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Abstract

Summary In this prospective study in Swedish elderly men, PAD based on an ABI < 0.9 was associated with an increased
risk of hip fracture, independent of age and hip BMD. However, after further adjustments for comorbidity, medications,
physical function, and socioeconomic factors, the association diminished and was no longer statistically significant.
Introduction To examine if peripheral arterial disease (PAD) is associated with an increased risk for hip fracture in men
independent of hip BMD.

Methods Ankle-brachial index (ABI) was assessed in the Swedish MrOS (Osteoporotic Fractures in Men) study, a pro-
spective observational study including 3014 men aged 69-81 years at baseline. PAD was defined as ABI <0.90. Incident
fractures were assessed in computerized X-ray archives. The risk for hip fractures was calculated using Cox proportional
hazard models. At baseline, BMD was assessed using DXA (Lunar Prodigy and Hologic QDR 4500) and functional meas-
urements and blood samples were collected. Standardized questionnaires were used to collect information about medical
history, falls, and medication.

Results During 10 years of follow-up, 186 men had an incident hip fracture. The hazard ratio (HR) for hip fracture in men
with PAD was 1.70 (95% CI 1.14-2.54), adjusted for age and study site. Additional adjustment for total hip BMD marginally
affected this association (HR 1.64; 95% CI 1.10-2.45). In a final multivariate model, the HR attenuated to a non-significant
HR 1.38 (95% CI10.91-2.11) adjusted for age, site, hip BMD, BMI, falls, smoking, eGFR, handgrip strength, walking speed,
former hip fracture, antihypertensive treatment, diabetes, education, and history of cardiovascular disease.

Conclusion This study suggests that PAD is associated with an increased risk for hip fracture independently of hip BMD in
elderly Swedish men. However, the high frequency of comorbidity and lower physical performance among men with PAD
might partly explain this association.
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Introduction

Several observational studies support an association between
cardiovascular disease and osteoporotic fracture risk [1].
However, the evidence for associations between periph-
eral arterial disease (PAD) and fracture risk is limited.
PAD, referred to as the atherosclerotic occlusive disease
of the lower extremities, is closely related to generalized
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atherosclerosis and associated with a significantly increased
risk for cardiovascular events [2]. In addition, PAD shares
several risk factors with fragility fractures, particularly hip
fractures. Like hip fractures, PAD has a sharply increasing
prevalence with older age, reaching almost 20% by the age
of 80 [2, 3]. PAD limits lower limb function and has been
associated with impaired balance [4-6]. Also, lifestyle risk
factors and comorbidity are shared. The Hong Kong MrOS
study showed that smoking is a risk factor for both PAD and
low bone mineral density (BMD) [7], and diabetes is well
known to be associated with both atherosclerotic diseases
[8] and increased risk for fractures [9]. Accordingly, it is
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reasonable to suspect that individuals with PAD have an
altered risk for incident fractures.

Hip fractures are frequently regarded as the most harmful
fracture in the elderly, associated with high mortality and
loss of function [10]. Low BMD is a strong risk factor for
fractures in the elderly [11]. Associations between modestly
reduced BMD and subclinical as well as clinical atheroscle-
rotic conditions have been found, such as aortic calcifica-
tion, carotid artery calcification, and coronary artery disease
[1, 12, 13]. A few studies have also specifically reported
an association between PAD and reduced BMD [14-16],
but conflicting results exist [17, 18]. The US MrOS study
showed that men with PAD had lower BMD and increased
risk for incident non-vertebral fractures, but not for hip
fractures [16]. In contrast, some larger cohort studies have
reported significant associations between PAD and increased
risk of hip fracture in both men and women, as compared
to individuals without PAD [19-21]. However, the lack
of adjustments for factors such as BMD, body mass index
(BMI), and falls, limits the understanding of mechanisms
underpinning the association. In other studies that adjusted
for these factors, no significant association between PAD
and hip fracture risk was observed, but then with lack of
power due to small study samples or shorter follow-up time
[16, 22, 23]. Overall, the number of previous studies is still
limited, and the results are somewhat inconsistent. There-
fore, we sought to test the hypothesis that PAD is associated
with increased hip fracture risk in elderly men. Further-
more, we aimed to investigate whether potential associations
were independent of age, BMD, BMI, and other possible
confounders and mediating factors including comorbidity,
socioeconomic factors, and physical function. As secondary
outcomes, other fracture types were investigated.

Method
Study sample

The Osteoporotic Fractures in Men (MrOS) study is a pro-
spective, multicentre observational study, conducted with
the main aim to identify risk factors for osteoporosis and
fractures in men. MrOS comprises elderly men in the USA
(n=5994), Sweden (n=3014), and Hong Kong (n=2000).
In this study, the MrOS Sweden cohort was used to assess
associations between PAD and hip fracture risk.

The MrOS Sweden cohort consists of sub-cohorts from
three cities in Sweden (Gothenburg n=1010, Malmé
n=1005, and Uppsala n=999). Men at 69-81 years of age
were randomly identified from national population regis-
tries and invited by letter to participate during the years
2001-2004. To be eligible for the study, the participants
had to be able to walk without assistance, not have bilateral

@ Springer

hip prostheses, and the capability to answer questionnaires
in Swedish on their own. The attendance rate was 45%. At
baseline, the participants were examined, answered ques-
tionnaires, underwent blood sampling, and were measured
for BMD. Written informed consent was obtained from all
study participants. The ethics committees at the Universi-
ties of Gothenburg, Lund, and Uppsala approved the study.

Assessment of peripheral arterial disease (PAD)

Ankle-brachial index (ABI) was measured at baseline by
specifically trained staff. Systolic blood pressure was meas-
ured twice in the right arm in a seated position after 10 min
of rest, and twice from the posterior tibial artery of each
ankle. The dorsalis pedis artery pressure was used if a pos-
terior tibial signal was not audible, and the left arm was used
if the right arm was not appropriate. To determine ABI, the
average of the two readings of the ankle systolic pressure
was divided by the average of the two brachial artery systolic
pressures. PAD was defined as ABI <0.90 in one or both
legs. Subjects with an ABI> 1.40 were excluded (28 cases),
as it might represent falsely high values due to incompress-
ible arteries. Further details of the ABI-measurement pro-
cedure have been described previously [24].

Assessment of covariates

A standardized questionnaire was used to collect information
about previous fractures, smoking habits, alcohol use, and
falls (yes/no) during the last 12 months preceding the base-
line visit. Also, self-reported prevalent diseases were assessed.
Current medicine use was assessed by interview or by the
delivery of packages of ongoing medications, including both
prescribed and over-the-counter drugs. All medications were
registered according to the Anatomical Therapeutic Chemi-
cal (ATC) Classification System. Body height and weight
were measured using standard equipment, of which body
mass index (BMI) was calculated (kg/mz). Muscle strength
was estimated by measurement of handgrip strength, using
a Jamar® hand dynamometer (Jackson, MI, USA). The best
value from four measurements (two of each hand) was used.
Walking speed was estimated by the duration (seconds) of a
6-m walk at a normal pace. The test was performed two times
and the fastest performance was analyzed. BMD at hip sites
and lumbar spine, as well as lean and fat mass, were assessed
using dual-energy X-ray absorptiometry (DXA). The Hologic
QDR 4500/A-Delphi (Hologic, Waltham, MA, USA) was
used in Gothenburg, and the Lunar Prodigy DXA (GE Lunar
Corp., Madison, WI, USA) was used in Lund and Uppsala. As
the DXA measurement was performed with equipment from
different manufacturers, standardized BMD was calculated.
Blood samples were collected at 8:00 a.m. after an overnight
fast and non-smoking, frozen within 1 h, and stored at —80 °C
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until required for analysis. Glomerular filtration rate (GFR)
was calculated with serum cystatin C. High-sensitive CRP
(hsCRP) was measured by an ultrasensitive particle-enhanced
immunoturbidimetric assay and the specific method has been
described previously [25].

Assessment of hip fractures and follow-up time

Fracture outcomes were collected after the baseline visit
until December 31, 2012. All incident fractures were iden-
tified by reviewing computerized X-ray archives in Gothen-
burg, Lund, and Uppsala, using the unique personal regis-
tration number assigned to all Swedish citizens. Thus, only
fractures confirmed by radiology were included, and only the
first fracture of each location during follow-up was consid-
ered. The main outcome is hip fracture, but also all incident
fractures, major osteoporotic fractures (including fractures
of the hip, vertebrae, forearm, and humerus), and nonverte-
bral osteoporotic fractures (comprising hip, pelvis, proximal
humerus, and forearm fractures) are assessed.

Participants were followed until the date of their first hip
fracture, death, or the end of year 2012. The date of death
was retrieved from the National Cause of Death Register,
comprising more than 99% of all deaths in Sweden. In total,
1246 men died during the study (41%). The median follow-
up time was 10 years.

Statistical analyses

Data are presented as proportions (%) or absolute numbers
(n), or means with standard deviations (SD), as appropriate.
Differences in means between two groups regarding baseline
data were tested with a double-sided #-test if the depend-
ent variable was either ordinal or continuous. The test of
O’Brien was used to test whether both groups had equal
mean and variance. If data were skewed, the non-parametric
Mann—Whitney U test was used. A p-value <0.05 was con-
sidered statistically significant. Some measurements were
only obtained in the Gothenburg part of MrOS (one-third of
the study sample) and are presented separately.

The risk for hip fractures was calculated using Cox pro-
portional hazard models and the hazard ratios (HR) are
presented with 95% confidence intervals (CI). The Schoe-
nfeld Residuals Test was performed to ascertain the model
assumption of proportional hazard. Since we expected men
with PAD to have a higher degree of overall morbidity and
higher risk of death, the Cox models were assured to cen-
sor for events of death in accordance with a cause specific
hazard model [26], and by such considering death as a com-
peting risk factor.

Possible confounding factors were included in multivari-
ate Cox models, based on the assumption of being causally
related to the outcome (fracture) as well as associated with the

exposure (PAD), but not an obvious mediating factor in the
potential association between the exposure and the outcome.
Thus, we included established risk factors for hip fractures
that also empirically have been associated with PAD or were
unequally distributed between men with and without PAD in
the present cohort, comprising hip BMD, BMI, current smok-
ing, eGFR, antihypertensive treatment, diabetes, former hip
fracture, and prevalent cardiovascular diseases at baseline.
In addition, we included some variables that probably rather
serve as mediating factors in the causal chain between PAD
and fracture outcomes; falls, handgrip strength (as a measure-
ment of muscle strength), and walking speed (as a measure-
ment of physical performance). Notably, such factors could
potentially serve as both confounders and mediating factors,
which is discussed further during the discussion part of this
paper. Moreover, we also left out some potentially relevant
confounders to avoid multicollinearity or overadjustment [27],
with the motivation that they theoretically significantly cor-
relate (represent much of the same phenomenon) with any of
the already included variables. In these cases, we chose to
include the variable that we biologically or clinically found
most relevant. Current smoking was included as a covariate
but not chronic obstructive pulmonary disease (COPD), with
the motivation that smoking is the main cause of COPD and a
strong risk factor for fractures on its own, and alcohol use was
left out since we included previous falls. Handgrip strength
was included as it represents the primary parameter of sarco-
penia and is regarded as the most reliable measure of muscle
strength [28], whereas appendicular lean mass was left out
due to its correlation to handgrip strength (r=34 when tested
in a correlation analysis). None of the factors collected only
in the Gothenburg cohort was used in the Cox models due to
the limited sample size.

Eligible covariates were forward included one by one in
the Cox proportional hazard models. First, the Cox models
were adjusted for age and study site and separately for each
covariate of interest, in order to identify any specific factor
that most prominently would impact the association between
PAD and hip fracture risk. Then, multivariate models includ-
ing several assumed confounders were conducted, and sepa-
rate multivariate models including assumed mediating factors,
with an ultimate final model including both. All analyses were
made using Stata for Windows, version 15 (Stata Corp, TX
77,845, USA), and a statistics program package developed at
the Department of Community Medicine and Public Health,
Gothenburg University.

Results
At baseline, 2893 men had an ABI measurement, and PAD

was found in 10.9% (314 men). During follow-up, 186 men
experienced an incident hip fracture, of which 29 had PAD

@ Springer



2610

Osteoporosis International (2022) 33:2607-2617

at baseline. Baseline characteristics according to PAD status
are shown in Tables 1 and 2. Men with PAD were older and
had lower lean mass and lower BMD at hip sites. However,
BMI and fat mass did not significantly differ from men without
PAD. As expected, men with PAD were more often current
smokers and had more comorbidity such as COPD, diabetes,
hypertension, and additional manifestations of cardiovascular
diseases. Estimated GFR (eGFR) was also lower in men with
PAD. The number of falls tended to be higher in men with PAD
(p=0.09). In line with increased morbidity, men with PAD also
had lower educational level. Results from the Gothenburg part
of the MrOS study indicated higher serum cortisol level and
higher urinary cadmium level in men with PAD (Table 2).
Both handgrip strength and walking speed were poorer among
men with PAD. Severe sarcopenia defined by EWGSOP2 was

uncommon (handgrip strength <27 kg together with appen-
dicular lean mass <7 kg/m? and 6 m walking speed < 1 m/s)
[28], but yet overrepresented among men with PAD (Table 3).
These results are cross-sectional and not adjusted for the differ-
ence in age between exposure groups, but an interaction model
showed no statistically significant interaction between muscle
measurements and age. Mortality during the follow-up time
was higher in men with PAD versus men without PAD, with
an age-adjusted HR of 2.05 (95% CI 1.77-2.39).

PAD at baseline was associated with an increased risk of
hip fracture as compared to men without PAD (HR 1.70; 95%
CI 1.14-2.54), adjusted for age and study site (Table 4). Addi-
tional adjustment for total hip BMD only marginally affected
this association (HR 1.67; 95% CI 1.12-2.48). None of the
assessed confounding or mediating factors solely attenuated

Table 1 Baseline characteristics for men with and without PAD (ABI<0.9)

Characteristic PAD N=314 No PAD N=2579 P-value N cases
Age (years), mean (SD) 76.3 (3.0) 753 (3.2) <0.001 2893
BMI, mean (SD) 26.6 (3.7) 26.4 (3.5) 0.44 2893
Total body fat mass (kg), mean (SD) 22.5(7.6) 22.0 (7.6) 0.23 2833
Appendicular lean mass (kg), mean (SD) 234 (3.4) 24.3 (3.1) <0.001 2833
Total body BMD (g/cm?), mean (SD) 1.14 (0.11) 1.16 (0.12) 0.004 2836
Femoral neck BMD (g/cmz), mean (SD) 0.81 (0.14) 0.83 (0.13) 0.004 2868
Total hip BMD (g/cm?), mean (SD) 0.91 (0.14) 0.94 (0.14) 0.004 2868
Lumbar spine BMD (g/cmz), mean (SD) 1.14 (0.20) 1.14 (0.20) 0.47 2872
Estimated GFR (ml/min), mean (SD) 64.7 (20.7) 73.1(20.2) <0.001 2767
Hand grip strength (kg), mean (SD) 40.8 (7.6) 43.3(7.9) <0.001 2825
Walking speed, 6 m test (m/s), mean (SD) 1.2 (0.3) 1.3(0.2) <0.001 2882
Falls last year (yes/no) (%) 20.1 16.2 0.09 2885
Current smoking (%) 20.4 6.9 <0.001 2893
Alcohol use® (%) 8.0 4.5 0.01 2893
Diabetes (%) 17.8 9.0 <0.001 2887
Antihypertensive treatment (%) (ATC code: C03, C07, C08, C09) 29.6 18.7 <0.001 2893
Chronic obstructive pulmonary disease (COPD)b (%) 11.5 7.7 0.03 2879
History of cardiovascular disease® (%) 48.4 29.3 <0.001 2891
Systolic blood pressure (mmHg), mean (SD) 152.0 (24.4) 144.0 (19.5) <0.001 2893
Use of oral corticosteroids (ATC code: HO2A) (%) 0.6 0.8 1.00 2893
hsCRP (high-sensitive C-reactive protein) (mg/L), mean (SD) 6.3 (10.8) 4.4 (8.9) 0.002 2791
Education — higher education after primary school (%) 45.7 55.1 0.002 2888
Marital status (married) (%) 76.1 81.9 0.02 2891
Previous fracture (any fracture)? (%) 33.1 34.8 0.61 2892
Previous osteoporotic fracture (spine, forearm, humerus) (%) 12.1 14.8 0.23 2874
Previous hip fracture (%) 22 1.0 0.09 2893
Hip fracture in bilogical mother or father (%) 8.9 8.5 0.75 1722

# Ever a period of consuming > 5 glasses of alcohol per day
® Including chronic bronchitis, asthma, emphysema

¢ Including myocardial infarction, angina, heart failure, stroke

4 Previous fracture at baseline includes fractures after the age of 50 years, regardless of trauma

Abbrevations: PAD, peripheral arterial disease; ABI, ankle-brachial index; BMI, body mass index; BMD, bone mineral density; GFR, glomular
filtration rate; ATC, Anatomical Therapeutic Chemical (Classification System)
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Table 2 S.cl.ect-.ed baseliqe Characteristic PAD N=110 No PAD N=865 P-value N cases
characteristics in men with and
without PAD (ABI<0.9) in the Serum cortisol (nmol/L), mean (SD) 517.1 (128.3)  484.4 (133.2) 0.02 945
Gothenburg cohort* . . .
Urine cadmium (mg/g creatinine), mean (SD)  0.43 (24) 0.32 (0.43) 0.02 913
Osteocalcin (pg/L), mean (SD) 26.2 (12.6) 26.6 (10.6) 0.71 969
Adiponectin (mg/L), mean (SD) 11.6 (5.9) 11.9 (6.4) 0.62 974
PINP (pg/L), mean (SD) 39.4 (19.1) 40.7 (18.2) 0.46 951

“These blood samples/examination were only collected and analyzed in the Gothenburg cohort of the

Swedish MrOS, n=1010

Abbrevations: PAD, peripheral arterial disease; ABI, ankle-brachial index; P/NP, N-terminal propeptide of

type I collagen

Table 3 Baseline prevalence of muscle mass and physical performance in men with and without PAD (ABI<0.9) (%/n)

Characteristic PAD N=314 No PAD N=2579 P-value N cases
Proportion with the lowest quintile of hand grip strength (kg) 27.0 (82) 19.1 (481) 0.002 2825
Proportion with the lowest quintile appendicular lean mass (kg/m2) 30.2 (91) 19.1 (484) <0.0001 2833
Proportion with the lowest quintile of walking speed (meter/second) 28.9 (90) 16.6 (453) <0.0001 2882
Baseline prevalence of sarcopenia®

Proportion with hand grip strength <27 kg 3.9(12) 1.4 (36) 0.004 2825
Proportion with appendicular lean mass < 7 kg/m> 18.0 (54) 11.1 (281) <0.0009 2833
Proportion with walking speed < 1 m/s 18.0 (56) 8.7 (224) <0.0000 2882
Proportion that meets one of three criteria 26.0 (75) 16.9 (418) <0.0001 2757
Proportion that meets two of three criteria 5.2 (15) 1.2 (42) <0.0002 2757
Proportion that meets all three criteria 0.7 (2) 0.2 (4) <0.0003 2757

iCriteria for sarcopenia (EWGSOP2) =hand grip strength <27 kg, appendicular lean mass <7 kg/m?, walking speed < 1 m/s

All values in the table are baseline cross-sectional data, not adjusted for age

the association between PAD and hip fracture risk to a non-
significant level, except for the variable walking speed. How-
ever, in the multivariate models including several confounding
and mediating factors, the HR for hip fracture in men with
PAD further weakened to a non-significant level, with a HR
1.38 (95% CI 0.91-2.11) in the final model adjusted for age,
site, hip BMD, BMI, falls, current smoking, eGFR, handgrip
strength, walking speed, former hip fracture, antihypertensive
treatment, diabetes, level of education, and history of cardio-
vascular disease. Our power was too limited to investigate the
severity of PAD for fracture risk, but a sub-analysis showed
an almost threefold increased risk for hip fracture in men with
ABI<0.5 as compared to men without PAD (HR 2.83; 95%
CI 1.05-7.62), adjusted for age, study site and hip BMD. How-
ever, this estimate should be interpreted with caution since
only 25 men had an ABI<0.5.

In addition, the association between PAD at baseline and
other fracture outcomes was analyzed (Table 5). PAD was
associated with an increased risk for all fractures (HR 1.35;
95% CI, 1.07-1.70) as well as major osteoporotic fractures
(HR 1.43; 95% CI, 1.09-1.86) adjusted for age, site, and hip
BMD. But in the final multivariate models, the results were
non-significant (1.17; 95% CI, 0.92-1.49, and 1.24; 95% CI,

0.94-1.65, respectively). None-vertebral osteoporotic fractures
were significantly associated with an increased fracture risk
only in the crude model adjusted for age and study site, while
no significant association between PAD and vertebral fractures
was seen. A full overview of the stepwise inclusion of covari-
ates in the multivariate models for hip fractures as well as other
fracture outcomes is illustrated in the supplementary Table 6.

Discussion

In this prospective study in Swedish elderly men, we
found PAD based on an ABI<0.9 to be associated with an
increased risk of hip fracture independent of age and hip
BMD (HR 1.67; 95% CI 1.12-2.48). But after further adjust-
ments for comorbidity, medications, physical function, and
educational level, the association attenuated and was no
longer statistically significant.

Prior studies — similarities and differences

In this section, we dive deeper into prior studies investigat-
ing the association between PAD and hip fracture risk. The
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Table 4 Cox regression models for the association between PAD (ABI<0.9) and hip fracture

Model Hazard ratio (95% CI) Events (hip frac- Cases”
tures)
Adjusted for age and study site 1.70 (1.14-2.54)* 186 2893
Adjusted for age and study site + total hip BMD (g/cm?) 1.67 (1.12-2.49)* 186 2868
Adjusted for age and study site + BMI 1.74 (1.17-2.61)* 186 2893
Adjusted for age and study site +eGFR (ml/min) 1.63 (1.09-2.44)* 184 2767
Adjusted for age and study site +handgrip strength (kg) 1.57 (1.05-2.34)* 185 2890
Adjusted for age and study site + walking speed (m/s) 1.47 (0.98-2.22) 184 2882
Adjusted for age and study site + falls last year (yes/no) 1.70 (1.14-2.55)* 186 2885
Adjusted for age and study site + current smoking 1.67 (1.11-2.51)* 186 2893
Adjusted for age and study site+ COPD 1.69 (1.13-2.52)* 186 2879
Adjusted for age and study site + diabetes 1.66 (1.11-2.48)* 186 2887
Adjusted for age and study site + antihypertensive treatment 1.72 (1.15-2.58)* 186 2893
Adjusted for age and study site + history of CVD 1.58 (1.06-2.38)* 186 2891
Adjusted for age and study site +educational level” 1.68 (1.13-2.52)* 186 2893
Adjusted for age and study site + previous hip fracture 1.67 (1.12-2.50)* 186 2893
Adjusted for age and study site + hsCRP (mg/L) (log) 1.64 (1.09-2.47)* 185 2791
Multivariate model 1 (adjusted for confounders) 1.47 (0.97-2.24) 184 2737
Multivariate model 2 (adjusted for mediating factors) 1.43 (0.95-2.15) 183 2848
Multivariate model 3 (adjusted for confounders and mediating factors) 1.38 (0.91-2.11) 181 2718

“Statistically significant; p = <0.05

# When missing values for covariates or risk time, cases were excluded from the total cohort of 3014 men

® Higher education after primary school

Model 1= Adjusted for age, site and hip BMD, BMI, previous hip fracture, current smoking, diabetes, antihypertensive treatment, eGFR, educa-

tional level, history of cardiovascular disease

Model 2 = Adjusted for age, site, hip BMD, previous falls, hand grip strength, walking speed

Model 3 = Adjusted for age, site, hip BMD, BMI, previous hip fracture, current smoking, diabetes, antihypertensive treatment, eGFR, education,
history of cardiovascular disease, previous falls, hand grip strength, walking speed

COPD = chronic obstructive pulmonary disease (incl chronic bronchitis, asthma, emphysema), CVD = cardiovascular disease (myocardial infarc-

tion/angina/heart failure/stroke), hsCRP =high-sensitive C-reactive protein

aim is to highlight strengths and weaknesses as well as dif-
ferences compared to the present study that might explain
some of the inconsistent results.

First, a population-based cohort study from Australia
including 4321 men reported an increased risk for hip
fracture in men with PAD compared to men without PAD
(HR 1.69; 95% CI 1.08-2.63) [20], independent of age,
BMI, smoking, alcohol consumption, previous stroke,
coronary heart disease, and abdominal aortic aneurysm.
A large register-based cohort study from Taiwan includ-
ing 1464 incident hip fractures showed similar results with
HR 1.57 (95% CI 1.45-1.71) for hip fractures in women
with PAD, and HR 1.50 (95% CI 1.44-1.78) for men with
PAD, independent of age-group, income, numerous medi-
cal conditions, and medications [21]. These estimates are
rather consistent with our results. However, none of those
studies had any information on previous falls and physical
function, factors that seemed to impact the results in our
analyses. Also, no BMD measurements were made. A more
striking association between PAD and hip fracture risk was
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found in a study of more than 30,000 twins from the Swed-
ish twin registry, reporting an increased risk of hip fracture
in men and women with a hospital diagnosis of PAD with
an HR of 3.20 (95% CI 2.28-4.50), independently of age
and several diseases [19]. Further adjustments for lifestyle
factors were described to marginally change the estimate,
but no data were presented. In contrast, in a register-based
study of nearly 190,000 Spanish men > 65 years of age,
Reyes et al. found a significantly increased risk of hip frac-
ture in men with PAD in an age-adjusted model (RR 1.45;
95% CI 1.20-1.74), but when adding BMI, smoking sta-
tus, medical use and comorbidities including other CVD,
the association declined significantly (RR 1.13; 95% CI
0.87-1.48) [29]. Moreover, Collins et al. who conducted a
similar study to ours but in the US cohort of MrOS, found
an increased risk for non-spine fractures in men with PAD
independently of hip BMD, but no association with hip
fracture risk was observed [16]. The latter lack of associa-
tion might, however, have been influenced by the limited
number of hip fractures during follow-up (n=_89).
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Table 5 Cox regression models for the association between PAD (ABI<0.9) and different fracture outcomes

Model Hazard ratio (95% CI) Events (fractures)  Cases®
All incident fractures

Adjusted for age and study site 1.46 (1.16-1.83)* 647 2893
Adjusted for age and study site + total hip BMD (g/cm?) 1.40 (1.11-1.76)* 642 2868
Multivariate model 1 (adjusted for confounders) 1.24 (0.97-1.58) 620 2737
Multivariate model 2 (adjusted for mediating factors) 1.25 (0.99-1.58) 634 2848
Multivariate model 3 (adjusted for confounders and mediating factors) 1.17 (0.92-1.49) 612 2718
Major osteoporotic fractures

Adjusted for age and study site 1.50 (1.56-1.97)* 462 2893
Adjusted for age and study site + total hip BMD (g/cm?) 1.47 (1.13-1.91)* 462 2868
Multivariate model 1 (adjusted for confounders) 1.28 (0.97-1.70) 448 2737
Multivariate model 2 (adjusted for mediating factors) 1.33 (1.01-1.73)* 456 2848
Multivariate model 3 (adjusted for confounders and mediating factors) 1.24 (0.94-1.65) 442 2718
Non-vertebral osteoporotic fractures

Adjusted for age and study site 1.41 (1.01-1.98)* 303 2893
Adjusted for age and study site + total hip BMD (g/lcm?) 1.36 (0.97-1.91) 303 2868
Multivariate model 1 (adjusted for confounders) 1.20 (0.84-1.70) 295 2737
Multivariate model 2 (adjusted for mediating factors) 1.19 (0.85-1.68) 298 2848
Multivariate model 3 (adjusted for confounders and mediating factors) 1.14 (0.80-1.63) 291 2720
Vertebral fractures

Adjusted for age and study site 1.42 (0.97-2.08) 225 2893
Adjusted for age and study site + total hip BMD (g/cm?) 1.39 (0.95-2.03) 225 2868
Multivariate model 1 (adjusted for confounders) 1.21 (0.81-1.82) 217 2737
Multivariate model 2 (adjusted for mediating factors) 1.25 (0.85-1.85) 224 2848
Multivariate model 3 (adjusted for confounders and mediating factors) 1.14 (0.76-1.72) 216 2718

“Statistically significant; p = <0.05

# When missing values for covariates or risk time, cases were excluded from the total cohort of 3014 men

Model 1= Adjusted for age, site and hip BMD, BMI, previous hip fracture, current smoking, diabetes, antihypertensive treatment, eGFR, educa-

tional level, history of cardiovascular disease

Model 2 = Adjusted for age, site, hip BMD, previous falls, hand grip strength, walking speed

Model 3 = Adjusted for age, site, hip BMD, BMI, previous hip fracture, current smoking, diabetes, antihypertensive treatment, eGFR, education,
history of cardiovascular disease, previous falls, hand grip strength, walking speed

Finally, a few smaller studies assessing this topic found
no association between PAD and fracture risk. A study of 72
residents in a nursing home confirmed increased mortality
in residents with an ABI< 0.9 or > 1.4, but the incidence of
hip fractures ended up being too low to study as an outcome
[23]. Likewise, a cohort study with 1332 men and women
reported no association between PAD and fracture risk,
which again could be explained by the limited sample size,
but also an ABI cut-off at <0.9 instead of <0.9 [22]. Fur-
thermore, a longitudinal study with 3626 men and women
did not find any association between ABI values and hip
fracture risk [18]. However, they analyzed the ABI per unit
increase in the index, which is dubious to compare with the
clinically more relevant cut-off value of ABI<0.9 [18].

In summary, several prior studies support an increased
risk for hip fractures in men with PAD, but conflicting
results exist. The diversity in study design, especially the

inconsistent choice of covariates included in the multivariate
analyses, might explain some of the differences in estimates
of risk as well as limit the possibility to interpret possible
mechanisms. A similar concern was raised by Ungpraset
et al. in their meta-analysis from 2018, including 6 of the
studies described above. The authors reported a pooled
RR of 1.64 (95% CI 1.17-2.29) for incident hip fracture in
patients with PAD compared to patients without PAD, but
highlighted the high between-study heterogeneity and pos-
sibility of publication bias [30]. Unlike most of these prior
studies, we included both comorbidity and functional meas-
urements in our multivariate analysis, which can explain
the final non-significant association between PAD and hip
fracture risk, despite the relatively large sample size and
fracture incidence. However, the risk for type II error should
also be considered, since an even larger study sample might
be needed to confirm small differences between groups.

@ Springer
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Moreover, we cannot rule out the possibility of multicollin-
earity or overadjustment by the inclusion of non-important
factors as contributing explanations for the non-significant
result in our final model.

BMD in the relationship between PAD and fractures

Only three of the above-mentioned previous studies had
information on BMD. Two of those find no association
between fracture risk and PAD in unadjusted analyses,
and further adjustments for BMD measurements were
not done [18, 22]. The findings from the third one, the
study from Collins et al., did not show any significant
indications that hip BMD would be of major importance
in the relationship between PAD and non-spine frac-
tures, despite the lower BMD in men with PAD at base-
line [16]. Consistently, in our study, men with PAD had
lower baseline total body and hip BMD than men without
PAD. Although this is a cross-sectional observation not
adjusted for age, it is still in line with studies reporting an
association between imaging and clinical manifestations
of atherosclerosis and lower BMD, mostly in women but
also in men [1, 12]. Common pathophysiological path-
ways in the development of atherosclerosis and osteopo-
rosis could be one explanation, as some biological factors
are present in both calcification of the vascular wall and
the bone formation process, not only as an effect of aging
[31, 32]. In addition, reduced arterial blood flow in the
hip region and lower extremities might affect bone home-
ostasis and cause local bone loss in individuals with PAD
[33]. However, this study cannot give further answers to
such hypotheses as no specific measurements of vascular
calcification or local blood flow were obtained. Despite
these findings and the fact that low BMD is one of the
most important risk factors for fragility fractures, includ-
ing BMD in our multivariate analysis did not alter the
association between PAD and fracture risk in a signifi-
cant way. To our knowledge, our study is the first one to
identify an association between PAD and increased hip
fracture independent of hip BMD.

Increased fracture risk — potential mechanisms
and contributing factors

Our results suggest a low probability for the association
between PAD and hip fracture risk to significantly be medi-
ated by BMD. Hence, although individuals with PAD might
suffer from poor BMD, our results suggest that the impact
of impaired hip BMD might be of minor importance for the
overall fracture risk in men with PAD. Although we cannot
ascertain any mechanistic explanation from our observa-
tional study, a number of possible contributing factors are
discussed below.

@ Springer

First, the hypothesis of a positive association between
PAD and hip fractures might be intuitive, given the num-
ber of overlapping risk factors, such as sedentary lifestyle,
smoking, renal impairment, and diabetes mellitus [13,
34-36]. Low-grade inflammation is another factor that has
been linked to both impaired bone health and peripheral
atherosclerosis [25, 37], consistent with our findings of a
higher level of baseline hsCRP in men with PAD. Smok-
ing is a major risk factor for fractures [38] and a particu-
larly strong risk factor for PAD [39]. Concurrently, in our
cohort men with PAD were almost 3 times more often cur-
rent smokers than men without PAD. Cadmium exposure
has been proposed to account for a substantial part of the
atherosclerotic effect of smoking [40], but other sources of
cadmium exposure could be contributing as well, as urine
cadmium levels have been associated with increased risk
for new-onset PAD independently of smoking status [41].
Accordingly, in a sub-analysis from the Gothenburg part
of MrOS where urine cadmium levels were obtained, we
found baseline urine cadmium to be higher among men with
PAD. Increased urinary cadmium has also been associated
with increased risk for low BMD and fractures, even at
relatively low exposure [42]. Diabetes mellitus is another
established risk factor for both PAD and fractures, includ-
ing hip fractures [2, 9]. Interestingly, the increased fracture
risk attributed to diabetes has not been explained by loss
of BMD or bone quality, but instead yet not fully known
mechanisms [43, 44]. Although the results from our differ-
ent Cox regression analyses showed no clear indication that
any of those factors alone explain the association between
PAD and fracture risk, the sum of the influence from several
of those attenuated the point estimates and precision in the
multivariate analyses, indicating that these factors might be
of importance for the observed relationship between PAD
and fracture risk.

Secondly, baseline measurements confirmed overall
more morbidity and signs of frailty in men with PAD, a
burden that generally could enhance the risk of injurious
falls and fractures. PAD itself might cause frailty by limit-
ing the ability to physical activity, directly due to lower limb
symptoms, and indirectly through its close relationship with
ischemic heart disease and stroke [2]. Indeed, observational
evidence suggests that at least stroke is an independent risk
factor for hip fractures [45]. Also, PAD has independently
been associated with lower physical function also among
asymptomatic individuals [4, 46]. In this case, the lower
physical function might serve both as a potential confounder
in the relationship between PAD and fracture risk (being a
cause of a long-term sedentary lifestyle contributing to the
development of PAD), or a mediating factor (as a result of
PAD itself). Despite whether any of those assumptions is
more true than the other, when including measures of hand-
grip strength and walking speed in the multivariate model,
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the association between PAD and hip fracture weakened.
Additionally, walking speed was found to be the only vari-
able that in itself attenuated the association between PAD
and hip fracture risk to a non-significant level, despite the
rather small absolute difference in walking speed between
men with and without PAD at baseline. This strengthens
the hypothesis that physical function is of importance in the
relationship between PAD and hip fracture risk.

Finally, the findings of a similar pattern for all fractures
and major osteoporotic in men with PAD as for hip fractures
supports the main results observed for hip fracture risk (with
an increased fracture risk independent of age and hip BMD,
but a non-significant association in the multivariate model).
The fact that the association with vertebral fractures was
more uncertain strengthens the hypothesis that the increased
fracture risk in men with PAD more probably is a conse-
quence of more injurious falls rather than just low BMD.
This since the latter to a higher extent leads to more sponta-
neous compressions of the vertebrae whereas other fracture
sites, especially at the hip, ultimately are a consequence of
a fall or other trauma (although the energy often is low).

Strengths and limitations

This study has several strengths, including the population-
based study design with a relatively large cohort prospectively
followed for 10 years. Study participants were well charac-
terized at baseline according to standardized assessments,
including bone and muscle measurements, making it possi-
ble to adjust for established confounding factors. The Swed-
ish public health care system enables reliable coverage of all
fractures diagnosed in hospitals. Additionally, all fractures
were verified by x-ray, providing a low risk of misclassifica-
tion. However, our study also has limitations. Firstly, this study
consisted almost entirely of elderly Caucasian men. This is a
highly relevant study population, as Caucasians in general,
and Swedes in particular, are particularly susceptible to hip
fractures [35], but also limits the generalizability of our find-
ings. In addition, the frailest men may have declined participa-
tion, according to inclusion criteria and the extensive baseline
exams that might have contributed to such selection bias. The
questionnaires relied on self-reported data, which might cause
recall bias. Finally, inherent to an observational study, causal
conclusions must be carefully assessed. We have adjusted for
relevant confounders in our analyses; however, residual con-
founding cannot be ruled out.

Conclusion
The results of this study suggest that PAD is associated

with an increased risk for hip fracture independently of hip
BMD in elderly Swedish men. However, the high frequency

of comorbidity and lower physical performance among
these men are factors that together could explain much of
the observed association. In a clinical setting, it could be
valuable to assess the overall fracture risk in elderly men
with PAD such as optimizing cardiovascular prevention,
encouraging physical activity, and preventing injurious fall
accidents. However, according to our results, bone density
measurements should be done based on similar risk analysis
as for any other older man. Future research is warranted to
confirm or contradict these findings and to further address
how PAD according to fracture risk best should be handled
in clinical practice.
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