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OBJECTIVEdTo examine the association between diabetes, glycemic control, and risk of
fracture-related hospitalization in the Atherosclerosis Risk in Communities (ARIC) Study.

RESEARCH DESIGN AND METHODSdFracture-related hospitalization was defined
using International Classification of Diseases, 9th revision, codes (733.1–733.19, 733.93–
733.98, or 800–829). We calculated the incidence rate of fracture-related hospitalization by
age and used Cox proportional hazards models to investigate the association of diabetes with
risk of fracture after adjustment for demographic, lifestyle, and behavioral risk factors.

RESULTSdThere were 1,078 incident fracture-related hospitalizations among 15,140 partic-
ipants during a median of 20 years of follow-up. The overall incidence rate was 4.0 per 1,000
person-years (95% confidence interval [CI], 3.8–4.3). Diagnosed diabetes was significantly and
independently associated with an increased risk of fracture (adjusted hazard ratio [HR], 1.74;
95% CI, 1.42–2.14). There also was a significantly increased risk of fracture among persons with
diagnosed diabetes who were treated with insulin (HR, 1.87; 95% CI, 1.15–3.05) and among
persons with diagnosed diabetes with hemoglobin A1c (HbA1c) $8% (1.63; 1.09–2.44) com-
pared with those with HbA1c ,8%. Undiagnosed diabetes was not significantly associated with
risk of fracture (HR, 1.12; 95% CI, 0.82–1.53).

CONCLUSIONSdThis study supports recommendations from the American Diabetes As-
sociation for assessment of fracture risk and implementation of prevention strategies in persons
with type 2 diabetes, particularly those persons with poor glucose control.

Diabetes Care 36:1153–1158, 2013

Bone fractures represent a significant
burden of morbidity, especially
among women and persons older

than 65 years of age (1). Fractures that
result in inpatient hospitalization are par-
ticularly associated with significant health
care costs, reductions in quality of life,
and increased mortality (2,3). Evidence
suggests that persons with type 2 diabetes
may be at increased risk for bone frac-
tures, despite having higher bone mineral
density (4). However, the association of

diabetes with fracture risk has differed de-
pending on the location of fracture being
investigated (5,6). Furthermore, few
large, community-based studies of frac-
ture risk have included both genders
and nonwhite participants. Additionally,
few studies have sufficiently controlled
for potential confounders or investigated
the possible association of undiagnosed
diabetes with risk of fracture.

The aim of this study was to inves-
tigate the association of diabetes with

fracture-related hospitalization in the
Atherosclerosis Risk in Communities
(ARIC) Study. We compared the risk of
fracture hospitalization in persons with no
diabetes, undiagnosed diabetes, or diag-
nosed diabetes in this community-based
cohort. A secondary aimwas to examine the
associations of diabetes medication use
(among persons with diagnosed diabetes)
and chronic hyperglycemia (as assessed by
hemoglobin A1c [HbA1c]) with fracture risk.
We hypothesized that diabetes, particularly
poorly controlled diabetes, would be asso-
ciated with an increased risk of fracture.

RESEARCH DESIGN AND
METHODS

Study population
Participants in the ARIC Study were re-
cruited from four United States communi-
ties: Washington County, Maryland;
suburbs of Minneapolis, Minnesota; For-
syth County, North Carolina; and Jackson,
Mississippi. Thefirst examination of 15,792
participants took place from 1987 to 1989
(visit 1), when participants were aged 45–
64 years. Subsequent in-person visits were
conducted in 1990–1992, 1993–1995, and
1996–1998; a fifth visit is ongoing (2011–
2013) (7,8).We excluded participants from
the primary analysis if they were missing
any baseline covariates used in our statisti-
cal models, resulting in a final sample of
15,140 participants.

Outcome: fracture hospitalization
The ARIC Study obtains hospitalization in-
formation from annual telephone contact
with study participants and through active
surveillance of all hospitalizations in the
study communities; inpatient hospitalization
records to 1 January 2009 were available for
this analysis. Incident fracture hospitali-
zation was defined as any hospitalization
aftervisit1 (1987–1989) that includedthe In-
ternational Classification of Diseases, 9th
revision (ICD-9), discharge codes of 733.1–
733.19, 733.93–733.98, or 800–829.

Exposure: diabetes definition
Participants were considered to have di-
agnosed diabetes if they self-reported
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being told by a physician that they had
diabetes or were using diabetes medica-
tions at visit 1. Participants were consid-
ered to have undiagnosed diabetes if they
failed to meet the criteria for diagnosed
diabetes but had a fasting serum glucose
$126 mg/dL or a nonfasting glucose
$200 mg/dL at visit 1. Among persons
with diagnosed diabetes, we categorized
diabetes medication use as none, oral di-
abetes medications only, and insulin only
or both oral diabetes medications and in-
sulin based on self-reported information
and information from medication con-
tainers brought to the visit. In a separate
analysis, we examined the relationship of
chronic hyperglycemia and fracture,
based onHbA1c values available from par-
ticipants who completed ARIC visit 2 in
1990–1992 (n = 13,508), the only visit for
which whole blood samples were avail-
able for the measurement of HbA1c.
HbA1c was measured using high-perfor-
mance liquid chromatography methods
(Tosoh 2.2 and Tosoh G7) (9).

Covariates
All covariates and medication usage data
were measured at visit 1. BMI was mea-
sured according to standard methods and
categorized as underweight (,18.5), nor-
mal (18.5–,25.0), overweight (25.0–
,30.0), or obese ($30.0). Physical
activity level was assessed using the
Baecke questionnaire (10), and scores
were divided into tertiles. We examined
glucocorticoids and antidepressants,
which are categories of medications that
are associated with increased fracture risk
(11,12). We additionally examined thia-
zide diuretics, which are associated with
lower fracture risk (13). Thiazolidinediones
also have been shown to increase fracture
risk, but this drug category had not been
brought to the market at baseline and was
rarely reported during follow-up (2.4%
reported use during follow-up) (14,15).
Similarly, although hormone replacement
therapy is thought to reduce fracture risk
(16), very few participants were using hor-
mone replacement therapy at baseline
(,0.1% of women in the study popula-
tion); therefore, we were not able to assess
the impact of thiazolidinediones or hor-
mone replacement therapy on fracture
risk.

Statistical analysis
Using age at the time of fracture as the
time axis, we calculated the incidence rate
(per 1,000 person-years of follow-up) and
95% confidence interval (CI) of fracture

hospitalization overall and by 10-year age-
groups (50–younger than 60, 60–younger
than 70, 70–younger than 80, and 80 years
or older) using Poisson regression.

With years of follow-up since visit 1
as the time axis, we used Cox propor-
tional hazards models to compare risk of
fracture hospitalization among persons
without diabetes with those with undiag-
nosed diabetes or with diagnosed diabe-
tes. Model 1 was adjusted for age, sex, and
race/study center. Model 2 was adjusted
for variables in model 1 plus BMI, sports
activity tertile, alcohol consumption, cig-
arette smoking, glucocorticoid or antide-
pressant use, and thiazide diuretic use.
We performed a sensitivity analysis addi-
tionally adjusting for history of coronary
heart disease, history of stroke, and esti-
mated glomerular filtration rate calcu-
lated from serum creatinine using the
Modification of Diet in Renal Disease
equation (17). We also conducted an
analysis restricted to participants with di-
agnosed diabetes (n = 1,195) to assess the
impact of diabetes medications on frac-
ture risk. In this subpopulation, we
conducted a fully adjusted model with a
categorical term for diabetes medication.
Additionally, we conducted a competing
risks analysis (fracture vs. death) to assess
the impact of survival bias, because per-
sons with diabetes may be more likely to
die at a younger age and therefore are
more likely than persons without diabetes
to die before a fracture could occur be-
cause older age is associated with fracture
incidence (18). We also conducted anal-
yses stratified by age (younger than 54
years vs. 54 years or older at baseline),
race (black or white), and gender, and a
sensitivity analysis excluding hospitaliza-
tions for pathological fractures (ICD co-
des 733.1–733.19; n = 133). We also
performed fully adjusted analyses to ex-
amine the association between diabetes
status and specific subtypes of fracture
(torso, upper limb, lower limb, vertebral,
hip, skull or face).

Among those participants who also
attended ARIC visit 2 and who had data
available for HbA1c (n = 13,508), we ex-
amined the association of clinical categories
of HbA1c with fracture risk. Participants
were considered to havediagnosed diabetes
if they self-reported being told by a physi-
cian that they had diabetes or were using
diabetes medications at visit 1 or visit 2.
Participants were considered to have undi-
agnosed diabetes if they failed to meet the
criteria for diagnosed diabetes but had
HbA1c $6.5% at visit 2. Categories of

HbA1c were defined as ,5.7%, 5.7–
,6.5%, and $6.5% for participants
without a self-reported history of diabetes,
and as ,8% and $8% for participants
with a self-reported history of diabetes (19).

All reported P values are two-sided
and P , 0.05 was considered statistically
significant. Statistical analyses were con-
ducted using Stata version 11 (StataCorp,
College Station, TX).

RESULTSdCompared with partici-
pants without diabetes, those with diag-
nosed diabetes were more likely to be
black (48% vs. 24%), to be never drinkers
of alcohol (38% vs. 24%), and to use
either glucocorticoid or antidepressant
medications, which are associated with
an increased fracture risk (8% vs. 4%)
(Table 1). Participants with undiagnosed
diabetes were comparable with those with
diagnosed diabetes in terms of race and
BMI, but they were more similar to those
without diabetes in terms of alcohol use.

Among the 15,140 participants in-
cluded in our main analysis, there were
1,078 incident cases of fracture hospital-
ization over a median of 20 years of
follow-up. The overall incidence rate of
fracture hospitalization was 4.0 (95% CI,
3.8–4.3) per 1,000 person-years. The
types of fracture included skull or face
(n = 50), spine (n = 104), ribs (n = 129),
hip (n = 50), shoulder (n = 23), arm (n =
138), wrist (n = 12), hand (n = 30), leg (n =
325), ankle (n = 167), and foot (n = 50).
The unadjusted incidence rate for all frac-
ture hospitalizations was 2.5 (95% CI,
2.0–2.8) per 1,000 person-years of fol-
low-up for those 50–younger than 60
years old, 3.6 (3.2–3.9) for those 60–
younger than 70 years old, 6.7 (6.0–7.4)
for those 70–younger than 80 years old,
and 14.2 (11.3–17.7) for those 80 years
or older. Overall, persons with diagnosed
diabetes had significantly higher inci-
dence rates of fracture compared with
persons without diabetes (6.6 [95% CI,
5.4–7.9] vs. 3.9 [3.6–4.1] per 1,000 per-
son-years of follow-up). Figure 1 shows
the unadjusted incidence rate (per 1,000
person-years of follow-up) according to
age and diabetes status. For all ages, the
incidence rate for persons with diagnosed
diabetes was higher than that for persons
without diabetes. Persons with undiag-
nosed diabetes did not have significantly
different risk of fracture compared with
those without diabetes for any age-group
(data not shown).

Table 2 shows the adjustedhazard ratios
(HRs) for incident fracture hospitalization.
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Comparing model 1 and model 2, we see
that progressive adjustment somewhat at-
tenuates the associations with fracture
risk. Diagnosed diabetes was associated
with a significant increase in fracture risk
after adjustment for all covariates (model
2) (HR, 1.74; 95% CI, 1.42–2.14). In fully
adjusted analyses, however, persons with
undiagnosed diabetes had a similar risk of
fracture as those without diabetes (HR,
1.12; 95% CI, 0.82–1.53). Further adjust-
ment for history of coronary heart disease,
history of stroke, and estimated glomeru-
lar filtration rate did not appreciably alter
the results. In analyses restricted to per-
sons with diagnosed diabetes, oral medi-
cation use was not associated with an
increased risk for fracture compared with
no medication use (HR, 0.97; 95% CI,
0.60–1.55), but the use of insulin (alone

or in combination with oral medication)
was associated with an increased risk of
fracture (1.87; 1.15–3.05). Results were
not appreciably altered after excluding
fractures coded as pathological (ICD co-
des 733.1–733.19; n = 133). In the analy-
sis accounting for competing mortality,
HRs were attenuated, but the association
of diagnosed diabetes with fracture risk
remained statistically significant (HR,
1.42; 95% CI, 1.15–1.76).

The association of diagnosed diabetes
with fracture risk did not differ by age
(individuals younger than 54 years at
baseline: HR, 2.02; 95% CI, 1.40–2.91
vs. individuals 54 years or older at base-
line: 1.74; 1.36–2.24; P for interaction =
0.50). In models stratified by race, the as-
sociation of diagnosed diabetes with risk
of fracture also was not significantly

different in blacks (HR, 1.97; 95% CI,
1.34–2.84) compared with in whites
(1.66; 1.30–2.13; P for interaction =
0.89). Similarly, the association of diag-
nosed diabetes with fracture risk was not
significantly different in women (HR,
1.90; 95% CI, 1.47–2.47) compared
with in men (1.52; 1.08–2.15; P for in-
teraction = 0.56). Among women, meno-
pausal status was not independently
associated with fracture risk in the fully
adjusted model (HR, 0.99; 95% CI, 0.79–
1.24).

In analyses examining the association
between diabetes status and specific sub-
types of fracture, diagnosed diabetes was
significantly associated with increased
risk for upper limb (HR, 2.16; 95% CI,
1.31–3.57), lower limb (2.22; 1.69–
2.91), vertebral (2.03; 1.05–3.89), and
skull or face fracture (2.60; 1.17–5.76)
compared with those without diabetes
(Supplementary Table 1). The only frac-
ture subtype that occurred at a signifi-
cantly higher rate among persons with
undiagnosed diabetes was hip fracture
(HR, 2.99; 95% CI, 1.24–7.21).

In the sample of individuals who had
HbA1c measured at visit 2 (n = 13,508),
there were 976 incident fracture hospital-
izations during a median of 17 years of
follow-up (using visit 2 as baseline). In
adjusted analyses (Table 3), clinical cate-
gories of HbA1c were not independently
associated with fracture risk among per-
sons without a self-reported history of di-
abetes. In persons with diagnosed
diabetes, HbA1c $8% was independently
associated with fracture risk (model 2 HR:
1.63; 95% CI, 1.09–2.44; compared with
HbA1c ,8%). The association of HbA1c

$8% in persons with diagnosed diabetes
with fracture risk was attenuated after fur-
ther adjustment for diabetes medication
use (HR, 1.50; 95% CI, 0.97–2.32).
Among persons with diagnosed diabetes,
the 10-year crude cumulative incidence of
fracture for persons with HbA1c$8%was
4.9 (95% CI, 3.3–7.1) compared with 4.4
(3.0–6.5) for those with HbA1c ,8%.

CONCLUSIONSdOur results sug-
gest that persons with diagnosed diabetes
are at an increased risk for overall frac-
ture-related hospitalization. Persons with
diagnosed diabetes who had poor glucose
control, as defined byHbA1c$8% or who
used insulin were at particularly high risk
for fracture-related hospitalization. How-
ever, we did not observe overall increase
in risk of fracture-related hospitalization
in persons with undiagnosed diabetes.

Table 1dBaseline characteristics of study participants by diabetes status during visit 1,
1987–1989

No diabetes
(n = 13,340)

Undiagnosed diabetes
(n = 605)

Diagnosed diabetes
(n = 1,195)

Age 54.0 6 5.7 55.5 6 5.7 55.8 6 5.7
Female (%) 55.5 48.4 58.1
Study center/race (%)
Minnesota, white 26.8 22.3 12.8
Mississippi, black 21.1 31.6 43.0
Maryland, white 26.0 25.1 24.0
North Carolina, black 2.9 4.3 4.8
North Carolina, white 23.2 16.7 15.4

BMI 27.3 6 5.1 31.2 6 5.7 31.0 6 6.1
Waist-to-hip ratio 0.9 6 0.1 1.0 6 0.1 1.0 6 0.1
Sports activity index 2.4 6 0.8 2.3 6 0.7 2.2 6 0.7
Alcohol drinking status (%)
Current 58.3 50.7 30.4
Former 17.7 21.3 32.1
Never 24.0 27.9 37.6

Cigarette smoking status (%)
Current 26.7 22.3 23.3
Former 32.0 35.0 31.0
Never 41.3 42.6 45.7

Medication use (%)
Glucocorticoids 1.0 1.3 1.8
Antidepressants 2.8 4.3 5.9
Thiazide diuretics 7.5 16.7 17.3

Postmenopausal (% women) 71.4 82.0 83.7
Diabetes treatment (%)
No diabetes treatment d d 29.0
Oral diabetes medications only d d 39.0
Insulin only d d 30.3
Both oral diabetes medications
and insulin d d 1.7

Fasting glucose (mmol/L) 5.5 6 0.5 9.2 6 3.3 10.2 6 4.3
HbA1c %* 5.4 6 0.4 6.7 6 1.3 8.3 6 2.3

Data aremean6 SD unless otherwise noted. *Data available for a subset of participants who completed visit 2
(n = 13,508).
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The association of diabetes with frac-
ture risk is inconsistent in the literature.
In some studies, diabetes was significantly
associated with an increased risk for non-
vertebral fractures (4,5), vertebral frac-
tures (20), hip fractures (4,6), wrist
fractures (6), and overall fractures (21).
In contrast, other studies have found no
association of diabetes with vertebral frac-
tures (5) or overall fractures (6). Our
study found an association between diag-
nosed diabetes and overall fractures, as
well as upper and lower limb, vertebral,
and skull or face fractures. Observed dif-
ferences in the association of diabetes
with fracture risk could partly be attribut-
able to differences in case definition. Most
previous studies relied on self-report to
define cases of both diabetes and fracture,
although some studies confirmed fracture
cases by obtaining medical records (5,6).
In addition to self-reported information,
our study also incorporated medication

use and blood glucose levels to define
diabetes, and we defined fracture using
ICD-9 hospital discharge codes. Differ-
ences in results across studies also may
be attributable to differences in demo-
graphic characteristics of the study pop-
ulation, particularly age. Competing
risks, such as death, may be an impor-
tant analytical issue among older per-
sons with diabetes in analyses of
fracture risk.

Our finding that diagnosed diabetes,
particularly poorly controlled diabetes
and more severe diabetes (HbA1c $8%
or use of insulin) was associated with an
increased risk of fracture is consistent
with some previous studies. Two previ-
ous studies found that longer duration
of diabetes was associated with greater
fracture risk (16,22), and another study
found that the use of insulin was associ-
ated with increased fracture risk (16).
Similarly, an analysis of persons with

and without diabetes from the Rotterdam
Study found that the risk of nonvertebral
fracture was only significant among
persons with treated diabetes (23). In
contrast, results from the Action to Con-
trol Cardiovascular Risk in Diabetes
(ACCORD) trial suggested no increased
risk of fracture among those randomized
to intensive glycemic control compared
with the standard care (24). Taken as a
whole, these results suggest that mecha-
nisms linking diabetes and fracture risk
may relate to diabetes severity, glycemic
control, or the use of insulin. It has been
hypothesized that physiological changes
resulting from chronic hyperglycemia
could degrade bone quality through inhi-
bition of osteocalcin, increased reactive
oxygen species, bone accumulation of
advanced glycation end products, or in-
hibition of insulin-like growth factor 1
(25). It also has been hypothesized that
the complications of diabetes (peripheral

Figure 1dIncidence rate (per 1,000 person-years) of hospitalization for fracture according to age and diabetes status. Point estimates are incidence
rates per 1,000 person-years for 10-year age intervals. Vertical bars are 95% CIs. Fractures were defined as an ICD-9 discharge code of 733.1–
733.19, 733.93–733.98, or 800–829.
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neuropathy, peripheral vascular disease),
diabetes treatment (insulin), or both
could increase the risk of falls and frac-
tures (14,26). Lower-limb fractures, in
particular, primarily may be caused by di-
abetic neuropathy, peripheral vascular
disease, or acute hypoglycemia, rather
than by osteoporosis (21).

Certain limitations of this study
should be considered when interpreting
our results. Our study differs from pre-
vious investigations on this topic in that it
includes only fractures that resulted in
inpatient hospitalization, because these
were the only data available on incident
fracture in the ARIC Study. We were
unable to formally validate the cases
identified in this study. As a result, more
mild (outpatient cases) and asymptomatic
fractures, particularly vertebral fractures,
were likely missed by our case definition.

Our main analysis also included fractures
coded as pathological (13% of all frac-
tures) based on evidence that nonpatho-
logic fractures may be coded using an
ICD-9 code for pathologic fractures (27).
We conducted a sensitivity analysis ex-
cluding pathologic fracture ICD-9 codes
and found similar results. We performed
sensitivity analyses stratified by fracture
subtype (torso, upper limb, lower limb,
vertebral, hip, skull or face), but because
of small numbers of events, these esti-
mates are rather imprecise and should
be interpreted cautiously. Additionally,
survival bias is an important concern be-
cause persons with diabetes are more
likely to die at a younger age, whereas
older age is associated with fracture inci-
dence. To address this, we performed a
competing risks analysis and found simi-
lar results. Additionally, we did not have

information on duration of diabetes or on
episodes of hypoglycemia, and we only
had a single measurement of HbA1c, an
inherently time-varying measure. We
also were not able to evaluate the possible
impact of thiazolidinediones or hormone
replacement therapy because very few
participants used these medications in
our population.

Our study also has a number of
important strengths, including the large
prospective design and the geographically
diverse, biracial population, which in-
cluded both men and women. We had
substantial follow-up (median of 20
years), and our study was strengthened
by the comprehensive assessment of di-
abetes, glucose control, and medication
use. The availability of glucose and HbA1c

measurements allowed us to examine the
association with undiagnosed diabetes.
We also were able to control for impor-
tant confounders, including BMI and
waist-to-hip ratio, which were rigorously
measured in the ARIC Study.

In conclusion, we found that diag-
nosed, but not undiagnosed, diabetes was
associated with an increased risk of frac-
ture. Our results support recommenda-
tions from the American Diabetes
Association for assessment of fracture
risk and implementation of primary and
secondary prevention strategies in appro-
priate patient populations (28). Our
study also suggests that persons with
poor glycemic control (defined by
HbA1c $8% or the use of insulin) may
particularly benefit from aggressive pre-
vention efforts, regardless of age. A Co-
chrane review found that falls can be
prevented through exercise programs
that include a combination of at least
two of the following elements: strength,
balance, flexibility, or endurance (26).
Evidence from randomized controlled
trials also suggests that a combination of
strength and aerobic exercise training in
persons with diabetes may reduce frac-
ture risk (29). Further studies are needed
to understand if exercise interventions or
strategies to improve glycemic control
while minimizing hypoglycemic episodes
may prevent fractures among persons
with diabetes.
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Table 3dAdjusted hazard ratios for incident fracture hospitalization according to HbA1c

category and diabetes status in 1990–1992 (n = 13,508)

Status Category Adjusted HR (95% CI)

No self-reported history
of diabetes

HbA1c ,5.7% (n = 9,232) 1.00 (reference)
HbA1c 5.7–,6.5% (n = 2,466) 1.18 (0.99–1.42)
HbA1c $6.5% (undiagnosed
diabetes; n = 547) 1.05 (0.72–1.54)

Diagnosed diabetes HbA1c ,8.0% (n = 646) 1.00 (reference)
HbA1c $8.0% (n = 617) 1.63 (1.09–2.44)

Adjusted for age, sex, race/study center, BMI, sports activity tertile, alcohol consumption, cigarette smoking,
glucocorticoid or antidepressant use, and thiazide diuretic use.
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