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Zoledronic acid and denosumab
are associated with similar
fracture incidence and mortality
in patients with type 2 diabetes:
a population-based cohort study
Vanessa Rouach1,2*, Hilary Gortler3, Yona Greenman1,3,
Gabriel Chodick2,4 and Inbal Goldshtein2,4

1Institute of Endocrinology, Diabetes, Hypertension and Metabolism, Sourasky Medical Center, Tel
Aviv, Israel, 2Epidemiology Department, School of Public Health, Gray School of Medecine, Tel Aviv
University, Tel Aviv, Israel, 3Sackler School of Medicine, Tel Aviv University, Tel Aviv, Israel,
4Maccabitech Institute for Research and Innovation, Maccabi Healthcare Services, Tel Aviv, Israel
Purpose: To assess the comparative effectiveness of zoledronic acid vs.

denosumab in prevention of major osteoporotic fractures and mortality among

patients with type 2 diabetes.

Methods: The study population was identified by crosslinking the diabetes and

osteoporosis registries of a large healthcare organization in Israel.

Demographics, Charlson Comorbidity Index (CCI), diabetes complications,

bone mineral density (BMD) T-scores, hemoglobin A1c levels, eGFR, purchase

of statins and anti-resorptive agents were collected. Exposure groups were

matched using propensity score. Kaplan-Meier curves were generated to

assess the time from treatment initiation to outcomes. Multivariable Cox’s

proportional hazards survival models estimated hazard ratios (HR) and 95% CIs

for each outcome.

Results: Among 27503 patients with concurrent osteoporosis and type 2

diabetes, 627 (4.7%) received zoledronic acid and 502 (3.7%) denosumab. Prior

to matching, the denosumab-treated patients were older (mean age 75.7 vs 71.9,

p<0.01), had longer diabetes duration (mean 8.4 vs 7.2 years, p<0.01), and had a

lower baseline eGFR (59.4 vs 75.3, p<0.01) than the zoledronic acid-treated

patients. After matching, 415 pairs of subjects were included. The incidence of all

examined outcomes was similar in the Zol and Dmab treatment groups, including

5-year cumulative incidence of fractures (38% vs 31%), death events (36% vs 41%),

overall fracture risk (HR=1.17, 95% CI: 0.78 to 1.75), death risk (HR= 1.12, 95%

CI:0.87 to 1.44), and mortality after a hip fracture (HR= 0.92, 95% CI:0.37-2.29).
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Conclusions: Our findings suggest comparability of Zoledronic Acid and

Denosumab in managing osteoporotic fractures and mortality among patients

with type 2 diabetes.
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1 Introduction

As the global population ages, osteoporosis is becoming an

increasingly significant burden on healthcare systems (1–3).

Concurrently, diabetes mellitus contributes substantially to morbidity

and mortality in older adults and has been identified as a factor that

exacerbates bone fragility in individuals with osteoporosis (4–7).

Notably, patients with type 2 diabetes face an elevated risk of

fractures at various skeletal sites, despite often presenting with

normal bone mineral density (BMD) and low bone turnover rates.

These observations have raised concerns about the efficacy of anti-

resorptive therapies in this population (8–11).

To date, evidence regarding the efficacy and safety of anti-

resorptive agents in individuals with type 2 diabetes is primarily

derived from observational studies and post-hoc analyses of

randomized controlled trials (RCTs) (12–17), as no RCTs have

been specifically conducted in this patient group. Moreover, only a

limited number of studies have directly compared the safety

and effectiveness of different anti-resorptive agents. A prior

meta-analysis of nine RCTs reported that denosumab and

bisphosphonates demonstrated similar efficacy and safety in

reducing fracture risk, although denosumab was associated with

greater improvements in BMD (18). In a population-based cohort

study, Choi et al. found that denosumab and zoledronic acid had

comparable safety and effectiveness regarding the risk of serious

infections, cardiovascular disease, and osteoporotic fractures in a

relatively young cohort (19). A study by Curtis et al. presented at the

American Society of Bone And Mineral Research annual

convention in 2023 found denosumab to be more effective than

zoledronic acid in preventing major osteoporotic fractures among

post-menopausal women with osteoporosis (20). However, a study

by Alarkawi et al. suggested a higher mortality risk associated with

denosumab compared to oral bisphosphonates (21), and unlike

bisphosphonates, the impact of denosumab on mortality remains

underexplored (22–24).

While bisphosphonates remain a cornerstone in the treatment

of osteoporosis, oral formulations can present adherence challenges

and gastrointestinal side effects (25, 26), particularly in elderly

patients with multiple comorbidities. Zoledronic acid, a potent

intravenous bisphosphonate with extended dosing interval and
02
distinct pharmacological profile, and denosumab, a subcutaneous

RANKL inhibitor, offer non-oral alternatives with proven efficacy in

fracture prevention (27–29). However, direct comparative data on

the long-term safety and effectiveness of these two agents remain

limited, especially in high-risk populations such as individuals with

type 2 diabetes. Further evidence is needed to inform optimal

therapeutic strategies in this growing and vulnerable group.

Therefore, the aim of this study was to compare the long-term

risk of major osteoporotic fractures and all-cause mortality among

patients with type 2 diabetes treated with either zoledronic acid or

denosumab—two widely prescribed, potent, non-oral anti-

resorptive agents.
2 Subjects and methods

The study utilized longitudinal data from Maccabi Healthcare

Services (MHS). MHS is the second largest healthcare provider and

insurer in Israel, covering over two million members, which

accounts for approximately 25% of the population with a

countrywide distribution. The insured population is nationally

representative because according to the 1995 national health

insurance law, health medical organizations (HMOs) may not

deny coverage to applicants on any grounds, including age or

state of health. MHS’s central database contains patient

demographics, diagnoses, medical procedures, hospitalizations,

and full capture of all prescription medication dispensations and

laboratory tests since 1999. MHS has developed several

computerized registries of major chronic diseases, such as

oncologic diseases, diabetes, and osteoporosis that are

continuously updated. The study follow-up period extended from

January 1998 to December 2021.

The current study obtained data from the MHS diabetes and

osteoporosis registries. Registry assembly has been previously

described elsewhere, and a comprehensive approach was used to

cross-validate them and ensure high specificity (30–32).

Briefly, the osteoporosis registry identifies patients by

diagnoses, by at least two dispensations of medications for

osteoporosis, by bone mineral density (BMD) in the osteoporotic

range (T-score ≤ − 2.5), or by a major osteoporotic fracture (MOF)
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which occurred at a typical age (50+ years for females and 60+ years

for males).Registry entry date is the earliest of all the above criteria.

Major osteoporotic fractures (MOF) were identified using ICD-

9/ICD-10 diagnostic codes recorded in the Maccabi Healthcare

Services electronic medical records, clinician diagnoses and records

of fracture-related procedures. MOF sites included the hip, spine,

distal radius and proximal humerus fractures, in accordance with

fracture risk assessment definitions (33). Only low-trauma

fractures, excluding those related to high-energy trauma or

pathological fractures, were included. The diagnosis codes were

verified using internal registry validation processes previously

described in MHS epidemiological research (27).

The diabetes registry identifies patients according to HbA1c

values and glucose test results, DM therapy dispensations, and a

diagnosis of DM from relevant physicians, with an overall

specificity of 99.99%. Considering the different pathogeneses of
Frontiers in Endocrinology 03
type 1 and type 2 diabetes, the current study focused on type 2

diabetes compared to no diabetes.
2.1 Participants

The study population was identified through cross-linkage of the

Maccabi Healthcare Services (MHS) diabetes registry and osteoporosis

registry. Eligible participants were men and women aged over 50 years

who had been entered into the diabetes registry prior to their

osteoporosis diagnosis. The index date was defined as the initiation

of treatment with either denosumab (Dmab) or zoledronic acid (Zol).

As treatment duration was not consistently recorded and could not be

reliably assessed, the analysis was based on treatment initiation rather

than cumulative exposure. Patients receiving other osteoporosis

treatments or with a history of cancer, multiple myeloma, or Paget’s
TABLE 1 Patients’ characteristics before and after matching.

Characteristic Zol (N=627) Dmab (N=502) SMD Zol (N=415) Dmab (N=415) SMD

Gender, n (%) 0.064 0.049

– Female 382 (61%) 290 (58%) 250 (60%) 240 (58%)

– Male 245 (39%) 212 (42%) 165 (40%) 175 (42%)

Age at index, Mean (SD) 73 (± 8) 78 (± 8) 0.59 76 (± 7) 76 (± 8) 0.015

BMI, Mean (SD) 29.9 (± 5.5) 29.6 (± 5.1) 0.060 30 (± 5.3) 29.5 (± 5.1) 0.10

CVD event, n (%) 239 (38%) 234 (47%) 0.17 185 (45%) 175 (42%) 0.049

Stroke event, n (%) 109 (17%) 88 (18%) 0.004 80 (19%) 72 (17%) 0.050

HbA1c, Mean (SD) 6.60 (± 0.71) 6.66 (± 0.78) 0.083 6.59 (± 0.71) 6.66 (± 0.80) 0.085

eGFR, Mean (SD) 75 (± 18) 59 (± 25) 0.74 70 (± 18) 70 (± 21) 0.023

eGFR category, n (%) 0.42 0.050

– (60+) 114 (18%) 73 (15%) 64 (15%) 67 (16%)

– (0–30] 0 (0%) 22 (4.4%) 0 (0%) 0 (0%)

– (30–60] 35 (5.6%) 67 (13%) 34 (8.2%) 39 (9.4%)

– Missing 478 (76%) 340 (68%) 252 (63%) 252 (63%)

Statin users, n (%) 216 (34%) 181 (36%) 0.034 143 (34%) 136 (33%) 0.036

Diabetes duration, Mean (SD) 7.3 (± 5.3) 8.4 (± 6.2) 0.2 7.7 (± 5.5) 8.1 (± 8.1) 0.10

Microvascular event, n (%) 384 (61%) 334 (67%) 0.11 270 (65%) 273 (66%) 0.015

CCI Mean (SD) 4 (± 3) 4 (± 3) 0.059 4 (± 3) 3 (± 3) 0.11

Smoking, n (%) 0.031 0.13

– Current smoker 22 (3.5%) 16 (3.2%) 14 (3.4%) 12 (3.0%)

– Never 239 (38%) 188 (37%) 157 (38%) 133 (32%)

– Past smoker 6 (1%) 4 (0.8%) 3 (0.7%) 3 (0.7%)

– Unknown 360 (57%) 294 (59%) 241 (58%) 267 (64%)
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disease of bone were excluded. As previously described, inclusion in

the osteoporosis registry was based on documentation of bone mineral

density (BMD) in the osteoporotic range, a major osteoporotic

fracture (MOF), or initiation of anti-osteoporotic therapy. None of

the included participants had a history of prior fractures or previous

anti-osteoporotic treatment.
2.2 Outcomes

The primary outcome was MOF (hip, spine, distal radius and

proximal humerus fractures).

As previously noted, 44% of patients were enrolled in the

osteoporosis (OP) registry following a fracture. The registry does

not reliably distinguish between a new fracture event and a referral

or follow-up related to a previous fracture, due to limitations in how

clinician diagnosis files are recorded. To avoid misclassification

bias, we limited this analysis to patients without any fracture

diagnosis at baseline.

The secondary outcome was death.
2.3 Additional covariates

We extracted data on demographic and clinical variables, including

age, body mass index (BMI), hemoglobin A1c levels, diabetes duration,

presence of microvascular and macrovascular complications, insulin

use, history of hypoglycemic events, falls, estimated glomerular

filtration rate (eGFR), Charlson Comorbidity Index (CCI), and the

purchase of statins and glucose-lowering agents. Additional variables
Frontiers in Endocrinology 04
included bone mineral density (BMD) T-scores, smoking history,

alcohol consumption, diagnoses of rheumatoid arthritis, and chronic

glucocorticoid use. Most variables were captured at the time of entry

into both the diabetes and osteoporosis registries; for the purposes of

this analysis, we used the values recorded at the time of osteoporosis

registry entry.
2.4 Statistical analysis

Population demographic data were expressed as means with

corresponding standard deviations and percentages for continuous

and categorical variables, respectively. Cumulative incidence rates

were calculated using 1 minus the Kaplan-Meier survival estimates.

For the fracture outcome, censoring occurred due to death, HMO

exit, or end of follow-up. For the mortality outcome, patients were

censored at HMO exit or end of follow-up. Propensity score

matching was performed to balance all covariates that showed a

standardized mean difference (SMD) greater than 0.1. The

propensity model was calculated via logistic regression and

included: age, eGFR category, A1C levels, diabetes duration and

smoking. Initial descriptive statistics were conducted in SPSS (IBM

Corp. Released 2020. IBM SPSS Statistics for Windows, Version

27.0.). Matching, detailed descriptive statistics, cox regression and

graphs were generated using R statistical software (version 4.3, R

Core Team, 2022. Cox’s proportional hazards models were used to

estimate adjusted hazard ratios (HR) and 95% CIs for each

outcome. The models were adjusted for age and estimated

glomerular filtration rate (eGFR). The proportionality assumption

was assessed graphically and using Schoenfeld residuals. The

analysis included all eligible patients (rather than a sample). The

size of the matched population was sufficiently powered to detect

HR’s of 1.2 or more assuming an outcome incidence of 40% and no
FIGURE 1

Cumulative incidence of fractures among fracture-free patients at
OP registry entry, treated with Zol. vs Dmab.
FIGURE 2

Cumulative incidence of death in patients treated with Zol. vs Dmab.
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drop-out, with a power of 80% and type 1 error of 5%. However,

due to administrative censoring of 50% within 5 years, the

detectable HR inflates to 1.34.
3 Results

A total of 27,503 patients with concurrent osteoporosis and type

2 diabetes were identified; 67% were women. The mean interval

from diabetes diagnosis to osteoporosis diagnosis was 6.8 ± 5.7

years. The mean age at entry into the osteoporosis registry was

72.6 ± 8.6 years, with a mean diabetes duration of 6.8 ± 5.4 years.

The mean body mass index (BMI) was 30.0 ± 5.4 kg/m², and the

mean hemoglobin A1c (HbA1c) level was 6.7 ± 0.8%.

Approximately 9% of the cohort had an HbA1c level >8%.

Mean bone mineral density (BMD) T-scores were −1.0 ± 0.3 at

the total hip and −1.7 ± 1.2 at the femoral neck. Overall, 44% of

patients were included in the osteoporosis registry following a

fracture: 13.6% had sustained a hip fracture, 8.2% a vertebral

fracture, and 22.2% non-hip, non-vertebral fractures. The mean

age at the time of fracture was 74 ± 9 years.
Frontiers in Endocrinology 05
Among the 1,129 patients treated with zoledronic acid or

denosumab, 51.7% initiated treatment following a fracture: 21.0%

after a hip fracture, 13.2% after a vertebral fracture, and 16.9% after

a non-hip, non-vertebral fracture (including the humerus, radius,

ribs, pelvis, or ankle). The mean follow-up time from treatment

initiation was 3.5 ± 2.6 years in the zoledronic acid group and 3.4 ±

2.5 years in the denosumab group (p = 0.48), indicating comparable

follow-up duration between the two treatment groups.

Prior to propensity score matching, patients treated with

denosumab were significantly older than those treated with zoledronic

acid (mean age 78 vs. 73 years, p < 0.01) and had a longer duration of

diabetes (8.4 vs. 7.3 years, p < 0.01). Denosumab-treated patients were

also more likely to be on insulin therapy (29.7% vs. 23.9%, p = 0.02) and

had lower estimated glomerular filtration rates (eGFR; 59 vs. 75 mL/

min/1.73m², p < 0.01). No significant differences were observed between

the two groups in sex distribution, BMI, Charlson Comorbidity Index

(CCI), smoking status, alcohol consumption, hip BMD T-score, HbA1c

levels, microvascular complications, hypoglycemic events, or statin use.

Following propensity score matching, 415 matched pairs of patients

treated with zoledronic acid or denosumab were included in the final

analysis (Table 1).
TABLE 2 Baseline characteristics of patients aged >75 years, derived from the matched cohort, pre and post-matching.

Characteristic Zol (N=245) Dmab (N=316) SMD Zol (N=217) Dmab (N=217) SMD

Gender, n (%) 0.07 0.05

– Female 137 (56.0%) 187 (59.2%) 122 (56.2%) 127 (58.5%)

– Male 108 (44.0%) 129 (40.8%) 95 (43.8%) 90 (41.5%)

Age at treatment, mean ± SD 81.2 ± 4.3 83.0 ± 5.1 0.37 81.6 ± 4.3 82.0 ± 4.6 0.10

BMI, mean ± SD 29.6 ± 5.2 29.7 ± 5.2 0.03 29.7 ± 5.2 29.6 ± 5.0 0.02

Cardiovascular disease, n (%) 122 (49.8%) 169 (53.5%) 0.07 107 (49.3%) 107 (49.3%) <0.01

Stroke, n (%) 56 (22.9%) 60 (19.0%) 0.10 49 (22.6%) 42 (19.4%) 0.08

HbA1c, mean ± SD 6.61 ± 0.69 6.68 ± 0.73 0.11 6.56 ± 0.67 6.68 ± 0.76 0.17

Alcohol use, n (%) 1 (0.4%) 1 (0.3%) <0.01 1 (0.5%) 1 (0.5%) <0.01

eGFR category, n (%) 0.41 0.02

– (0–30] 0 (0.0%) 16 (5.1%) – –

– (30–60] 22 (9.0%) 51 (16.1%) 22 (10.1%) 23 (10.6%)

– (60+) 34 (13.9%) 41 (13.0%) 29 (13.4%) 30 (13.8%)

– Missing 189 (77.1%) 208 (65.8%) 166 (76.5%) 164 (75.6%)

eGFR, mean ± SD 67 ± 17 55 ± 24 0.57 66 ± 18 64 ± 20 0.11

Diabetes duration, mean
± SD

8.3 ± 5.7 9.3 ± 6.4 0.16 8.1 ± 5.6 9.3 ± 6.5 0.19

Microvascular event, n (%) 155 (63.3%) 212 (67.1%) 0.08 135 (62.2%) 145 (66.8%) 0.10

CCI, mean ± SD 4.0 ± 3.0 4.0 ± 3.0 0.06 4.0 ± 3.0 4.0 ± 3.0 0.05

Smoking, n (%) 0.06 0.16

– Current smoker 8 (3.3%) 8 (2.5%) 6 (2.8%) 5 (2.3%)

– Never 92 (37.6%) 125 (39.6%) 80 (36.9%) 68 (31.3%)

– Past smoker 1 (0.4%) 1 (0.3%) 1 (0.5%) 0 (0.0%)

– Unknown 144 (58.8%) 182 (57.6%) 130 (59.9%) 144 (66.4%)

Fracture at OP entry, n (%) 143 (58.4%) 204 (64.6%) 0.13 127 (58.5%) 137 (63.1%) 0.10
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The 5-year cumulative incidence of fracture (Figure 1) and

death (Figure 2) were similar in the Zol and Dmab treatment groups

(38% vs 31%, and 36% vs 41% respectively). We did not observe any

significant differences in the risk of fracture HR=1.17 (95% CI: 0.78-

1.75) or death HR= 1.12 (95% CI: 0.87-1.44) between the two

treatment groups.

We conducted additional analyses in two high-risk subgroups:

patients aged over 75 years and those with a prior hip fracture.

In the older subgroup, after propensity matching, two pairs of

217 patients remained for analysis. Their characteristics are

summarized in Table 3. The mean age was 81.6 ± 4.3 in Zol-

treated patients and 82.0 ± 4.6 in Dmab-treated patients, mean

estimated glomerular filtration rates were 66 ± 18 and 64 ± 20, mean

HbA1C were 6.56 ± 0.67 and 6.68 ± 0.76 and the microvascular

complication rates were 62% and 67% respectively (Table 2).
Frontiers in Endocrinology 06
The cumulative incidence of death and fractures were similar

between the two treatment groups (Figures 3, 4). We did not

observe any significant differences in the risk of fracture HR=0.90

(0.49 to 1.65) or death HR= 1.04 (0.74 to 1.45) between Zol and

Dmab treatments in patients above the age of 75.

In this propensity score–matched cohort, a total of 84 hip

fractures were recorded at osteoporosis registry entry, 51 were
TABLE 3 Characteristics of patients with a hip fracture at OP
registry entry.

Characteristic Zol (N=33) Dmab (N=51) SMD

Gender 0.2

– Female 17 (52%) 31 (61%)

– Male 16 (48%) 20 (39%)

Age at treatment 77 ± 7 81 ± 7 0.6

BMI 30.2 ± 5.1 30.4 ± 6.3 0.035

CVD event 16 (48%) 26 (51%) 0.050

Stroke event 6 (18%) 8 (16%) 0.067

HbA1c 6.57 ± 0.71 6.72 ± 0.73 0.2

Alcohol use 0 (0%) 0 (0%) –

eGFR category 0.8

– (60+) 16 (48%) 20 (39%)

– (0–30] 0 (0%) 7 (14%)

– (30–60] 5 (15%) 15 (29%)

– Missing 12 (36%) 9 (18%)

eGFR 73 ± 18 59 ± 26 0.7

– Unknown 12 9

Statin users 24 (73%) 47 (92%) 0.5

Diabetes duration 7.9 ± 6.0 9.4 ± 6.6 0.2

Microvascular events 19 (58%) 33 (65%) 0.3

CCI 4 ± 4 4 ± 3 0.15

Smoking status

– Current smoker 5 (15%) 5 (9.8%)

– Never 27 (82%) 46 (90%)

– Past smoker 1 (3.0%) 0 (0%)
Zol, zoledronic acid; Dmab, denosumab; SMD, standardized mean difference; SD, standard
deviation; HbA1c, glycated hemoglobin; eGFR, estimated glomerular filtration rate; CCI,
Charlson comorbidity index; OP, osteoporosis.
FIGURE 3

Cumulative incidence of death in subjects older than 75 treated with
Zol vs Dmab.
FIGURE 4

Cumulative incidence of fractures in subjects older than 75 and
fracture-free at OP registry entry treated with Zol vs Dmab.
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then treated with Dmab and 33 with Zol. The mean age at the time

of fracture was 80.9 years (± 6.8), the mean body mass index (BMI)

was 30.5 kg/m² (± 6.1), and the mean estimated glomerular

filtration rate (eGFR) was 63.6 mL/min/1.73 m² (± 19.4); 60.4%

of the fractures occurred in women. Their baseline characteristics

are summarized in Table 3.

Patients treated with denosumab (Dmab) were significantly

older, had lower estimated glomerular filtration rates (eGFR), and

used statins more frequently compared to those treated with

zoledronic acid (Zol). The cumulative incidence of death was

similar between the two groups (Figure 5). In a multivariate

analysis adjusting for age, eGFR the risk of death remained

comparable (hazard ratio [HR] = 0.92; 95% confidence interval

[CI]: 0.37–2.29).
4 Discussion

In this population-based cohort study, Zoledronic Acid and

Denosumab were associated with similar fracture and death rates in

patients with concurrent osteoporosis and type 2 diabetes. The

findings were consistent among subjects older than 75 years and

subjects after a hip fracture, although caution is needed in interpreting

underpowered subgroup analyses.

Our findings suggest comparable effectiveness between two widely

prescribed anti-resorptive agents. These results are consistent with prior

observational studies in the general osteoporotic population (19–21).

This suggests that the efficacy of both zoledronic acid and denosumab

may extend across diverse patient populations, including those with

elevated fracture risk due to comorbidities such as type 2 diabetes.

While the study by Curtis et al. (2023) demonstrated greater

efficacy of denosumab over zoledronic acid in the general
Frontiers in Endocrinology 07
osteoporotic population, our findings suggest both agents may offer

comparable effectiveness. This discrepancy may reflect differences in

population characteristics, such as the presence of diabetes-related

bone alterations, renal function, and overall comorbidity burden,

which may influence treatment response in this high-risk group.

The strengths of this study include a large cohort of patients,

which is representative of the Israeli population as MHS is the

second largest healthcare provider and insurer in Israel covering

approximately three million people with a countrywide distribution.

It provides a good quality real-world data on multiple relevant

variables, including BMD results, and adjudicated fracture

diagnoses. Our cohort represents patients from a real-life setting:

older subjects, with lower kidney function and substantial

cardiovascular risk factors, subjects which are usually less

represented in randomized controlled trials. Our study reflects the

general practice in Israel and provides reassurance of the safety and

efficacy of two widely prescribed antiresorptive agents in an

especially high-risk population. We performed a direct

comparison of biannual subcutaneous denosumab initiators

versus annual intravenous zoledronic acid initiators and had a

relatively long follow up.

Our study has several limitations. First, even though we

controlled for many potential confounders using a propensity

score matching method, there is a potential for unmeasured or

residual confounding. Second, the duration of treatment was not

uniformly recorded and could not be reliably assessed; therefore,

comparisons were based on treatment initiation rather than

cumulative exposure. The data on some covariates was

incomplete, including BMI, smoking status and GFR, as well as

calcium and vitamin D supplement exposure, as those are mainly

purchased over the counter. Third, our study may not have

adequate power to detect a significant difference between the

treatments for some of the individual endpoints and subgroup

analyses. Fourth, this study was not designed to examine other

potential safety events such as atypical fractures, hypocalcemia and

osteonecrosis of the jaw.

One interesting observation was the relatively low HbA1C levels

in our study population. The diabetes registry may include patients

with pre-diabetes which may have led to lower mean HbA1C levels

in our cohort. On the other hand, these values are extracted from

real-world data of an elderly population with type 2 diabetes and

osteoporosis, with relatively low BMI, and therefore may reflect a

milder disease course in this population. In the post hoc analysis of

the 3-year, placebo-controlled FREEDOM study and 7-year

extension, which included postmenopausal women with

osteoporosis and diabetes, HbA1c levels were not reported,

however, mean fasting glucose levels were 150.5 (54.2) and 147

(44.5) in placebo versus denosumab-treated patients respectively

(17). These levels are equivalent to an HbA1c of approximately

6.7% (34) which is similar to the values reported in our study. We

aimed to evaluate the validity of our results in diabetic patients with

a poorer glycemic control, but the number of patients was too

modest and should therefore be the focus of a future study.

Finally, in the subgroup of older participants, we observed a

numerically lower risk of fracture and mortality compared to the
FIGURE 5

Cumulative incidence of death among patients with a hip fracture at
index treated with Zol vs Dmab.
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overall cohort. However, these differences were not statistically

significant and likely reflect the limited sample size in this

subgroup, which reduces statistical power. Therefore, we caution

against overinterpretation of these findings. The result may reflect

selection bias, as older adults offered treatment may have been

healthier or more adherent than those excluded. These exploratory

findings highlight the need for larger, adequately powered studies to

assess treatment outcomes in very old individuals with osteoporosis

and type 2 diabetes.
5 Conclusions

Our findings suggest the equivalent efficacy of Zoledronic Acid

and Denosumab in managing osteoporotic fractures and mortality

among patients with type 2 diabetes, offering valuable insight into

treatment strategies in this vulnerable population. Further study is

needed to establish the efficacy and safety of different therapeutic

options in diabetic subjects especially in very old individuals and

those with poor glycemic control.
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