and equalize the burden of care in the household
(Pinquart and Sorensen, 2006; Tokunaga et al., 2015), some coun-
tries, including Japan, have introduced a long-term care insurance

* Corresponding author. Department of Health and Social Behavior, The
University of Tokyo, School of Public Health, MPH, 7-3-1 Hongo, Bunkyo-ku, Tokyo
113-0033, Japan.

E-mail address: mutt-tky@umin.ac.jp (M. Tokunaga).

http://dx.doi.org/10.1016/j.socscimed.2016.11.037
0277-9536/© 2016 Elsevier Ltd. All rights reserved.

(LTCI) system to provide formal care services with affordable
copayment (Ikegami, 1997; Campbell and Ikegami, 2003) that at
least partially increases women's participation in the labor market
(Shimizutani et al., 2008). However, a gender gap remains, because
women in lower income households do not enjoy such benefits.
The within-gender gap in socioeconomic status (SES) has been
poorly studied in relation to informal caregiving. Most previous
studies focusing on gender disparity in informal care provision
have ignored the SES gap for caregivers (Lee et al., 1993; Jenson and
Jacobzone, 2000; Kramer and Lambert, 1999; Mathiowetz and
Oliker, 2005; Ingersoll-Dayton et al., 1996; Dahlverg et al., 2007;
Montgomery, 1992; Hourven et al., 2013). Gender and SES as rep-
resented by income, occupation, and educational attainment are
conceptually independent (Baxter and Taylor, 2014; Danesh et al.,
1999; Dutton et al., 2005; Krieger et al., 1997), but are inter-
twined in the social stratification of life chances (Krieger, 2014).
Women have a greater risk of low income, low educational
attainment, and limited opportunities to access resources such as
healthcare (Miech et al., 2003; Griffin and Hu, 2015; Greenstein,
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2000; Stevenson and Wolfers, 2009; Stewart et al., 2007; Blundell
et al., 2013; Wolf and Soldo, 1994; Benham, 1974).

Therefore, women of low SES may face a greater risk of a biased
care burden, because they lack resources to buy formal care, have
less social support, and/or their lack of labor force skills leaves them
little choice but to remain in the household and provide informal
care. Such an intertwined impact of gender and SES on the distri-
bution of informal care burdens deserves policy attention to design
welfare programs for fair contribution and compensation of
informal care in society. It is important to focus not only on the
gender gap, but also on disparity within women. We are not aware
of any literature that directly addresses the socioeconomic within-
gender gap in informal caregiving among women.

The aim of this study was to examine the association between
women's SES and the likelihood of being a primary caregiver for
older people in need. We focused particularly on household in-
come, marital status, work status, and educational background
among women.

2. Subjects and methods
2.1. Data source

The public insurance system has been the dominant source of
formal long-term care (LTC) in Japan since 2000 (Ikegami, 1997).
The eligibility of access to formal care is based solely on a functional
assessment of the recipient through a standardized protocol,
regardless of a household's demographic and SES conditions, and
copayment is reduced or exempted for low-income households. We
believe that the investigation of the within-gender gap in informal
care provision under public LTC provision in Japan will help to
identify a gap attributable to women's status in the household,
regardless of whether the household can afford LTC.

For this study, we utilized data from the Comprehensive Survey
of Living Conditions of the People on Health and Welfare (CSLCP), a
nationwide, representative, population-based cross-sectional sur-
vey of households that is conducted every 3 years by the Ministry of
Health, Labour and Welfare in Japan. We pooled data from the 2010
and 2013 surveys to obtain a sufficient sample size for analysis. We
limited the data to 2010 and 2013 because information regarding
educational attainment was available only for these survey years.
The 2010 survey used a probabilistic sampling of about 5500
sampling area units stratified by 47 prefectures in Japan. All
households in the sampled unit were invited to participate in a self-
administered questionnaire survey on household sociodemo-
graphic conditions and health status, educational status, marital
status, and work status of household members. In 2500 randomly
selected area units from the original sample, an additional ques-
tionnaire was distributed to all households with a member who
was officially approved as eligible for public LTC at the time of the
survey. Information collected included formal LTC service use,
informal caregiving, and functional conditions of care recipients.

These anonymous secondary data have been approved for
research use by the appropriate governmental agency, and the need
for ethics research committee approval has been waived.

2.2. Subjects and sampling

We needed to define the “population at risk,” or those who
could potentially be both an informal caregiver in the household
and part of the labor force in the formal labor market. To focus on
the within-gender gap, we excluded male subjects from our anal-
ysis. We further limited our sample to females aged between 40
and 60 years, because women in this age range are most likely to be
involved in personal care (mainly of their elderly parents) but can

be still part of the labor force (Kramer and Lambert, 1999; Attias-
Donfut et al., 2005; Pavalko and Arits, 1997). We excluded women
older than 60 years, the age of public pension eligibility, because
they were likely to be retired, and to be involved in caregiving of
their elderly spouses/parents regardless of SES.

In 2010, the original survey included 228,864 households and
609,018 subjects from 5510.

sampling units in 47 prefectures in Japan (household response
rate = 79.1%). Among those aged =65 years, 13% reported they
needed any type of care attention/support in their daily activities,
and about 70% actually applied to and were approved as eligible for
the LTC services. There were 7192 households eligible for the LTC
survey, of which 5912 households provided valid responses.
Because the survey only collected detailed information of care-
givers living in the same household as a care recipient, we limited
our analysis to 2980 households in which care recipients cohabited
with primary caregivers in the same household, and also excluded
cases where a professional home helper was the primary caregiver.

We excluded 59 households in which the caregiver cared
simultaneously for more than two care recipients. Consequently,
1103 households containing 1181 women aged 40—60 years of
working age were available as a target sample for further analysis.
We conducted similar procedures for the 2013 data; we appended
the datasets to obtain 2399 female subjects in 2236 households.

2.3. Measurement

2.3.1. Target variable

Our target variable is a dichotomy of being a primary caregiver
for the cohabited elderly with care needs, based on the question-
naire asking who is the primary caregiver of the frail elderly in need
in the household.

2.3.2. Female family member characteristics

We considered female family members' characteristics,
including age (age <50 or >50 years), marital status (whether
currently married) (Wolf and Soldo, 1994), and health status (any
chronic diseases under treatment). Job status (full-time job, part-
time job, no job) (Johnson and Lo Sasso, 2004), and educational
attainment (“junior or high school degree,” “community college or
training graduate,” and “university graduate or above”) were
counted as indicators of individual SES.

2.3.3. Care recipient characteristics

We used care recipients' characteristics, such as age, gender,
health status and care eligibility level in public LTCI, as indicators of
the amount of care required. An eligibility level higher than II
indicated those without functional independence, and needing
assistance with meals, toileting, bathing, and clothing (Ikegami,
1997; Tokunaga et al., 2015). We divided the functional disability
level into severe (Level III, IV, and V) versus mild (Level I and II, and
less than Level I).

2.3.4. Household characteristics

The number of household members aged over 18 years living
together was included in the analysis, because it should reflect the
household capacity for informal care provision. A count of house-
hold members under 18 years was also included, because it should
reflect conflicting demand for care provision to dependent children
in the household. The CSLCP included an independent subsample
for income data, but the LTC questionnaire subsample did not
provide this information. We therefore had to estimate household
income using a set of household variables common to both sub-
samples. Using the subsample for income data collection, the
household income (sum of labor and pension income) of
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households with subjects aged =65 years was regressed on the
adult equivalent for household size, type of public pension, the
number and types of household members in paid work, house
ownership, monthly household expenditure, the number of people
aged =65 years in the household, and average prefectural house-
hold income. The obtained regression formula was applied to the
LTC survey subsample to impute household income. The income
was log-transformed for regression analysis and the imputed
numbers were then converted back to normal numbers, and
adjusted using the consumer price index for each survey year to
enable comparisons over time. The imputed household income was
further divided by the square root of the number of household
members to obtain equivalent household income, and then cate-
gorized into quintiles (Tokunaga et al., 2015).”

2.4. Statistical analysis

We compared the demographic, socioeconomic, and health
status of women in a primary caregiver role and those not in this
role using t tests and chi-square tests as appropriate. We also
compared by women's status as primary caregiver the character-
istics of cohabiting care-recipients and their households. Then, we
conducted multivariable logistic regressions of the status of a pri-
mary caregiver as a target variable, regressed on women's SES, and
adjusted for care recipient and household characteristics (e.g., care
level, gender, chronic disease under treatment, household
composition, and equivalent household income). As the likelihood
of one being a primary caregivers may be differentially affected by
the severity of care need. Therefore, tests for a statistical interaction
between care eligibility level of the care recipient and the primary
caregiver's characteristics such as education or marital status were
conducted by entering an interaction term for the recipient's care
eligibility level (mild and severe) and the caregiver's education/
marital status in a multivariate regression model. From this, we
found a significant interaction of education/marital status, and
analysis was stratified by care eligibility level. Statistical signifi-
cance was set at p < 0.05. The results from the multivariate analysis
were expressed as odds ratios (OR) with 95% confidence interval
(C1).

3. Results

Table 1 shows the characteristics of female members, care re-
cipients, and households by caregiving status. All 982 women not in
a primary-caregiving role cohabited with other caregiving family
members, most of whom were women older than 60 years or
younger than 40 years (not shown in the table). Primary-caregiver
women were on average 3 years older than their counterparts
(p < 0.0001) and more likely to have chronic conditions
(p = 0.0001). Primary-caregiver women were more likely to have a
high school education or lower and to be non-workers. Finally, they
were more likely to cohabit with care recipients who were older,
female, and with mild care needs. One-quarter of primary-
caregiver women belonged to the lowest household income
quartile.

Table 2 shows the results of multivariable logistic regression
analysis with primary caregiving status as an outcome. Younger
age, full-time work status, and married status were significantly
related to the status of not being in a primary caregiving role,
whereas education was not significantly related to caregiving status
(model 1). However, after including an interaction term between
education and care recipient care levels, the interaction was sig-
nificant (log-likelihood ratio test p = 0.0003); high school educa-
tion or lower was significantly related to the likelihood of being a
primary caregiver (p = 0.0001). Marital status also showed a

significant interaction with care eligibility levels (log-likelihood
ratio test p = 0.015, not shown in the table).

Table 3 shows the results of ad-hoc analysis stratified by care
recipient’s care eligibility level. In both groups, younger women
and those who worked were less likely to be primary caregivers.
Substantially different patterns were observed for marital status
and educational attainment. In the case of care recipients with mild
eligibility levels, marital status and educational attainment were
not significantly related to the likelihood of being a primary care-
giver. In contrast, when care recipients had severe levels of care
needs eligibility, married women were significantly less likely to be
a primary caregiver (OR = 0.41, 95% Cls = 0.27—0.64). Women with
lower educational attainment showed a significantly greater like-
lihood of being a primary caregiver (OR = 1.94, 95% Cls = 1.37—-2.74
for women with junior or senior high school degrees compared
with university graduates).

4. Discussion

To the best of our knowledge, this study is the first to empirically
investigate within-gender socioeconomic inequality among
women in sharing the care burden of older people in need. We
found that younger women and those in work were less likely to be
primary caregivers. Lower education and being single were signif-
icantly related to the likelihood of being a primary caregiver only
when cohabiting care recipients had severe care eligibility levels.

The lower likelihood for younger and working women to be
primary caregivers is not surprising, and may not be causal. To
maximize household welfare production, a household must decide
how to allocate the available human resources to market-based
production for earning and household production of consumption
(e.g., care for children and older people in need) (Van Houtven et al.,
2012; Penrod et al., 1995). Younger women and those in work may
tend to join the formal labor market to earn, and their counterpart
women in the household may accept the role of caring for family
members with needs. As we did not observe any difference in this
trend regardless of care recipients' care need levels, these house-
hold decisions probably were not dependent on the amount of care
burden.

Women with lower education and those who were single were
likely to be primary caregivers of care recipients with severe care
levels, but these factors were not significantly associated with
caring for recipients with mild conditions. Women's higher edu-
cation and married status were related to higher household income
levels, which may have led a greater capacity to purchase formal
institutional care for severely disabled care recipients. However, the
private market of institutional long-term care is still young in Japan,
and care for frail elderly is mainly provided through public sectors
under a long-term care insurance scheme, where service eligibility
is strictly dependent on the elderly's functional levels and esti-
mated needs of care. Women's lower education and non-married
status remained significant after controlling for household's in-
come levels. The results indicate that women's low education and
non-married status were related to a higher likelihood of becoming
a primary care giver of severely disabled elderly for reasons other
than lower economic power.

Being female, low educational attainment, and being single are
known to be associated with a lack of power within the household
(Penrod et al., 1995; Cunningham, 2001). Women with less edu-
cation and those who are single will face difficulties in negotiating
with other family members (both males and females) who should
carry the main burden of care. When the care burden is expected to
be heavy, the negotiation and dynamic relationships among
women in the household may lead to a serious conflict, and women
with less negotiating power may be forced to accept the burden of
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Table 1
Characteristics of female family members, care recipients, and households by females' caregiving status; 2010 and 2013.
Characteristic AlI(N = 2399) Women not in a Primary-caregiver P value
primary caregiving women(N = 1417)
role(N = 982)
Caregiver characteristics % % %
Mean age(years) 51.84 + 5.35 50.10 + 5.62 53.06 + 4.80 <0.0001
With chronic disease 999 (41.6) 364 (37.1) 635 (44.8) 0.0001
Work
Full-time 917 (38.2) 437 (44.5) 480 (33.9)
Part-time 1115 (46.5) 450 (45.8) 665 (47.0) <0.0001
No job 367 (15.3) 95 (9.7) 272 (19.1)
Marital status
Married 2108 (87.9) 877 (89.4) 1231 (86.9) 0.072
Final education
Junior or senior high school graduates 1075 (44.8) 381 (38.8) 694 (48.9)
Community college or training graduates 811 (33.8) 350 (35.6) 461 (32.5) <0.0001
University graduates or above 513 (21.4) 251 (25.6) 262 (18.6)

Care recipient's characteristics
Age (years)

Mean + SD 83.65 + 6.39
Gender
Male 738 (30.7)
Female 1661 (69.3)
Chronic disease under treatments
Yes 834 (77.6)
Independence level
Mild 1074 (44.7)
Severe 1325 (55.3)

Household characteristics
Size_adjusted household income

1 st quintitle(<=3 million of yen) 571 (23.8)
2 nd quintitle(3—4 million of yen) 565 (23.5)
3 rd quintitle(4—6 million of yen) 563 (23.5)
4 th quintitle(6—9 million of yen) 455 (19.0)
5 th quintitle(>=9 million of yen) 244 (10.2)

Abbreviations:SD: standard deviation.
Difference between non-primary-caregivers and caregivers; p values from 72 (categorical variables) or t-test (continuous variables).

Table 2
Characteristics of female family members that predict the primary caregiving status; results of multivariate logistic regression.
Parameter DF Model1 Model2
Estimate SD Pr > ChiSq Estimate SD Pr > ChiSq
Age(years)
Agel (=>40, <50) 1 -0.75 0.12 <0.0001 -0.76 0.12 <0.0001
Age2 (=<50, =<60) 0 (Reference) (Reference)
Final education
Junior or senior high school degree 1 0.36 0.13 0.053 0.65 0.17 0.0001
Community college or training graduates 1 0.19 0.13 0.15 0.25 0.17 0.13
University graduates or above 0 (Reference) (Reference)
Marital status
Married(Yes:1, No:0) 1 -0.51 0.16 0.0012 -0.50 0.16 0.0017
Chronic disease under treatment
Yes 1 0.12 0.10 0.26 0.11 0.10 0.25
Work
Full-time 1 -0.92 0.17 <0.0001 -0.92 0.17 <0.0001
Part-time 1 -0.61 0.18 0.0007 -0.60 0.18 0.001
No job 0 (Reference) (Reference)
Interaction: Two-way
Junior or senior high school degree*mild level 1 —0.67 0.27 0.011
Some college*mild level 1 -0.18 0.28 0.52
University graduates or above*mild level 0 (Reference)
Recipient care level:mild level 1 0.31 0.10 0.0018 0.68 0.22 0.0021
Recipient care level:severe level 0 (Reference) (Reference)

Adjusted for annual dummy, recipients’ age, care level, gender, chronic disease under treatment, household composition, and equivalent household income. N = 2399, 1417 of
whom were primary caregivers.

being a primary caregiver (Conlon et al., 2014). less education have a lower market value in the formal labor
Educational level is a major determinant of the value of an in- market, are less likely to be accepted in the labor force, and are
dividual's time in the labor market (Gronau, 1973). Women with more likely to remain in the household. In addition to a gender-
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Table 3
Results of multivariate logistic regression analysis stratified by care recipient's care level.
Mild Level Severe Level
0Odds ratio 95%Cl Odds ratio 95%Cl
Primary caregivers'characteristics Primary caregivers'characteristics
Age(years) Age(years)
Agel (=>40, <50) 0.61 (0.43—0.86) Agel (=>40, <50) 041 (0.29—-0.56)
Age2 (=<50, =<60) 1.00 (Reference) Age2 (=<50, =<60) 1.00 (Reference)
Chronic disease under treatment Chronic disease under treatment
(Yes:1, No:0) 1.24 (0.87—-1.55) (Yes:1, No:0) 1.04 (0.78-1.37)
Work Work
Full-time 0.46 (0.28—0.76) Full-time 0.36 (0.23-0.55)
Part-time 0.67 (0.40—1.17) Part-time 0.46 (0.28—0.74)
No job 1.00 (Reference) No job 1.00 (Reference)
Marital status Marital status
Married(Yes:1, No:0) 1.02 (0.65—1.60) Married(Yes:1, No:0) 0.41 (0.27—-0.64)
Educational attainment Educational attainment
Junior or senior high school graduates 1.00 (0.67—-1.49) Junior or senior high school graduates 1.94 (1.37-2.74)
Community college or training graduates 1.05 (0.69—-1.62) Community college or training graduates 1.29 (0.92—1.86)
University graduates or above 1.00 (Reference) University graduates or above 1.00 (Reference)

Adjusted for annual dummy, recipients' age, care level, gender, chronic disease under treatment, household composition, and equivalent household income. Mild level:
N = 1074, 692 of whom were primary caregivers. Severe level: N = 1325, 725 of whom were primary caregivers.

biased wage difference, our results strongly suggest that a within-
gender difference in educational background leads to a biased
allocation of care burden for those with lower educational
attainment.

The informal care of frail elderly people in the household is a
non-market activity with a shadow price. Some studies estimate
that this price is not low (Posnett and Jan, 1996). Our results suggest
that the shadow price of informal caregiving is distributed in a
biased way to women with less power in the household system,
and that the inequality is not fully solved by public provision of
formal care to supplement informal caregiving.

Countries such as Germany and South Korea have introduced a
cash benefit to financially compensate informal caregivers.
Following extended consideration, the Japanese system has not
introduced this cash benefit after concluding that it may bind
women to the role of informal caregiver in the household
(Campbell et al., 2010; Long, 2004). Other countries such as the UK
and Australia have prepared legal protection of caregivers, and
provided formal care to support them psychologically and finan-
cially (Nolan et al., 1996; Arksey, 2002; Victorian Government
Department of Human Services (2005); Hervey, 2004; Gilles,
2000). However, the limited opportunities in the labor market
and for social participation among socially and economically
vulnerable women, who are likely to be bound to informal care in
the household, may result in further disadvantages, such as poorer
pension eligibility, lack of worker compensation, and deregulation
in working hours and other health/safety protection. Thus, policy
making for formal and informal care provision should acknowledge
the inequality in care burden and the social inequality in health and
socioeconomic conditions among women. This would help to
reduce injustice through a broader set of social, economic, and
health policies by empowering these women.

Although the major strength of this study is the use of nationally
representative population-based data with high coverage, we
should acknowledge several limitations. First, this was cross-
sectional data, so we cannot draw conclusions about causality: a
woman with no job might be burdened with informal care or she
might resign from her job to become a caregiver. Further research
with panel data is needed. Second, caregivers such as daughters-in-
law and married daughters have played an important role in
informal caregiving arrangements within East Asian traditional
norms (Smith et al., 1991; Nishi et al., 2010), which we did not
consider in this study because of the lack of relevant data.

5. Conclusion

Using a nationally representative sample of Japanese women of
working age in the community, we demonstrated that the burden
of informal care for older people in need is distributed unequally to
women with lower SES in the household, despite the universally
available formal service provision under the public insurance
scheme in Japan. These findings suggest that socioeconomic
inequality, in addition to gender-related bias, contributes to the
disproportional distribution of the care burden to women with low
skills, resources, and power. Policy making should acknowledge the
need for a broader set of social, economic, and welfare approaches
to emancipate socioeconomically vulnerable women from the
shadow cost of informal care for older people.
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