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Abstract

Summary We examined the fracture risk after initiation of blood pressure—lowering drugs compared with initiation of antide-
pressants. Multivariable regression models demonstrated an increased risk of fracture among women initiating a blood pressure—
lowering medication (HR 1.73, 95% CI 1.02-2.95). This is likely related to an increased risk of falls.

Purpose Initiation of blood pressure—lowering drugs has been associated with fractures in several studies, presumably due to an
increase in the risk of falls. However, these studies used self-controlled designs without active comparators. We examined the risk
of fractures after initiation of blood pressure lowering drugs compared with initiation of antidepressants.

Methods Women participants in the Study of Women Across the Nation (SWAN) were potentially eligible if they initiated blood
pressure—lowering or antidepressant drugs during follow-up. To reduce the risk of confounding, we estimated a propensity score
that included potential confounders including age, menopausal status, osteoporosis, and osteoporosis medication use. The
propensity score was used to match subjects in both groups and we then constructed multivariable logistic regression models
comparing the risk of any fracture. Sensitivity analyses assessed a limited range of fractures less likely related to trauma.
Results Among the 3302 potentially eligible women participating in the SWAN cohort, we were able to propensity-score match
289 women who initiated a blood pressure—lowering medication with 289 who initiated an antidepressant. Multivariable logistic
regression models demonstrated an increased risk of fracture among women initiating a blood pressure lowering medication (OR
1.74, 95% CI 1.02-2.95). After excluding fractures of the digits and face, the results were similar (OR 1.57, 95% CI 0.88-2.81).
Conclusions There was evidence of an increased risk in fractures among women initiating blood pressure—lowering medications
compared to those initiating antidepressants. This is likely related to an increased risk of falling.
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Introduction

Prior literature suggests that initiation of antihypertensive
drugs may be associated with fractures [1-3]. These studies
have examined fracture risk in the immediate period after
starting medications that lower blood pressure. Results sug-
gest that starting such medications may be associated with an
increased risk of fracture. The absolute risk of fracture in this
population was not estimated in one large study but was noted
to be quite small in another study [2]. As well, comparisons
were not made to the fracture risk after initiating other drugs, a
so-called active comparator design [4]. Prior drug safety stud-
ies have demonstrated that the period after drug initiation is
often associated with adverse events. This provides the ratio-
nale for using active comparators (i.e., people starting a dif-
ferent medication).
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Low blood pressure can cause dizziness and fainting and
several studies have described an increased risk of falls imme-
diately after the start of certain blood pressure—lowering med-
ications [5, 6]. One study that focused on loop diuretics found
an increased risk of falls in the day after the start of drug, but
the risk was not observed thereafter [7]. The absolute risk was
very low: 1 excess fall for every 271 loop diuretic initiations.
It is also possible that hypertension could be associated with a
reduction in bone strength. Some literature supports this pos-
sibility but not all [8].

Obtaining better evidence on these issues will allow pro-
viders and patients to better estimate the risk-benefit tradeoff
with initiating blood pressure—lowering drugs. These drugs
have clear benefits in selected patients, with respect to reduc-
ing stroke and myocardial infarction risks [9—11]. Thus, we set
out to study the risk of fracture associated with initiation of
blood pressure-lowering medications.

Methods

Study design and sample The current study involved partici-
pants in the Study of Women Across the Nation (SWAN),
which is a community-based, multi-ethnic longitudinal obser-
vational cohort study of the menopause transition. A detailed
description of SWAN has been published previously [12].
Briefly, SWAN enrolled 3302 pre- or early peri-menopausal
women in the USA at seven clinical sites. Women were be-
tween the ages of 42 and 52 years at enrollment. During fol-
low-up, women are seen approximately every year to monitor
a variety of measures, and data are analyzed by visit.
Information on medication use is collected prospectively.
Women are instructed to bring in all medication containers,
and trained interviewers transcribe all preparations onto study
forms. SWAN has collected information on participants every
1-2 years from 1997 to 2016.

The current study examined whether use of blood pressure
lowering agents was associated with fractures. To address this
question, two separate analyses were conducted. First, we
compared the relative risk of fracture after initiation of a blood
pressure—lowering medication to the risk after initiation of an
antidepressant. While some data suggest a reduction in bone
mineral density among patients taking antidepressants, the
preponderance of data argues against any increased risk of
fracture in this patient group [13]. Second, we compared the
risk of fracture pre- and post-initiation of blood pressure—
lowering medications. Thus, women who started a blood
pressure—lowering medication were identified. Then, the risk
of fracture was calculated in the year prior and the year after
the start of a blood pressure—lowering agent. These rates were
compared. These comparisons were repeated for the two and
three years prior to and after the start of such medications.

@ Springer

From the SWAN cohort, several selection criteria were ap-
plied to both analyses. First, we identified new users of any
blood pressure—lowering agent, including ACE inhibitors, al-
pha agonists, angiotensin receptor blockers, calcium channel
blockers, beta blockers, non-thiazide diuretics, thiazide di-
uretics, and other agents. We allowed prevalent users of these
agents in the eligible cohort, but only included women who
started a new agent during follow-up. For the first analyses,
we also identified new users of any antidepressant. We
allowed prevalent users of antidepressants into the cohort,
but the comparison group only included new users.

All study participants gave written informed consent. The
study protocol was approved by each SWAN site’s
Institutional Review Boards.

Assessment of medication use At each visit, interviewers ad-
ministered questionnaires to ascertain medication use since
the last study visit. Use was verified by inspection of medica-
tion containers. If medication containers were not available,
medication lists were reviewed. Medications were classified
from generic or brand names using the lowa Drug Information
Service Drug Vocabulary (College of Pharmacy, University of
Iowa, Towa City). Blood pressure—lowering agents were
assessed at each visit to determine initiation, but dosage of
the agents was not available. We had relatively few women
using each type of blood pressure—lowering drug, so these
analyses treat the category as a group without sub-analyses

by type.

Assessment of fractures At baseline, participants reported pri-
or fractures since age 20. During follow-up annual visits, par-
ticipants self-reported incident fractures, including the ana-
tomic site and number of fractures since their last study visit.
The reliability of self-reported fractures with medical records
confirmation has been documented in several studies. In
SWAN, a sample of self-reported fractures between was adju-
dicated; out of 193 self-reported fractures with medical re-
cords, there was a 96% (95% confidence interval, 92-98%)
positive predictive value. Anatomic fracture sites used for the
current analyses include the following: wrist, hip, spine, pel-
vis/sacrum, ribs, arm-above wrist, let, shoulder, ankle and pa-
tella, fingers, toes, and face. Two secondary fracture outcomes
were defined for these analyses: (1) all of the above fractures,
excluding fractures of the digits and face, and (2) only includ-
ing fractures of the wrist, arm, hip, spine, and pelvis.

Fracture risk factors (covariates) The visit prior to entry into
the study cohort was defined as a baseline. SWAN participants
underwent measurement of height and weight for calculation
of body mass index (BMI, weight in kilograms divided by the
square of height in meters). Participants completed
interviewer-administered or self-administered questionnaires
that assessed demographic characteristics (age, race, ethnicity,
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income, education, and marital status), lifestyle factors (alco-
hol intake and tobacco use), self-assessed health status, social
support (items from the 20 item Medical Outcomes Study
Social Support Survey), [14] vasomotor symptoms, and self-
reported comorbid conditions (osteoporosis, any cancer, dia-
betes mellitus). Bone active medications were considered as
covariates, such as bisphosphonates, hormone therapy, oral
glucocorticoids, calcium, and vitamin D. In addition, physical
activity was measured using a modified version of the Baecke
Physical Activity Questionnaire (range 3—15) [15, 16].
Menopause transition stage was assessed in SWAN based on
bleeding criteria. Categories were pre-menopause (no change
in the predictability of menses during the last year), early or
late peri-menopause (decreased predictability of menses but
having with gaps of up to 11 months), and post-menopause
(no menses for 12 or more months). Women without a clear
date of menopause or who reported hysterectomy were clas-
sified as “unknown” menopausal status. Menopause transition
stage was updated at every study visit. Once a woman had
advanced to a later transition stage she could not be
reclassified to an earlier transition stage.

Statistical analyses As noted, two different analyses were con-
ducted. The primary analysis compared the fracture risk in
women starting a blood pressure—lowering medication to
those starting an antidepressant. To improve the balance be-
tween these two groups, we only included women who could
be matched with women in the other cohort using a propensity
score. A propensity score is the probability of use of an inter-
vention compared with non-use [17]. Propensity score
matching is a technique to address potential confounding by
several factors with a reduced number of covariates (degrees
of freedom) in the multivariable models [18, 19]. A greedy
matching algorithm was used to find the best possible match
and the matching caliper was set at 0.2 of the standard devia-
tion of the logit of the PS [20]. The propensity score models
included variables that were potential confounders (i.e., asso-
ciated with both exposure and outcome); this included age,
menopausal status, osteoporosis, and bisphosphonate use.
We did not include variables in the propensity score logistic
regression that were very strong predictors of one drug cate-
gory or the other as these often create a strong imbalance in the
propensity score distributions. Instead, we tested such vari-
ables in the multivariable models after creating the propensity
score-matched cohorts.

The primary analyses examined the incidence rate and rel-
ative risk for any fracture, the primary outcome. We first cal-
culated incidence rates (fractures per 1000 person-years)
among the two drug exposure groups. Incidence rate ratios
with 95% confidence intervals were estimated. We then ex-
amined the relative risk using discrete survival logistic regres-
sion models based on the type of fracture. The type of frac-
tures was separated into three groups for analyses: (a) all

fractures, (b) any fracture except fingers/toes/facial, and (c)
only wrist, arm hips, spine, and pelvis.

Model 1 adjusted for age and race. All other variables men-
tioned above were entered one by one into Model 1, and those
with p values <0.10 were then entered into Model 2. We also
added in variables from the propensity score, including oste-
oporosis and bisphosphonate use. Model 3 was run in a sub-
group of SWAN participants who had bone mineral density
(BMD) measured. (BMD of the lumbar spine, femoral neck,
and total hip (g/cm®) was measured by dual-energy X-ray
absorptiometry (DXA) using Hologic instruments (Hologic
Inc., Waltham, MA). Model 3 included all covariates in
Model 2 plus femoral neck BMD. Body mass index was also
forced into Model 3.

All models of fractures of the wrist, arm, hips, spine, and
pelvis classified race as white or non-white, as there were not
enough women of other race/ethnicity to allow the models to
converge. For ease in interpretation, the same covariates were
used in all models. Lastly, we examined the incidence of frac-
ture before and after the initiation of antihypertensive medica-
tions. All analyses are performed using SAS 9.3 (SAS, Cary
NO).

Results

There were 298 women in SWAN who initiated antidepres-
sants and 639 using blood pressure—lowering treatments. We
were able to match 97% of the women in the antidepressant
group. The participants of SWAN that were included had a
mean age of 52 years and approximately three-quarters had
more than a high school education (Table 1). About half were
White and the other half were Black, Chinese, Japanese, or
Hispanic. Almost half were current or past tobacco users and
approximately three-quarters were peri- or post-menopausal.
The median time women reported using antihypertensive
medications was three years and two years for antidepressants.

We observed 29 fractures in the cohort of women initiating
blood pressure—lowering treatments and 20 fractures among
women initiating antidepressants (Table 2). The incidence
rates were 33.22 (95% CI 22.24-47.74) fractures per 1000
person-years for women initiating blood pressure—lowering
medications and 23.31 (95% CI 14.23-36.00) for those initi-
ating antidepressants. The incidence rate ratio was 1.43 (95%
CI0.81-2.52).

We compared the risk of fracture among the women initi-
ating blood pressure—lowering medications with those initiat-
ing antidepressants in logistic regression models. While the
groups were matched on propensity score, we added addition-
al adjustment in successive models (Table 3). After adjusting
for age, race, and osteoporosis diagnosis, we found that wom-
en initiating blood pressure lowering—medications had a sig-
nificantly increased risk of all types of fractures (OR 1.74,

@ Springer



73 Page 4 of 7

Arch Osteoporos

(2019) 14:73

Table 1  Baseline characteristics of women in the SWAN cohort initiating blood pressure—lowering drug or antidepressant drugs after propensity score

matching
Total N=578 Blood pressure Antidepressant user Standardized mean
lowering user N =289 N=289 difference
N (%) or mean (+ SD)
Age, years 51.7 (£4.7) 51.7 (£4.6) 51.6 (£4.7) 0.01
Spine BMD, g/cm2 1.04 (£0.15) 1.06 (£0.16) 1.03 (£0.15) 0.22
Femoral neck BMD, g/cm2 0.81 (=0.13) 0.82 (+£0.13) 0.81 (=0.13) 0.12
BMI, kg/m2 28.7 (£7.1) 30.6 (£7.6) 26.8 (£6.0) 0.56
CES-D 10.4 (£9.9) 8.9 (£9.4) 11.9 (£10.3) 0.31
Physical activity 7.7 (£1.8) 7.6 (£1.8) 7.8 (£1.8) 0.13
Educational attainment 0.36
High school or less 126 (21.8) 84 (29.1) 42 (14.5)
Post-high school 448 77.5) 204 (70.6) 244 (84.4)
Tobacco use 0.17
Past or current 274 (47.4) 124 (42.9) 150 (51.9)
SWAN site
Michigan 89 (15.4) 53 (18.3) 36 (12.5) 0.16
Mass General 92 (15.9) 40 (13.8) 52 (18.0) 0.11
UC Davis 80 (13.8) 51 (17.6) 29 (10.0) 0.09
UCLA 81 (14.0) 36 (12.5) 45 (15.6) 0.13
Pittsburgh 92 (15.9) 39 (13.5) 53 (18.3) 0.19
Chicago 63 (10.9) 39 (13.5) 24 (8.3) 0.17
New Jersey 81 (14.0) 31 (10.7) 50 (17.3) 0.22
Race/ethnicity
White 295 (51.0) 92 (31.8) 203 (70.2) 0.83
Black 162 (28.0) 117 (40.5) 45 (15.6) 0.56
Chinese 36 (6.2) 24 (8.3) 12 (4.2) 0.17
Japanese 41 (7.1) 26 (9.0) 15(5.2) 0.15
Hispanic 44 (7.6) 30 (10.4) 14 (4.8) 0.21
Menopausal status
Pre-menopausal 63 (10.9) 29 (10.0) 34 (11.8) 0.06
Peri-menopausal 248 (42.9) 123 (42.6) 125 (43.3) 0.01
Post-menopausal 194 (33.6) 101 (34.9) 93 (32.2) 0.06
Unknown menopause or s/p hysterectomy 73 (12.6) 36 (12.5) 37 (12.8) 0.01
Medication use
Osteoporosis meds 10 (1.7) 4(1.4) 6(2.1) 0.07
SERM 87 (15.1) 42 (14.5) 45 (15.6) 0.03
Corticosteroids 29 (5.0) 13 (4.5) 16 (5.5) 0.05
Vitamin D supplements 259 (44.8) 131 (45.3) 128 (44.3) 0.01
Calcium supplements 313 (54.2) 157 (54.3) 156 (54.0) 0.02
Comorbid conditions
Osteoporosis 19 (3.3) 9@3.1) 10 (3.5) 0.02
Diabetes 36 (6.2) 32 (11.1) 4(1.4) 0.41
Cancers 7(1.2) 3(1.0) 4(1.4) 0.05
Alcohol intake
None 272 (47.1) 155 (53.6) 117 (40.5) 0.29
Moderate 127 (22.0) 59 (20.4) 68 (23.5) 0.08
High 130 (22.5) 51(17.6) 79 (27.3) 0.25
Fractures
All fractures 19 (3.3) 9@3.1) 10 (3.5) 0.21
Fractures, excluding fingers/toes/face 16 (2.8) 8(2.8) 8(2.8) 0.21
Wrist, arm, hip, spine, pelvis 7(1.2) 2(0.7) 5(1.7) 0.21

BMI, body mass index; BMD, bone mineral density; SERM, selective estrogen receptor modulator; CES-D, Center for Epidemiologic Studies—
Depression Scale, 20-item scale, with a range of 0—60. Propensity scores include age, menopausal status, osteoporosis, and osteoporosis medications
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Table 2  Fracture incidence rates and rate ratios for propensity score-matched cohorts of drug initiators among women enrolled in SWAN

Fracture type Blood pressure—lowering initiators Antidepressant initiators
# fractures Person-time Incidence rate* # fractures Person-time Incidence rate*® Incidence rate
(95% CI) (95% CI) ratio (95% CI)**
All fractures 29 873 33.22 (22.24-47.74) 20 858 23.31 (14.23-36.00) 1.43 (0.81-2.52)
Exclude digit and 22 873 25.20 (15.79-38.15) 18 858 21.00 (12.43-33.16) 1.20 (0.64-2.24)
face fractures
Include only the wrist, arm, 6 873 6.87 (2.51-14.96) 6 858 6.99 (2.55-15.22)  0.98 (0.32-3.05)

hip, spine, and pelvic fractures

*Per thousand person-years

**Incidence rate ratio comparing blood pressure lowering initiators with antidepressant initiators (reference)

95% CI 1.02-2.95), as well as a numerically elevated (albeit
statistically non-significant) risk for fractures excluding digit
and facial fractures (OR 1.57, 95% CI 0.88-2.81). This effect
was stronger among the sub-group of women who also had
BMD information (Table 3; the full list of covariates and their
parameter estimates is shown in Supplemental Table 1).

Because of the potential for unmeasured confounding
across the two cohorts, we also performed an alternative anal-
ysis examining women’s risk of fracture before and after ini-
tiating blood pressure—lowering medications (Table 4). The
incidence rate ratios showed no increase (OR 0.96, 95% CI
0.29-3.16) when we looked at the period one visit before and
one visit after initiation of blood pressure medications. As the
period of observation was lengthened, the incidence rate ratio
increased.

Discussion

All medications have potential benefits and harms. Blood
pressure—lowering medications are effective for cardiovascu-
lar prevention and are among the most widely used drugs in
middle age and older adults, but concerns have been raised
about bone health and fracture risk. We examined the risk of
fracture among women during a vulnerable time for bone
health and found a suggestion of an increase in fracture risk
compared with women initiating antidepressant medications.

The evidence is relatively strong that blood pressure—
lowering medications are associated with a short-term risk of
falls [S, 7]. Prior work has also found an increased risk of
fractures among this population; however, the absolute risk
of fracture was not estimated in all prior studies. We found
an absolute fracture risk of 33.2 per 1000 person-years for
these women with a mean age of 52 years in whom approxi-
mately three-quarters were peri- or post-menopausal. We
would anticipate that the risk of fracture among women initi-
ating blood pressure—lowering medications would continue to
rise with increasing age. Although our sample size did not
permit a subgroup analysis for specific types of fractures, the
health risk of hip fractures is substantial and compares to the
risk of cardiovascular events [21]. Thus, a small increase in
the fracture risk after initiation of blood pressure—lowering
medications should serve as a reminder to address fracture
prevention.

The combined lifetime risk for the hip, forearm, and verte-
bral fractures coming to clinical attention is around 40%,
equivalent to the risk for cardiovascular disease [22]. This risk
needs to be balanced against the potential for cardiovascular
benefit of blood pressure—lowering medications. Elevated
blood pressure is a well-described risk factor for cardiovascu-
lar morbidity and mortality. Moreover, the use of blood
pressure—lowering medications reduces the risk of cardiovas-
cular events by 25-50%, depending on the underlying risk of
the population [9—11]. The absolute risk reduction varies but is

Table 3 Probability of fracture

among women matched on Fracture types

Model 1 (N=1578) Model 2 (N=578) Model 3 (N=370)

propensity score in SWAN
initiating blood pressure—
lowering medications compared
with women initiating antide-
pressant medications

All fractures
Excludes digit and face fractures

Include only the wrist, arm, hip, spine,

and pelvic fractures

Odds ratio (95% confidence interval)

1.68 (0.99-2.85) 1.74 (1.02-2.95)
1.52 (0.85-2.69) 1.57 (0.88-2.81)
0.90 (0.39 2.40) 0.95 (0.36-2.52)

1.64 (0.85-3.15)
1.33 (0.68-4.60)
1.10 (0.33-3.67)

Model 1 was adjusted for age and race. Model 2 was adjusted for age, race, and osteoporosis. Model 3 was run in
participants with bone mineral density information and was adjusted for age, race (White and non-Whites),
osteoporosis, and femoral neck bone mineral density and BMI
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Table 4  Fracture incidence rates and rate ratios before and after initiation of antihypertensive drugs among women enrolled in SWAN

Before initiation

After initiation

# Person- Incidence rate* # Person- Incidence rate* Incidence rate ratio
fractures years (95% CI) fractures years (95% CI) (95% CI)
All fractures
Before and after period extending 5 192 26.04 (8.39-60.71) 6 239 25.11 (9.16-54.64)  0.96 (0.29-3.16)
1 visit
Before and after period extending 6 366 16.39 (6.00-35.68) 12 458 26.20 (13.52-45.77) 1.60 (0.60-4.25)
2 visits
Before and after period extending 9 518 17.37 (7.93-32.98) 20 683 29.28 (17.88-45.23) 1.69 (0.77-3.70)
3 visits
Excludes digit and face fractures
Before and after period extending 5 192 26.04 (8.39-60.71) 6 239 25.11 (9.16-54.64)  0.96 (0.29-3.16)
1 visit
Before and after period extending 6 366 16.39 (6.00-35.68) 9 458 19.65 (9.00-37.30) 1.19 (0.43-3.37)
2 visits
Before and after period extending 9 518 17.37 (7.93-32.98) 15 683 21.96 (12.28-36.22) 1.26 (0.55-2.88)
3 visits
Include only the wrist, arm, hip, spine, and pelvic fractures
Before and after period extending 3 192 15.63 (3.14-45.65) 0 239
1 visit
Before and after period extending 4 366 10.93 (2.94-27.98) 1 458 2.18 (0.29-16.10)  0.20 (0.02-1.79)
2 visits
Before and after period extending 5 518 9.65 (3.11-22.52) 3 683 4.39 (0.88-12.83) 0.5 (0.11-1.90)
3 visits

*Per thousand person-years. The ellipses (...) denote incidence rates without fractures

approximately 10-30 events per 1000 person-years. Thus, the
increase in fracture risk, based on the current set of analyses, is
similar to the reduction in cardiovascular event risk.
Strengths and limitations of our study require consider-
ation. The population we studied was relatively small, but
we examined the question using two study designs that pro-
duced fairly similar results. These women are also at a time in
their lives when blood pressure lowering becomes clinically
relevant. We had a robust set of potential confounders, includ-
ing many variables related to fractures that reduces the poten-
tial biases in our study. However, variables such as diabetes
have a complex relationship with bone strength and fractures
and could confound the relationships studied. While we used a
propensity score to improve the balance across exposure
groups, we could not include every variable in the propensity
score. Thus, the findings of the between-group comparison are
limited by any imbalance in these omitted covariates. Other
strengths of this study include the representative community-
based population of women. The SWAN cohort is multi-
ethnic and from sites across the USA. Medications are collect-
ed annually, thus, there is the possibility of changes between
visits. Furthermore, the SWAN cohort has rich data on poten-
tial confounders but relatively limited sample size. The num-
ber of women who started each medication of interest who
fractured was small. Thus, these analyses are underpowered to
detect small risks and in specific sub-groups. The small num-
bers of fracture events may have contributed to some
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inconsistency in risks across models (see Table 3). As well,
there are some data that suggest that certain antidepressants,
but not all, may increase the risk of fracture [13].

Many types of medications appear to affect bone metabo-
lism and the risk of fractures. Some of the associations widely
reported include corticosteroids [23], proton pump inhibitors
[24], selective serotonin reuptake inhibitors [25], and opioids
[26]. While many of these relationships have a strong biologic
basis, some are likely not to be causal; rather, they represent
associations related to confounding, i.e., patients more likely
to fracture are prescribed certain medications for various indi-
cations. These relationships are even more complicated be-
cause some medications may impact fracture risk through in-
creasing falls rather than by affecting bone metabolism, e.g.,
opioids. While our study has added to this literature, larger
datasets with higher numbers of falls and fractures would lead
to a more robust analysis.

In conclusion, we found some suggestion of an elevated
risk of fracture among midlife women starting blood pressure—
lowering medications. If these potential risks are real, the ab-
solute risks may be substantial, but these risks need to be
balanced with the known cardiovascular benefits of these
drugs. It would be worth examining fracture risk observed in
prior trials of blood pressure medications. The risk:benefit
balance of medications in middle age and older adults with
multiple comorbid conditions requires continued study and
input from patients regarding their preferences.
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