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Abstract Only a few studies have examined the risk of
individual chronic health disorders on perimenopausal
(i.e., around menopause) fractures in a single study. We
evaluated the effect of chronic illnesses on fracture rate
in a prospective cohort study of 3,078 women. These
women were a stratified sample from the population
base of 14,220 women aged 47–56 years and residing in
the province of Kuopio in eastern Finland in 1989. Data
on physician-diagnosed chronic diseases were collected
by a baseline questionnaire in 1989. For certain diseases,
questionnaire information of self-reported chronic dis-
orders were compared with drug reimbursement data
provided by the Social Insurance Institution of Finland.
Axial bone mineral density (BMD) measurements from
the femoral neck and lumbar spine were performed in
1989–91. Two hundred sixty-five (265) women experi-
enced at least one fracture during the follow-up period
of 3.6 years (SD±0.78). The first fracture during the
follow-up period was taken to be the end-point event.
The risk of follow-up fracture for an individual health
disorder was estimated with the Cox’s proportional

hazards model. Several chronic health disorders in-
creased the fracture risk in perimenopausal women.
However, hypertension was a statistically significant
(p=0.018) risk factor for fracture (adjusted hazard ratio
[HR], 1.4; 95% confidence interval [CI], 1.1–1.9), espe-
cially in overweight and obese (body mass index ‡28)
women (HR, 2.0; 95% CI, 1.4–3.0). In addition,
coronary heart disease (adjusted HR, 1.76; 95% CI,
1.13–2.76), hyperthyroidism (adjusted HR, 1.7; 95% CI,
1.0–2.9), epilepsy (adjusted HR, 2.0; 95% CI, 1.1–3.6),
alcoholism (adjusted HR, 3.5; 95% CI, 1.3–9.5) and
chronic hepatic disease (adjusted HR, 5.2; 95% CI, 1.7–
16.4) predicted fracture. BMD was either normal or even
elevated in disease groups. However, women with a
fracture during the follow-up usually had decreased
bone density, although the difference was statistically
significant only in women with hypertension and
hyperthyroidism. We conclude that hypertension, coro-
nary heart disease, alcoholism, epilepsy and hyperthy-
roidism can markedly increase the risk of fracture in
perimenopausal women and should be taken into ac-
count when assessing the risk of future fracture in an
individual patient. Furthermore, in contrast to previous
data, obesity alone does not increase the risk of peri-
menopausal fracture, but in association with hyperten-
sion the risk seems to be markedly elevated.
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Introduction

Almost 40% of women will experience a fracture during
their postmenopausal period [1]. Osteoporosis is one of
the major reasons for fracture, but risk factors for falls
also modulate the overall fracture risk [1]. Important
risk factors for fractures and osteoporosis are low bone
mineral density, ageing, lack of hormone replacement
therapy (HRT) and positive fracture history [2,3].
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The prevalence of chronic health disorders increases
with advancing age. Certain diseases, usually those
affecting calcium metabolism, have been shown to in-
crease the risk of osteoporosis [4,5]. Moreover, high
morbidity is associated with an increased risk of falls in
the elderly [6,7]. Morbidity in the elderly might elevate
the fracture risk by affecting normal gait or balance,
thus predisposing to falls, or by affecting the quality of
bone [8]. In contrast, in perimenopausal women, i.e., in
women around the menopause, risk factors for falls have
been attributed to increased weight [9] and the absence
of hormone replacement therapy [10]. Furthermore,
there is evidence that increased morbidity might also
independently predispose for fractures in perimeno-
pausal women, as shown in our previous report from the
same study cohort [11]. However, there are no studies
that have examined the risk of individual chronic health
disorders for perimenopausal fractures in a single pop-
ulation-based study.

The aim of our present study was to evaluate the
impact of a specific chronic health disorders on the
fracture rate in a prospective study. Our previous study
[11] suggested that the number of chronic health disor-
ders can be regarded as an independent risk factor for
fracture. This study focuses on the effect of selected
disorders on fracture risk, and thus the study is an
extension of our previous work.

Materials and methods

The study group of 3,078 women was a stratified sample
from the population base of all 14,220 women aged 47–
56 years who resided in the province of Kuopio in
eastern Finland in 1989. The baseline postal enquiry was
sent in 1989, to which 13,100 (92.8%) women responded.
Respondents were given a list of chronic diseases to
check off, and an additional open space was provided for
diseases not mentioned on the list. Respondents were
advised to mark the diseases that were—according to
respondent’s recollection—diagnosed by a physician
they had at the time of baseline enquiry. Furthermore,
respondent’s willingness to take part in axial bone
mineral density measurements was asked.

A total of 11,055 (84.4%) respondents were willing to
participate in bone densitometry. Of those, 3,686 women
(33.3%) were selected and 3,222 (87.4%) were finally
measured, belonging to either the random sample
(n=2,025) or those selected based on certain risk factors
(stratified sample =1,197). The selection of the stratified
sample was made on the basis of previous knowledge of
certain physical conditions, diseases, or treatments. The
stratified sample included 633 women who had experi-
enced menopause within 2 years before baseline BMD
measurement, 193 with certain diseases or drugs affect-
ing bone metabolism (insulin-dependent diabetes,
hyperparathyroidism, ovariectomy before age 45 with-
out HRT, corticosteroids, phenytoin, carbamazepine,

phenobarbital), 95 with multiple behavioral risk factors
(three of the following five factors: dairy calcium intake
of less than 500 mg/day, current smoking of more than
four cigarettes per day, light work and no regular exer-
cise, body mass index below 22 or weight below 56 kg),
224 eligible for a randomized 5-year clinical hormone
trial (generally healthy women who fulfilled the selection
criteria and were willing to participate in a study) and 52
women with rheumatoid arthritis [12].

The baseline bone mineral density (BMD) was
determined using dual X-ray absorptiometry (DXA)
(Lunar DPX, Madison, WI, USA) of the spine (L2–L4)
and left femoral neck during 1990–91 at Kuopio Uni-
versity Hospital by trained personnel. The women
undergoing BMD measurements also filled out an
additional questionnaire in which they reported their
current consumption of dairy products. Both the base-
line and the additional questionnaire were confirmed by
a trained nurse with the participant at the time of the
densitometry [11].

At the end of May 1994, a follow-up questionnaire
was sent to the entire cohort. Of the densitometry
sample (n=3,222), 3,078 women (96%) responded to
this follow-up enquiry, and they form the present study
population in this paper. The enquiry included questions
about whether the respondent had suffered a fracture
after the baseline bone densitometry. If so, questions
about the type, mechanism, circumstances and treat-
ment of the fracture were asked. Furthermore, the
respondents were asked about the occurrence of mater-
nal hip fracture. Only hip fractures occurring after the
age of 60 years were included in the analyses. All self-
reported fractures were validated by cross-checking
radiological reports from medical records. However, rib
fractures were accepted without radiological evidence, if
the clinical diagnosis in the medical records was a rib
fracture. All fractures, also high-energy fractures, were
included in the analyses. The sensitivity of self-reported
fractures was 78.4% and the specificity was 95.7% [13].

Postmenopausal status was defined as a natural or
surgical cessation of menstruation occurring more than
6 months previously. Hormone replacement therapy
was considered to be represented by the continuous use
of estrogen (with or without progestin) replacement
therapy at the time of the BMD measurement. An esti-
mate of dietary calcium intake was derived from the
reported consumption of dairy products (1 dl
milk=120 mg calcium; 1 slice cheese=87 mg calcium).
A positive response to a smoking enquiry meant the
respondent was currently smoking in 1989. The study
was approved by the local ethics committee [11].

The question about chronic diseases was formulated
as: ‘‘Have you any of the following diseases diagnosed
by a physician?’’ The respondents were advised to circle
all the diseases they had from the following list of
chronic diseases: hypertension, hypercholesterolemia,
coronary heart disease, chronic heart failure, stroke,
deep venous thrombosis, pulmonary embolism, insulin-
dependent diabetes, chronic renal failure, chronic
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hepatic failure, rheumatoid arthritis, epilepsy, asthma or
other chronic pulmonary disease, lactose intolerance,
chronic mental disorder, hyperthyroidism, hyperpara-
thyroidism, alcoholism and cancer. Moreover, an addi-
tional empty space was provided for other diseases not
mentioned on the list. There was no specific order or
gradation for diseases to enter in the final analyses.

In order to validate self-reported diseases, all self-
reported chronic disorders were compared, if available,
with the statistics provided by the Social Insurance
Institution of Finland. These statistics include informa-
tion on diseases with medical expenses reimbursed by
the state. Before reimbursement, a medical certificate on
the diagnosis and severity of disease is required. Thus,
we were able to compare the information of self-re-
ported hypertension, coronary heart disease, chronic
heart failure, epilepsy, hypothyroidism and thrombocy-
topenia with the reimbursement statistics. Sensitivity
and specificity, respectively, and agreement estimated as
kappa values for self-reported chronic disorders were
89% and 98% for hypertension (kappa 0.9), 72% and
98% for coronary heart disease (kappa 0.6), 77% and
95% for heart failure (kappa 0.2), 86% and 100% for
epilepsy (kappa 0.9), 100% and 100% (kappa 0.4)
for thrombocytopenia, 74% and 99% (kappa 0.7) for
hypothyroidism.

Statistical analysis

Statistical analyses were performed using SPSS for
Windows software, version 11.0 (Statistical Package for
Social Sciences, SPSS). All self-reported chronic health
disorders were tested to assess which disorders were
associated (p<0.10) with an elevated risk of fracture
during follow-up. In the analyses, a single disease was
regarded as a variable to examine the risk of fracture.
We compared diseased women against all the others
and, when appropriate, against women without self-re-
ported disorders or without disease information in the
database of the Social Insurance Institution of Finland.
The first fracture during the follow-up period was taken
to be the end-point event. Univariate analyses were
performed by two-tailed, unpaired Student’s t -test for
continuous variables and by chi-square statistics or
Fisher’s exact test, when appropriate, for categorical
variables. Sensitivity, specificity and kappa values for
self-reported illnesses were computed from cross-tabu-
lations. Backward stepwise Cox regression analyses
(unadjusted and adjusted models) were performed to
investigate the relative risk of fracture for each disease
that had a significant or nearly significant (p<0.10)
association with follow-up fractures in crude analyses.
The total study cohort was included in the Cox’s anal-
yses, without separating the random and stratified
samples. The covariates in the adjusted Cox’s model
were: age, weight, height, BMD, history of previous
fracture and use of HRT. The results are expressed as
relative risk (hazard ratio, HR) estimates with 95%

confidence intervals (CI). The results for the Cox anal-
yses were considered to be statistically significant if the p
value was less than 0.05.

Results

In all, 2,061 women (67%) reported having at least one
chronic disease at the baseline. The list and number of
self-reported health disorders are provided in Table 1.
A total of 265 women experienced one or more frac-
tures during the follow-up period of 3.6 years (SD,
±0.78). The total number of fractures was 306. The
most common fractures were in the distal forearm
(n=78), ankle (n=49) and ribs (n=45). Table 2 sum-
marizes the characteristics of the study groups
according to reported chronic disease (i.e., those
reporting at least one chronic health disorder on the
questionnaire). Women who reported chronic diseases
were slightly older (mean difference, 0.7 years, p<
0.001), heavier (mean difference, 2.7 kg, p< 0.001) and
did not use HRT as much as those without disorders
(24% vs. 29%, p=0.001). Moreover, the proportion of
postmenopausal women was higher in the disease
group (73% vs 63%). Interestingly, maternal hip frac-
ture was more prevalent in the healthy group (8% vs
5%). Bone mineral density (BMD) in the femoral neck
or lumbar spine did not differ between healthy and
non-healthy groups. The prevalence of previous frac-
tures and the total frequency of fractures during fol-
low-up were also similar.

In the subgroup of women without self-reported
chronic health disorders (Table 3), the women experi-
encing a fracture during follow-up were slightly but
significantly (p=0.031) younger (mean age 52.3 years)
than women without a follow-up fracture (mean age,
53.0 years). Femoral neck BMD, spinal BMD and daily
calcium consumption were also significantly lower in
healthy women who experienced a follow-up fracture (p
values<0.001, 0.022 and 0.041, respectively) than other
healthy women. HRT use and maternal hip fracture
were similarly distributed in both groups. In the non-
healthy cohort (i.e., those reporting at least one chronic
disorder) women who suffered from fracture during
follow-up had significantly lower spinal and femoral
neck BMD (p values <0.001 for both), used HRT less
frequently (14% vs 25%, p=0.001) and more often had
a positive history of maternal hip fracture (36% vs 22%,
p<0.001) at baseline than those without a follow-up
fracture. Dietary calcium intake was, however, not dif-
ferent between the fracture or non-fracture groups in
women with at least one chronic disorder.

All self-reported diseases, except varicose vein disease
and hypertension, either increased or decreased signifi-
cantly (p<0.05) the risk of follow-up fracture in unad-
justed models (Table 4). In the adjusted model, all
variables—except degenerative arthritis, heart failure
and varicose vein disease—showed a significant
(p<0.05) association with follow-up fractures. Further-

1406



Table 1 Number of self-
reported health disorders in
3,078 perimenopausal women

*Between random and stratified
samples, chi-square statistics

Self-reported chronic disease Total cohort Random sample Stratified sample P value*
(n=3,078) (n=1,937) (n=1,141)
Number Number Number

Hypertension 563 363 200 0.401
Hypercholesterolemia 528 343 185 0.288
Degenerative arthritis 256 164 92 0.695
Venous thrombosis 222 149 73 0.180
Asthma 202 119 83 0.221
Heart failure 172 106 66 0.716
Rheumatoid arthritis 149 52 97 <0.001
Coronary heart disease 137 81 56 0.345
Hypothyroidism 118 70 48 0.408
Hyperthyroidism 111 68 43 0.711
Mental health disorder 73 45 28 0.064
Varicose vein disease 69 20 49 <0.001
Diabetes (type 1 or 2) 56 24 32 0.002
Epilepsy 56 15 41 <0.001
Migraine 55 42 13 0.037
Chronic kidney failure 52 32 20 0.834
Stroke 47 27 20 0.433
Other neurological disease 38 17 21 0.019
Breast cancer 36 24 12 0.641
Other cancer 26 18 8 0.504
Other abdominal disease 24 15 9 0.965
Duodenal or gastric ulcus 23 17 6 0.274
Hyperparathyroidism 19 5 14 0.001
Uterus cancer 15 8 7 0.440
Anemia 14 8 6 0.653
Alcoholism 12 4 8 0.033
Cervix cancer 11 6 5 0.564
Pulmonary embolism 10 7 3 0.643
Chronic hepatic disease 7 5 2 0.641
Colitis ulcerous 5 2 3 0.268
Ovarian cancer 4 1 3 0.147
MS-disease 3 2 1 0.690
Celiac disease 2 1 1 0.604
Hyperaldosteronism 2 2 0 0.396
Hypoparathyroidism 2 2 0 0.278
Leukemia 2 1 1 0.604
Parkinsonism 2 1 1 0.604
Crohn’s disease 1 1 0 0.629
Cushing’s disease 1 1 0 0.629
Thrombocytopenia 4 1 3 0.147
Lung cancer 1 0 1 0.371

Table 2 Characteristics of the
total study population
(n=3,078) and cohorts divided
according to self-reported
health status at baseline. Means
(SD) or percentages are
presented

Variable Total study cohort (n=3,078)

No chronic
disease

At least one
chronic disease

P value

(n=1,017) (n=2,061)

Age, years 52.9 (2.7) 53.6 (2.9) <0.001
Weight, kg 67.1 (10.6) 69.9 (12.5) <0.001
Height, cm 161.4 (5.1) 161.1 (5.3) 0.112
Dietary calcium intake,
mg/day

795.3 (371.1) 793.7 (405.4) 0.915

Spinal BMD, g/cm2 1.13 (0.15) 1.13 (0.16) 0.810
Femoral neck BMD, g/cm2 0.93 (0.12) 0.93 (0.13) 0.794
Postmenopausal,n 641 (63.2) 1,493 (72.7) <0.001
HRT use, % 29.8 24.3 0.001
Maternal hip fracture, % 7.7 5.4 0.013
Previous fracture history, % 20.6 23.4 0.087
Regular smokers, % 11.3 11 0.813
Follow-up fracture, % 8.0 8.9 0.370
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more, hypertension, per se, and also in combination with
other common cardiovascular diseases, appeared to
significantly predict (p=0.018) a follow-up fracture in
the adjusted model. If a woman was suffering from
hypertension, coronary heart disease and heart failure at
the same time, the risk of a follow-up fracture was in-
creased almost five-fold (HR, 4.92; 95% CI, 1.82–13.27).
The reason for choosing these combinations of circula-
tory disease only was that they are commonly encoun-
tered clinically. Other combinations were also examined,
but the number of women with combinations of diseases
was small, limiting the statistical power.

Further analyses revealed that the risk of fracture in
women with hypertension was enhanced by the co-
presence of obesity (Fig. 1). Ankle fracture was the most
common fracture in this cohort. Furthermore, if ankle
fractures were excluded from the analysis, the effect of
hypertension on fracture risk was no longer statistically
significant (p=0.432, Cox’s model). The prevalence of
diabetes in the group of obese women with hypertension
as compared with obese women without hypertension

was 6% and 1%, respectively (p<0.001 between
groups).

Femoral neck BMD was usually lower in women who
had a fracture during the follow-up in different disease
groups (Table 5). However, the difference was statisti-
cally significant only for hypertension, hyperthyroidism
and varicose vein disease.

Discussion

We have previously shown that the presence of three or
more chronic diseases is a predictor of follow-up frac-
ture [11], but the present study affirms, as a novel find-
ing, that even the presence of a single common chronic
disease can increase the risk of perimenopausal fracture.
In the elderly, chronic health disorders have been asso-
ciated with increased risk of hip fracture [14,15], but also
the risk of other non-spinal fracture is elevated [16].
However, according to our knowledge, no prospective
studies on perimenopausal populations have been

Table 3 Characteristics of cohorts divided according to self-reported health status at baseline. Means (SD) or numbers (%) are presented

Variable Women without self-reported chronic disease
(n=1,017)

Women with at least one self-reported chronic
disease (n=2,061)

Follow-up fracture No fracture P value Follow-up fracture No fracture P value
(n=81) (n=936) (n=184) (n=1,877)

Age, years 52.3 (2.7) 53.0 (2.7) 0.031 54.0 (3.0) 53.6 (2.8) 0.053
Weight, kg 66.0 (10.3) 67.2 (10.7) 0.311 68.9 (12.3) 70.0 (12.5) 0.270
Height, cm 160.5 (5.2) 161.5 (5.1) 0.123 161.0 (5.2) 161.1 (5.3) 0.833
Postmenopausal 54 (66.7) 587 (62.9) 0.502 140 (76.5) 1,353 (72.3) 0.225
Spinal BMD, g/cm2 1.109 (0.158) 1.133 (0.153) 0.022 1.056 (0.144)* 1.135 (0.163)* <0.001
Femoral neck BMD, g/cm2 0.882 (0.114) 0.931 (0.121) <0.001 0.888 (0.128)** 0.933 (0.128)** <0.001
HRT use 26 (32.1) 277 (29.6) 0.636 26 (14.1) 474 (25.3) 0.001
Maternal hip fracture 7 (7.6) 71 (8.6) 0.742 9 (4.9) 102 (5.4) 0.775
Previous fracture history 23 (28.4) 187 (20.0) 0.073 67 (36.4) 415 (22.1) <0.001
Dietary calcium intake, mg/day 715 (355) 802 (372) 0.041 765 (426) 797 (403) 0.322
Regular smokers 12 (14.8) 103 (11.0) 0.299 28 (15.2) 211 (11.2) 0.108

*Total nspinal=1,861; non-fracture, 1,695; fracture, 166
**Total nfemur=2,046; non-fracture, 1863; fracture, 183

Table 4 Relative risk estimates
for follow-up fractures by self-
reported chronic illnesses.
Hazard ratio (HR) and 95%
confidence intervals (CI) are
shown according to Cox
regression analyses

*Adjusted for age, weight,
height, HRT-use, previous
fracture history and femoral
neck BMD

Self-reported health disorder Unadjusted HR P value Adjusted HR* P value
(95% CI) (95% CI)

Hypertension (n=563) 1.31 (0.99–1.75) 0.063 1.42 (1.06–1.90) 0.018
Degenerative arthritis (n=256) 0.56 (0.32–0.98) 0.041 0.63 (0.36–1.10) 0.101
Heart failure (HF,n= 34 ) 1.61 (1.04–2.49) 0.033 1.46 (0.93–2.28) 0.097
Coronary artery disease (CAD,n= 106) 1.94 (1.24–3.03) 0.004 1.76 (1.13–2.76) 0.013
Hypertension and CAD (n=39) 2.53 (1.42–4.52) 0.002 2.47 (1.38–4.41) 0.002
HF and CAD (n=12) 3.10 (1.38–6.97) 0.006 2.86 (1.27–6.44) 0.012
Hypertension and HF (n =17) 2.68 (1.50–4.79) 0.001 2.65 (1.48–4.74) 0.001
Hypertension, HF and CAD (n=4) 4.84 (1.80–13.01) 0.002 4.92 (1.82–13.27) 0.002
Hyperthyroidism (n=111) 1.69 (1.00–2.84) 0.049 1.70 (1.01–2.86) 0.047
Varicose vein disease (n=69) 0.31 (0.08–1.26) 0.103 0.32 (0.08–1.28) 0.106
Epilepsy (n=62) 2.47 (1.35–4.52) 0.003 1.97 (1.08–3.62) 0.028
Alcoholism (n=12) 5.14 (1.92–13.81) 0.001 3.49 ( 1.29–9.45) 0.014
Pulmonary embolism (n=10) 4.31 (1.38–13.46) 0.012 3.51 (1.12–10.98) 0.031
Chronic hepatic disease (n=7) 6.70 (2.15–20.92) 0.001 5.22 (1.66–16.41) 0.005
Thrombocytopenia (n=4) 6.53 (1.62–26.24) 0.008 5.25 (1.30–21.19 0.020
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published earlier. Fall-related fracture mechanisms were
somewhat more common in the chronic disorder group
than in women reporting no chronic health disorders in
our study. The mechanism of how a single chronic
health disorder could increase the fracture risk might be
due to a direct effect on bone quality, such as BMD, or,
on the other hand, due to an increment in the risk of
falling. We suggest that a chronic disorder may affect the
equilibrium, proprioceptive or locomotive systems, thus
leading to an elevated risk of falling. For example, it has
been suggested that diabetes could increase the risk of
fracture because of an increased risk of falling due to
diabetic neuropathy [17].

Another noteworthy finding in the present study
was that obese women with hypertension had signifi-
cantly increased risk of fracture. The high prevalence
of ankle fractures in this cohort could explain this, in
part because obesity has previously been shown to be
associated with ankle fractures [18]. However, we
found that obese patients without hypertension seemed
to sustain fewer fractures than the average. Higher
body mass index has been associated with increased
risk of ankle fracture [16,18] and falls [9] in peri-
menopausal women in previous studies, but our finding
suggests that obesity per se might not be the only
reason for that. Furthermore, in our study we found
that diabetes was more frequent among obese women

with hypertension than among those without hyper-
tension. We may therefore speculate that the preva-
lence of excess morbidity, including the metabolic
syndrome, of obese patients is increased, which can
lead to a higher frequency of falling, and an increased
risk of fractures. Unfortunately, we were not able to
study the possible increase in falling frequency of these
women. There can also be differences in the medication
of hypertension in these obese and non-obese patients.
For example, thiazides have been shown to decrease
fracture risk [19]. In contrast to our findings, hyper-
tension per se has been found [20] to have a protective
effect on distal forearm fractures in Rochester women
35–94 years old (unadjusted odds ratio, 0.64). Our
study cohort had a narrower age range, and we in-
cluded all fractures, not only distal forearm fractures,
in analyses.

Interestingly, femoral neck BMD, overall a strong
predictor of follow-up fracture in this study, was not
statistically significantly different between women with
and without fractures in individual disease groups, ex-
cept among women with hypertension, hyperthyroidism
and varicose vein disease. The lack of association of
BMD with fracture emphasizes the importance of
chronic diseases as a predictor of fracture, but might
also be because of insufficient study power inside the
groups.

Table 5 Difference in femoral
neck BMD for fracture and
non-fracture subjects in
different health disorder
groups, according to self-
reported disease

Self-reported health disorder Femoral neck BMD, g/cm2 P value

Follow-up fracture No follow-up fracture

Hypertension (n=563) 0.908 0.964 0.002
Degenerative arthritis (n=256) 0.820 0.862 0.255
Heart failure (HF,n= 34 ) 0.914 0.930 0.623
Coronary artery disease (CAD, n= 106) 0.893 0.927 0.305
Hypertension and CAD (n=39) 0.921 0.955 0.473
HF and CAD (n=12) 0.881 0.962 0.125
Hypertension and HF (n=17) 0.930 0.966 0.402
Hypertension, HF and CAD (n=4) 0.872 0.988 0.089
Hyperthyroidism (n=111) 0.839 0.927 0.014
Varicose vein disease (n=69) 0.712 0.947 0.009
Epilepsy (n=62) 0.890 0.896 0.862
Alcoholism (n=12) 0.889 0.889 0.994
Pulmonary embolism (n=10) 0.873 0.936 0.454
Chronic hepatic disease (n=7) 0.851 0.945 0.281
Thrombocytopenia (n=4) 0.769 0.995 0.254

Fig. 1 Percentage of follow-up
fractures in groups according to
hypertension and body mass
index (BMI) and in the total
study cohort (* p=0.129
between groups I and II; p=
0.002 between groups I and III;
p= 0.032 between groups I and
IV; ** p= 0.177 between
groups III and II; p= 0.065
between groups III and IV)
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Hyperthyroidism has been shown to be associated
with elevated risk of hip fractures [21] and other types of
fractures [22]. BMD has been found to be lower in pa-
tients with hyperthyroidism [23]. Our present study is in
agreement with the results of previous studies. Also,
epilepsy was found to be an independent risk factor for
fracture. The adjusted relative risk for a follow-up
fracture was 2.0 in women who reported epilepsy.
Interestingly, we could not find any difference in femoral
neck BMD between women with and without fractures
among women with epilepsy, possibly indicating an in-
creased risk of falls or other traumatic events in these
patients. Our finding supports a recent study that
showed a similar risk ratio, especially in epileptic women
over 45 years of age [24]. The risk of fracture in epileptic
patients has been suggested to be mostly seizure-related,
and less related to bone status [24]. Moreover, a recent
study has suggested that certain anti-epilepsy medica-
tions, e.g., phenytoin, might increase the risk of fracture
by affecting vitamin D metabolism [25].

Varicose vein disease was found to be a protective
factor, even though femoral neck BMD was significantly
lower in those women who sustained a fracture in the
varicose vein group. This is explained by the fact that
there were only two women with varicose vein disease
who experienced a fracture, indicating that a type II
error is likely to play a role.

It has been shown [26] that alcoholic women have
significantly lower spinal and femoral neck BMD than
do non-alcoholic women. In our study, those women
giving a positive history of alcoholism at baseline
showed a marked increase in the fracture rate during the
follow-up (unadjusted HR, 5.14; adjusted HR, 3.49).
However, we did not find any difference in BMD be-
tween alcoholic women with and without fractures
(p=0.275), suggesting that these fractures are more
trauma-related. Nevertheless, it has to be understood
that we simply asked whether or not an individual was
alcoholic. This kind of approach might underestimate
the true number of alcoholics. In addition, we also asked
about the amount of alcohol consumed. According to
those data, almost 59% of women did not use alcohol at
all, including 25% of alcoholic women. We suggest,
however, that the amount of alcohol consumed is an
important risk facture for fracture, because the average
alcohol consumption was significantly higher in the
fracture group than in the non-fracture group (61 g vs
50 g, p= 0.045).

There are certain limitations to our study. First of all,
the selection of women to participate in BMD baseline
measurements was not totally random. Approximately
one-third of the women were selected as the stratified
sample, while two-thirds of women made up the random
sample. However, over half of the stratified sample was
selected on the basis of recent menopause, in order to
achieve an early postmenopausal group large enough,
and the rest of the sample was a weighted sample of
certain diseases and risk factors. Thus, our selection
criteria overestimate the prevalence of certain diseases in

this group (Table 1). Nevertheless, our selection criteria
do not bias the fracture incidence in these disease
groups, even though the selection criteria may decrease
the generalizability of the results.

Another noteworthy limitation is that we did not
exclude women who had several health disorders at the
same time, which could lead to somewhat biased results
for individual disorders and increase the probability of a
type I error. Furthermore, the study power for many
diseases and conditions might have been too low because
of the small number of cases (e.g., alcoholism, pulmo-
nary embolism, thrombocytopenia, etc.). The observa-
tional nature of this study has to be recognized.
However, there were some diseases frequent enough
(e.g., hypertension, asthma, coronary heart disease,
heart failure, diabetes, hypothyroidism, hyperthyroid-
ism, hypercholesterolemia and rheumatoid arthritis) to
give sufficient power for the analyses, thus making
generalization of the results to the whole population
possible. Moreover, the limitations of this study include
the potential bias from self-reported diseases. The sen-
sitivity of our questionnaire data compared with the
national register was excellent or good for thrombocy-
topenia (100%), coronary heart disease (98%), hyper-
tension (89%) and epilepsy (86%), respectively, but only
moderate for heart failure (77%), and hypothyroidism
(74%). The agreement between self-reports and national
register information was excellent for hypertension and
epilepsy (both kappa 0.9) and good for hypothyroidism
(kappa 0.7) and coronary heart disease (kappa 0.6).
However, the agreement was poor for heart failure
(kappa 0.2) due to a large number with a mild form of
the disease. Nevertheless, these numbers appear to be
acceptable compared with other studies [27–29]. On the
other hand, if only validated data from the Social
Insurance Institution of Finland had been used for the
analyses, there might have been an underestimation of
actual prevalence of diseases, because the national reg-
ister includes only patients with established disease and
ignores mild forms of disease.

Our study does not provide an answer to the question
of whether it is the disease or the treatment that is
potentially contributing to falls and fractures. This is
particularly important when one considers hypertension,
because some treatments, e.g., thiazide therapy, can in-
crease BMD [30,31] and potentially decrease the risk of
fracture [19]. On the other hand, untreated hypertension
could increase the risk of postprandial or orthostatic
hypotension, thus elevating the risk of fall [32]. This
study shows that common health disorders can increase
the risk of fracture, but the reason for that remains
unclear.

We conclude that even a single chronic health disor-
der can elevate fracture risk in perimenopausal women,
by increasing the risk of falls and predisposing to oste-
oporosis. Obese women with hypertension seem to be
especially at risk. This is a novel finding and in contrast
with the previous conception that obese women have a
lower risk of fractures. Our finding suggests that obesity
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might be considered a risk factor when coexisting with
hypertension. The appropriate treatment of chronic
disease provides the basis for fracture prevention in
these women. Therefore, perimenopausal women with
chronic health disorders should be informed of their
elevated risk of fracture and instructed on how to avoid
falls.
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