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A B S T R A C T

To explore the association of incident hip fractures with metabolic syndrome (MetS) and its single components,
we designed a prospective cohort study of hip fracture incidence among 117,053 participants of a population-
based health surveillance program in Vorarlberg, the westernmost Austrian province. Incident hip fractures were
recorded between 5 and 10 years after inclusion at baseline from 2003 to 2009. Applying Cox proportional
hazard models for each MetS component and for a composite z-score for MetS, hazards for fracture were esti-
mated in quintiles, as continuous z-score variables, and as pathological cut off values. Mean age was
50.1 ± 15.6 years at baseline, 5–10 years after which 947 incident hip fractures occurred. An association of a
higher composite MetS score with decreased hip fracture risk was observed in women (HR 0.80, 95%-CI
0.88–0.96, p < 0.01) which disappeared upon adjustment for BMI. BMI was inversely associated with hip
fracture risk in women and men (HR for the highest compared with the lowest quintile: 0.83 (95%-CI: 0.63–1.10,
ptrend < 0.05) and 0.55 (95%-CI: 0.38–0.79, ptrend < 0.001), respectively). Only in women, hip fracture risk
was reduced at high cholesterol levels (HR for the highest relative to the lowest quintile: 0.64, 95%-CI:
0.48–0.84, ptrend < 0.05) and in hypercholesterolemic patients (HR 0.82, 95%-CI: 0.67–0.99, p < 0.05), but
elevated in hyperglycemic patients (HR 1.33, 95%-CI: 1.05–1.70, p < 0.05). Hypertriglyceridemia was asso-
ciated with increased male hip fracture risk (HR 1.33, 95%-CI: 1.03–1.72, p < 0.05). The inverse association
between the MetS and hip fracture risk is mainly driven by one single component, namely BMI.

1. Introduction

As one consequence of osteoporosis, hip fracture is among the most
prevalent and devastating injuries among the elderly (Morris and
Zuckerman, 2002; Keen, 2003). It is associated with increased mor-
tality, morbidity, disability and economic costs to both the patient and
society (Johnell and Kanis, 2004, 2005; Dhanwal et al., 2011). Because
of the growing proportion of the aging population after all in in-
dustrialized countries, in recent years hip fractures have emerged as a
tremendous global public health concern (WHO Scientific Group on the
Prevention and Management of Osteoporosis, 2003). 1.6 million annual
cases worldwide were estimated for the year 2000 with a predicted
threefold increase of this number by the year 2050 (Gullberg et al.,
1997). In the European Union among the population aged ≥50 years,
hip fracture incidence in 2010 ranged between 231 and 640/100,000 in
Romania and Denmark, respectively (Hernlund et al., 2013). In Austria,

the number of hip fractures was estimated to amount to well above
15,000 in 2008, yielding a fairly high incidence of 456/100,000 among
those aged ≥50, however, a decreasing secular trend since 2006 was
observed (Dimai et al., 2011).
Likewise, the metabolic syndrome (MetS) must be regarded as an

eminent public health issue, given its considerable prevalence that was
estimated to affect 20–30% of the adult population in most countries
worldwide, rising with advanced age and economic prosperity (Grundy,
2008). MetS is a compound condition consisting of various pathologic
factors including obesity, hypertension, hyperglycemia and dyslipi-
demia, and is associated with high risk for the development of cardio-
vascular diseases (CVD) and type II diabetes mellitus (Levesque and
Lamarche, 2008). In view of numerous reports of an association of os-
teoporotic fractures, particularly hip fractures, with ischemic heart
disease, heart failure, hypertension, and diabetes, a relation between
MetS and bone health can be expected (Janghorbani et al., 2007;
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Melton et al., 2008; Sennerby et al., 2009; Vestergaard et al., 2009a;
Gerber et al., 2013). Findings describing risk of bone fractures in MetS
patients have, however, been inconsistent. A recent meta-analysis in-
cluding prospective cohort studies reported that MetS was associated
with overall reduced fracture risk, which was, upon stratification for
gender, only observed in men, and this gender-related discrepancy re-
mained when only non-vertebral fractures were considered (Yang et al.,
2016).
Moreover, the relation of each of the MetS components with fracture

risk is not clear. In hyperglycemia, accumulation of advanced glycation
endproducts (AGEs) in bone and enhanced oxidative stress are deemed
to effectuate deterioration of bone material properties (Kume et al.,
2005; Napoli et al., 2017). Whereas patients with type I and type II
diabetes mellitus are indeed at elevated fracture risk (Janghorbani
et al., 2007; Vestergaard et al., 2009a), impaired fasting blood glucose
was not associated with increased fracture incidence (Strotmeyer et al.,
2005), and in non-diabetics, hyperglycemia was even inversely corre-
lated with fracture incidence (Gagnon et al., 2010). Also, hypertension
has been associated with increased fracture risk, which was explained
by increased urinary calcium excretion (Vestergaard et al., 2009b;
Cappuccio et al., 2000), but also no association in women and even an
inverse correlation in men have been observed (Ahmed et al., 2006).
The role of lipids such as triglycerides and cholesterol in fracture risk is
controversial, as reflected by conflicting reports on bone-related effects
of lipid-lowering statins (Esposito et al., 2013a). High levels of trigly-
cerides have been associated with decreased fracture risk (Ahmed et al.,
2006; Szulc et al., 2010) which was attributed to their function in
mediating the interaction between bone matrix and mineral, thus
contributing towards improved bone quality (Xu and Yu, 2006; Szulc
et al., 2010). High levels of cholesterol were reported to convey long-
term risk of osteoporotic fractures (Trimpou et al., 2011) but also to
protect against osteoporotic vertebral fractures (Sivas et al., 2009). An
important role of cholesterol in the differentiation of bone marrow stem
cells has been proposed (Parhami et al., 2002), otherwise the me-
chanism by which cholesterol affects bone is still largely elusive. Fi-
nally, BMI is inversely associated with bone fracture risk, mainly via
action of mechanical load, and adipocyte-derived estrogen and adipo-
kines (De Laet et al., 2005; Tang et al., 2013; Shapses and Sukumar,
2012).
There is no single investigation that has examined risk of hip frac-

tures specifically in both MetS and its components. In view of incon-
clusive reports on bone fractures by other studies, we therefore con-
ducted a population-based prospective cohort study to explore the
relation between incident hip fractures with respect to both 1) MetS and
2) each MetS component.

2. Patients and methods

2.1. Data source and selection of subjects

All study subjects participated in the Vorarlberg Health Monitoring
and Prevention Program (VHM&PP), a population-based risk factor
surveillance program in Vorarlberg, the westernmost province of
Austria. Detailed descriptions of the subject selection and data collec-
tion procedures have been published previously (Stocks et al., 2010). In
brief, the electronical documentation of the MetS cohort was started in
1985 and carried out until 2005, conducted by the Agency of Social and
Preventive Medicine (aks). Within the framework of this program, all
adult residents of Vorarlberg were invited to undergo a health ex-
amination free of charge up to once a year, and>185,000 participants,
approximately two thirds of the inhabitants, followed the invitation
(Fig. 1). Data were prospectively acquired to examine the association
between MetS and hip fracture incidence. Information on hip fractures
on the individual level was available from discharge diagnoses of all
hospitals in Vorarlberg between January 1st, 2003 and December 31st,
2009, amounting to a total of 2955 hospitalizations due to hip fractures

according to the ICD-10 code classes of S72. Since an effect of altered
metabolic factors on bone and susceptibility to hip fractures is expected
to be subject to considerable time lag and in order to minimize effects of
immortal time bias and reverse causation, we required each individual
to be alive at least five years before fracture, or censoring for death or
end of follow-up on December 31st, 2009. Moreover, examinations
from 1985 to 1987 were excluded because blood glucose was not
measured in the fasting state during this period. The final data set
consisted of a total of 117,053 subjects who sustained 947 first hip
fractures. A flow diagram provides the selection criteria for participants
in this study (Fig. 1). All participants gave written informed consent to
use their data for scientific purposes. The Ethics Committee of the State
of Vorarlberg approved this study which was performed according to
the Declaration of Helsinki.

2.2. Covariates

At recruitment to the study (January 1st 1988–December 31st
2004), participants underwent a physical examination according to a
standard protocol, including measurement of blood pressure, body
height, and body weight. Body mass index (BMI) was calculated, and
information regarding smoking habits was recorded (classification as
current, former, or never smoker). Concentrations of blood glucose,
total cholesterol, and triglycerides were measured in blood samples
taken from a cubital vein after at least 8 h of fasting. Within 1 to 4 h
after blood sample collection, serum was obtained by centrifugation at
4000 rpm for 15 min. Subsequently, blood glucose, total cholesterol,
and triglyceride concentrations were measured at 37 °C. To ensure
comparability, three calibration samples were included in each run. The
average value of the calibration samples of each run had to be within
3% of the true value, otherwise the run was repeated. Day-by-day
variation had to be within 5%. Pathological cut-off levels were: BMI
≥30 kg/m2, blood glucose ≥126 mg/dl, cholesterol ≥200 mg/dl,
triglyceride ≥150 mg/dl, systolic blood pressure ≥140 mm Hg, dia-
stolic blood pressure ≥90 mm Hg. Since no information was available
on medications, pathological conditions were defined solely based upon
blood concentrations of these parameters.

2.3. Outcome

From January 1st, 2003 to December 31st, 2009, all discharge di-
agnoses of incident hip fracture were identified in all hospitals in
Vorarlberg (Landeskrankenhaus Bregenz, Landeskrankenhaus Bludenz,
Krankenhaus Dornbirn, Landeskrankenhaus Feldkirch,
Landeskrankenhaus Hohenems, and Sanatorium Schruns) according to
the code classes of S72 of the International Classification of Diseases,
10th Revision (ICD-10). Only a patient's first hip fracture was included
in the analysis. The available information did not permit us to distin-
guish between osteoporotic fragility fractures and non-osteoporotic
fractures.

2.4. Statistical analysis

Continuous variables, i.e. age, BMI, fasting blood glucose, trigly-
cerides, cholesterol, and systolic and diastolic blood pressure, are ex-
pressed as mean ± standard deviation (SD) or median with inter-
quartile range (IQR), categorical variables, i.e. smoking habit and
fracture incidence, are expressed as percentages. Since the incidence of
osteoporotic fractures is highest in subjects> 50 years, we performed a
stratified analysis according to age at baseline< 50 and ≥50 years.
Using Cox proportional hazard models, risk of hip fracture was ex-
amined for each MetS component (i.e. BMI, blood glucose, total cho-
lesterol, triglycerides, and mean arterial pressure defined as average of
systolic and diastolic blood pressure) split into quintiles, expressed as
standardized continuous z-scores, and divided by pathological cut off
values. Quintile cut-off values were calculated for genders separately,
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and z-scores, obtained by subtraction of each value from the mean and
division by the standard deviation, were calculated for age group at
baseline and genders separately. Moreover, blood glucose and trigly-
ceride values were log transformed before standardization because of
the right-skewed data distribution. The composite MetS score was
constructed by summing up z-scores of all five individual components.
Hazard ratios were adjusted for age, BMI and smoking status (all of
which are known risk factors for hip fracture) at baseline and controlled
for categories of birth year (before 1937, 1937–1947, 1948–1957,
1958–1966, and after 1966). p values< 0.05 (two-sided) were con-
sidered statistically significant.

3. Results

Mean age at the initial examination (baseline) was
49.9 ± 15.0 years in 54,013 men and 50.2 ± 16.1 years in 63,040
women (Table 1). During median follow-up of 7.5 years (IQR:
6.7–8.2 years), 947 incident hip fractures occurred, 70% of which in
women. Mean age at hip fracture was 72.4 ± 14.3 years and
78.9 ± 9.7 years in men and women, respectively. In general, in-
dividuals sustaining a hip fracture were older, had higher mean blood
pressure, higher median levels of blood glucose and cholesterol, and
smoked less (Table 2).
As shown in Table 3, hip fracture risk decreased with increasing BMI

in both women and men (HRs for the highest compared to the lowest
quintile: 0.83 (95%-CI: 0.63–1.10, ptrend < 0.05) and 0.55 (95%-CI:
0.38–0.79, ptrend < 0.001), respectively). A statistically significant
inverse association was also found for cholesterol in women (HR for the

highest compared to the lowest quintile: 0.64, 95%-CI: 0.48–0.84,
ptrend < 0.05). These BMI- and cholesterol-related effects remained
when data expressed as continuous z-scores were analyzed (Table 4).
An increase in BMI z-score by 1 was accompanied by a 21% and 14%
risk reduction for hip fractures in men (p < 0.001) and women
(p < 0.001), respectively, and cholesterol was inversely associated
with hip fracture risk in women only (HR 0.90, 95%-CI: 0.83–0.97,
p < 0.01 in the adjusted model). Likewise, in women only, an incre-
ment in the composite MetS score was associated with significantly
decreased hip fracture risk in the crude analysis (HR 0.88, 95%-CI:
0.80–0.96, p < 0.01). Risk reduction was also observed in men (HR
0.91, 95%-CI: 0.80–1.04) but failed to reach statistical significance.
Both in women and men, this association was abolished upon adjust-
ment for smoking and BMI (Table 4).
Also when separate analyses were conducted for patients aged ≤50

and> 50 years at baseline, BMI in both genders and cholesterol in
women were linked with decreased hip fracture risk (Table 5). HRs
were generally lower in men and women ≤50 years at baseline com-
pared with those aged>50 years, which was, however, not reflected
by p-values due to the considerably smaller number of patients
≤50 years. Blood pressure, triglycerides, and blood glucose levels did
not show any statistically significant association with hip fracture. An
increment in the continuous z-score for triglyceride levels, however,
was associated with increased male hip fracture risk at borderline sig-
nificance (HR 1.13, 95%-CI: 1.00–1.29, p= 0.06 in the adjusted model,
Table 4), in particular in men aged>50 years (HR 1.15, 95%-CI:
1.00–1.32, p = 0.05, Table 5).
We finally compared hip fracture risk between levels above and

185,437 VHM&PP
Par�cipants

119,193 VHM&PP
Par�cipants

280 with hip
fracture

54,013 Men 63,040 Women

53,733 without
hip fracture

667 with hip
fracture

62,373 without
hip fracture

Exclusion of <5 years observa�on interval
a�er measurement in order to reduce
reverse causa�on: 66,245 observa�ons

Exclusion of the data from the ini�al 3 years
of the study, due to the use of non-fas�ng
state of blood samples: 2,139 observa�ons

117,053 VHM&PP
Par�cipants

Fig. 1. Flow diagram of study participants. VHM&PP, Vorarlberg Health Monitoring & Prevention Program.
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below pathologic cut-off values of each MetS component (Table 6). In
most pathologic conditions, hip fracture risk was either significantly
increased (triglycerides ≥ 150 mg/dl in men: HR 1.33, 95%-CI:
1.03–1.72, p < 0.05; and blood glucose ≥ 126 mg/dl in women: HR
1.33, 95%-CI: 1.05–1.70, p < 0.05) or (near) significantly decreased
(BMI ≥ 30 kg/m2 in women: HR 0.83, 95%-CI: 0.68–1.02, p = 0.08;
and cholesterol ≥ 200 mg/dl in women: HR 0.82, 95%-CI: 0.67–0.99,
p < 0.05).

4. Discussion

In this prospective cohort study, high BMI and increased levels of
cholesterol and the composite MetS score were associated with reduced
hip fracture risk among women, whereas elevated hip fracture risk was
found for pathologically increased blood glucose. In men, hip fracture
risk was negatively associated with increasing BMI, and increased at
pathologically elevated levels of triglycerides. To interpret our findings,
how each of the MetS components separately and MetS as a whole
might exert influence on bone and modulate (hip) fracture risk is dis-
cussed in the following.

4.1. Blood glucose

We herein found increased hip fracture risk in hyperglycemic

women and men, which was statistically significant only in women
presumably because of the low number of fracture events in men.
Indeed, both type 1 and type 2 diabetes were associated with increased
risk of bone fractures (Janghorbani et al., 2007; Vestergaard et al.,
2009a). It has been suggested that in hyperglycemia advanced glycation
end-products (AGEs) that bind to bone collagen and oxidative stress
compromise bone quality (Kume et al., 2005; Napoli et al., 2017),
which could underly increased hip fracture risk as observed in the
present study.

4.2. Total cholesterol

Our result of an inverse correlation of high cholesterol levels and
hip fracture risk in women is at odds with a longitudinal study among
1396 men and women over a period of 20 years demonstrating an in-
dependent positive association between cholesterol and osteoporotic
fracture (Trimpou et al., 2011). Compared with our study, genders were
not analyzed separately, participants were several years younger at
baseline, and all osteoporotic bone fractures were included, not only
hip fractures. In addition, in Chinese women but not men, a positive
association with risk of osteoporotic fractures has recently been re-
ported for total cholesterol (on the verge of statistical significance) and,
interestingly, for HDL cholesterol (Wang et al., 2018). Contrary to our
investigation, this was a cross-sectional study with assessment of

Table 1
Baseline characteristics of the study population.

Total (n = 117,053) Men (n = 54,013) Women (n = 63,040)

Age at baseline (years), mean ± SD 50.1 ± 15.6 49.9 ± 15.0 50.2 ± 16.1
Age at fracture (years), mean ± SD 77.0 ± 11.6 72.4 ± 14.3 78.9 ± 9.7
BMI (kg/m2), median (P20, P40, P60, P80) 25.2 (21.9, 24.2, 26.2, 29.0) 25.8 (23, 25, 26.7, 29.1) 24.3 (21, 23.2, 25.6, 29.0)
MAP (mm Hg), median (P20, P40, P60, P80) 96.7 (86.7, 93.3, 100, 106.7) 98 (90, 96.6, 100, 100.3) 95 (85, 93.3, 98.3, 106.7)
Blood glucose (mg/dl), median (P20, P40, P60, P80) 91 (81, 88, 94, 102) 93 (83, 90, 96, 105) 89 (80, 86, 92, 100)
Triglycerides (mg/dl), median (P20, P40, P60, P80) 102 (68, 89, 112, 166) 116 (74, 101, 134, 193) 92 (62, 82, 105, 145)
Cholesterol (mg/dl), median (P20, P40, P60, P80) 213 (179, 203, 224, 251) 213 (180, 203, 224, 250) 213 (178, 202, 224, 252)
BMI ≥ 30 (kg/m2), n (%) 18,023 (15.4) 7985 (14.8) 10,038 (15.9)
Blood glucose ≥ 126 mg/dl, n (%) 5691 (4.9) 3067 (5.7) 2624 (4.2)
Cholesterol ≥ 200 mg/dl, n (%) 73,554 (62.8) 34,270 (63.4) 39,284 (62.3)
Triglycerides ≥ 150 mg/dl, n (%) 29,496 (25.2) 17,875 (33.1) 11,621 (18.4)
Hypertension, n (%) 47,810 (40.8) 24,269 (44.9) 23,541 (37.3)
Smoking status, n (%)
Non-smoker 76,711 (65.54) 30,847 (57.11) 45,864 (72.75)
Ex-smoker 15,463 (13.21) 10,030 (18.57) 5433 (8.62)
Smoker 24,879 (21.25) 13,136 (24.32) 11,743 (18.63)
Hip fractures, n (%) 947 (0.81) 280 (0.52) 667 (1.06)

BMI, body mass index; MAP, mean arterial pressure. P percentile. Hypertension: systolic blood pressure ≥140 mm Hg; diastolic blood pressure ≥90 mm Hg.

Table 2
Comparison of baseline characteristics between individuals with and without hip fracture according to gender.

Men
n = 54,013

Women
n = 63,040

With Without With Without

Hip fracture Hip fracture

n = 280 n = 53,733 n = 667 n = 62,373

Age at baseline (years), mean ± SD 64.9 ± 14.2 49.8 ± 15.0 71.4 ± 9.7 50.0 ± 16.0
BMI (kg/m2), mean ± SD 25.6 ± 4.0 26.2 ± 3.8 25.8 ± 4.2 25.2 ± 4.9
MAP, mean ± SD 102.3 ± 12.0 99.5 ± 12.1 104.2 ± 12.7 96.4 ± 13.6
Blood glucose (mg/dl), median (Q1;Q3) 94 (84;106.5) 93 (85;102) 93 (83;105) 89 (82;98)
Triglycerides (mg/dl), median (Q1;Q3) 114 (81.5;175) 116 (81;174) 111 (80;154) 92 (67;132)
Cholesterol (mg/dl), median (Q1;Q3) 219 (187;250) 213 (186;242) 234 (205;263) 213 (185;244)
Smoking status, n (%)
Non-smoker 144 (51.43) 30,703 (57.14) 561 (84.11) 45,303 (72.63)
Ex-smoker 77 (27.50) 9953 (18.52) 36 (5.40) 5397 (8.65)
Smoker 59 (21.07) 13,077 (24.34) 70 (10.49) 11,673 (18.71)

BMI, body mass index; MAP, mean arterial pressure; Q1, 1st quartile; Q3, 3rd quartile.
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Table 3
Risk of incident hip fracture with respect to metabolic factors in quintiles; HR, hazard ratio.

Exposures in quintiles Quintile level
(1, lowest; 5, highest)

Men Women

HR (95% CI)a ptrend HR (95% CI)b ptrend HR (95% CI)a ptrend HR (95% CI)b ptrend

BMI 1 Reference Reference Reference Reference
2 0.61 (0.42,0.87) 0.0006 0.61 (0.43,0.88) 0.0006 1.08 (0.81,1.44) 0.0159 1.09 (0.81,1.45) 0.0111
3 0.62 (0.44,0.88) 0.62 (0.44,0.88) 0.95 (0.72,1.26) 0.96 (0.73,1.27)
4 0.51 (0.35,0.73) 0.51 (0.35,0.73) 0.81 (0.61,1.07) 0.82 (0.62,1.08)
5 0.55 (0.38,0.79) 0.55 (0.38,0.79) 0.82 (0.62,1.08) 0.83 (0.63,1.10)

Blood glucose 1 Reference Reference Reference Reference
2 0.87 (0.59,1.29) 0.8811 0.90 (0.61,1.34) 0.5612 0.94 (0.72,1.22) 0.1702 0.94 (0.72,1.23) 0.3426
3 0.99 (0.67,1.45) 1.05 (0.72,1.54) 0.93 (0.72,1.20) 0.94 (0.73,1.22)
4 0.73 (0.50,1.08) 0.79 (0.54,1.18) 0.73 (0.57,0.95) 0.76 (0.58,0.98)
5 1.01 (0.72,1.43) 1.15 (0.81,1.64) 0.90 (0.72,1.12) 0.94 (0.75,1.17)

Cholesterol 1 Reference Reference Reference Reference
2 0.79 (0.54,1.16) 0.9667 0.82 (0.56,1.21) 0.7472 0.72 (0.52,0.99) 0.0498 0.72 (0.52,0.99) 0.0459
3 0.59 (0.39,0.89) 0.62 (0.41,0.94) 0.57 (0.42,0.78) 0.57 (0.42,0.78)
4 0.84 (0.58,1.22) 0.89 (0.61,1.29) 0.74 (0.56,0.98) 0.74 (0.56,0.98)
5 0.91 (0.63,1.30) 0.97 (0.68,1.40) 0.64 (0.49,0.85) 0.64 (0.48,0.84)

Triglycerides 1 Reference Reference Reference Reference
2 0.91 (0.63,1.32) 0.6235 0.96 (0.66,1.39) 0.1258 1.01 (0.74,1.39) 0.1243 1.02 (0.74,1.40) 0.2540
3 0.73 (0.50,1.07) 0.83 (0.56,1.22) 0.82 (0.60,1.12) 0.83 (0.61,1.14)
4 1.01 (0.70,1.45) 1.18 (0.81,1.71) 0.83 (0.61,1.12) 0.85 (0.63,1.16)
5 1.06 (0.73,1.54) 1.28 (0.87,1.90) 0.85 (0.63,1.14) 0.88 (0.65,1.19)

MAP 1 Reference Reference Reference Reference
2 0.81 (0.52,1.26) 0.4956 0.88 (0.56,1.38) 0.7837 0.90 (0.60,1.36) 0.1431 0.92 (0.61,1.40) 0.3600
3 0.83 (0.56,1.24) 0.93 (0.62,1.39) 0.79 (0.54,1.16) 0.82 (0.56,1.20)
4 0.81 (0.55,1.20) 0.95 (0.63,1.41) 0.72 (0.50,1.04) 0.77 (0.53,1.10)
5 0.84 (0.57,1.23) 1.01 (0.68,1.49) 0.78 (0.54,1.11) 0.84 (0.58,1.20)

BMI, body mass index; MAP, mean arterial pressure.
a Cox regression models are stratified by categories of birth year.
b Cox regression models are stratified by categories of birth year, additionally adjusted for smoking and BMI (except for BMI).

Table 4
Risk of incident hip fracture for continuous z-scores; HR, hazard ratio.

Exposure Men Women

z-Scores, crudea z-Score, adjustedb z-Scores, crudea z-Score, adjustedb

HR (95% CI) p HR (95% CI) p HR (95% CI) p HR (95% CI) p

BMI 0.79 (0.69,0.90) 0.0004 0.79 (0.69,0.90) 0.0004 0.86 (0.78,0.93) 0.0005 0.86 (0.79,0.94) 0.0009
Log blood glucose 0.98 (0.88,1.09) 0.7199 1.02 (0.92,1.14) 0.6771 1.02 (0.95,1.08) 0.6424 1.04 (0.98,1.10) 0.2507
Cholesterol 0.99 (0.88,1.12) 0.9270 1.01 (0.89,1.14) 0.8704 0.90 (0.83,0.98) 0.0105 0.90 (0.83,0.97) 0.0091
Log triglycerides 1.06 (0.93,1.20) 0.3892 1.13 (1.00,1.29) 0.0583 0.97 (0.89,1.05) 0.4366 1.00 (0.91,1.09) 0.9371
MAP 0.93 (0.82,1.05) 0.2342 0.99 (0.87,1.12) 0.8187 0.92 (0.85,1.00) 0.0546 0.95 (0.87,1.04) 0.2511
MetS score 0.91 (0.80,1.04) 0.1538 1.08 (0.92,1.27) 0.3469 0.88 (0.80,0.96) 0.0064 0.95 (0.85,1.06) 0.3497

BMI, body mass index; MAP, mean arterial pressure; MetS, metabolic syndrome.
a Cox regression models are stratified by categories of birth year.
b Cox regression models are stratified by categories of birth year, additionally adjusted for smoking and BMI (except for BMI).

Table 5
Risk of incident hip fracture for continuous z-scores stratified by age at baseline. HR, hazard ratio.

Exposure Men (n = 54,013) Women (n = 63,040)

Age ≤ 50 (n = 19,494)
28 hip fractures

Age > 50 (n = 34,519)
251 hip fractures

Age ≤ 50 (n = 23,209)
12 hip fractures

Age > 50 (n = 39,831)
655 hip fractures

HR (95% CI)a p HR (95% CI)a p HR (95% CI)a p HR (95% CI)a p

BMI 0.64 (0.41,1.01) 0.0527 0.81 (0.70,0.93) 0.0024 0.53 (0.21,1.31) 0.1682 0.87 (0.80,0.95) 0.0018
Log blood glucose 0.92 (0.57,1.49) 0.7352 1.03 (0.93,1.15) 0.5694 1.12 (0.58,2.18) 0.7376 1.04 (0.97,1.10) 0.2589
Cholesterol 1.13 (0.76,1.67) 0.5551 1.00 (0.88,1.14) 0.9791 0.56 (0.26,1.22) 0.1446 0.90 (0.83,0.98) 0.0136
Log triglycerides 1.04 (0.71,1.53) 0.8511 1.15 (1.00,1.32) 0.0530 1.12 (0.62,2.03) 0.7055 1.00 (0.91,1.09) 0.9036
MAP 0.75 (0.46,1.22) 0.2398 1.00 (0.88,1.14) 0.9912 0.57 (0.24,1.39) 0.2153 0.96 (0.88,1.04) 0.3223
MetS score 0.93 (0.52,1.67) 0.8114 1.10 (0.93,1.29) 0.2860 0.66 (0.22,1.93) 0.4440 0.95 (0.85,1.07) 0.4031

BMI, body mass index; MAP, mean arterial pressure; MetS, metabolic syndrome.
a Cox regression models are stratified by categories of birth year and adjusted for age at baseline, smoking and BMI (except for BMI).
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fracture history using a questionnaire at the time when blood was
taken, and sub-analyses by fracture site yielded no associations with hip
fracture. Moreover, a recent meta-analysis confirmed the positive as-
sociation of total cholesterol with risk of osteoporotic fractures which
was also lower at decreased levels of HDL (< 40 mg/dl) (Ghorabi et al.,
2019). Accordingly, high and low levels of total and HDL cholesterol,
respectively, both risk factors for cardiovascular diseases, would be
expected to exert differential effects on bone. Since only total choles-
terol was available for the present study, hip fracture risk associated
with low HDL thus remains speculative.
Our findings are, however, in line with a study in Turkish post-

menopausal women reporting a decrease in risk of osteoporotic ver-
tebral fractures by 2.2% for an increment of 1 mg/dl of total cholesterol
(Sivas et al., 2009). Evidence for a protective role of cholesterol against
hip fractures emanates from a study reporting increased hip fracture
risk in the lowest vs. highest quartile of α-tocopherol serum levels
(Holvik et al., 2014). Therein, fracture risk was not only mitigated upon
adjustment for total cholesterol, but also when the α-tocopherol/total
cholesterol ratio was the exposure compared with α-tocopherol alone,
which demonstrates that effects of α-tocopherol and total cholesterol on
hip fracture risk work in the same direction. Furthermore, participants
of the Multi-Ethnic Study of Atherosclerosis with total cholesterol levels
≥240 mg/dl were less likely than those with lower levels to be affected
by non-cardiovascular diseases like dementia and hip fracture, how-
ever, differences failed to reach statistical significance (Ogunmoroti
et al., 2016). As for a potential mechanism, it was suggested that a
baseline level of cholesterol biosynthesis plays an important role for the
osteoblastic differentiation of marrow stromal cells, thus lower levels of
cholesterol contribute towards impaired formation of a mineralized
bone matrix and higher risk of fractures (Parhami et al., 2002).

4.3. Triglycerides

In the present investigation, men with hypertriglyceridemia were at
statistically significantly increased risk of hip fracture, and a higher
continuous z-score for triglycerides was associated with elevated hip
fracture risk at borderline statistical significance. This result starkly
contrasts with the report by Szulc et al. (2010) that the protective effect
of MetS against bone fractures in men is mainly driven by elevated
triglycerides. This study did not, however, examine hip fracture risk
specifically, average age at baseline was considerably higher (65 years)
than in our study, and education level, history of fractures, and self-
reported comorbidities were included as co-variates. On the other hand,
in the Tromsø Study no association of hypertriglyceridemia with non-
vertebral fracture risk was found in men while in women a protective
effect was observed (Ahmed et al., 2006). Hip fracture was not an end-
point either in this large study comprising>27,000 participants, and
age at baseline (around 47 years) was slightly younger than herein. Our
results could tentatively be explained by elevated risk of falls because of
lowered muscular strength that has recently been associated with in-
creasing serum triglyceride concentrations in elderly hip fracture pa-
tients (Amador Licona et al., 2018). The gender-related difference

might be traced to an inverse relationship between male central obesity
and BMD (Eckstein et al., 2016).

4.4. Blood pressure

Our study is in line with other investigations that found no sig-
nificant association between blood pressure and fracture risk (von
Muhlen et al., 2007; Szulc et al., 2010; Lee et al., 2014). However,
different blood pressure related effects have been associated with bone
health and fracture risk. On the one hand, high blood pressure was
associated with general fracture and hip fracture risk in a large case-
control study comprising register-based information about a large
number of comorbidities and medications that were adjusted for
(Vestergaard et al., 2009b), as well as with increased bone loss of the
femoral neck (Capuccio et al., 1999). Excess excretion of calcium
through the urine due to hypertension resulting in bone mineral loss
could be the underlying explanation (Cappuccio et al., 2000). By con-
trast, a positive association between hypertension and BMD at the
lumbar spine and femoral neck in women, and at the lumbar spine in
men aged 50 years and older was found in the Canadian Multicenter
Osteoporosis Study (Hanley et al., 2003). The pathophysiological me-
chanisms were difficult to explain, since potential confounding factors
such as medication with thiazide diuretics and BMI were accounted for
(Hanley et al., 2003). In other studies, increased wrist bone density in
women (Lidfeldt et al., 2002) and decreased non-vertebral fracture risk
in men (Ahmed et al., 2006) were associated with high blood pressure.
In addition, risk of falls may be exacerbated due to dizziness from
cerebrovascular diseases. Indeed, high blood pressure was found to
decrease risk of falls in women, and in men, risk went up when blood
pressure was low (Klein et al., 2013). It might be hypothesized that in
studies that found no association like in ours, a possible negative effect
of high blood pressure on bone mineral density is counter-balanced by a
reduced propensity for falls. Alternatively, since use of most anti-hy-
pertensive drugs has been associated with decreased hip fracture risk
(Ruths et al., 2015; Barzilay et al., 2017), initiation of anti-hypertensive
treatment after baseline by at least a proportion of participants with
high baseline blood pressure might explain our results.

4.5. BMI

Our finding that BMI is inversely associated with hip fracture risk in
both genders agrees with previous notions that low BMI is correlated
with high fracture risk and that overweight and obesity are protective
against bone loss (De Laet et al., 2005; Tang et al., 2013). The pro-
tective effect of obesity against fractures was attributed to mechanical
loading on bone and higher serum levels of estrogen and adipokines,
leading to increased BMD and bone mineral content (Shapses and
Sukumar, 2012). Moreover, a BMD independent mechanism has also
been suggested based on the effect of soft tissue padding, reducing the
impact of trauma (Shapses and Sukumar, 2012).

Table 6
Risk of incident hip fracture for pathologic values of metabolic factors; HR, hazard ratio.

Exposure Men (n = 54,013) Women (n = 63,040)

n Hip fractures (n) HR (95% CI)a p n Hip fractures (n) HR (95% CI)a p

BMI ≥ 30 (kg/m2) 7985 36 0.81 (0.57,1.16) 0.2493 10,038 111 0.83 (0.68,1.02) 0.0777
Blood glucose ≥ 126 mg/dl 3067 29 1.38 (0.93,2.04) 0.1098 2624 77 1.33 (1.05,1.70) 0.0201
Cholesterol ≥ 200 mg/dl 34,270 186 0.89 (0.69,1.14) 0.3552 39,284 532 0.82 (0.67,0.99) 0.0366
Triglycerides ≥ 150 mg/dl 17,875 97 1.33 (1.03,1.72) 0.0316 11,621 185 1.03 (0.87,1.23) 0.7476
Hypertension 24,269 176 1.11 (0.86,1.44) 0.4323 23,541 458 0.94 (0.79,1.11) 0.4466

BMI, body mass index; Hypertension: systolic blood pressure ≥140 mm Hg; diastolic blood pressure ≥90 mm Hg.
a Cox regression models are stratified by categories of birth year and adjusted for age at baseline, smoking and BMI (except for BMI).
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4.6. Metabolic syndrome

Decreased risk of MetS-related bone fractures has been reported in a
meta-analysis including 1350 incident and 1628 prevalent fractures,
with most of the inverse association identified in prospective studies,
independent of sex, fracture site and the definition of MetS (Esposito
et al., 2013b). We herein likewise observed an inverse association of
MetS z-scores with hip fracture risk, which was, however, statistically
significant in women only and disappeared upon adjustment for BMI,
which indicates that this effect mainly relies upon BMI. In a previous
investigation in Korean men, lower risk of incident fractures in subjects
with MetS than in subjects without MetS was eliminated upon adjust-
ment for BMI (Lee et al., 2014). In a cross-sectional study, women with
MetS displayed higher BMD than women without MetS, and this asso-
ciation disappeared upon adjustment for BMI (Hernández et al., 2010).
This difference in BMD did not, however, translate into altered ver-
tebral and non-vertebral fracture risk, and there were no MetS-related
differences in men (Hernández et al., 2010). Likewise, in the Rotterdam
Study, Muka et al. (2015) reported no statistically significant associa-
tion of MetS with total and non-vertebral fracture risk in either sex
upon adjustment for various drugs, lifestyle and dietary factors in a
cohort substantially older at baseline (72 years) than ours.
MetS is a complex entity consisting of various components each of

which on its own could modify fracture risk. Moreover, several diag-
nostic criteria have been proposed for MetS, but none of them is widely
accepted (Alberti et al., 2009). Most studies have applied the NCEP-
ATPIII criteria to investigate MetS and bone metabolism, according to
which MetS is diagnosed if at least three out of five criteria are present
(Huang, 2009). This implies a particular amount of heterogeneity
among MetS patients, since various combinations of components occur
in these individuals. This could explain why single MetS components
are more reliably associated with bone health and fracture risk than the
diagnosis of MetS, as found also herein.

4.7. Strengths and limitations

Strengths of this study include its prospective design, the large
sample size, and the use of population-based data. Also, measurement
of metabolic factors was carried out according to a standard protocol.
Data on hip fractures were based on hospital discharge databases and
collected on individual level. One limitation of our study is that a
proportion of participants might have been lost to follow-up after their
baseline examination because of relocation or admission to a hospital
outside the study area, resulting in missed hip fracture cases. Whereas
we could not account for subjects who moved away, exhaustive capture
of hip fractures sustained by residents of Vorarlberg is very likely owing
to the geographic situation and political factors (Concin et al., 2016).
Extensive mountain ranges and borders with non-EU countries with a
distinct social security system drastically limit treatment of local hip
fractures in adjacent regions. Moreover, a hip fracture practically al-
ways entails admission to a hospital, thus ensuring completeness of
cases. In addition, it was not possible to distinguish between hip frac-
tures due to low and high trauma, nor could multiple, simultaneous
fractures be identified. We attempted to mitigate this limitation by
conducting separate analyses according to age>50 and ≤50 years,
assuming prevalence of low traumatic osteoporotic fragility fractures
above the age of 50 years. Another possible concern is with competing
risk of mortality, which was moderate in our dataset (not shown).
However, cause-specific Cox proportional hazards models as applied
herein have been shown to appropriately capture relative hazards ir-
respective of competing risk of mortality in studies with explanatory
and etiological rather than prognostic focus like ours (Wolbers et al.,
2014). Further limitations include the availability of BMI only devoid of
information on proportions of lean and fat mass, and the lack of de-
tailed data on blood lipids, because of which total cholesterol was used
as surrogate for HDL that is more specific than total cholesterol with

respect to cardiovascular disease. Consequently, a continuous MetS
score served as a proxy for the syndrome, as described previously
(Franks and Olsson, 2007). Neither was information available on use of
drugs that could have exerted influence on metabolic factors, modu-
lated risk of falls and affected bone health, in particular in an elderly
population characterized by polypharmacy. Whereas the effect of lipid-
lowering statins on osteoporotic fracture risk is controversial (Esposito
et al., 2013a), most anti-hypertensive drugs have been shown to confer
reduced risk of hip fractures (Ruths et al., 2015; Barzilay et al., 2017).
Likewise, information was unavailable on physical activity and alcohol
consumption, behavioral factors which are known to affect fracture
risk. Finally, when generalizing the results, it should be borne in mind
that the analyses did not consider possible short-term effects on hip
fractures.

5. Conclusions

In summary, we have found an inverse association of the MetS score
with risk of hip fracture which was statistically significant in women
only and abolished upon adjustment for BMI. The lowered incidence of
hip fractures with higher MetS score can be attributed to high BMI and
high cholesterol levels in women while this association in men is mainly
driven by BMI only. Clinical significance of our results is reflected by
increased hip fracture risk in hyperglycemic women and hyper-
triglyceridemic men, while hypercholesterolemia was associated with
reduced female hip fracture risk. With the exception of the positive and
inverse association of hypertriglyceridemia and hypercholesterolemia,
respectively, with hip fracture risk, results of the present investigation
are in line with at least a good part of previous findings for non-ver-
tebral fractures. However, interpretation of results of the present study
should account for the fact that our analyses focused on medium to
long-term effects. Nevertheless, these results might facilitate early
identification of individuals at increased risk for hip fracture.
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