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Abstract
Summary This study analyzed data on 87,224 osteoporotic patients with up to 18 years of computerized medical history. Patients
with osteoporosis and type 2 diabetes had higher bone density yet more fractures than non-diabetic osteoporotic patients. Fracture
incidence among the diabetic patients was associated with retinopathy and cardiovascular disease, but not with diabetes duration.
Purpose Little is known about the association between type 2 diabetes mellitus (T2DM) and fragility fractures or the mecha-
nism(s) involved. We examined fracture correlates among T2DM patients with osteoporosis.
Methods We used electronic health records of an osteoporosis (OP) registry cross-linked with a diabetes registry of a large payer
provider healthcare organization in Israel. A cross-sectional analysis compared osteoporosis patients with and without T2DM,
and a longitudinal Cox proportional hazard regression was used to identify incident fracture correlates.
Results As of December 2015 a total of 87,224 current OP patients were identified, of whom 15,700 (18%) had T2DM. The
T2DM OP patients were characterized by older age (mean 74.6 vs. 69.5), more males (20.3 vs. 14.0%), and a higher rate of
chronic comorbidities compared to OP without diabetes. All major OP fractures (hip, spine, humerus, and forearm) were
significantly more prevalent among T2DM OP patients (44 vs. 32%), with an overall age-standardized ratio of 1.22 (95% CI
1.19 to 1.25) and 1.15 (95%CI 1.10 to 1.21) for females and males respectively. The average T-scores were higher (femur neck −
1.8 vs. − 1.9, total hip − 1.2 vs. − 1.6, and vertebrae − 1.3 vs. − 1.7) for the T2DM OP patients compared to the non-T2DM OP
patients. Among women with coexisting T2DM and osteoporosis (n = 10,812), fracture incidence was significantly associated
with retinopathy (HR = 1.24, 95% CI 1.05 to 1.47) and cardiovascular disease (HR = 1.22, 95% CI 1.10 to 1.36) after controlling
for age, bone mineral density T-score, rheumatoid arthritis, glucocorticoids, alcohol, and smoking).
Conclusion This large population-based study confirms the higher fracture risk of osteoporotic patients with T2DM, as compared
to osteoporotic patients without T2DM, despite higher bone mineral density levels. The presence of micro- and macrovascular
disease appears to increase this risk.
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Introduction

Both diabetes (DM) and osteoporosis are increasing health
problems worldwide. The reports in the literature suggest an

association between diabetes and bone disease [1–3], but the
mechanism(s) involved remains to be clarified. Osteoporosis,
which is characterized by decreased bone strength, is diag-
nosed mainly by measuring low bone mineral density
(BMD) detected by dual-energy X-ray absorptiometry
(DXA). Some parameters related to bone strength, such as
bone microarchitecture, cannot be detected in BMD. Patients
with type 2 diabetes (T2DM) are usually characterized by low
turnover osteoporosis, decreased osteoblastic activity, and de-
creased damage repair, features which cannot be detected by
BMD, and thus BMD has limitations in predicting fracture
risk in diabetics [4–8]. Increased microvascular damage in
DM patients may affect bone quality. [9]. Another possible
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explanation may lie in a lower frequency of weight-bearing
activity [10] which interferes with bone health [11]. The extra-
skeletal risk of altered gait and falls may also be elevated in
this population due to the complications of diabetes, such as
vision disorders, nerve damage, or hypoglycemia [12]. In ad-
dition, several anti-diabetic therapeutic strategies have shown
a deleterious effect on bone metabolism [13].

A systematic review of 15 T2DM studies worldwide re-
ported an increased risk of hip fractures (relative risk [RR] =
1.7, 95% confidence interval [CI] 1.3 to 2.2), which persisted
after controlling for age, physical activity and body mass in-
dex (BMI: RR = 2.6, 95% CI 1.5 to 4.5), and weaker non-
significant risks for fractures at other sites [14]. An especially
increased risk was reported for males, albeit based on a small
population [14]. A recent review on prevalence and determi-
nants of osteoporosis in T2DM patients [15] concluded that
clinical studies on this population suffer from small sample
sizes and heterogeneous methods, whereas epidemiological
studies were mostly limited to self-reports without precise
information on diabetes classification or control [16–19].

Little is known about the epidemiology of osteoporosis
among diabetic patients in terms of incidence, prevalence,
and distribution of fracture types. Describing the special char-
acteristics and progress of osteoporosis in T2DM patients and
assessing their risk heterogeneity could further improve the
understanding of this disease and identify patients who would
benefit most from therapy. The aims of the current investiga-
tion were to characterize osteoporosis patients with T2DM in
comparison with osteoporosis patients without DM, and to
explore possible diabetes-related determinants of fractures
among osteoporotic patients in a large population with a lon-
gitudinal follow-up.

Methods

Study design and participants

All the data were obtained from the computerized database of
Maccabi Healthcare Services (MHS), a large health mainte-
nance organization (HMO) in Israel. According to the 1995
national health insurance law, HMOs may not deny coverage
to applicants on any grounds, including age or state of health.
MHS insures and provides health services to two million
members. Its central database contains patients’ demo-
graphics, physician diagnoses, medical procedures, hospitali-
zations, and full capture of all prescription medication dispen-
sations and laboratory tests since 1999. There is a 99% reten-
tion rate with loss to follow-up due mainly to mortality (with
such data being available for research purposes). MHS has
developed several computerized registries of major chronic
diseases, such as ischemic heart disease, oncologic diseases,
diabetes, and osteoporosis, in order to improve the quality of

chronic care delivery to its members. The registries are con-
tinuously updated, and they identify patients via automatic
search formulas, as opposed to being dependent upon active
reporting by physicians.

The current study utilized the diabetes and osteoporosis
registries. Their construction has been previously described
elsewhere, and a comprehensive approach was used to
cross-validate them and ensure high specificity [20–22].
Briefly, the osteoporosis registry identifies patients by diagno-
sis, by at least two dispensations of medications for osteopo-
rosis, by BMD in the osteoporotic range (T-score ≤ − 2.5), or
by a major osteoporotic fracture (MOF) which occurred at a
typical age (50+ years for females and 60+ years for males)
after excluding fractures due to motor vehicle accidents. MOF
sites included the femur neck, clinical spine, forearm, and
proximal humerus fractures, in accordance with fracture risk
assessment definitions [19]. Registry entry date was defined
as the earliest of all the above criteria. Patients with multiple
myeloma or Paget’s disease were excluded. The DM registry
identifies patients according to HbA1c values and glucose test
results, DM therapy dispensations, and an active diagnosis of
DM from relevant physicians, with an overall specificity of
99.99%.

Considering the different pathogenetic mechanisms of type
1 and type 2 diabetes, the current study was focused on type 2
diabetes as compared with no diabetes.

Primary objective: cross-sectional comparison

Our primary objective was to compare the profile of osteopo-
rosis patients with and without T2DM in terms of
osteoporosis-related risk factors and DM-related complica-
tions. The population included all active (alive and enrolled)
MHS osteoporosis registry members on December 31, 2015.
Patients who were identified as having T1DM [23] were ex-
cluded due to their different fracture risk and smaller
population.

We utilized the MHS central database of medical records to
extract data on demographics, smoking status, body mass in-
dex (BMI), comorbidities, and laboratory tests on December
31, 2015. The following osteoporosis-related and diabetes-
related conditions were extracted from documented diagnoses
according to ICD-9 codes (Appendix Table 4): rheumatoid
arthritis, history of falls, cardiovascular disease, peripheral
vascular disease, neuropathy, nephropathy, retinopathy, pan-
creatitis, and hypoglycemia. A history of hypoglycemia was
assessed by either a coded diagnosis or any dispensations of
glucagon hypo kits. In addition to recorded diagnoses, data on
falls were also extracted from the MHS physiotherapy data-
base: as of 2007, all MHS members who visited a physiother-
apy clinic at the age of 65 years or more were queried about
the occurrence and number of falls during the preceding year.
These data were divided between Bany falls^ and Bno falls^
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and compared among the osteoporosis patients with and with-
out T2DM for whom the data were available (13,956, 16% of
the study population).

Glycemic control was assessed by HbA1c. Missing HbA1c
values were completed by glucose levels where available
using an accepted conversion formula [24]. The most recent
HbA1c/glucose test was used for the cross-sectional analysis,
while the last one before the index date or within 90 days post-
index date was used for the longitudinal analysis.

BMD T-scores were extracted from over 230,000 historical
densitometry reports of tests performed in Assuta hospitals (a
chain of seven country-wide medical centers, where approxi-
mately 86% of BMD scans of MHS members are performed).
All scans were executed using the same standardized model of
GE-lunar prodigy scanner. Scan reports are available as of
June, 2006 to the present, excluding 2010. Numeric test re-
sults were extracted from historical PDF files using optical
character recognition technology.

In addition, we extracted patients’ exposures to selected
anti-diabetic medications with potential influence on bone
metabolism (thiazolidinediones [25, 26], insulin, inhibitors
of dipeptidyl peptidase 4, and glucagon-like peptide-1). The
dispensation history for each patient at the index date was
categorized into at least 12-month cumulative dispensations
vs. less than 12 months.

Secondary objective: fracture correlates

Fracture correlates were obtained by means of a population-
based retrospective cohort study. Follow-up began at the time
of osteoporosis diagnosis (the index date) and continued until
the first MOF incidence, disenrollment from MHS, death, or
on December 31, 2015, whichever occurred first. The osteo-
porosis status was defined by the earliest recorded diagnosis,
medication dispensation (bisphosphonates, raloxifene, stron-
tium ranelate, denosumab, teriparatide, or calcitonin), or
BMD in the osteoporotic range.

The population in the longitudinal analysis included all
MHS females in the osteoporosis registry and in the DM reg-
istry, after excluding those who were younger than 50 years of
age on the index date, those with cancer on the index date
(according to the Israel National Cancer Registry), and those
with a prior MOF on the index date. Males were not included
in the longitudinal analysis due to gender disparities in frac-
ture epidemiology and the substantially smaller population
size of men in the MHS osteoporosis registry (15% males).
Also excluded were patients who had been members of MHS
less than 1 year before the index date in order to ensure the
detection of a primary MOF.

The MHS DM registry entrance date served as a proxy for
DM onset, to calculate duration of diabetes at index.

We retrieved the patients’ demographics and comorbidities
at the index date. Comorbidities were extracted in accordance

with the data sources and definitions used for the primary
objective analysis. BMI and smoking became obligatory
fields (requiring yearly updating) in 2013 and were therefore
mostly available for the cross-sectional analysis but largely
missing for the longitudinal analysis. A missing baseline
BMI was completed with the first available BMI, based on
the high stability of BMI during adulthood [27]. Missing
smoking status was completed with the first documented
smoking status, in accordance with previous investigations
that reported low levels of smoking initiation among adults
aged 35 years or more [28, 29]. Baseline BMD T-score levels
(measured before or up to 1 year after the index date) were
missing for 76% of the population. Consequently, T-score
values were completed with the first available T-score post-
index date (45% still missing at study closure).

Accurate daily alcohol units were not available; however,
excess alcohol intake was detected by diagnoses of alcoholism
and alcohol disorders as well as anamnesis of drinking habits.

Oral glucocorticoids exposure was computed according to
dispenses of more than 3months at a dose equivalent or higher
than prednisolone 5 mg daily. Lastly, vitamin D level at index
was added as a covariate in the longitudinal analysis, using the
last level measured before or up to 60 days following the index
date (missing for 76.1%, deficient for 43.3% of those with
available data).

Statistical analysis

Primary objective

Descriptive statistics were generated with mean and standard
deviation or percentage. Differences between osteoporosis pa-
tients with and without T2DM were analyzed using ANOVA
or the Kruskal Wallis and chi-squared tests for continuous and
categorical variables, respectively. Considering the large
population size, p values were accompanied with stan-
dard mean difference (SMD), and a SMD > 0.1 was
considered meaningful [30].

Age- and sex-standardized fracture rates were calculated
with standardized morbidity ratio, which is a ratio of observed
and expected cases. The observed cases are the total number
of fracture cases among T2DM patients. The expected cases
were derived by multiplying the fracture prevalence rates
among the DM-free patients per each age category (in 5-year
groups) by the number of T2DM patients in the corresponding
age category and summing the expected cases of all age
categories.

Secondary objective

The Cox proportional hazard model was used with age as a
time scale. The multivariate model also included BMD T-
score, BMI, smoking status, and the following baseline
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variables: rheumatoid arthritis, DM duration, HbA1c, and
Vitamin D level, history of hypoglycemia events, pancreatitis,
micro- and macrovascular DM complications, as well as prior
use of thiazolidinediones (for at least 1 year). Exposure to
inhibitors of dipeptidyl peptidase-4 and glucagon-like pep-
tide-1was not included in the model due to the small number
of users at index date (< 2%). The proportional hazard as-
sumption was tested based on Schoenfeld residuals regressed
on follow-up time, and it was met by all covariates (p > 0.05).

All statistical analyses were performed with R statistical
programming language [31].

Role of the funding source

The funders (Merck & Co. Inc.) reviewed the study design
and participated in the final interpretation of the results and in
drafting the report. The funders had no role in the collection or
analysis or initial interpretation of the data. The corresponding
author had full access to all the data and the final responsibility
to submit for publication.

Results

Primary objective: cross-sectional comparison

A total of 91,422 current osteoporosis patients were identified
(Fig. 1a) of whom 71,846 (79%) were diabetes-free, 15,378
were identified as having T2DM, 821 as having T1DM, and
3377 whose DM status was undetermined. Among those hav-
ing both T2DM and OP, DM preceded OP for 68.2% of the
patients. A total of 63.8% of the patients were entered into
osteoporosis registry based on T-score ≤ − 2.5 or MOF.

Diabetic osteoporosis patients were older than non-DM
osteoporosis patients (mean current age 74.6 vs. 69.5 years,
respectively) and more likely to be males (20.3 vs. 14.0%,
respectively, p < 0.001) (Table 1). Despite their older age,
the average T-scores for the T2DM patients were higher in
all sites compared to the non-DM patients (femur neck − 1.8
vs. − 1.9, total hip − 1.2 vs. − 1.6, vertebrae −1.3 vs. − 1.7),
with similar screening rates (80.4 vs. 81.7% underwent BMD
evaluations). A total of 37% T2DM patients were within the
osteoporotic range (T-score ≤ − 2.5) compared to 45% non-
DM patients. Moreover, despite their older age, the T2DM
patients were slightly less likely to be treated for osteoporosis
compared with the non-DM patients (65.0 vs. 70.8%, respec-
tively). In subjects who had vitamin D levels available (92%),
vitamin D deficiency was significantly more prevalent among
the T2DM patients (29.2 vs. 21.6%). History of falls, hypo-
glycemia, cardiovascular disease, retinopathy, neuropathy, ne-
phropathy, and peripheral vascular disease were also more
prevalent among the TD2M subgroup of OP patients. The
prevalence of major osteoporotic fractures (hip, spine,

humerus, and forearm) was significantly higher among the
T2DM patients compared to the non-DM patients across all
fracture subtypes, with an overall age-standardized ratio of
1.22 (95% CI 1.19 to 1.25) and 1.15 (95% CI 1.10 to 1.21)
for females and males, respectively (Table 2).

Secondary objective: fracture correlates (Table 3)

A total of 10,812 females met the inclusion criteria for this
objective. They were identified as having both osteoporosis
and T2DM, they were 50+ years of age at osteoporosis diag-
nosis, they had no prior fractures or cancer, and they were

(A)   Study population flow diagram for the cross-sectional analysis

(B)   Study population flow diagram for the cohort analysis 

Osteoporosis patients
(identified by densitometry, diagnoses, fractures, medications)

n=116,914

Enrolled in Maccabi Healthcare Services in December, 2015
n=91,422

Diabetes-free
N = 71,846

Type 2 diabetes
n=15,378

Osteoporosis patients
(identified by DXA, diagnoses, fractures or medications)

n=116,914

Patients with type 2 diabetes (both current and historic)
n=21,481

Women aged 50+ years at osteoporosis diagnosis (index 
evaluation)

Fracture-free at index evaluation
n=13,343

Cancer-free at index evaluation
n=11,760

≥1 year membership at index evaluation
n=10,812

Fig. 1 Study population flow diagram for the cross-sectional analysis (a)
and for the cohort analysis (b)
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Table 1 A cross-sectional com-
parison of osteoporosis (OP) pa-
tients with and without type 2 di-
abetes mellitus (T2DM), Maccabi
Healthcare Services, December
31, 2015, n = 87,224

OP and no DM

n = 71,846

OP & T2DM

n = 15,378

p value SMD

Current age (years)a 69.5 (11.2) 74.6 (8.9) < 0.001 0.508

Age at OP onset (years)a 60.5 (10.9) 65.5 (9.4) < 0.001 0.491

Femalesb 86.0% 79.7% < 0.001 0.169

Last recorded body mass indexa 26.5 (4.9) 29.3 (5.5) < 0.001 0.546

Socioeconomic statusa 6.4 (1.8) 5.9 (1.8) < 0.001 0.295

Smoking statusb

Never 88.8 89.6 < 0.001 0.108

Ever 9.7 9.7

Unknown 1.5 0.7

CKD categoriesb,c

< 15 or dialysis 0.3 0.9 < 0.001 0.411

15 to 29 0.7 2.6

30 to 44 2.7 7.4

45 to 59 8.3 14.8

60 to 89 52.5 50.3

90+ 34.9 24

Missing 0.6 0

Major osteoporotic fracturesb 32.2 43.8 < 0.001 0.240

Age at first MOFa (years) 66.74 (10.45) 69.30 (9.43) < 0.001 0.258

Vertebral fractureb 7.4 9.9 < 0.001 0.089

Age at first vertebral fracturea (years) 67.49 (11.75) 70.57 (9.32) < 0.001 0.290

Hip fractureb 6.1 9.3 < 0.001 0.121

Age at first hip fracturea (years) 73.14 (12.15) 74.54 (9.63) < 0.001 0.128

Forearm fractureb 24.6 31.6 < 0.001 0.154

Age at first forearm fracturea (years) 64.48 (10.85) 67.74 (9.66) < 0.001 0.317

Screened (underwent a DXA scan)b 81.7 80.4 < 0.001 0.035

T-score femur necka − 1.93 (0.90) − 1.83 (0.92) < 0.001 0.106

T-score total hipa − 1.55 (3.29) − 1.18 (3.85) < 0.001 0.104

T-score vertebraea − 1.72 (1.34) − 1.28 (1.45) < 0.001 0.320

T-score minimum of all sitesa − 2.32 (0.82) − 2.12 (0.90) < 0.001 0.225

BMD (g/cm2) femur necka 0.68 (9.51) 0.78 (0.99) 0.027 0.012

BMD (g/cm2) vertebraea 0.99 (0.16) 1.06 (0.19) < 0.001 0.468

BMD (g/cm2) minimum of all sitesa 0.68 (9.51) 0.78 (0.99) 0.026 0.012

Vitamin D deficiency (< 20 ng/ml)b 21.6 29.2 < 0.001 0.175

Calcium (blood)a 9.3 (0.5), 99% 9.4 (0.5), 99% < 0.001 0.140

Calcium (urine)a 159.6 (90.9), 32% 172.9 (115.0), 29% < 0.001 0.129

PTHa 58.9 (48.3), 43% 65.2 (69.2), 42% < 0.001 0.109

Alkaline phosphatasea 83.8 (38.0), 99% 85.3 (42.6), 100% < 0.001 0.036

Phosphorea 3.6 (0.5), 84% 3.7 (0.5), 88% < 0.001 0.079

Recent falls, patients aged 65+ yearsb 33.5 38.5 < 0.001 0.102

Diagnosis of fallsb 19.1 32.1 < 0.001 0.302

Cardiovascular diseaseb 20.9 38.3 < 0.001 0.388

Hypertensionb 51.4 82.6 < 0.001 0.704

Chronic obstructive pulmonary diseaseb 6.8 9.4 < 0.001 0.098

Cancerb 20.1 24.4 < 0.001 0.102

Rheumatoid arthritisb 5.9 6.5 0.005 0.025

Retinopathyb 0.5 18.9 < 0.001 0.653

Hypoglycemia historyb 0.8 7.0 < 0.001 0.323
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MHS members for at least 1 year (Fig. 1b). There was a total
of 2300MOFs (22% of the population) over a mean follow-up
of 9 years. BMD was strongly associated with fracture risk in
a gradual manner as was the presence of rheumatoid arthritis.

Fracture incidence among this population was associated
with traditional risk factors such as bone density, glucocorti-
coid exposure (HR = 1.29, 95% CI 1.06 to 1.56), and rheuma-
toid arthritis (HR = 1.28, 95% CI 1.02 to 1.59). In addition, a
significant association was observed with retinopathy (HR =
1.24, 95% CI 1.05 to 1.47) and cardiovascular disease (HR =
1.22, 95% CI 1.10 to 1.36) (Table 3). A non-significant in-
creased risk was also observed in patients with baseline neu-
ropathy (HR = 1.13, 95% CI 0.94 to 1.36) or pancreatitis
(HR = 1.38, 95% CI 0.82 to 2.34). The diabetes duration
was not a significant indicator of increased fracture incidence,
nor was the baseline glycemic control, although some elevated
risk was observed for patients with HbA1c > 7.5% compared
with HbA1c < 6.5% (HR = 1.12, 95% CI 0.94 to 1.33), and
history of hypoglycemia (HR = 1.10, 95% CI 0.95 to 1.27).

Long-term users of thiazolidinediones on the index date
exhibited a non-significantly increased fracture risk (HR =
1.16, 95% CI 0.85 to 1.59). The use of insulin was not asso-
ciated with fracture hazard in this subcohort. Similar results
were obtained when the T-score was not adjusted for in the

multivariable model (HR = 1.24, 95% CI 1.05 to 1.47 for ret-
inopathy, HR = 1.24 95% CI 1.11 to 1.38 for cardiovascular
disease, HR = 1.25 95% CI 1.00 to 1.56 for rheumatoid arthri-
tis, and HR = 1.14 95% CI 0.96 to 1.36 for patients with
HbA1c > 7.5% vs. HbA1c < 6.5%).

Discussion

In this large population-based study of patients with osteopo-
rosis, T2DM patients comprised 18% of the osteoporosis pop-
ulation. Osteoporotic patients with diabetes exhibited substan-
tially more comorbidities, with a 16% higher fracture preva-
lence compared with osteoporotic patients without diabetes,
after adjusting for age and sex distribution. Despite their older
age, the T2DM patients were characterized by higher BMD
levels compared with the non-DM osteoporosis patients. The
observed risk heterogeneity between osteoporosis patients
with and without diabetes raises some concern regarding the
applicability of pivotal osteoporosis trials for diabetic patients,
where they were excluded or substantially under-represented
[32, 33]. The impact of anti-osteoporosis treatment on DM
patients with fractures and normal BMD levels has not been
studied because such treatment was not indicated for these

Table 1 (continued)
OP and no DM

n = 71,846

OP & T2DM

n = 15,378

p value SMD

Peripheral vascular diseaseb 8.6 20.6 < 0.001 0.344

Pancreatitisb 1.6 2.7 < 0.001 0.075

Neuropathyb 7.9 28.3 < 0.001 0.550

Nephropathyb 0.4 8.2 < 0.001 0.394

Initiated osteoporosis therapy (ever)b 70.8 65.0 < 0.001 0.123

Last HbA1cb

< 6.50 71.5 37.6 < 0.001 1.879

6.50 to 6.99 1.9 26.6

7.00 to 7.49 0.1 15.5

7.50 to 7.99 0 8.2

8.00+ 0 12

Missing 26.5 0

Diabetes therapyb,c

Thiazolidinediones 0 6.4 < 0.001 0.464

DPP-4i 0 25.4 < 0.001 1.065

GLP-1 analog 0 2.9 < 0.001 0.318

Insulin 0 11.6 < 0.001 0.632

Italic indicates SMD ≥ 0.1
BMD bone mineral density, PTH parathyroid hormone, DPP-4i dipeptidyl peptidase-4 inhibitor, GLP-1
glucagon-like peptide-1, SMD standard mean difference, MOF major osteoporotic fracture, DXA dual-energy
X-ray absorptiometry
aMean (standard deviation [SD]), % measured
b Percentage
c Accumulated dispensations of at least 12 months

15 Page 6 of 9 Arch Osteoporos (2018) 13: 15



patients. Considering their different clinical profile in terms of
older age and increased comorbidity, their different disease

presentation (higher BMD), and the considerable proportion
of osteoporosis patients who are also diabetic, the efficacy of

Table 2 Age- and sex-
standardized fracture rate ratios
between osteoporosis patients
with and without type 2 diabetes
mellitus (95% confidence inter-
vals), December 31, 2015, n =
87,224

Females Males

Hip fractures 1.18 (1.11 to 1.25) 1.14 (1.03 to 1.25)

Vertebral fractures 1.14 (1.03 to 1.25) 1.11 (1.05 to 1.18)

Humerus and Colles’ fractures 1.23 (1.19 to 1.27) 1.19 (1.12 to 1.27)

Any major osteoporotic fractures 1.22 (1.19 to 1.25) 1.15 (1.10 to 1.21)

Table 3 Cox proportional hazard
ratio (HR) analysis with time
from osteoporosis onset until
fracture occurrence among female
osteoporosis patients with type 2
diabetes mellitus, n = 10,812

Patients’ characteristics at baseline HR 95% CI

Lower Upper

T-score ≤ − 3.5 2.67 1.88 3.78

− 3.49 to − 2.5 1.91 1.42 2.59

− 2.49 to − 1.0 1.45 1.08 1.95

> − 1.0 Ref.

Missing 1.57 1.17 2.11

Body mass index < 20 1.18 0.93 1.50

20 to 25 Ref.

25 to 30 0.97 0.87 1.09

> 30 0.93 0.82 1.04

Missing 1.06 0.87 1.29

Comorbidities Rheumatoid arthritis 1.28 1.02 1.59

Cardiovascular disease 1.22 1.10 1.36

Retinopathy 1.24 1.05 1.47

Neuropathy 1.13 0.94 1.36

Pancreatitis 1.38 0.82 2.34

Peripheral vascular disease 1.06 0.89 1.26

History of hypoglycemia events 1.10 0.95 1.27

HbA1c < 6.5

6.5 to 7.49 1.09 0.95 1.24

7.5+ 1.12 0.94 1.33

Missing 1.29 1.16 1.44

Smoking Never Ref.

Ever 0.99 0.84 1.17

Missing 1.11 0.89 1.40

Diabetes therapy Thiazolidinedionesa 1.16 0.85 1.59

Insulina 1.03 0.79 1.33

Diabetes duration (years) No DM Ref.

< 2 1.00 0.88 1.14

3 to 5 1.08 0.94 1.25

6+ 0.88 0.74 1.04

High corticosteroids exposure 1.29 1.06 1.56

Excess alcohol intake 1.26 0.89 1.78

Vitamin D at index Normal Ref.

Deficiency 1.09 0.86 1.39

Missing 1.14 0.96 1.36

CI confidence interval
a At least 12 months of cumulative dispensations at the index evaluation
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current therapeutic intervention strategies among this special
subgroup of patients warrants further elucidation [34].

The increased fracture prevalence observed among the
T2DM patients in our cross-sectional analysis is similar to that
reported by an earlier meta-analysis [35] and supports the
findings of a large prospective study of osteoporosis fractures
(SOF) [36]. An even higher excessive fracture risk for dia-
betics was observed in SOF, a disparity which may be ex-
plained by its prospective design or by its having been con-
ducted in the 1980s. The findings of both the SOF [36] and the
current study suggest a slightly higher risk for humerus and
Colles’ fractures compared with other types of MOFs.

Our exploratory analysis aimed to identify diabetes-
specific factors potentially associated with fracture risk. The
findings of that analysis suggest that ophthalmic and cardio-
vascular complications are associated with increased fracture
incidence among T2DM patients, consistent with previous
findings on Swedish T1DM patients [37] as well as those of
a meta-analysis on both T1DM and T2DM [35]. While BMD
is largely criticized for its limited capture of bone quality, it is
important to take into account these extra-skeletal risk factors
for falls and fractures. Additional diabetes-related factors in-
clude glycemic control, diabetes duration, and long-term use
of anti-diabetic medications. In the current study, after
adjusting for diabetes complications, neither diabetes duration
nor glycemic control played a key role in fracture occurrence,
confirming the conclusions of a meta-analysis [35] as well as
those of a small recent study on the lack of an association of
these factors with BMD [38]. Missing data on baseline glyce-
mic control (23%) usually signifies lower healthcare service
utilization, typical for neglected patients with less frequent
disease management, which may explain their elevated frac-
ture risk. BMI was not associated with fracture risk, in accor-
dance with a recent large population-based study [39].

Nationally representative risk estimates based on large-
scale cohorts with extensive clinical data are usually difficult
to obtain. The current study leveraged two validated, automat-
ed registries of diabetes and osteoporosis patients with a high
retention rate, thus providing a good source for evaluating
disease prevalence as well as disease correlates. However,
several study limitations bear mention. The primary analysis
utilized cross-sectional data of current osteoporosis patients.
The surprisingly younger age at MOF occurrence may be
explained by survival bias, or, alternatively, it may be due to
the registry’s definition of MOFs as fractures occurring only
after the age 50 years for females or 60 years for males. The
study’s exploratory cohort analysis was adjusted to baseline
covariates at osteoporosis onset and did not account for post-
index date changes in clinical characteristics or exposures,
which may vary during the course of follow-up and influence
the risk of fracture (e.g., osteoporosis therapy, diabetes thera-
py, glycemic control, and kidney function). The average age at
osteoporosis diagnosis was 63 years, whereas the average age

at the first MOF occurrence was 70 years. In light of this long
follow-up and the slow progression of osteoporosis, future
research may benefit from more complex designs which in-
corporate time-dependent risk predictors. Non-severe hypo-
glycemia events may not be well documented and captured
retrospectively. Lastly, data on physical activity habits were
not available since they were not routinely coded in the elec-
tronic medical records.

In summary, this study describes the unique clinical char-
acteristics of osteoporotic patients with coexisting T2DM and
underscores their elevated risk for fractures, particularly for
patients with macro- or microvascular complications. The
substantially different risk profile of osteoporosis patients with
coexisting diabetes calls for further clarification regarding the
efficacy of current osteoporosis therapeutic intervention strat-
egies among these patients.
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