
ORIGINAL ARTICLE

Factors Associated With Adherence to Osteoporosis
Medications Among Male Veterans
Nicole Sagalla,1,2 Richard Lee,1,2 Richard Sloane,3 Kenneth Lyles,2,3 and Cathleen Col�on-Emeric2,3

1Department of Medicine, Division of Endocrinology, Duke University Medical Center, Durham, NC, USA
2Durham Veterans Affairs Geriatric Research Education and Clinical Center, Durham, NC, USA
3Department of Medicine, Division of Geriatrics, Duke University Medical Center, Durham, NC, USA

ABSTRACT
Risk factors for nonadherence to osteoporosis medication have been well described for cohorts of women with osteoporosis,
but little is known about predictors or mediators of nonadherence in men. We conducted a secondary analysis of a national
cohort of male veterans to explore factors associated with nonadherence to osteoporosis medications. We included veterans
with a prescription for an oral bisphosphonate or calcitonin between 2000 and 2010. We identified demographic, comorbid,
and fracture-related risk factors by their International Classification of Diseases-9 (ICD-9) and Current Procedural Terminology
(CPT) codes and used multivariable logistic regression to evaluate their association with adherence. Adherence was measured
by medication possession ratio (MPR) over 5 years, starting at the time of their first prescription during the study period and
censoring at death or end of study period. Of 135,306 men identified with at least one prescription for an osteoporosis medica-
tion during the study period, 90,406 (67%) were nonadherent (MPR < 0.80). The median duration of therapy was 3.2 years (inter-
quartile range [IQR] = 1.7–5.0). In the fully adjusted model, the odds of adherence were lower in those aged <65 years (odds ratio
[OR] = 0.87; 95% confidence interval [CI] 0.84–0.89), with no copay (OR = 0.78; 95% CI 0.76–0.80), dementia (OR = 0.87; 95% CI
0.83–0.91), anxiety/depression (OR = 0.92; 95% CI 0.90–0.95), tobacco use (OR = 0.91; 95% CI 0.89–0.94), alcohol abuse
(OR = 0.91; 95% CI 0.89–0.94), rheumatoid arthritis (OR = 0.92; 95% CI 0.87–0.97), and on androgen deprivation therapy
(OR = 0.89; 95% CI 0.83–0.95). The odds of adherence were higher in whites (OR = 1.14; 95% CI 1.11–1.17), with a prior screening
colonoscopy (OR = 1.12; 95% CI 1.09–1.14), on alendronate versus other agents (OR = 1.61; 95% CI 1.55–1.67), with a dual-energy
X-ray absorptiometry (DXA) (OR = 1.14; 95% CI 1.12–1.17), on glucocorticoids (OR = 1.08; 95% CI 1.02–1.14), and with recent frac-
ture (OR = 1.07; 95% CI 1.04–1.10). In conclusion, adherence to oral bisphosphonates/calcitonin is poor, with particular sub-
groups at greatest risk. These findings may help tailor approaches for supporting adherence in men prescribed osteoporosis
medications. © 2021 The Authors. JBMR Plus published by Wiley Periodicals, Inc. on behalf of American Society for Bone and Min-
eral Research. © 2021 The Authors. JBMR Plus published by Wiley Periodicals LLC. on behalf of American Society for Bone and
Mineral Research.
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Introduction

I n 2010, an estimated 2 million men in the US had osteopo-
rosis and an additional 16.1 million men had low bone

mass.(1) One in 5 men older than age 50 years sustain an oste-
oporotic fracture.(2) Although women have a higher preva-
lence of fragility fracture, men have higher fracture-related
mortality.(3) However, only a fraction of older men are identi-
fied and treated for osteoporosis. Even among the highest-risk
patients who have suffered a hip fracture, only 28.5% are trea-
ted for osteoporosis in the following year.(4) Furthermore, men
and older individuals are less likely to be treated after a hip

fracture.(4) Despite safe and effective therapy to reduce
fracture risk, one-third to two-thirds of men are nonadherent
to osteoporosis medications at 1 year.(5) Studies have shown
an inverse relationship between adherence and fracture
reduction with fracture rates rising rapidly below a medication
possession ratio (MPR; proportion of time covered by the
number of dispensed doses) of 0.80.(6,7) A systematic review
identified men as generally less adherent to osteoporosis ther-
apy than women.(8) Although risk factors for nonadherence
have been well described for cohorts of women with osteopo-
rosis, little is known about predictors or mediators of nonad-
herence in men.
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To address this knowledge gap, we utilized a large national
cohort of male veterans to determine adherence rates and to
explore factors associated with nonadherence to osteoporosis
medications. We hypothesize that similar risk factors for nonad-
herence in womenwill be associated with nonadherence inmen.

Methods

We conducted a secondary analysis of a cohort of male veterans
aged 50 to 99 years who received primary care at any of the
146 Veterans Health Administration Medical Centers between
2000 and 2010. The details of this cohort have been described
previously.(9–12) Briefly, eligible patients attended at least two
primary care visits within 2 consecutive years. Patients with a
diagnosis of osteoporosis, fracture, or bisphosphonate use in
the 3 years before the start date were excluded. The inpatient,
outpatient, fee-basis, and Pharmacy Benefits Management Ser-
vices records were merged with Centers for Medicare and Med-
icaid Services (CMS) Parts A and B claims. The study was
approved by the Institutional Review Board (IRB) at the Durham
Veterans Affairs (VA) Medical Center.

For this analysis, we selected male veterans with a new diag-
nosis of osteoporosis during the study period and at least one
new prescription for an osteoporosis medication during follow-
up, including alendronate, calcitonin nasal spray, etidronate,
and risedronate. Alendronate could be prescribed daily or
weekly. Calcitonin and etidronate are dosed daily. Risedronate
can be prescribed daily, weekly, or monthly. Patients were
excluded if they had at least one prescription for an intravenous
or subcutaneous osteoporosis medication because we could not
reliably distinguish patients who had these medications pre-
scribed for hypercalcemia or oncologic indications rather than
osteoporosis. We identified demographic, comorbid, medica-
tion, and fracture-related risk factors by their International Classi-
fication of Diseases-9 (ICD-9) and Current Procedural
Terminology (CPT) codes. The presence of these covariates was
updated at the start of each calendar year and assessed during
the year of the initial medication prescription. We evaluated their
association with adherence as measured by medication posses-
sion ratio (MPR). MPRwas defined as the sum of days’ supply dis-
pensed from the start date (the date of the first prescription for
osteoporosis medication) to the stop date (5 years after the first
prescription, end of the study period, or death of the patient,
whichever was earliest) divided by the number of days in that
time period. MPR was capped at 1.0. Patients who switched
between different osteoporosis therapies had their MPR calcu-
lated in the same way, such that they would be considered fully
adherent if their dispensed days’ supply of all medications
added together was equal to the follow-up time. Five years was
selected as the time horizon because current clinical practice
guidelines suggest treating patients for osteoporosis for at least
5 years before reassessing fracture risk and considering a possi-
ble drug holiday. This time horizon for calculating MPR therefore
gave us a means to identify those who were nonadherent either
because they did not take the medication as frequently as pre-
scribed or because they discontinued therapy sooner than
recommended.

Statistical analysis

Descriptive statistics including means, standard deviations, fre-
quencies, and percentages were used to describe the baseline
characteristics of the study population. MPR was dichotomized

as <0.80 (nonadherent) and ≥0.80 (adherent) based on prior
studies demonstrating that fracture rates rise rapidly below this
threshold.(6,7) We used bivariate analysis to evaluate the associa-
tion of a predetermined set of candidate risk factor variables with
MPR. We then selected clinically and statistically significant fac-
tors to be included in themultivariable logistic regressionmodel.
A final fully adjusted logistic regression model was conducted
containing significant independent variables from the prelimi-
nary bivariate analyses.

Assumptions for conducting logistic regression were evalu-
ated. Significance was assessed at p = 0.05. SAS v9.4 (SAS Insti-
tute, Cary, NC, USA) was used for all analyses.

Results

Of the 4,338,189 male veterans in the cohort, 135,306 (3.1%)
patients had at least one prescription for an osteoporosis medi-
cation excluding intravenous and subcutaneous medications.
The majority of patients were white (76%) with a mean age of
72.6 years. There were 90,406 patients (66.8%) who were nonad-
herent with an MPR <0.80 over the 5 years of follow-up. The
mean MPR was 0.544. The median duration of therapy was
3.2 years (interquartile range [IQR] = 1.7–5.0) and the proportion
of patients taking at least 3 years of medications was 20.7%.
Baseline characteristics stratified by MPR are presented in
Table 1.

Associations with medication adherence

We evaluated the association of demographic variables, comor-
bidities, health care utilization, and osteoporosis-related vari-
ables with adherence. Among the demographic variables, the
odds of adherence were lower in those aged <65 years versus
≥65 years (odds ratio [OR] = 0.87; 95% confidence interval
[CI] 0.84–0.89) and with no copay (OR = 0.78; 95% CI 0.76–0.80).
The odds of adherence were higher in whites versus non-whites
(OR = 1.14; 95% CI 1.11–1.17).

Of the comorbidities assessed, adherence was not associated
with the Charlson comorbidity index but was associated with the
following comorbidities: the odds of adherence were lower in
those with dementia (OR = 0.87; 95% CI 0.83–0.91), anxiety/
depression (OR = 0.92; 95% CI 0.90–0.95), tobacco use
(OR = 0.91; 95% CI 0.89–0.94), alcohol abuse (OR = 0.91; 95% CI
0.89–0.94), and rheumatoid arthritis (OR = 0.92; 95% CI 0.87–
0.97). Formedications associated with bone loss, those on andro-
gen deprivation therapy had lower odds of adherence
(OR = 0.89; 95% CI 0.83–0.95), whereas those prescribed gluco-
corticoids had higher odds of adherence (OR = 1.08; 95% CI
1.02–1.14). In terms of health care utilization, the odds of adher-
ence were higher for those who had a prior screening colonos-
copy (OR = 1.12; 95% CI 1.09–1.14) (Table 2).

For osteoporosis-related factors, the odds of adherence were
higher in those who had a dual-energy X-ray absorptiometry
(DXA) during follow-up (OR = 1.14; 95% CI 1.12–1.17) and a frac-
ture within 1 year before or after starting osteoporosis medica-
tion (OR 1.07; 95% CI 1.04–1.10). Fractures included any pelvic,
hip, femur, humerus, vertebral, or forearm fracture. Those pre-
scribed alendronate had higher odds of adherence than those
prescribed other osteoporosis therapies (OR = 1.61; 95% CI
1.55–1.67).
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Table 1. Baseline Characteristics of the Cohort

Characteristic
MPR <0.80
n = 90,406

MPR ≥0.80
n = 44,900 Bivariate p value

Demographics
Mean age (SD), years 72.4 (10.2) 73.1 (9.5) <0.0001

<65 years, n (%) 24,697 (27.3%) 10,565 (23.5%)) <0.0001
Race
White, non-Hispanic, n (%)
102,994 (76.1%)

68,205 (75.4%) 34,789 (77.5%) <0.0001 (white vs. non-white)

African American, n (%)
10,052 (7.4%)

7408
(8.2%)

2644
(5.9%)

Unknown, n (%)
15,707 (11.6%)

9950
(11.0%)

5757
(12.8%)

Other, n (%)
6553 (4.8%)

4797
(5.3%)

1756
(3.9%)

Marital status: married vs. other, n (%) 58,734 (65.0%) 30,755 (68.5%) <0.0001
Mean BMI (SD), kg/m2 27.2 (4.9) 27.2 (4.8) 0.19

Residence
Rural, n (%) 5757 (6.4%) 2913 (6.5%) 0.40
Homeless, n (%) 2068 (2.3%) 708 (1.6%) <0.0001
Southeast, n (%)
51,545 (38.1%)

36,189 (40.0%) 15,356 (34.2%) <0.0001 (Southeast vs. other US)

Northeast, n (%)
23,798 (17.6%)

15,247
(16.9%)

8525
(19.0%)

Midwest, n (%)
29,306 (21.7%)

18,352
(20.3%)

10,954
(24.4%)

West, n (%)
30,657 (22.7%)

20,618
(22.8%)

10,065
(22.4%)

Medicaid 5180 (5.7%) 3028 (6.7%) <0.0001
No copay 68,360 (75.6%) 31,211 (69.5%) <0.0001
Prisoner of war 1098 (1.2%) 601 (1.3%) 0.054
Comorbidities
Charlson (baseline), mean (SD) 2.10 (2.1) 1.97 (2.0) <0.0001
Neurologic disease 16,588 (18.4%) 8120 (18.1%) 0.24
Dementia 6634 (7.3%) 2838 (6.3%) <0.0001
Stroke 1058 (1.2%) 508 (1.1%) 0.52
Parkinson’s disease 1980 (2.2%) 827 (1.8%) <0.0001
Mood disorder (anxiety/depression) 40,360 (44.6%) 18,371 (40.9%) <0.0001
Other psychiatric disorder 20,189 (22.3%) 9143 (20.4%) <0.0001
Selective serotonin reuptake inhibitor use 21,565 (23.9%) 9487 (21.1%) <0.0001
Proton pump inhibitor use 31,288 (34.6%) 15,720 (35.0%) 0.14
Chronic lung disease 34,991 (38.7%) 17,436 (38.8%) 0.64
Chronic liver disease 7022 (7.8%) 3383 (7.5%) 0.13
Tobacco use 25,370 (28.1%) 11,197 (24.9%) <0.0001
Alcohol abuse 21,046 (23.3%) 9270 (20.7%) <0.0001
Diabetes, type 1 and 2 28,506 (31.5%) 13,735 (30.6%) 0.0004
Chronic systemic glucocorticoid use 5006 (5.5%) 2477 (5.5%) 0.87
Rheumatoid arthritis 5101 (5.6%) 2338 (5.2%) 0.0009
Prostate cancer 14,851 (16.4%) 7732 (17.2%) 0.0002
Colonoscopy 46,134 (51.0%) 24,362 (54.3%) <0.0001
Androgen deprivation therapy 3621 (4.0%) 1653 (3.7%) 0.004
Non-skin cancer 31,655 (35.0%) 16,607 (37.0%) <0.0001
Congestive heart failure 9091 (10.1%) 4546 (10.1%) 0.69
CKD diagnosis code 30,321 (33.5%) 14,799 (33.0%) 0.033
CKD-eGFR, mean (SD) 45.6 (50.0) 45.4 (50.0) 0.58
Endocrine disorder 3367 (3.7%) 1630 (3.6%) 0.39
Traditional antiepileptic drug use 11,983 (13.3%) 6300 (14.0%) <0.0001

Medication/therapy
Medication

Alendronate 75,694 (83.7%) 40,127 (89.4%) <0.0001 (alendronate vs. others)

(Continues)

JBMR® Plus FACTORS ASSOCIATED WITH MEDICATION ADHERENCE 3 of 6 n



Discussion

One-fifth of all men aged 50 years and older in the US are poten-
tially eligible for osteoporosis treatment, according to 2008
National Osteoporosis Foundation (NOF) thresholds, either
because of a prior fragility hip or vertebral fracture, osteoporosis
by DXA, or osteopenia with elevated fracture risk attributable to
other clinical risk factors.(13) Among the few that are identified
and initiated on osteoporosis treatment, a large proportion do
not take the medication as prescribed or discontinue the medi-
cation altogether.(5) In this large cohort study of male veterans,
less than one-third of patients were adherent with a 5-year
course for oral bisphosphonates, with nearly 80% discontinuing
within 3 years. These numbers are comparable to prior studies
in women; a systematic review identified 40% to 85% of women
were adherent at 1 year and 26% to 72% had discontinued their

medication by 1 year.(14) One study evaluated adherence over
5 years and found 23% of women (n = 111) had an annual adher-
ence of MPR ≥ 0.80.(15) However, it may be difficult to compare
across studies depending on the time horizon or censoring strat-
egy because there are several accepted ways of calculating
MPR.(16) We chose a 5-year time horizon to assess whether
patients were receiving the guideline concordant treatment
duration for oral bisphosphonates.

Interventions such Fracture Liaison Services have been
employed to improve osteoporosis medication adherence and
have demonstrated decreased fracture rates.(17–19) To best allo-
cate resources within a large health system, identification of
those at greatest risk for nonadherence is imperative so that they
can be targeted for these types of interventions. Our study iden-
tified a number of key subgroups at high risk for nonadherence,
focused on demographic, comorbidity, and health care utiliza-
tion factors.

Of the demographic variables, our study is consistent withmulti-
ple prior studies showing worse adherence among non-white and
younger patients.(8) While higher cost ofmedications has previously
been shown to be associated with medication discontinuation,(20)

our study found that patients who had no copay had higher odds
of poor adherence. At the VA, those with no copay are likely of low
socioeconomic status. Itmay followthat thoseof lowsocioeconomic
status are at higher risk of nonadherence.

Regarding comorbidities assessed, our study is consistent
with other studies showing poorer adherence among those with
tobacco use, alcohol abuse, autoimmune disease including rheu-
matoid arthritis, and psychiatric conditions including depres-
sion.(8) Whereas prior studies have been equivocal, our study
showed significant nonadherence among those with dementia.
Also, consistent with prior studies showing better adherence
among those with a history of fracture, those with a fracture
within 1 year of starting osteoporosis medication in our study
had better adherence. Finally, to our knowledge, androgen dep-
rivation therapy has not been previously shown to be associated
with nonadherence.

In terms of health care utilization, several studies have shown
improved adherence with prior osteoporosis screening such as
with DXA.(21–24) More studies have shown poorer adherencewith
calcitonin than other medications, but regarding different prep-
arations of bisphosphonates, results were mixed.(8) Having a
screening colonoscopy or using glucocorticoids have not been
evaluated as factors associated with adherence previously.

Table 1. Continued

Characteristic
MPR <0.80
n = 90,406

MPR ≥0.80
n = 44,900 Bivariate p value

Etidronate 438 (0.5%) 85 (0.2%)
Risedronate 5139 (5.7%) 2175 (4.8%)
Calcitonin 9064 (10.0%) 2475 (5.5%)

Received DXA during follow-up 45,808 (50.7%) 24,410 (54.4%) <0.0001
FRAX-without BMD (major), mean (SD) 6.29 (3.24) 6.33 (3.15) 0.02
Fracturea within 1 year of starting medication
(yes/no)

13,820 (15.3%) 7148 (15.9%) 0.02

Number of PCP visits/year, mean (SD) 7.7 (7.2) 7.8 (7.1) 0.0009

BMI = body mass index; CKD = chronic kidney disease; eGFR = estimated glomerular filtration rate; DXA = dual-energy X-ray absorptiometry; BMD =
bone mineral density; PCP = primary care physician.

aFracture includes any pelvic, hip, femur, humerus, vertebral, forearm fracture.

Table 2. Odds Ratios (OR) and 95% Confidence Intervals (CIs) for
the Association Between Patient Factors and Osteoporosis Med-
ication Adherence

OR 95% CI

Age < 65 years 0.87 (0.84–0.89)
White race 1.14 (1.11–1.17)
No copay 0.78 (0.76–0.80)
Charlson score 0.99 (0.98–1.00)
Dementia 0.87 (0.83–0.91)
Psychiatric disease 1.01 (0.98–1.04)
Anxiety/depression 0.92 (0.90–0.95)
Tobacco use 0.91 (0.89–0.94)
Alcohol abuse 0.91 (0.89–0.94)
Diabetes 0.98 (0.95–1.00)
Colonoscopy 1.12 (1.09–1.14)
Alendronate 1.61 (1.55–1.67)
Prior DXA 1.14 (1.12–1.17)
Glucocorticoid 1.08 (1.02–1.14)
Rheumatoid arthritis 0.92 (0.87–0.97)
Prostate cancer 1.05 (1.01–1.09)
ADT 0.89 (0.83–0.95)
Fracture within 1 year of starting
medication

1.07 (1.04–1.10)

DXA = dual-energy X-ray absorptiometry; ADT = androgen deprivation
therapy.
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Patients who have had a screening colonoscopy may represent
those who are more adherent to medical recommendations or
screening interventions in general.

A major strength of this study was the large size and national
scope of the cohort focused on older men. A recent systematic
review identified two small studies focusing on men among
124 studies evaluating factors associated with adherence.(8) In
one of the studies of 198 veterans at the Madison, WI, VA, youn-
ger age and tobacco use were associated with nonadherence to
alendronate and bone mineral density (BMD) testing was associ-
ated with adherence.(25) In the second study of 333 men from
Taiwan, those with rheumatoid arthritis or baseline BMD testing
were less likely to have poor adherence.(26)

However,because thecurrentanalysiswasbasedonapopulation
of veterans, it may not be generalizable to other populations. The
main limitationof this studywas theuseofadministrativeandclaims
data to assess adherence and comorbidities, which limits which fac-
torscanbeevaluated.There isalsoa lackof sensitivity for ICD-9codes
for many chronic conditions, and there is a high proportion of miss-
ingdataforraceandmarital status.Tomitigatethesefactors,weused
validated ICD-9 code algorithms combined with medication pre-
scriptions to improve sensitivity and specificity. Rather than impute
missing demographic data, we used a “missing” category to avoid
misclassification bias. We were unable to exclude patients who
may have been taking a bisphosphonate for Paget’s disease. We
were unable to assess medications prescribed outside the VA, but
veterans enrolled in primary care receive >90% of their chronic dis-
easemanagementmedications from the VA pharmacy.

The results from the current study will inform patient-
centered interventions targeted toward those at greatest risk
for nonadherence. For example, because younger patients may
have a lack of perceived benefit of therapy, an educational inter-
ventionmay improve adherence. Those with dementiamay have
trouble remembering to take medications, and a reminder such
as a phone call, text message, or alarm clock may improve adher-
ence. Although many interventions have been studied across a
general population with mixed results,(18,19) future studies
should focus on specific subgroups and tailor interventions to
address specific barriers to adherence.

Adherence tooralbisphosphonatesandcalcitonin forosteoporo-
sis/osteopenia is poor, with two-thirds of veterans in our national
sample being nonadherent by MPR. Certain factors were found to
beassociatedwithnonadherence, includingyoungerage,non-white
race,nocopay, lackofscreeningcolonoscopyorDXA,prescriptionfor
calcitonin and oral bisphosphonates other than alendronate,
dementia, anxiety/depression, rheumatoid arthritis, tobaccoor alco-
holuse, androgendeprivation therapy, andnorecent fracture. These
findings may help tailor approaches for supporting adherence in
men prescribed certain osteoporosismedications.
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