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Alcohol

Wakaba Fukushima and Yoshio Hirota

13.1 Introduction

Osteonecrosis is a condition of bone death leading to joint
pain, bone destruction, and loss of function. Nontraumatic
osteonecrosis, a disease entity in which the underlying
etiology and pathogenesis have not been fully elucidated,
commonly involves the femoral heads. Although a wide
spectrum of conditions, including systemic steroid adminis-
tration, that are potentially relaied to nontraumatic osteone-
crosis of the femoral head (ONFH) have been reported so far
[1-5], alcohol consumption continues to be important as an
environmental factor. In this chapter, we present a summary
of the descriptive and analytic epidemiology regarding
alcohol-induced ONFH, as well as related issues including
potential mechanisms for disease etiology and influences of
alcohol-associated factors.

13.2 Descriptive Epidemiology
of Alcohol-induced GNFH

According to published reviews, the association of alcohol-
ism with osteonecrosis was first described in 1922 {1, 4].
Several studies have examined the frequency of ONFH
among alcoholics and found that the prevalence was low. A
study from the USA assessed 790 patients who were hospi-
talized for treatment of alcoholism. ONFH was diagnosed in
2 patients, resulting in a prevalence of 0.3 % [6]. In
Yugoslavia, among 1,157 patients who had been treated for
excessive alcohol consumption, 92 sites in 62 patients (5 %)
were diagnosed as nontraumatic osteonecrosis. Of these, 82
sites were found to be ONFH [7].

W. Fukushima (52) ¢ Y. Hirota
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Osaka City University Faculty of Medicine,
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Some epidemiological studies reported the frequency of
alcohol-induced ONFH among all ONFH patients on the
basis of country. In Japan, a nationwide survey was con-
ducted by stratified random sampling from all orthopedic
departments to estimate the number of patients with ONFH
who sought medical care during 2004 and to reveal their
basic characteristics [8]. Of 1,502 patients from whom clini-
cal information was obtained, 31 % had 2 history of habitual
alcohol use, 51 % had a history of systemic steroid adminis-
tration, 3 % had both histories, and 15 % had neither history.
After stratification by gender and age group, the proportions
of patients with a history of habitual alcohol use were 47 %
for males and 6 % for females and 27 % for patients aged
<40 years, 36 % for those aged 40-64 years, and 17 % for
those aged >65 years (Table 13.1). Another nationwide sur-
vey in Korea estimated the prevalence of osteonecrosis of the
femoral head, including posttraumatic cases, between 2002
and 2006 using medical claims and population data from the
National Health Insurance Corporation of Korea [9].
Regarding a subset of the validation data with 185 hospital-
ized patients for whom a diagnosis was confirmed, 32.4 %
had a history of alcohol abuse, 14.6 % had a history of ste-
roid use, and 1.6 % had a history of hip fracture.

Although frequency of alcohol-induced ONFH among
all ONFH patients is likely to be described among study
participants in clinical studies that evaluated outcomes of
operative or therapeutic procedures, this is not always the
case. Even when described, the frequency varied across the
studies. For example, with respect to several recent reports,
the proportion' was 27/52 patients (52 %) [10], 6/23 patients
(26 %) [11], 5/28 patients (18 %) [12], 18/80 patients (23 %)
[13], 1/19 patients (5 %) [14], 37/100 patients (37 %) [15],
26/32 patients (81 %) [16], 16/42 hips (38 %) [17], and
11/71 hips (15 %) [18]. In addition to differences in ethnicity,

'Note: If patients with posttraumatic osteconecrosis of the femoral head
were included in the study, the authors excluded the subjects and recal-
culated the proportion of alcohol-induced ONFH patients (hips) among
all patients (hips).
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Table 13.1 Distribution of potential causative factors among ONFH patients: a nationwide epidemiological survey in Japan, 2004

All patients ~ Swatified by gender® Stratified by age (years) at diagnosis®

{n=1,502) Male (n = 885) Female (n=612) <40 (n=1548) 40-64 (n=706) 265 (n=153)
Variables n (%) n (%) 7 (%) 1 (%) n (%) n (%)
Systemic steroid administration 760 (51) 295(34)  462(76) 325(60)  340(48) 58 (38) -
Habitual alcohol use 456 (31) 415@47) 39 (6) 146 (27) 253 (36) 26(17) _
Beh = . 4G ¥®H B0 3 0 uU® . tEw
Neither __ ~ ~__ _20% 12705 98416 - soay - 834y  e@h
Unknown/not filled-in 14 9 5 2 4 I

Reproduced with permission and copyright © of the Association of Bone and Joint Surgeons [8; Table 2]

Some totals of “%” do not equal 100 % attributable to rounding
ONFH nontraumatic osteonecrosis of the femoral head

*There was no available information regarding gender for five patients and for age at diagnosis for 95 patients

diagnostic criteria, and definitions for eligibility and exclu-
sion in each study, no universal definition regarding alcohol-
induced ONFH explains the different frequencies among
studies. Some studies defined alcohol-induced ONFH as
having a hisiory of greater than 400 mL of pure ethanol con-
sumption per week [16] or eqguivalent consumption for at
least 6 months [10]. However, even less alcohol consump-
tion might increage the risk of ONFH, because a threshold
of alcohol consumption for alcohol-induced ONFH is
unknown, and the causal mechanisms of alcohol intake have
not been fully proven.

13.3 Analytic Epidemiology
of Alcohol-Induced ONFH -

13.3.1 Alcohol Consumption
as a Risk Factor for ONFH

Although cohort, case-control, and cross-sectional studies
can all be used to determine the factors associated with
ONFH, the case-control approach is particularly suited to
evaluate alcohol intake as a risk factor for development of
ONFH. Possible reasons for this are that ONFH is an uncom-
mon disease, and it is crucial to obtain a detailed history of
alcohol consumption in each subject. Several hospital-based
case-control studies have been reported from Japan [19-22].
In all studies, patients with ONFH without a history of sys-
temnic steroid treatment and control patients were recruited at
departments of orthopedic surgery.

A case-control study by Matsuo et al. recruited 112 cases
with ONFH and 168 controls from 4 collaborating hospitals
in Western Japan [19]. Later, Hirota et al. reported results
from another case-control study in which 118 cases and 236
controls were recruited from 20 collaborating hospitals all
over Japan [20]. These two studies are highly comparable
with respect to case definition, control selection, matching
conditions between cases and controls (gender, age, ethnic-
ity, date of initial examination/diagnosis, and hospital), and
statistical analysis. According to the results by Hirota et al.

Table 13.2 Adjusted relative risks of alcohiol drinking for ONFH: a
case-control study in Japan, 1988-1990

Cases Controls

Characteristics No. % No. % Relative odds® 95 % Cl
Alcohol drinking

Never 23 195 &7 369 1.0

Former 4 34 10 42 10 0.2-6.2

Qccasional 26 22.0 80 339 32 1.1-9.2

Regular 65 551 59 250 13.1 4.1-42.5
.. Teendip<0OOl
Weekly ethanol intake (g/week) )

Nondrinker 27 229 97 411 1.0

<320 24 203 87 369 28 1.0-7.8

320-799 49 415 45 191 94 3.0-29.0

>800 18 153 7 30 1438 3.8-57.2

— e Teend:p<0001

Drink-yearé ‘ i

Neverdrank 23 19.7 87 375 1.0

<3,200 15 128 62 267 22 0.7-6.9

3,200-7,999 25 214 36 155 9.7 2.6-36.1

>8,000 54 462 47 129 3.8-434

20.3
: Trend: p < 0.001

Reproduced with permission and copyright © 1993 by the Johns
Hopkins University School of Hygiene and Public Health [20;Tables 2
and 3]

ONFH nontraumatic osteonecrosis of the femoral head, C7 confidence
interval

*Adjusted for cigaretie smoking, occupational energy consumption,
body mass index, and liver dysfunction, using conditional logistic
regression model

[20], the odds ratios (ORs) of former, occasional, and
regular drinkers were 1.0, 3.2, and 13.1, respectively, com-
pared to never drinkers (trend p < 0.001). Likewise, ele-
vated ORs with a clear dose-response relationship were
observed with respect to weekly ethanol consumption (ORs
2.8, 9.4, and 14.8 for <320, 320799, and >800 g/week,
respectively, in comparison to nondrinker; trend p <0.001)
and cumulative alcohol consumption (ORs 2.2, 9.7, and
12.9 for <3,200, 3,200-7,999, and >8,000 drink-years,
respectively, in comparison to never drinker; trend p <
0.001) (Table 13.2). Similar findings were also seen in the

_85...



13 Alcohol

97

Table 13.3 Multiplicative or additive interaction between current drinking status and oral corticosteroid use for ONFH: a case-control study in
B ¥

Japan, 2002-2004

Never user of oral corticosteroids

Iser of oral corticosteroids

p-value for

Adjusted OR multiplicative  Synergy index®
Yariables Cases (ny/conurols (o (95 % CIy Cases Gnyfconurals () interaction® (93 % Ch
Current drinking status “
Nondrinker  4/79 i 2215 3L5(9.05-109)
Drinker 237122 2.79 (0.89-8.77y  22/11 FL6 (867115 0.19 0.95 (0.32-2.80)

Reproduced with permission and copyright © of the British Edirorial Society of Bone and Joint Surgery [29; Table 1V]
ONFH nontraumatic osteonecrosis of the femoral head, O/ odds ratio, C7 confidence mterval

“Adjusted for gender,
"Wald test for each interaction term (DF = 1)
“Synergy index >1 indicates additive interaction

earlier study by Matsuo et al. [19]. Later, two case-control
studies confirmed the positive association between aleohol
intake and ONFH [21, 221

Because both current consumption and cumulative
consumption were positively associated with ONFH, effects
of alcohol on ONFH are likely to be immediate, as well as
cumulative [20]. However, detailed pathogenesis for alcohol-
induced ONFH has not been well established. Some studies
observed morphological changes in the bone marrow of the
femoral head among alcohol-treated animals: an induced
adipogenesis and decreased osteogenesis [23] and an
increased fat cell size and higher bone marrow pressure [24].
These studies also reported an elevated serum cholesterol or
triglyceride {23, 24]. Likewise, a recent experimental study
in rabbits revealed abnormalities in lipid status both in bone
marrow and in blood after intragastric administration of dif-
ferent doses of alcohol. In addition. these abnormalities were
more pronounced in rabbits with higher doses of alcohol
[25]. An increased level of serum cortisol in patients with
aleohol-induced ONFH has been reported as another hema-
tological change [26]. With respect to in vitro studies, sug-
gested mechanisms include nitric oxide-mediated apoptosis
of osteoblasts and osteocytes [27] and a decreased ability in
osteogenic differentiation of mesenchymal stem cells iso-
lated from the bone marrow [28].

13.3.2 Interaction Between Alcohol
Consumption and Other Factors

Pathogenesis of ONFH is likely to be multifactorial.
However, little is known about the interaction of alcohol con-
samption with other factors in the development of ONFH.
Recently, we reported results from a hospital-based case-
control study that examined the risk of ONFH due 1o inter-
actions between oral corticosteroid use and alcohol intake
[291. Among 71 cases with ONFH and 227 conuols, we
evaluated multiplicative interaction and additive interac-
tion, as proposed by Rothman [30], using a two-by-two
table of “nondrinker vs. drinker™ for alcohol intake and

L smoking, and past history of hver disease, hyperlipidemia, and gout, using logistic regression model

2

“never user vs. user” for oral corticosteroids. Compared to
nondrinkers without steroid use, an e¢levated but nonsignifi-
cant OR was observed for drinkers without steroid use (OR
2.79). 1 contrast, we found a substantially elevated OR in
nondrinkers with steroid use (OR 31.5). However, no fur-
ther increase in OR was seen for the combined effect of
alcohol and steroid use (OR 31.6). As a result, we did not
detect any significant multiplicative or additive interaction
{Table 13.3). Although pharmacokinetic  interaction
between steroids and alcohol is possible, the most plausible
interpretation may be that the added effect of alcohol intake
was too small to make any significant difference in the pres-
ence of the overwhelming effect of steroids in the develop-
ment of ONFH.

Our case-control study also demonstrated the importance
of stratification by steroid use [29]. When we cvaluated the
effects of cumulative alcohol intake on ONFH among all sub-
jects, a positive relationship (OR of the highest category of
cumulative consumption: 3.93) was weaker than that in previ-
ous reports by Matsuo et al. [19] or Hirota et al. [20]. Afterwe
limited the analysis to those subjects who had never used ste-
roids, we obtained a pronounced positive association between
cumulative intake and ONFH (OR 11.1}, which was compe-
rable to the results from the previous two reports. An associa-
tion between factors of interest and ONFH may be masked if
subjects with a history of steroid administration are included
in the study. A similar finding was also observed in a study
that evaluated the effect of smoking on the risk of ONFH [31].

13.3.3 Alcohol-Assodiated Factors and ONFH:
Activities of Aldehyde Dehydrogenases
and History of Liver Dysfunction

Aleohol consumption can be influenced by the activities of
aleohol dehydmgénascs and aldehvde dehydrogenases.
Aldehyde dehydrogenase 2 (ALDH2), a key enzyme in the
elimination of acetaldehyde, has a genetic polymorphism
that is prevalent in East Asians, but rare in Caucasians or
Africans [32]. The mutant ALDH2%2 allele encodes a
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catalytically inactive subunit, and the molecules containing 1
or 2 ALDH2*2 allele subunits (i.e., ALDH2*1/*2 or
ALDH2*2/*2) are considered to be inactive. Those with
inactive ALDHZ are likely to experience facial flushing
responses due to acetaldehydemia after drinking alcohol,
resulting in reduced alcohol intake with respect to both fre-
quency and amount [33-36]. In a case-control study, Shibata
et al. examined whether facial flushing pattern (i.e., flusher
or non-flusher), as a proxy measure for sensitivity of alcohol,
was independently associated with ONFH among 64 male
cases and 128 male controls who were recruited from five
collaborating hospitals in Japan [21]. Compared to flushers,
the crude OR of non-flushers was significantly elevated (OR
2.08). However, no association was shown after adjustment
for several confounders including alcohol consumption (OR
0.73). Sakata et al. directly assayed ALDHZ genotypes
among 34 male cases and 68 male controls in a single-center
case-control study in Japan [22]. Although the crude OR of
ALDH2*1/*1 for ONFH was significantly elevated (OR
3.31) in comparison to ALDH2*1/*2 or ALDH2*%2/*2, the
authors did not find a significant association in the multivari-
ate analyses (OR 1.51). Because non-flushers or those with
active ALDH2 are likely to drink heavily, the findings from
these two studies clearly showed that an apparent association
in the univariate analysis was confounded by alcohol con-
sumption. Interaction of flushing pattern or ALDH2
polymorphism with alcohol consumption was not evaluated
due to the small numbers of subjects.

It has been reported that a history of liver dysfunction was
positively associated with ONFH. The OR was increased
approximately fivefold after simultaneous adjustment for
alcohol consumption, as well as other covariates, in the mul-
tivariate analysis [19]. Some studies also found a simi-
lar association, although a statistical significance was not
achieved [20, 21, 37]. Clinicians may question whether such
an association can be substantially attributed to alcohol
consumption as 2 risk factor of ONFH because alcohol con-
sumption per se induces liver dysfunction. However, if a
history of liver dysfunction was truly an intermediate step
between alcohol consumption and ONFH, the positive asso-
ciation in these studies would disappear in the multivariate
analyses due to multicollinearity. Thus, the positive relation-
ship of liver diseases with subsequent ONFH risk is likely to
be independent, although the influence of residual confound-
ing cannot be ruled out. It should be noted that, in general,
laboratory testing for liver dysfunction as a part of routine
medical examinations is rarely performed for control sub-
jects because they have no clinical signs of liver diseases. In
some studies, subjects were considered to have a history of
liver dysfunction if they had received treatment for three or
more months for any diseases of the liver [19, 20, 37]. Self-
reported information may be unacceptable as a surrogate for
laboratory data in clinical settings. However, this approach

would be useful in epidemiological studies in order to retain
comparability between cases and controls and thus provide
some clues for disease etiology.

13.4 Summary

Alcohol consumption is one of the important underlying fac-
tors for the development of ONFH. A history of habitual
alcohol use or alcohol abuse was frequently observed among
patients with ONFH, although the prevalence of ONFH
among alcoholics seemed to be low. Several analytic epide-
mioclogical studies have consistently found a strong positive
association between alcohol consumption and ONFH.
However, compared to steroid-induced ONFH, less is known
about the pathogenesis or mechanisms of alcohol-induced
ONFH. Exploring possible interactions between alcohol
consumption and other potential risk factors also could con-
tribute to a better understanding of the etiology of ONFH.
Other issues to be proven include determining a threshold of
alcohol consumption, which would lead to the definition of a
universal criterion of alcohol-induced ONFH and thus
increase comparability across studies.
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ABSTRACT

Background: Nontraumatic osteonecrosis of the femoral head (ONFH) is a rare disorder caused by ischemic
necrosis of unknown etiology. A few studies have demonstrated trends in the number of patients with ONFH.
However, there are no data on temporal trends in characteristics such as age, gender, and causative factors. To
investigate this, we examined data from a multicenter hospital-based sentinel monitoring system in Japan.
Methods: A total of 3041 newly-diagnosed ONFH patients from 34 participating hospitals who were reported to the
system from 1997-2011 were analyzed. We examined age at diagnosis, potential causative factors, and underlying
diseases for which patients received systemic steroid administration. Their temporal trends were assessed according
to date of diagnosis in 5-year intervals (1997-2001, 2002-2006, and 2007-2011).

Results: The gender ratio and distribution of potential causative factors did not change. Regarding underlying
diseases requiring steroid administration, the proportion of patients with systemic lupus erythematosus decreased in
males (10% to 6.4%) and in females (37% to 29%). Proportion of patients with renal transplantation fell consistently
across the study period in both males (3.8% to 1.2%) and females (3.2% to 0.8%). In contrast, the proportion of
patients receiving steroids for pulmonary disease (except asthma) significantly increased in both males (0.5% to
5.5%) and females (0.5% to 3.6%).

Conclusions: This large descriptive study is the first to investigate temporal trends in the characteristics of ONFH,
which provide useful information for future studies.

Key words: nontraumatic osteonecrosis of the femoral head; temporal trends; a multicenter hospital-based sentinel
monitoring system

conducted a nationwide survey between 2002 and 2006 using
medical claims data from the National Health Insurance
Corporation to estimate the prevalence in Korea. They
reported that the prevalence increased from 20.53 per

INTRODUCTION

Nontraumatic osteonecrosis of the femoral head (ONFH) is a
disorder of unknown pathogenesis that often progresses to hip

joint destruction and physical disability.! Once the destruction
occurs, surgical interventions, such as osteotomy and hip
replacement, are required. ONFH is a rare disease, and its
annual incidence in Japan has been reported to be an average
of 2.51 cases per 100000 persons between 1999 and 2008.2
Some epidemiologic studies have shown an increase in the
number of patients with ONFH in recent years.’ Kang et al®

100000 persons in 2002 to 37.96 in 2006 (a 1.8-fold
increase). Another survey from Japan reported that the
estimated number of patients with ONFH who sought
medical care in 2004 was 1.5 times higher than that in
1994.%° However, even for well-known risk factors, such as
corticosteroid use and alcohol intake,® the temporal trends in
the characteristics of ONFH have not been investigated.
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2 Trends in Nontraumatic Osteonecrosis of Femoral Head

In the present study, using data collected in a multicenter
hospital-based sentinel monitoring system in Japan over a
period of 15 years, we evaluated temporal trends in ONFH
with respect to basic characteristics, including gender ratio,
age at diagnosis, potential causative factors, and underlying
diseases treated by systemic steroid administration. The trends
were examined according to gender because the characteristics
of ONFH differ considerably between male and female
patients.>

METHODS

Since 1972, the Ministry of Health, Labour and Welfare in
Japan has carried out a special program against so-called
“Intractable diseases,” which are defined as rare diseases
without any established therapy. The program includes
eliminating patients” copayments for medical expenditures
and promoting research activities. The Research Committee
on Idiopathic Osteonecrosis of the Femoral Head, which
consists of hip surgeons and experts in epidemiology, biology,
and genetics from all parts of Japan, was established in
1975 under the program. The research committee started a
multicenter hospital-based sentinel monitoring system for
ONFH (hereafter referred to as the monitoring system) in
June 1997 to elucidate the descriptive epidemiology of
ONFH. The monitoring system is ongoing, and a total of
34 hospitals, including 31 university hospitals and three
highly specialized medical centers, have participated up to
November 2012.

When a patient was newly diagnosed with ONFH at one of
the participating hospitals, the demographic and clinical infor-
mation of the patient was reported to the monitoring system.
Patients were also reported if they had been diagnosed in pre-
vious hospitals and then referred to the participating hospitals.
The diagnosis of ONFH was made by hip surgeons based
on the criteria proposed by the research committee.'” The
diagnostic criteria had a sensitivity of 91% and a specificity
of 99% when histologic diagnosis was used as the gold
standard.'® Patients with caisson disease or trauma history of
the hip joint were excluded because of secondary osteonecrosis
due to external factors. The study protocol was approved by
the ethics committees of each participating hospital.

Data collection

A structured form was used to collect patients’ information on
demographic and clinical characteristics. The form included
the following as basic information: date of birth, gender, date
of disease diagnosis, potential causative factors, and any
underlying disease for which patients received systemic
steroid administration. Assessment of potential causative
factors comprised four categories, which were a
combination of two major risk factors for ONFH: history of
systemic steroid administration, history of habitual alcohol
intake, history of both, and history of neither. All of the

J Epidemiol 2015

underlying diseases for which steroids were administered
were reported. We did not use any specific definition of
habitual alcohol intake because there is no universal criterion
of alcohol-induced ONFH. As additional information, data on
the amount and duration of alcohol intake among ONFH
patients was available for those who were reported to the
monitoring system after 2009. A representative hip surgeon
in each participating hospital was asked to complete or
recheck the data if the information was missing or lacked
consistency.

Data analysis

All analyses were performed based on the calendar year of
diagnosis. Among the patients reported up to November
2012, those who were first diagnosed with ONFH between
January 1997 and December 2011 (a total of 15 years) were
extracted for the present study. The date of diagnosis was
further divided into 5-year intervals, resulting in three periods
to assess trends in the characteristics: the first period,
1997-2001; the second period, 2002-2006; and the third
period, 2007-2011. We further excluded the following
patients: patients with missing data on gender or age;
patients who were reported to the monitoring system more
than 3 years after diagnosis, because a longer period since
diagnosis could introduce a reverse relationship between
causative factors or underlying disease treated with steroids
and development of ONFH; and patients aged 15 years or less,
to avoid the possible inclusion of Perthes disease.

Underlying diseases treated by steroid administration were
categorized as follows: systemic lupus erythematosus (SLE),
rheumatoid arthritis (RA), polymyositis/dermatomyositis,
mixed connective tissue disease, Sjogren syndrome, other
types of collagen disease, nephrotic syndrome, nephritis,
renal transplantation, other organ transplantation (except
renal transplantation and bone marrow transplantation),
hematological malignancy, thrombocytopenic purpura,
aplastic anemia, inflammatory bowel disease, hepatitis,
bronchial asthma, pulmonary disease (except asthma), skin
disease, eye disease, ear disease, facial palsy, and other
disease. In patients with two or more underlying diseases
treated by steroid administration, each disease was counted
in the analyses. Information on the dosage and duration of
steroid administration was not obtained.

In order to evaluate the potential bias of hospitals newly
participating in the monitoring system, we conducted an
additional analysis by limiting the data to that collected by
the 11 hospitals that regularly reported patients throughout
the study period (Asahikawa Medical University Hospital,
Kanazawa Medical University Hospital, Kyoto Prefecture
University Hospital, Kyushu University Hospital, Kurume
University Hospital, Nagasaki University Hospital, Nagoya
University Hospital, Osaka University Hospital, Saga
University Hospital, Shinshu University Hospital, and
Showa University Fujigaoka Hospital).
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1997 and November 2012

3,461 patients reported to the
monitoring system between June

l

3,264 were newly diagnosed between
January 1997 and December 2011

Exclusion:

14 missing gender or age

33 aged 15 years or less

176 who were reported more than
3 years after diagnosis

v

(34 participating hospitals)

3,041 included in the primary analyses

(11 participating hospitals)

2,137 included in the additional analyses

Figure 1.

Flow diagram of the selection of subjects for analyses of trends in nontraumatic osteonecrosis of the femoral

head. The additional analyses included 11 hospitals that regularly reported patients throughout the study period.

Trends in gender, age, potential causative factors, and
underlying diseases treated by steroid administration were
examined using the Cochran-Armitage test. Statistical tests
were employed with the significance level set at 0.05. All P
values were two-sided. All analyses were performed using
SAS version 9.3 (SAS Institute, Cary, NC, USA).

RESULTS

Figure 1 shows the flow diagram of the present study. A total
of 3264 patients were diagnosed between January 1997 and
December 2011 in 34 participating hospitals. Ultimately, 3041
patients were subjected to the primary analyses, and 2137
patients who were reported by the 11 hospitals were included
in additional analyses.

The annual number of patients diagnosed at the 11 partici-
pating hospitals increased substantially for both genders
throughout the study period (Figure 2). However, the in-
crease became fairly subtle after 2006. The number of patients
appeared to decline in 2011 because the present analysis did
not include those patients who had been diagnosed before 31st
December 2011 but had not been reported by November 2012.

The gender ratio (male:female) was 1.7 over the entire
period and remained consistent throughout the study period
(Table 1). In males, the proportion of patients aged 40-49
years significantly decreased. The proportions of patients aged
50-59, 60-69, and >70 years increased, although the
differences were not significant. In females, a significant
decrease in the proportion of patients aged 16-29 years and
significant increases in those aged 30-39 and 6069 years
were observed. Regarding assessment of the distribution
of potential causative factors in males, the proportion of
patients with habitual alcohol intake was the highest (48%),
followed by systemic steroid administration (35%), neither
factor (9.6%), and both factors (7.9%). In females, those with
systemic steroid administration accounted for the majority of
the causes (70%), while a higher proportion of females than
males reported neither cause (17%). The average age of males
with a history of habitual alcohol intake was 45 (standard
deviation [SD], 12) years. Regarding patients treated by
steroid administration, the average (SD) age of SLE and non-
SLE males was 37 (13) years and 44 (14) years, respectively.
In females, the average (SD) age of patients with a history
of habitual alcohol intake was 42 (12) years. The average

J Epidemiol 2015
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Figure 2. Annual trends in the reported number of newly diagnosed patients with nontraumatic osteonecrosis of the
femoral head from 1997-2011 according to gender. The trends are presented for the 11 hospitals which
regularly reported patients throughout the study period. The number of patients gradually increased for both
sexes until 2008.

Table 1. Trends in the distribution of demographic data and potential causative factors according to gender from 1997-2011

Study period?®

Entire period First period Second period Third period pP®
n= 3041 n=678 n=1039 n=1324

Number of participating hospitals 33 16 21 30

Gender ratio (male:female) 1.7 1.6 1.7 1.6 0.963

Males (n=1902) (n=418) (n=661) (n=823)

Age (years)
16-29 250 (13) 63 (15) 91 (14) 96 (12) 0.078
30-39 510 (27) 105 (25) 188 (28) 217 (26) 0.821
40-49 489 (26) 120 (29) 175 (26) 194 (24) 0.043
50-59 385 (20) 80 (19) 120 (18) 185 (22) 0.092
60-69 194 (10) 37 (8.9) 62 (9.4) 95 (12) 0.105
270 74 (3.9) 13 (3.1) 25 (3.8) 36 (4.4) 0.270

Potential causative factors
Systemic steroid administration 660 (35) 152 (36) 237 (36) 271 (33) 0.184
Habitual alcohol intake 906 (48) 193 (46) 319 (48) 394 (48) 0.631
Both 150 (7.9) 32 (7.7) 43 (6.5) 75 (9.1) 0.227
Neither 182 (9.6) 41 (9.8) 59 (9.0) 82 (10) 0.821
Unknown 4 0 3 1

Females (n=1139) (n=260) (n=378) (n=501)

Age (years)
16-29 213 (19) 62 (24) 81 (21) 70 (14) 0.001
30-39 236 (21) 40 (15) 74 (20) 122 (24) 0.003
40-49 197 (17) 49 (19) 62 (16) 86 (17) 0.642
50-59 186 (16) 48 (18) 69 (18) 69 (14) 0.062
60-69 175 (15) 32 (12) 55 (15) 88 (18) 0.048
270 132 (12) 29 (11) 37 (9.8) 66 (13) 0.288

Potential causative factors
Systemic steroid administration 789 (70) 184 (71) 263 (70) 342 (69) 0.548
Habitual alcohol intake 124 (11) 22 (8.5) 48 (13) 54 (11) 0.468
Both 31 (2.7) 2 (0.8) 10 (2.7) 19 (3.8) 0.015
Neither 187 (17) 51 (20) 55 (15) 81 (16) 0.352
Unknown 8 1 2 5

Values are expressed as numbers (%).
aStudy period was divided into first (1997-2001), second (2002-2006), and third (2007-2011) periods.
"The Cochran-Armitage test.
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Table 2. Trends in the distribution of underlying diseases for which patients received steroid therapy during 1997-2011 in males

Study period?

Entire period First period Second period Third period pe
n=2810 n=184 n=280 n=346

Systemic lupus erythematosus 73 (9.0) 19 (10) 32 (1) 22 (6.4) 0.077
Rheumatoid arthritis 13 (1.8) 5(2.7) 5(1.8) 3 (0.9) 0.103
Polymyositis/dermatomyositis 31 (3.8) 6 (3.3) 13 (4.6) 12 (3.5) 0.991
Mixed connective tissue disease 7 (0.9) 3(1.6) 1(0.4) 3 (0.9) 0.506
Sjogren syndrome 6 (0.7) 1(0.5) 2(0.7) 3 (0.9) 0.663
Other type of collagen disease 45 (5.6) 6 (3.3) 10 (3.5) 29 (8.4) 0.005
Nephrotic syndrome 66 (8.1) 15 (8.2) 23 (8.2) 28 (8.1) 0.984
Nephritis 39 (4.8) 6 (3.3) 16 (5.7) 17 (4.9) 0.475
Renal transplantation 16 (2.0) 7 (3.8) 5(1.8) 4 (1.2) 0.047
Other organ transplantation® 4 (0.5) 0 (0) 2(0.7) 2 (0.6) 0.433
Hematological malignancy 66 (8.1) 11 (6.0) 25 (8.9) 30 (8.7) 0.313
Thrombocytopenic purpura 33 (4.1) 10 (5.4) 10 (3.6) 13 (4.8) 0.434
Aplastic anemia 12 (1.5) 2(1.1) 3(1.1) 7 (2.0) 0.321
Inflammatory bowel disease 50 (6.7) 12 (6.5) 21 (7.5) 17 (4.9) 0.373
Hepatitis 13 (1.6) 2(1.1) 6 (2.1) 5(1.4) 0.868
Bronchial asthma 61 (7.5) 11 (6.0) 20 (7.1) 30 (8.6) 0.225
Pulmonary disease? 26 (3.2) 1(0.5) 10 (3.6) 15 (5.5) 0.022
Skin disease 38 (4.7) 9 (4.9) 8 (2.9) 21 (6.1) 0.328
Eye disease 39 (4.8) 8 (4.3) 15 (5.4) 16 (4.6) 0.936
Ear disease 37 (4.6) 11 (6.0) 11 (3.9) 15 (4.3) 0.487
Facial palsy 11 (1.4) 2(1.1) 4 (1.4) 5(1.4) 0.739
Other disease 151 (19) 38 (21) 50 (18) 63 (18) 0.606
Unknown 6 1 4

Values are expressed as numbers (%).

aStudy period was divided into first (1997-2001), second (2002-2006), and third (2007-2011) periods.

®The Cochran-Armitage test.
°Except renal transplantation and bone marrow transplantation.
9Except asthma.

(SD) age of SLE and non-SLE females with a history of
steroid administration was 37 (13) years and 49 (14) years,
respectively.

With respect to alcohol consumption in patients who were
reported to the monitoring system after 2009, the average
(SD) alcohol intake per day was 74 (55) g of ethanol and the
average drinking period was 20 (12) years. All the patients
who were reported after 2009 had a history of alcohol
consumption of three days a week or more.

Table 2 and Table 3 show underlying diseases treated by
systemic steroid administration. In males (Table 2), the most
frequent disease was SLE (9.0%), followed by nephrotic
syndrome (8.1%), hematological malignancy (8.1%), and
bronchial asthma (7.5%). In females (Table 3), SLE was again
the most frequent underlying disease treated by steroids
(34%), followed by bronchial asthma (6.1%), polymyositis/
dermatomyositis  (5.7%), and thrombocytopenic purpura
(5.5%). The proportion with SLE declined in the third
period in both males and females (P=10.077 and P = 0.022,
respectively). The proportion of patients receiving steroid
treatment for renal transplantation fell consistently across
the study period in both males and females (P = 0.047 and
P =0.038, respectively). In contrast, the proportion of patients
with pulmonary disease (except asthma) showed consistent
increases in both males and females (P = 0.022 and P = 0.027,
respectively). In females, an increase in the proportion of

patients receiving steroids for skin disease was observed
during the third period (P = 0.046).

In the additional analysis, which included data from 11
hospitals (eTable 1), the were unchanged in
comparison to the primary analyses except for the
following: the change in the proportion of potential
causative factors in males was statistically significant, with a
decrease from 36% to 27% in systemic steroid administration
(P=0.002) and an increase from 47% to 53% in habitual
alcohol intake (P =0.104) (eTable 1); regarding underlying
diseases treated by steroid administration in males, the
proportion of patients treated for RA significantly decreased
from 3.2% to 0% (P =0.026), while decreases in the pro-
portion of patients treated for SLE and renal transplantation
did not reach statistical significance (eTable 2 and eTable 3).

results

DISCUSSION

This study, which analyzed the data of over 3000 patients who
were newly diagnosed with ONFH during a 15-year period
in Japan, is the first to investigate temporal trends in the
characteristics of ONFH. The strengths of our monitoring
system include the strict diagnostic criteria, in which all
diagnoses were carried out by hip surgeons who were
members of the research committee. It has been shown that,
in Japan, 12% of patients who had been diagnosed with
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Table 3. Trends in the distribution of underlying diseases for which patients received steroid therapy during 1997-2011 in

females

Study period?

Entire period First period Second period Third period pe
n=820 n=186 n=273 n=361

Systemic lupus erythematosus 275 (34) (37) 102 (37) 104 (29) 0.022
Rheumatoid arthritis 11 (1.3) (0.5) 3(1.1) 7(1.9) 0.160
Polymyositis/dermatomyositis 47 (5.7) (6.0) 14 (5.1) 22 (6.1) 0.870
Mixed connective tissue disease 31(3.8) (2.2) 13 (4.8) 14 (3.9) 0.395
Sjoégren syndrome 23 (2.8) 5(2.7) 5(1.8) 13 (3.6) 0.413
Other type of collagen disease 48 (5.9) 4(2.2) 10 (3.7) 34 (9.4) <0.001
Nephrotic syndrome 34 (4.1) 7 (3.8) 11 (4.0) 16 (4.4) 0.71
Nephritis 29 (3.5) 4(2.2) 13 (4.8) 12 (3.3) 0.675
Renal transplantation 15 (1.8) 6 (3.2) 6 (2.2) 3(0.8) 0.038
Other organ transplantation® 4 (0.5) 1(0.5) 1(0.4) 2 (0.6) 0.931
Hematological malignancy 39 (4.8) 10 (6.4) 18 (6.6) 11 (3.0) 0.120
Thrombocytopenic purpura 45 (5.5) 14 (7.5) 13 (4.8) 18 (5.0) 0.263
Aplastic anemia 8 (1.0) 2 (1.1 1(0.4) 5 (1.4) 0.556
Inflammatory bowel disease 20 (2.4) 8 (4.3) 5(1.8) 7 (1.9) 0.124
Hepatitis 16 (2.0) 2 (1.1) 4 (1.5) 10 (2.8) 0.143
Bronchial asthma 50 (6.1) 10 (5.4) 17 (6.2) 23 (6.4) 0.682
Pulmonary disease 20 (2.4) 1(0.5) 6 (2.2) 13 (3.6) 0.027
Skin disease 22 (2.7) 4(2.2) 2 (0.7) 16 (4.4) 0.046
Eye disease 21 (2.6) 5(2.7) 6 (2.2) 10 (2.8) 0.896
Ear disease 15 (1.8) 2(1.1) 5(1.8) 8 (2.2) 0.389
Facial palsy 8 (1.0) 1(0.5) 5(1.8) 2 (0.6) 0.742
Other disease 86 (10) 16 (8.6) 28 (10) 42 (12) 0.280
Unknown 3 0 3

Values are expressed as numbers (%).

aStudy period was divided into first (1997-2001), second (2002-2006), and third (2007—2011) periods.

5The Cochran-Armitage test.
®Except renal transplantation and bone marrow transplantation.
9Except asthma.

ONFH and had been reported to the medical claim system
were misdiagnosed because some physicians were unfamiliar
with ONFH."' Using standardized and consistent criteria over
the study period also enhanced the reliability of observed
trends. In addition, the monitoring system has many
advantages with respect to costs and labor in comparison
to a nationwide epidemiologic survey involving random
sampling of participating hospitals.’

We observed an increase in the annual number of newly-
diagnosed patients among the 11 participating hospitals from
1997 to 2006. This finding is consistent with previous
reports®™ and may be partly explained by the spread of the
use of magnetic resonance imaging (MRI), which has
contributed to accurate diagnosis of ONFH. Organization for
Economic Co-operation and Development (OECD) health
data showed that the availability of MRI units has increased in
most OECD countries over the past two decades.'” In Japan,
the number of MRI units per million people showed a sharp
increase from 1996 to 2005 (23.2 units and 40.1 units,
respectively), whereas the increase levelled off in 2008 (43.1
units). Our study also suggests no further increase in the
number of patients after 2006.

We investigated trends in patient characteristics, both in all
participating hospitals and in the subset of 11 hospitals, to
assess potential biases that may have been introduced by
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newly participating hospitals. Because we did not observe a
substantial difference between the two datasets, the results of
the primary analyses are discussed below.

The age at disease diagnosis shifted from a younger age
toward an older age across the study period, especially in
females. One possible reason is the decreased proportion
of patients receiving steroid treatment for SLE, which was
the most frequent underlying disease treated by steroid
administration in the present study and is likely to affect the
younger population because the average age of patients treated
for SLE was younger than that of non-SLE patients. Another
possible reason is the aging population in Japan. The
proportion of the population aged 16-29 years among those
aged 16 years or older decreased from 23% in 2000 to 17% in
2010, while the proportions of the population aged 30-39 and
60-69 years increased from 13% to 14% and 11% to 13%,
respectively.'?

The proportion of patients with a history of habitual alcohol
intake did not show apparent trends. Additional information of
patients with ONFH who were reported after 2009 showed
that all patients who had a history of alcohol consumption did
so on three days a week or more. According to the National
Health and Nutrition Survey in Japan, the prevalence of those
who drink three days a week or more has been decreasing: in
males, values were 53% in 1999, 38% in 2004, and 36% in
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