Study variables

The impact of alcohol consumption on monthly medical
care utilization and costs was examined. All life-style
information was derived from the responses to the self-
completed questionnaire in the 1994 baseline survey.
The question on the amount of drinking by each subject
was worded as: ‘Do you drink alcoholic beverages?' and
the subjects were asked to choose one of three options to
describe their status: current drinker, former drinker or
life-long abstainer. Current drinkers reported their fre-
quency of consumption as one of four categories: almost
daily, 3—4 days/week, 1-2 days/week and <1 day/week.
Furthermore, they were asked which types and amounts
of alcoholic beverages were consumed in a day; this infor-
mation was recorded as ‘S goor more’, ‘4 go', '3 go’, ‘2 go',
‘1 go' or ‘less than 1 go' (a go is a traditional unit in Japan
equal to approximately 180 mL of sake, containing 23 g
of ethanol}. Weekly ethanol consumption was calculated
by multiplying the amount of ethanol consumed per day
by the frequency of drinking per week. Alcohol intake
was classilied into five groups: life-long abstainers and
current ethanol intakes of 1-149 g/week, 150-299 g/
week, 300449 g/week and 2450 g/week.

Multivariate models included the following variables
as covariates, as there was an association between alco-
hol consumplion and the following variables: {1) age:
continuous variable: (2) smoking status: never, ever
smoked, currently smoking: {3) body mass index (BMI):
weight, kg/height, m? (<21.0, 21.0-24.9 and 225.0 kg/
m?*); and (4) time spent walking per day: <30 minutes.
30 minutes—1 hour, 21 hour.

Qutcome measures

Data on medical care utilization and costs were collected
prospectively for all individuals in the cohort belween
January 1995 and December 1998. The NHI claims his-
tory files were obtained from the Miyagi NHI Association.
Claims history files included the beneficiary’s ID number,
the number of days and cost of oul-patient care and the
number of days and cost for in-patient care. Information
on the diagnosis relaled Lo each episode of medical care
was not available.

When a beneficiary was withdrawn [rom the NHI
because of death or emigration, the date and reasons
were recorded on the NHI withdrawal history {ile. From
this [ile, survival and emigration status could be identi-
fied for all the study subjects, Both NHI claims and
withdrawal history liles were linked with our baseline
survey data file based on the beneficiary’s ID number as
the key code. In order to protect the subjects’ privacy,
their names were deleted from the data files used for
analysis,

© 2005 Socicty for the Study of Addiction

Impact of alcohel consumption upon medical costs 21

Statistical analysis

The impact of alcohol consumption on per-month per-
capita medical costs (in-patient and out-patient), hospital
days and number of physician visits was examined by
analysis of covariance (ANCOVA). Per-month values for
each subject were calculated by dividing the accumulated
values through observation by the number of months
observed. We examined per-month values rather than
accumulaled values lo avoid underestimating the
medical care use and costs of the subjects who died
or emigrated.

In this paper, monetary values are converted to
pounds sterling (£) wusing an exchange rale of
£1.00=180 Japanese Yen (2003 rale). Approximale
variance formulae were used to calculate 95% confidence
intervals (CI): differences at P<0.05 were regarded as
statistically significant. All statistical calculation was per-
formed using SAS soflware (version 8.2, SAS Institule,
Cary, NC, USA) [29].

RESULTS

Characteristics of the s_ubiecls

Table 1 lists the baseline characteristics of the subjects by
categories of alcohol intake, The highest proportion of
current drinkers (38.6%) were in the calegory consum-
ing 1-149 g/week, and the proportions decreased with
higher alcohol consumption. The mean age was highest
for life-lontg abstainers, and decreased with the amount of
alcohol consumed. Alcohol consumption was associated
with cigarette smoking, BMI and walking time: the pro-
portion of current smokers increased with alcohol con-
sumption, and the proportions of those who had a BMI of
more than 25.0 and those who walked for less than
30 minutes per day were greater among current drinkers
consuming more than 450 g/week,

Among the subjects, 5355 men (30.6%) attended
health check-ups provided by the municipality in 1995,
and we compared the self-reported alcohol consump-
tion at the baseline survey with the data from liver
function tests oblained at the health check-up. Table 2
lists the mean levels of aspartate aminotransferase
(AST). alanine aminotransferase (ALT) and y-glutamyl-
transferase {GGT), according to the categories of self-
reported alcohol consumption. A linear relationship
was observed between the values from all liver function
tests and the self-reported alcohol consumption level (P
for trend: P < 0.0001). This relationship did not change
after logarithmic transformation of the values. This
finding suggesis thal the data for self-reported drinking
habits at the baseline survey were sufficiently valid and
accurate.
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Table 1 Baseline characteristics by categories of alcohol Intake In 17 497 men, Ohsaki NHI Cohort Study, Japan, in 1994.

Current drinkers (g/week)

Life-long
abstainers 1-149 150299 Jo-449 450 =
Number of subjects (%)} 33521(19.2) 6749 (38.6) 5086 (29.1) 1823(10.4) 487 (2.8)
Age (8D 60.6 (10.7) 58.9 (10.7) 57.8(9.9) 54.3 (9.4) 52,7 (9.4)
Smoking (%)
Current 47.9 51.5 63.3 72.2 758
Ex-smoker 22.8 25.1 229 179 15.2
Never 29.3 23.4 13.7 9.9 9.0
BMI® (%)
<21.0 21.8 20.0 18.9 214 21.5
21.0-249 53.5 54.6 55.8 52.8 50.3
225.0 24.7 254 253 26.8 282
Walking (%)
<30 minutes/day 28.0 25.7 24.6 26.4 359
30-1 howr 24.1 24.6 235 19.6 17.8
>1 hour/day 47.9 49.8 51,9 54,0 46.3

*SD, standard deviation. *BMI, bedy mass index.

Table 2 Liver functions data of the subjects by categories of alcohol intake in 5355 men, Ghsaki NHI Cohort Study, Japan, 1995.

Current drinkers (g/week)

Life-long

abstainers 1-149 150-299 300-449 4502 P-value
Number of subjects(%) 937(16.2) 2306 (40.0) 1624 (28.2) 411 (7.1) 77{(1.3)
AST® mean (SDM 24,7 {9.0) 25.5(9.4) 28.3(17.1) 32.3(21.9} 36.4(28.4) <0.001=4
ALT® mean (SDY) 22.6{13.4) 22.5(13.2) 24.4(22.9) 28.1(214) 32.0(27.8) <0.001<4
GG mean (SDY) 22.9{18.5) 32.7 (31.9) 50.5 {58.5) 83.7(97.5) 107.7(143.8) <0001

*AST, aspartate aminotransferase; *$D, standard deviation; ‘tested by analysis of variance (ANOVA); *P for trend < 0.0001; *ALT, alanine aminotrans-

ferase: 'CCT, serum g-glutamyltransferase.

Drinking habits and medical costs

Per-capita per-month hospital days and in-patient cost
showed U-shaped relationships with alcohol consump-
tion, both for crude data and after adjustment for age,
smoking status, BMI and walking (Table 3). Hospital days
and in-patient cost were highest for subjects consuming
more than 450 g/week (0,56 days, 95% CI: 0.40, 0.72;
£74.96,95% CI: 54.39, 95.52) and for life-long abstain-
ers (0.58 days, 95% CL: 0.52, 0.64; £69.16, 95% CI:
62.08, 77.83), and lowesl for subjects consuming 150~
299 g/week (0.37 days, 95% CI: 0.32, 0.42; £51.69,
95% CI: 45.33, 58.04).

Qut-patient care use did not show a U-shaped curve,
but an inverse linear relationship with alcohol consump-
tion for both crude data and alter adjustment (P for trend:
P < 0.0001). Per-month visits and per-month costs were
highest for life-long abstainers (£78.31, 95% CI: 74.04,
82.57), and decreased with higher alcohol consumption.

Table 4 lists in-patient and out-patient use by age spe-
cific analysis. Per-capita per-month hospital days and in-

© 2005 Society for the Study of Addiction

patient cost showed a U-shaped relationship with alcohol
consumption at all ages, but in-patient cost was lowest for
those consuming 1-149 g/week in the less than 49 age
group. Number of physician visits and out-patient costs
also showed an inverse linear relationship with alcohol
consumption among parts of all age groups.

DISCUSSION

This 4-year prospective cbservation study confirmed a U-
shaped relationship between alcohol consumption and
in-patient care use. In contrast, there was an inverse lin-
ear association between alcohol consumption and out-
patient care use.

Our study had several methodological strengths.
Under the NHI system, differences in access to medical
care due to socio-economic status are unlikely. We
followed-up a large number of subjects {(n=17,497) for
4 years. Because we collecied a variety of life-style
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information at the baseline survey, we were able to anal-
yse the impact of alcohol consumption on medical cost
after adjustment for possible confounders. Self-reporting
of alcohol consumption was sufficiently valid and accu-
rate, as evidenced by the high correlation with objective
data from liver function tests {AST, ALT and GGT). The
representativeness of our study was confirmed fully in a
previous paper [22].

The association belween alcohol consumption and
use of in-patient care was inconsistent in previous stud-
ies, which is attributable partly to study limitations. First,
mosl previous studies were based on hypothetical [18],
cross-sectional [7,13,16] or retrospective [12,14,17]
study designs. Secondly, some studies involved small sam-
ple sizes [10,20]. Thirdly, socio-economic status might
have confounded the association between alcohol con-
sumplion and medical care use [30,31]; for example,
some excessive drinkers might not have used medical care
because they were un- or underinsured. Fourthly, most of
the studies did not separate life-long abstainers from ex-
drinkers [7,10,13,15,19,20], and a study by Tsubono
et al. suggests that epidemiological studies of alcohol and
total mortality may overestimate the lower risk in mod-
erale drinkers il they do not scparate life-long abstainers
from ex-drinkers [32]. Some previous studies showed that
abstainers had extremely high in-patient care use, but
this could be explained by the fact that the abstainer
group of ex-drinkers presumably includes people who
ceased alcohol consumption because of illness (related or
unrelated to drinking) [7,10,13.15,19.20].

Qur study is a large-scale population-based cohort
study in which every member had equal access to medi-
cal care services, and ex-drinkers were excluded as study
subjects. This methodological advantage suggests that
our finding of a U-shaped curve for in-patient use is more
reliable than findings of previous studies. Furthermore,
in-patient cost was lowest for individuals consuming 1-
149 g/week in the less than 49 age group, followed by
those consuming 150-299 g/week with an increase in
age. Young people might be expected to show a stronger
effect of alcohol consumption in relation to medical care
utilization because of the smaller influence of chronic dis-
eases unassociated with alcohel consumption. Moreover,
the data for the less than 49-year age group showed the
same ilendency as the J- or U-shaped mortalily curve
[1-5].

Because out-patient care use is influenced more by
patients’ care-seeking behaviour [11], the association
between alcohol consumption and in-patient care use
may provide an appropriate clue to the question of
whether alcohol consumption has beneficial or harm-
ful effects. This 4-year prospective observation study
confirmed a U-shaped relationship between alcohol con-
sumption and in-patient care use. Qur data support the
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known substantial health and social risks of consum-
ing large amounts of alcoholic beverages. Armstrong
et al. demonstrated that light drinkers (<1 drink/month)
had a morbidity experience similar to that of life-long
abslainers, Thus the suggestion that life-long absiain-
ers might differ from light drinkers in some unknown
way with respect to illness risk might not be plausible.
Therefore, the higher in-patient cost among life-long
abstainers than among light drinkers might indicale a
benefictal effect of light drinking. A meta-analysis has
demonstrated a beneficial influence of alcohol on coro-
nary heart disease, ischaemic stroke and diabetes melli-
tus [6]. Furthermore, San José et al. have reported a U-
shaped relationship between alcohol consumption and
psychosocial health parameters such as perceived gen-
eral health, health complaints, chronic conditions,
mobility complaints, pain complaints, sleeping com-
plaints, social isolation, emotional complaints and lack
of energy complaints, that may indicate an influence of
alcohol intake on health [33]. The U-shaped relation-
ship observed in our study might reflect this assocta-
tion. Although alcohol consumption may have some
beneficial effects. alcohol consumption increases the
risk for some types of cancer, hypertension, haemor-
rhagic cancer, cirrhosis of the liver, etc. [6]. Thus, the
present U-shaped association might have been the
result of a heterogeneous relationship between alcohol
consumption and health problems. Given that heteroge-
neity, we believe that public health recommendations
for promotion of alcchol drinking to reduce medical
care costs is not a reasonable strategy. Any encourage-
ment of light or moderate drinking should be based on
the characteristics of each individual.

In contrast to in-patient care use, out-patient use
showed a linear inverse relationship with alcohol con-
sumption. Past studies have also shown that use of oul-
patient care decreased with alcohol consumption [7-14].
There are several possible explanations for our results,
First, alcohol consumption is associated positively with
acute conditions such as road injuries, injuries due to
falls, lires, excessive cold, drowning, occupational and
machine injuries and suicide [6], which would yield more
in-patient needs than out-patient needs. These acute
conditions might partly explain the inverse linear
association. Secondly, alcohol consumpltion is associated
positively with depressive disorders [6]. People with
depression are less likely to seek medical care in the early
stage of their disease, which would lead to less use of out-
patient care. Thirdly. although every individual had equal
access to medical care services in our study, their finan-
cial status might have influenced their care-seeking
behaviour. A person with a poor income, who may tend
10 be a heavy drinker, would be less likely to visit a physi-
cian, Fulure prospective studies should therefore exercise
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care in adopting a wider variety of information at the
baseline survey, including (inancial status.

Our study had another limitation. The 4-year follow-
up period was probably not long enough. Consequently,
we might have underestimated the health risks of those
who were currently consuming a large amount of alco-
hol. However, we did observe a U-shaped relationship
between alcohol consumption and in-patient cost.

The amount of alcohol consumed in Japan has been
increasing rapidly since the end of World WarII[34], and
the current per-capita consumption of 6.6 1is almost the
same as that of the United States (6.7 1) and United King-
dom (8.1 1) [35].

In conclusion, this large-scale prospective study, using
a health insurance system providing every member with
equal access to medical care services, demonstrated that
days of hospitalization and in-patient care cost had a U-
shaped relationship with alcohol consumption, and that
the number of physician visits and out-patieni cost had
an inverse linear relationship with alcohol consumption.
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Abstract

Background. The objective of this study was to examine the joint impact of modifiable health-risk factors such as smoking, obesity, and

physical inactivity on direct health care charges.

Method. We conducted a population-based prospective cohort study, with follow-up from 1995 to 2001. The participants were Japanese
National Health Insurance (NHI) beneficiaries (26,110 men and women aged 40-79 years).

Results. *No risk” group defined as never-smoking, body mass index (BMI) 20.0-24.9 kg/m?, and walking for >1 h/day had mean health
care charges of $171.6 after adjustment for potential confounders. Compared with this group, the presence of smoking (SM; ever-smoking)
alone, obesity alone (OB; BMI = 25.0 kg/mz), or physical inactivity (P, walking for <1 h/day) alone were associated with a 8.3%, 7.1%, or
8.0% increase in health care charges, respectively. The combinations of the risks of SM and OB, SM and PI, OB and PI, and SM and OB and
P! were associated with a 11.7%, 31.4%, 16.4%, and 42.6% increase in charges, respectively.

Conclusion. Interventions to improve modifiable health-risk factors may be a cost-effective approach for reducing health care charges as

well as improving people’s health.

© 2004 The Institute For Cancer Prevention and Elsevier Inc. All rights reserved.

Keywords: Cohort studies; Health care charges; Japan; Joint exposure; Obesity; Physical inactivity, Smoking

Introduction

Smoking, obesity, and physical inactivity are related to a
variety of chronic diseases such as cardiovascular disease
f1—-4], cancer [5,6], type Il diabetes mellitus [7,8], and
hypertension [9], which are major public health hazards
[10-12] and impose a financial burden on health care
systems. It is therefore essential that analyses of the impact
of lifestyle on health care charges are used by the medical
and public health communities and by policy makers to
identify targets for expenditure reduction through cost-
effective management programs and treatments.

* Comesponding author. Division of Epidemiology, Department of
Public Health and Fotensic Medicine, Tohoku University Graduate School
of Medicine, 2-1 Seiryo-machi, Aoba-ku, Sendai 980-8575, Japan. Fax:
+81-22-717-8125.

E-mail address: kuriyama-thk@umin.ac.jp (S. Kuriyama).

The association between individual health risks and
health care charges has been investigated [13-33], and
the results are consistent with an association between the
risk and increased health care charges. We also have
provided evidence about real and substantial health care
charge differences between subjects who have a health-risk
factor and those who do not. Male smokers incurred 11%
more medical charges than never smokers (subjects who
have never smoked, as opposed to those who had smoked
and given up)} [34]. The mean total charges were 9.8%
greater among subjects with a body mass index (BMI) of
25.0-299 and 22.3% greater among those with a BMI of
30.0 or more, relative to those with a BMI of 21.0-22.9
[35]). Per-person health care charges in those walking \for
less than 1 h per day was 11% higher than for those
walking for 1 h per day or more [36]. Nevertheless, an
individual often possesses two or more health risks simul-
taneously and the combined risks may interact with each

0091-7435/% - see front matter © 2004 The Institute For Cancer Prevention and Elsevier Inc. All rights reserved.

doi:10.1016/.ypmed.2004.04.033
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other. However, the data available regarding the joint
impact of health risks on health care charges are limited.
To our knowledge, only one study has investigated this,
and that study was based on a prospective cohort design
and followed the subjects for 1.5 years [37].

To examine the joint impact of smoking, obesity, and
physical inactivity on health care charges, we conducted a
population-based prospective cohort study in rural Japan.
Our data were derived from a 7-year prospective observa-
tion of National Health Insurance (NHI) beneficiaries. The
strengths of this study include a large sample size (n =
26,110) and a long follow-up of 7 years, coverage of almost
all aspects of medical care under the NHI system, 100%
monitoring of medical care utilization from claim history
files, and comprehensive health and lifestyle information for
each subject at baseline.

Method
Health insurance system in Japan

Health insurance is compulsory for everyone living in
Japan, and is provided by one of two systems [38]; the
first is for employees and their dependents, the second is
a community-based health insurance system mainly used
by farmers, the self-employed, pensioners, and their
dependents. This second system is called the National
Health Insurance (NHI) plan and covers 35% of the
Japanese population. The NHI covers almost all aspects
of medical treatment, including diagnostic tests, medica-
tion, surgery, supplies and materials, payment of physi-
cians and other personnel, and most dental treatment. It
also covers the home care services provided by physicians
and nurses, but not by other professionals, such as home
health aides. When medical providers treat a patient, they
receive a copayment from the patient and then file a
claim with the local NHI association for reimbursement.
Payment to medical providers is made on a fee-for-service
basis, where the price of each service is determined by a
uniform national fee schedule. The local NHI association
has a peer-review system to determine the level of
reimbursement.

Study cohort

The details of the Ohsaki NHI Cohort study have been
previously described [39,40]. In brief, this prospective
cohort study started in January 1995, when we delivered
a self-administered questionnaire on various health habits
to all NHI beneficiaries, aged 40-79 years, living in the
catchment area of Ohsaki Public Health Center, Miyagi
Prefecture, northeast Japan (n = 54,996). Ohsaki Public
Health Center, a local government agency, provides pre-
ventive health services for the residents of 14 municipal-
ities in Miyapgi Prefecture, The questionnaires were

delivered to and collected from the subjects’ residences
by members of public health officials in each municipality.
This procedure yielded a high response rate of 95% {(n =
52,029). We excluded 774 subjects because they had
withdrawn from the NHI before January 1, 1995, when
we started the prospective collection of NHI claim history
files. Thus, 51,255 subjects formed the study cohort. The
study protocol was reviewed and approved by the Ethics
Committee of Tohoku University Scheol of Medicine. We
considered the return of self-administered questionnaires
signed by the subjects to imply their consent to participate
in the study.

Exposure data

The questionnaire, which was used as a baseline survey,
consisted of 93 items concerning 10 factors: past medical
history, family medical history, physical health status,
smoking habits, drinking habits, dietary habits (food fre-
quency questionnaire), occupation, marital status, education,
and reproductive history of the women. We defined current
or former smokers as “smokers™ according to the definition
of “ever” or “never”.

In assessing the obesity, we used the BMI, which is
body weight adjusted for height. The baseline survey
included questions on body weight and height; BMI was
then calculated as the weight divided by the square of the
height (kg/m?). We grouped the subjects into two catego-
ries: BMI of 20.0-24.9 and BMI of 25.0 or more. We
defined “obesity™ as 2 BMI 25.0 or more because a BMI
of 25.0 is the standard cutoff point for defining overweight
individuals [41].

We evaluated the validity of the self-reported body weight
and height measurements. Among the study subjects, 14,883
had their body weight and height measured during basic
health examinations provided by local governments in 1995.
The Pearson’s comrelation coefficients (#) for the self-reported
and measured values were 0.96 for body weight, 0.93 for
body height, and 0.88 for BMI. Thus, the self-reported weight
and height measurements from the baseline questionnaire
were considered sufficiently valid.

In assessing physical activity, we chose to focus on
walking because it is the most common type of physical
activity performed by middle-aged and older individuals in
rural Japan. The question on walking time was worded as
“How long do you walk a day, on average?”, and the subjects
were asked to choose one of three options: 30 min or less,
between 30 min and 1 h, and 1 h or more. This assessment did
not distinguish between household activities, occupational
physical activities and leisure-time activities. We defined
“physical inactivity” as a walking time of less than ! h a
day because almost half of the subjects walked 1 h or more
per day (48.4% walked 1 h or more; 26.0% walked between
30 min and 1 h; 25.7% walked 30 min or less). The validity
and reproducibility of this walking questionnaire has been
reported elsewhere [42].
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The subjects were finally classified into eight categories
according to the presence of the three risk factors of smoking,
obesity, or physical inactivity and their combinations.

Follow-up

We prospectively collected data on medical care utiliza-
tion and its charges for all individuals in the cohort for the
period from January 1, 1993, to the date of withdrawal from
the NHI because of death, emigration, or loss of NHI
qualiftcation, or the end of the study period (December 31,
2001), by obtaining their NHI claims history files from the
local NHI Association. When a beneficiary is withdrawn
from the NHI, the date and reason are entered in the NHI
withdrawal history files. Both NHI claims and withdrawal
history files were linked to our baseline survey data files,
using each beneficiary’s identification number as the key
code.

We excluded the subjects who had a BMI of less than 20.0
in the analysis in the present study to exclude a bias caused by
lean subjects who had lost their weight by occult diseases (n =
8,953). In addition, we excluded from analysis those subjects
who were capable of only moderate to low, but not vigorous
activity, to exclude a bias caused by physically inactive
subjects who could not walk because of their physical
condition (7 = 11,371). The physical functioning status of
each subject was assessed using the six-item physical func-
tion measure of the Medical Outcome Study (MOS) Short-
Form General Health Survey [43]. This measure examines
the extent to which health interferes with a variety of physical
activities ranging from strenuous exercise to basic self-care.
The validity and reliability of the MOS questionnaire have
been fully established [43—45]. Based on their responses, the
subjects were classified into three groups; those who were
able to perform vigorous activity (MOS score of 5—6), those
who were capable of moderate, but not vigorous activity
(MOS score of 2-4), and those considered to be of low
physical ability (MOS score of 0—1).

We also excluded those subjects from our analysis who
did not provide information about either smoking history,
body weight, body height, or physical activity {(n = 4,821).
Thus, we analyzed 26,110 subjects (14,908 men and 11,202
women).

Assessment of health care charges

Monthly values for each subject were calculated by
dividing the charges combined throughout the observation
by the number of months observed. We used monthly
values rather than cumulative values to avoid under-
estimating medical care utilization and charges for sub-
jects who died or emigrated.

Statistical analysis

We chose, as did Hornbrook et al. {46] and Brown et al.
[47], an ordinary least-squares model based on non-log-
transformed data because the results in the original dollar
units are more easily interpretable and because total charges
for groups can be estimated from mean per-person charges.
The tmpact of smoking, obesity, and physical inactivity on
monthly per capita total health care charges were examined
by analysis of covariance (ANCOVA). In these analyses, we
regarded the following data as covariates: sex, age (contin-
uous variable), alcohol drinking status (never, former, cur-
rently drinking less than 450 g ethanol/week, currently
drinking 450 g ethanol or more/week), history of cancer,
myocardial infarction, or stroke.

All statistical analyses were performed using SAS soft-
ware [48)]. We used approximate variance formulae to calcu-
late the 95% confidence intervals (CI). All of the statistical
tests that we report were two-sided. A level of P < (.05 was
accepted as statistically significant. In this paper, monetary
values are converted to U.S. dollars ($) using an exchange
rate of $1.00 = 120 Japanese yen (rate as at 2003). We
adjusted all health care charges to reflect 1993 prices.

Table 1

Baseline characteristics of the Ohsaki Study subjects by health-risk categories in 1993, Japan

Health-risk catepories Number of Women Mean age  Alcohol intake more  History of  History of myocardial ~ History of
subjects (%) (SD) than 450 g/week (%)  cancer (%) infarction (%) stroke (%0)

Smoking" Obesity”  Inactivity®

- - - 4191 75.5 57.5(9.7) 04 2.2 1.2 0.6

+ - - 4834 7.1 57.8 (104) 2.6 1.9 1.8 0.8

- + - 1962 73.7 581 (9.0 05 21 19 0.7

- - + 4403 80.3 582099 05 27 1.3 0.6

+ + - 1646 9.1 56.1(9.8) 39 1.2 0 1.1

+ - + 4635 99 584 (10.7) 35 2.1 28 1.6

- + + 2357 79.3 587093 06 2.6 2.1 1.0

+ + + 2082 114 56.9 (10.5) 42 1.3 27 14

SD denotes standard deviation.

* Cuyrent and former smokers.

® Body mass index [weight (kgVheight (m)*] more than or equal to 25.0.
© Time spent walking less than 1 h a day.
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Results

Table 1 shows the baseline characteristics of the sub-
jects according to the eight health-risk categories. Women
were less likely to smoke and excess drinkers were more
likely to be men. There were no apparent differences in
mean age, the proportion of having history of cancer,
myocardial infarction, or stroke among the health-risk
categories.

Of 26,110 subjects, 25,249 (96.7%) used medical care
and had nonzere charge for 7 years. During the follow
up, 4.4% of the participants (1,161 subjects) died. The
proportion of subjects who died in the different health-
risk categories (shown in Tables 1-3), no risk, smokers,
obese, physically inactive, smoker + obese, smoker +
physical inactivity, obese + physical inactivity, and
smoker + obese + physically inactive, were 8.1%,
23.8%, 4.6%, 11.4%, 6.5%, 28.6%, 6.2%, and 10.9%,
respectively. A total of 11.7% of the participants (3,065
subjects} were lost to follow-up. The proportion of
subjects who were lost to follow-up in the different
health-risk categories (as listed above) were 18.4%,
17.0%, 8.1%, 19.2%, 6.2%, 15.0%, 9.8%, and 6.4%,
respectively.

Table 2

Estimates of the independent contributions to health care charges of health
risk categories, based on linear regression in the Ohsaki Study, Japan,
1995-2001

Variables Parameter estimate ~ Standard error
Intercept -3449 EIN |
Age (continuous variable) 9.7 04
Sex (women) =351 10.6
Alcohol drinking status
Never referent -
Former 128.9 15.0
Currently drinking 1-449 g ~14.1 88
ethanol/week
Currently drinking =450 g 82 271
ethanoliweek
History of diseases
(presence or absence)
Cancer 115.4 247
Myocardial infarction 1243 25.7
Stroke 95.9 369
Health-risk categories
Smoking® Obesity® Inactivity®
- - - referent -
+ - - 14.2 139
- + - 12.2 15.6
- - + 13.6 12.3
+ + - 20.0 17.9
+ - + 53.8 13.9
- + + 28.1 14.7
+ + + 73.1 16.6

* Current and former smokers,
b Body mass index [weight (kg)yheight (m)z] more than or equal to 25.0.
“ Time spent walking less than [ h a day.

Table 3
Average monthly health care charges over 7 years by health-risk catepories
in the Ohsaki Study, Japan, 1995-2001

Health care 95% Confidence Increasing

Health-risk categories

charges interval rate (%)

Smoking® Obesity® [nactivity® (U.8.5)

- - - 171.6 153.2, 190.1

+ - - 185.8 168.3, 203.3 8.3
- + - 183.8 157.9, 209.8 7.1
- - + 185.3 166.9, 203.6 8.0
+ + - 191.7 163.3, 220.0 1.7
+ - + 2254 207.8, 243.1 314
- + + 199.8 175.7, 223.8 16.4
+ + + 244.7 219.5, 270.0 42.6
P value <0.001

Adjusted for sex, age (continuous variable), alcohol drinking (never,
former, 1-449, or 2450 g ethanol/week), history of cancer, myocardial
infarction, or stroke.

Tested by analysis of covarjance (ANCOVA) for mean health care charges.
* Current and former smokers.

® Body mass index [weight (kg)height (m)*] more than or equal to 25.0.
© Time spent walking less than 1 h a day.

Table 2 gives the results of regressing per capita per
month health care charges categorized by age, sex, alcohol
drinking status, history of diseases, and health-risk catego-
ries. Age, sex (women), former alcohol drinking, history of
diseases (cancer, myocardial infarction, or stroke), and
exposure to physical inactivity alone, smoking + physical
inactivity, smoking + obesity + physical inactivity were
significant predictors of the charges in the multivariate
model.

Table 3 lists the monthly per capita total health care
charges according to the health-risk categories. Health care
charges increased significantly as the number of health
risks increased. Never-smokers with a BMI of less than
25.0 and who walked for more than 1 h a day (defined as
the ‘no risk’ group) had mean monthly health care charges
of $171.6 (95% CI, 153.2—190.1) after adjustment for sex,
age, alcohol drinking, history of cancer, myocardial infarc-
tion, or stroke. Relative to this group, among those who
had only one health risk, the presence of smoking was
associated with a 8.3% increase in health care charges,
obesity was associated with an 7.1% increase, and physical
inactivity with a 8.0% increase. The combinations of
smoking + obesity, smoking + physical inactivity, and
obesity + physical inactivity were associated with a
11.7%, 31.4%, and 16.4% increase in health care charges,
respectively. Physically inactive obese smokers had mean
monthly health care charges that were 42.6% greater than
those for the no risk group.

There was no notable gender difference in these findings.
Median charges were much lower than mean charges; thus,
we carried out a further analysis of the data after log
transformation. The findings from the transformed data
{not shown) were consistent with those from the non-log-
transformed analyses.
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Discussion

Our prospective cohort study demonstrates that physi-
cally inactive obese smokers had mean monthly health
care charges that were 42.6% greater than those for the
no risk group after adjustment for sex, age, alcohol
drinking, history of cancer, myocardial infarction, or
stroke. The combination of smoking, obesity, and physical
inactivity as risk factors appears to have more than an
additive (multiplicative) effect on health care charges. The
combination of smoking and physical inactivity also
seems to have the same effect. These data provide useful
evidence on which to base targets for expenditure reduc-
tion through cost-effective management programs and
treatinents.

Our study had several methodological advantages. We
followed up a large number of subjects (# = 26,110) over a 7-
year period. Our charge calculation was accurate because we
obtained NHI Claim History files directly from the local NHI
Association, which includes almost all available medical
treatment. The study subjects were sufficiently representative
of the target population because the response rate was 95%,
We analyzed the joint impact of smoking, obesity, and
physical inactivity on health care charges after adjustment
of a variety of potentially confounding variables such as sex,
age, alcchol drinking, history of cancer, myocardial infarc-
tion, or stroke. Under the NHI system, differences in indi-
viduals’ access to medical care according to socioeconomic
status are unlikely.

Another advantage to our study was the adequate control
for physical functioning status by MOS scores. Some people
are unable to walk because of illness or disability, which is a
strong determinant of health care charges, We attempted to
minimize this bias by excluding subjects who were capable of
only moderate, but not vigorous activity (MOS score of 2—4),
and those who considered to be of low physical ability (MOS
score of 0—1). Because of this methodological advantage, it is
plausible to interpret that the strong impact of physical
inactivity on health care charges described here cannot be
explained only by the interrelationship between physical
function and walking.

Although many studies have investigated the associa-
tion between individual health risks and health care
charges, few studies have demonstrated the impact of a
combination of health risks on the magnitude of health
care charges. Our results are consistent with those of Pronk
et al. [37], whose prospective study, to our knowledge, is
the only one that has demonstrated the joint impact of
smoking, obesity, and physical inactivity on the magnitude
of health care charges. Their short-term (1.5 year) obser-
vation data indicate that never-smokers with a BMI of 25
kg/m® who participated in physical activity on 3 days per
week would have mean annual health care charges 49%
lower than those of physically inactive smokers with a
BMI of 27.5 kg/m®. Our results are derived from a long-
term observation of 7 years.

Our methodology imposed some limitations on the study.
First, we used self-administered weight and height at en-
rollment to calculate BMI. Although self-administered
weight and height are highly correlated with measured
weight and height in the present study, a small, generally
systematic, error exists—an overestimation of height and
underestimation of weight, especially at higher weights [49].
Thus, our measure of BMI probably underestimated the true
BMI of overweight subjects, which might make our esti-
mates of the effects of modifiable risks on charges conser-
vative. Second, the measure of physical activity was simple.
We asked the subjects to report only the time spent walking,
and we neither ask for the pace of walking nor did we
distingunish between walking for exercise and nonexercise.
Thus, there is a possibility that we could not fully examine
the effect of walking and other physical activities. However,
because walking is the most common type of physical
activity performed by middle-aged and older individuals
in rural Japan, these effects may be relatively small. Third,
the present study does not prove whether changing health
risks can reduce health care charges, Further interventional
studies are needed to fully clarify whether behavior change
intervention strategies could lower health care charges along
with health-risk reduction.

Our results indicate that joint exposure to health risks
contribute substantially to higher health care charges. Primary
prevention of smoking, reduced excess body weight, and
increased physical activity appear to have a tremendous
potential to maximize health returns relative to health care
charges, as well as to improve the general health of the
individual.
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