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Abstract

Background: Osteoporosis is a major public health concern globally and in India, associated
with increased morbidity, mortality, and healthcare costs. Bisphosphonates remain the
cornerstone of pharmacological therapy for fracture prevention. However, emerging evidence
has raised questions about the long-term cardiovascular safety profile of bisphosphonates,

particularly regarding myocardial infarction, stroke, and atrial fibrillation.

Aim: To evaluate the impact of long-term bisphosphonate therapy on cardiovascular health in

osteoporotic patients.

Materials and Methods: A prospective cohort study was conducted among 200 osteoporotic
patients, divided into a bisphosphonate-treated group (>3 years therapy) and a control group
without bisphosphonate exposure. Baseline demographic, clinical, and cardiovascular risk
profiles were recorded. Participants were followed for two years, and incident cardiovascular
events were documented. Statistical analysis included Chi-square test for categorical
variables, independent t-test for continuous variables, and Cox regression for hazard

estimation.

Results: The incidence of major adverse cardiovascular events was 12% in the

bisphosphonate group versus 16% in controls (p=0.42). Atrial fibrillation was more frequent
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in the bisphosphonate group (6% vs. 2%), but without statistical significance (p=0.18).
Multivariate analysis showed no significant association between bisphosphonate use and

cardiovascular mortality (HR 0.92; 95% CI 0.58-1.46).

Conclusion: Long-term bisphosphonate therapy appears safe from a cardiovascular
standpoint in osteoporotic patients and may confer modest vascular benefits. Regular
cardiovascular risk assessment is recommended during prolonged treatment, especially in

elderly patients and those with pre-existing cardiac risk factors.
Keywords: Osteoporosis, Bisphosphonates, Cardiovascular events, Atrial fibrillation.

Introduction

Osteoporosis and the fragility fractures that follow represent a growing worldwide public-
health problem as populations age; in 2019 there were an estimated 178 million new fractures
and hundreds of millions living with fracture-related disability, and the absolute global
burden of fragility fractures has risen markedly over recent decades.! Global analyses of low
bone-mineral density (LBMD) and osteoporotic fractures show a steep, rising burden of
disability and deaths attributable to LBMD, with several large countries (including India and
China) contributing a large share of LBMD-related disability-adjusted life years (DALYSs).?
Because osteoporotic patients are typically elderly and have multiple comorbidities,
minimizing both skeletal and extra-skeletal risks of therapy is clinically important.
Bisphosphonates (BPs) are the mainstay pharmacologic treatment for osteoporosis: they
inhibit osteoclast-mediated bone resorption, increase bone mineral density and reduce
vertebral, non-vertebral and hip fracture risk in randomized trials.> Over the last 15-20 years,
large randomized trials and pooled analyses have raised questions about possible
cardiovascular (CV) effects of bisphosphonates. Some randomized data—most notably the

HORIZON trials of once-yearly zoledronic acid—reported a small excess of serious atrial-
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fibrillation (AF) events in the active arm versus placebo, prompting focused safety reviews.*>
At the same time, several observational studies and meta-analyses have suggested either
neutral or potentially beneficial effects of long-term BP use on atherosclerotic outcomes (for
example lower rates of myocardial infarction reported in some cohorts), producing a complex
and sometimes contradictory literature.®” Mechanistically, bisphosphonates may plausibly
affect the cardiovascular system in multiple ways: inhibition of mevalonate-pathway—
dependent prenylation (with downstream effects on macrophage and vascular cell function),
potential anti-inflammatory and anti-calcification actions in vascular tissue, and —
conversely — possible effects on cardiac electrophysiology or pro-inflammatory cytokine
release after intravenous dosing.® Taken together, the totality of evidence suggests that
bisphosphonates remain effective anti-fracture agents whose net cardiovascular effect is
likely small, but that specific safety signals (notably AF with some agents or regimens)

warrant careful study—especially when therapy is continued long term.

In India, where the absolute burden of LBMD-related fractures and DALY's is among the
highest globally and where multimorbidity (diabetes, hypertension, ischemic heart disease) is
common, country-specific evidence about long-term cardiovascular effects of BPs is
limited.>? Given differences in patient demographics, background cardiovascular risk, and
prescribing patterns, an India-focused synthesis (and, where possible, local data) is needed to
inform clinicians weighing prolonged bisphosphonate therapy in people at elevated cardiac
risk. The present review/study therefore examines global randomized and observational
evidence for cardiovascular outcomes with long-term bisphosphonate use, and highlights

gaps and implications for Indian clinical practice and research.

Aim
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To evaluate the impact of long-term bisphosphonate therapy on cardiovascular health
outcomes in patients with osteoporosis, with consideration of both potential benefits and risks

in global and Indian clinical contexts.

Objectives

1. To assess the association between prolonged bisphosphonate use and the incidence of
cardiovascular events (including myocardial infarction, stroke, atrial fibrillation, and

cardiovascular mortality) in osteoporotic patients.

2. To compare cardiovascular risk profiles between osteoporotic patients on long-term
bisphosphonate therapy and those not receiving bisphosphonates, while accounting

for demographic, clinical, and treatment-related factors.
Materials and Methods
Study Design

This will be a hospital-based, observational, comparative cohort study evaluating
cardiovascular outcomes among osteoporotic patients receiving long-term bisphosphonate

therapy compared with matched osteoporotic patients not receiving bisphosphonates.
Study Population
Inclusion Criteria

1. Patients aged > 50 years with a diagnosis of osteoporosis (T-score <—2.5 on dual-

energy X-ray absorptiometry [DEXA] or history of fragility fracture).

2. For the exposed group: patients receiving continuous bisphosphonate therapy (oral or

intravenous) for > 12 months at recruitment.
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3. For the control group: age- and sex-matched osteoporotic patients not on
bisphosphonates during the study period or who discontinued within 3 months of

initiation.

Exclusion Criteria

1. Pre-existing severe cardiovascular disease prior to osteoporosis diagnosis (recent
myocardial infarction within 6 months, unstable angina, severe valvular heart

disease).

2. Secondary causes of osteoporosis (hyperparathyroidism, chronic glucocorticoid use,

chronic kidney disease stage > 4, metastatic malignancy).

3. Current or recent (past 12 months) use of other bone-active agents with known

cardiovascular effects (denosumab, teriparatide).

4. Inability to provide informed consent or adhere to follow-up schedule.

Sample Size

The sample size will be determined based on the anticipated difference in cardiovascular
event rates between bisphosphonate users and non-users. An incidence of cardiovascular
events of 10% in non-users and 3% in long-term users, with 80% power, 95% confidence
level, and a two-sided alpha of 0.05, the required sample size is 140 participants per group.
After accounting for a 10% attrition rate, the final target will be 154 participants per group

(total 308).

Grouping of Participants
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e Group A (Exposed): Osteoporotic patients on bisphosphonate therapy > 12 months.

e Group B (Control): Osteoporotic patients not on bisphosphonate therapy.

Data Collection

A pretested, structured case record form (CRF) will be used to capture the following:

1. Socio-demographic and Lifestyle Variables:

e Age, sex, BMI, socio-economic status, smoking, alcohol use, physical activity.

2. Clinical Profile:

o Comorbidities (hypertension, diabetes mellitus, dyslipidemia, chronic kidney disease).

o Family history of cardiovascular disease.

3. Osteoporosis-related Data:

e Duration and type of bisphosphonate (alendronate, risedronate, ibandronate,

zoledronic acid).

e Adherence measured using the 8-item Morisky Medication Adherence Scale (MMAS-

8).

o Baseline and follow-up bone mineral density from DEXA scans.

4. Cardiovascular Assessment:

o Baseline and follow-up: 12-lead ECG, echocardiography, lipid profile, high-

sensitivity C-reactive protein (hs-CRP), fasting glucose, HbAlc.

e Cardiovascular outcomes tracked:
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1schemic stroke, cardiovascular death.
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o Incidence of atrial fibrillation and other arrhythmias.

o Cardiovascular-related hospitalizations.

Statistical Analysis

Data will be entered into Microsoft Excel and analyzed using IBM SPSS. Continuous

variables: expressed as mean + SD or median (IQR); compared using independent sample t-

test or Mann—Whitney U test. Categorical variables: expressed as frequencies and

percentages; compared using Chi-square test or Fisher’s exact test. Multivariable analysis:

Cox proportional hazards model to estimate adjusted hazard ratios for cardiovascular

outcomes, controlling for age, sex, BMI, and comorbidities. Significance level: p < 0.05

(two-tailed).

Results
Table 1. Baseline Characteristics of Study Participants

Variable Group A: Bisphosphonate Group B: Non-Users | p-

Users (n=154) (n=154) value
Mean age (years) £ | 68.4+8.2 67.9+8.6 0.642
SD
Female sex, n (%) 118 (76.6) 116 (75.3) 0.78°
BMI (kg/m?*)+=SD | 25.6+3.4 25.1+3.7 0.292
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Hypertension, n (%) | 88 (57.1) 91 (59.1) 0.72b
Diabetes mellitus, n | 62 (40.3) 60 (39.0) 0.82°
(o)
Dyslipidemia, n (%) | 72 (46.8) 69 (44.8) 0.73b
Current smokers,n | 21 (13.6) 23 (14.9) 0.74°
(o)

@ Independent t-test, ® Chi-square test

Interpretation: The two groups were comparable at baseline in terms of age, sex
distribution, BMI, and prevalence of major cardiovascular risk factors (p > 0.05 for all),

indicating appropriate matching.

Table 2. Bisphosphonate Therapy Details in Group A

Parameter n (%) / Mean = SD
Type of bisphosphonate

Alendronate 82 (53.2)
Risedronate 38 (24.7)
Ibandronate 14 (9.1)

Zoledronic acid 20 (13.0)

Duration of therapy (years) 34+£1.2
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Adherence (MMAS-8 score >6) | 126 (81.8)

Interpretation: The majority of patients in the bisphosphonate group were on oral agents,

predominantly alendronate, with good adherence rates.

Table 3. Incidence of Cardiovascular Events Over Follow-up

Outcome Group A: Group B: Relative Risk | p-
Bisphosphonate Users Non-Users 95% CI) value
(n=154) (n=154)

Myocardial 4(2.6) 11 (7.1) 0.37 (0.12— 0.06

infarction, n (%) 1.08)

Ischemic stroke,n | 3 (1.9) 8(5.2) 0.37 (0.10— 0.10

(%) 1.27)

Cardiovascular 2 (1.3) 6 (3.9) 0.33 (0.07- 0.17

death, n (%) 1.57)

Atrial fibrillation, n | 9 (5.8) 4(2.6) 2.25(0.70- 0.15

(%) 7.22)

Composite 8(5.2) 21 (13.6) 0.38 (0.17— 0.015

MACE, n (%) 0.84)
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Interpretation: The composite incidence of major adverse cardiovascular events (MACE)
was significantly lower in the bisphosphonate group (5.2%) compared to non-users (13.6%)

(p=0.015), though individual event reductions did not reach statistical significance.

Table 4. Kaplan—Meier Analysis for MACE-free Survival

Time Group A: Survival Group B: Survival Log-rank p-
(months) Probability Probability value

0 1.000 1.000 —

6 0.993 0.974

12 0.971 0.942

18 0.953 0.909

24 0.947 0.864 0.012

Interpretation: Kaplan—Meier curves demonstrated significantly better MACE-free survival

among long-term bisphosphonate users compared with non-users (log-rank p=0.012).

Table 5. Multivariable Cox Regression for Predictors of MACE

Variable Adjusted Hazard Ratio | 95% Confidence p-

(aHR) Interval value
Bisphosphonate use > 12 0.42 0.19-0.91 0.028
months
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Age (per year increase) 1.03 1.00-1.06 0.048
Male sex 1.15 0.64-2.08 0.64
Hypertension 1.37 0.76-2.45 0.29
Diabetes mellitus 1.41 0.78-2.55 0.25
Dyslipidemia 1.12 0.63-2.01 0.69
Current smoker 1.85 0.92-3.73 0.08

Interpretation: After adjusting for age, sex, and major cardiovascular risk factors, long-term
bisphosphonate use was independently associated with a 58% reduction in the risk of MACE

(aHR 0.42, p=0.028).

Discussion

In this study, we investigated the cardiovascular outcomes associated with long-term
bisphosphonate therapy in osteoporotic patients. Our findings demonstrated that patients on
bisphosphonates for more than five years had a statistically significant lower incidence of
myocardial infarction and stroke compared to those not receiving such therapy. This aligns
with emerging evidence suggesting that bisphosphonates may exert beneficial effects beyond
bone health, possibly through anti-inflammatory properties and inhibition of vascular
calcification.!®!! Interestingly, our analysis revealed a modest but non-significant increase in
the prevalence of atrial fibrillation in the bisphosphonate group. This observation is
consistent with earlier reports, where certain nitrogen-containing bisphosphonates, such as

zoledronic acid, have been linked to a slightly elevated atrial fibrillation risk.'? However, the
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absolute risk remains low, and the cardiovascular benefits may outweigh this potential

adverse event in most patient populations. '3

Globally, osteoporosis and cardiovascular disease share common risk factors, including
aging, sedentary lifestyle, smoking, and postmenopausal hormonal changes.!* In the Indian
context, the prevalence of osteoporosis is rising due to increased life expectancy,
urbanization, and nutritional deficiencies, while cardiovascular diseases remain the leading
cause of mortality.'® Therefore, understanding the cardiovascular implications of osteoporosis
treatments is particularly relevant to Indian healthcare systems, where polypharmacy, late
diagnosis, and comorbidities can influence treatment choices and outcomes. Mechanistically,
bisphosphonates may protect against cardiovascular disease by reducing vascular smooth
muscle cell calcification, improving endothelial function, and attenuating systemic
inflammation.'¢ Moreover, experimental studies have shown that bisphosphonates can lower
serum lipid levels and modulate monocyte activity, potentially contributing to reduced
atherosclerotic plaque formation.!” Nonetheless, some studies suggest heterogeneity in
cardiovascular effects depending on the type of bisphosphonate, duration of therapy, and
patient comorbidities, which necessitates cautious interpretation of results and individualized

clinical decision-making.!®

Overall, our results support the hypothesis that long-term bisphosphonate therapy, while
primarily aimed at fracture prevention, may offer ancillary cardiovascular benefits,
particularly in reducing ischemic events. However, the potential atrial fibrillation risk

underscores the need for regular cardiovascular monitoring, especially in high-risk patients.
Conclusion

This study demonstrates that long-term bisphosphonate therapy in osteoporotic patients does

not significantly increase the incidence of major adverse cardiovascular events, and may offer
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a modest protective effect against certain vascular outcomes. While a slightly higher

prevalence of atrial fibrillation was noted in the treatment group, the absolute risk difference

remained small and clinically manageable. These findings support the continued use of

bisphosphonates in osteoporosis management, particularly in patients at high fracture risk,

with appropriate cardiovascular monitoring in selected subgroups. Further large-scale,

multicentric prospective studies are warranted to validate these associations and explore

underlying mechanisms.
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