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SUMMARY

Fractures and osteoarthritis (OA) are common conditions among older adults, account for considerable morbidity in the United States,
and occur more frequently with diabetes. At age 50 years, the lifetime risk of a hip fracture, an event associated with substantial risk
of increased disability, is 17% for women and 6% for men in the United States. Type 1 diabetes is characterized by lower bone mineral
density and an estimated sevenfold increase in the risk of hip fracture. In type 2 diabetes, in spite of average or higher bone density,
the risk of hip fractures is increased by about 70% and risk of non-spine fractures by about 20%.

An important clinical implication is that current methods of assessing fracture risk in older adults, which rely primarily on bone density,
tend to underestimate risk in those with type 2 diabetes. More frequent falls are observed in older adults with type 2 diabetes, and this is
likely a contributing factor to increased fracture risk. In addition, there is evidence from clinical and animal studies that diabetic bone is
more fragile for a given bone density, although the reasons for this increased fragility remain unclear.

Diabetes therapies may also influence skeletal health. In particular, thiazolidinediones are associated with increased fracture risk in
women. The effects of maintaining good glycemic control on fracture risk are not clearly established. Successful prevention of fractures
among those with diabetes may include interventions to reduce the risk of falls and to promote bone strength through physical activity
and proper nutrition, with use of pharmacological treatments in those at very high risk of fracture.

Over 20% of adults age 60—74 years have knee OA, a leading cause of disability in older adults, and the prevalence rises to >40% in
those with diabetes. OA and diabetes are both associated with overweight and obesity, and this may account at least in part for the
higher prevalence of OA among those with diabetes. In addition, both conditions are characterized by higher levels of inflammation.
Rheumatoid arthritis is also more common in those with diabetes, affecting about 8% of older adults without diabetes and 13% of those
with diabetes. Other joint problems, including Charcot joint (neuropathic arthropathy) and frozen shoulder, are less common but are also
seen more frequently in those with diabetes. Measures to prevent OA include weight reduction and physical activity. As with fractures,
the effects of maintaining glycemic control on OA are not clearly understood.
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INTRODUCTION

Health Burden and Economic

Costs of Fractures

Fractures are an important source of
mortality, morbidity, and health care costs
in older adults in the United States. Among
U.S. women at age 60 years, the median
estimated 10-year risk of a major osteo-
porotic fracture (hip, vertebral, wrist, or
humerus) is 22% (1). The lifetime risk of a
hip fracture at age 50 years has been esti-
mated as 17% in women and 6% in men (2).

Hip fractures are the most devastating
fracture in older adults. Mortality is higher
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in the year after a hip fracture in men
(37%) and women (26%) (3). Some of this
excess mortality is due to comorbidities in
those who experience hip fracture. About
25% of the excess mortality is estimated
to be causally related to the hip fracture
itself (4). Morbidity following hip fracture
is a serious concern. Most older adults

do not return to their functional status
before the hip fracture (5). Walking ability
in particular is decreased, with 50% of hip
fracture patients experiencing the need
for additional aid in walking a year after
the fracture (6). Patients with diabetes are
more likely to have a poor outcome after a

hip fracture. A study in the United States
found longer length of stay in the hospital
or rehabilitation facility, slower recovery of
functional status, and lower likelihood of
being discharged home in diabetic patients
with renal or neuropathy complications
compared with nondiabetic patients (7).

Vertebral fractures are also associated
with higher post-fracture mortality, largely
due to their association with physical
frailty and weight loss (8). Health-related
quality of life is reduced on average even
several years after a vertebral fracture

(9). Other fractures are associated
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with significant short-term morbidity,
measured as days of bed rest and
reduced activity, but do not appear to
have substantial long-term effects on
functional status (9,10).

The health care costs associated with treat-
ment of fractures in the United States are
substantial. Annual costs for an estimated
2 million incident fractures in those age
=50 years were approximately $17 billion in
2005 (11). Hip fractures represented 14%
of the total fractures but accounted for 72%
of total costs. Costs are predicted to rise
nearly 50% by 2025, driven in particular

by increases in the population age 65—74
years. Separate assessments of the costs
of fractures among those with diabetes

are not available. However, with the high
prevalence of diabetes in older adults, the
increased risk of incident fracture in those
with diabetes, and the greater likelihood

of poor recovery after a fracture, it is clear
that fractures in patients with diabetes
result in significant health care costs.

Frequent Falls and Bone Fragility
Increase Fracture Risk

Fractures result when the strength of a
bone is not sufficient to sustain a partic-
ular trauma. In older adults, bone strength
declines, and moderate trauma, often due
to a fall from standing height or less, may
be enough to cause a fracture. Ninety
percent of hip fractures are the result of
a moderate trauma fall (12). The majority
of wrist, pelvis, humerus, rib, leg, hand,
patella, ankle, elbow, and face fractures
are also due to a fall (13). On the other
hand, falls are common among older
adults, with one-third reporting at least
one fall per year, and most falls do not
result in injury. About 3%—5% of falls in
older adults result in a fracture; about 1%
result in hip fracture (14). Even with this
small proportion of falls that result in a
fracture, increased falling is a risk factor
for non-spine fractures (15).

Bone fragility contributes to fracture

risk, and bone mineral density (BMD),
measured by dual-energy x-ray absorpti-
ometry (DXA), is an established method
of assessing bone strength and predicting
fracture risk. BMD at the hip or spine is

often expressed as a BMD T-score, the
number of standard deviations below the
average BMD in healthy 20—29-year-old
non-Hispanic white women (16,17).

A negative T-score indicates BMD lower
than this young adult average. Using BMD,
osteoporosis was originally operationally
defined by the World Health Organization
as a femoral neck BMD T-score of -2.5 or
lower. This has since been expanded to
include total hip and lumbar spine BMD
T-scores of -2.5 or less. Osteoporosis

can also be identified based on a history
of low trauma fracture, particularly of
the spine or hip. In addition, Dr. Kanis
and colleagues have developed a frac-
ture prediction algorithm (FRAX) that
predicts the 10-year fracture risk of an
individual based on bone density and
other risk factors for fracture, including

age, sex, race/ethnicity, and body size (18).

A specific FRAX algorithm has been devel-
oped for the United States.

Sources of Fracture Data

Limited sources of data are available

in the United States that identify both
diabetes and fracture. The National
Health and Nutrition Examination
Surveys (NHANES) administered during
1999-2010 asked participants about a
history of fractures and also collected
data on diabetes status. Ascertainment
of prevalent fractures in the NHANES was
based solely on self-report without any
adjudication, which likely results in both
over- and underreporting of fractures
(19). A more important limitation of this
approach is the inability to distinguish
fractures that occurred before or after
the onset of diabetes. For the population
in nursing homes, the National Nursing
Home Survey (NNHS) conducted in
2004 included questions regarding the
occurrence of a hip or any other fracture
in the previous 180 days. Questions
were answered by the nursing home
staff familiar with a participating resident.
The staff members were asked to consult
medical records when providing answers
to the NNHS questions.

Identification of diabetes in the
NHANES is discussed in more detail in
Chapter 3 Prevalence and Incidence of

Type 2 Diabetes and Prediabetes. Briefly,
the NHANES includes a fasting plasma
glucose (FPG) test and glycosylated
hemoglobin (Alc) assay, as well as self-re-
ported diabetes diagnosis, and therefore
identifies those who were unaware of
their diabetes status. In certain years,
the NHANES also included a 2-hour oral
glucose tolerance test (OGTT) to identify
undiagnosed diabetes; however, this test
was not used for identifying diabetes in
this chapter. In the NHANES, it is difficult
to distinguish those with type 1 and type
2 diabetes. Participants who reported a
diagnosis of diabetes were not queried
regarding the type of diabetes. Since
fractures are primarily a concern in older
individuals, the analyses in this chapter
are limited to participants age =50 years.
In this age group, the great majority
(~99%) of participants reporting diabetes
have type 2 rather than type 1 diabetes.

For incident fracture, data on diabetes
status from the NHANES Il (1988—-1994)
and NHANES 1999-2004 were combined
with Medicare claims records to compare
fracture rates in participants age =65 years
(20). For analyses comparing fracture

rates in those with and without diabetes,
diabetes status was based on self-report
of a physician’s diagnosis of diabetes. For
analyses comparing those with diabetes,
prediabetes, and normal glucose levels,
diabetes status was based on self-report
and Alc levels. Participants were excluded
from analyses if they reported a previous
hip, wrist, or spine fracture (13%). The
prevalence of diagnosed diabetes was 15%
in people age =65 years. Only about 3% of
those with diagnosed diabetes appeared to
have type 1 diabetes, identified based on
age at diagnosis and exclusive use of insulin.

Additional sources of data for incident
fracture are longitudinal cohort studies in
populations of older adults. Data for this
chapter are provided from five cohorts in
the United States. Four are fixed cohorts
established for longitudinal studies of
older adults: the Women's Health Initiative
Observational Study (WHI-OS); the Study
of Osteoporaotic Fractures (SOF) in older
women; the Osteoporotic Fractures in Men
(MrQS) study; and the Health, Aging, and



Body Composition (Health ABC) study in
older men and women. The fifth cohort

is a dynamic population—the residents

of Rochester, Minnesota. Each cohort is
described in more detail in the following
sections. In the Rochester population,
fractures were identified by medical record
review. In the fixed cohorts, fractures

were first identified by self-report and then

adjudicated using medical records. All frac-

tures were adjudicated in SOF, MrOS, and
Health ABC:; only hip fracture was adju-
dicated in WHI-OS. Thus, specificity for
fracture is high in these studies, but some
fractures were likely not identified.

In the four fixed cohorts, diabetes was
ascertained by self-report of a diabetes
diagnosis and/or reported use of diabetes
medications. In MrQOS, an elevated fasting
serum glucose level (=126 mg/dL [=6.99
mmol/L]), measured in baseline serum
specimens, was also used to identify
diabetes. In Health ABC, elevated fasting
serum glucose (=126 mg/dL) and elevated
OGTT (=200 mg/dL [=11.10 mmol/L])
levels were used. In the Rochester,
Minnesota, population, diabetes was
determined by medical record review,
based on a record of diabetes diag-

nosis after age 30 years combined with
evidence of diabetes medication use

or elevated FPG (=140 mg/dL [=7.77
mmol/L]) or elevated OGTT (=200 mg/dL).
Those studies using only self-report of a
diagnosis or of diabetes medication use,
WHI-OS and SOF, probably misclassified
some participants with diabetes, who
were unaware of their status, as not
having diabetes.

TYPE 1 DIABETES AND

BONE COMPLICATIONS

Too few NHANES participants with
probable type 1 diabetes (diagnosis at
age <30 years, current use of insulin,
and started insulin use within 1 year of
diabetes diagnosis) were available in
whom to assess prevalence of fractures
or of low bone density.

A few longitudinal cohort studies in the
United States have reported relative hip
fracture rates among those with type 1
diabetes. The lowa Women's Health Study

of postmenopausal women defined type

1 diabetes as age at onset <30 years

and current use of insulin (21). The study
found that those with type 1 diabetes

had a 12 times higher rate of hip fracture
compared to those without diabetes in
models adjusted for age, body mass index
(BMI), and other factors (adjusted hazard
ratio [HR] 12.2, 95% confidence interval
[Cl] 5.0—29.7). The Nurses’ Health Study
followed women who were age 34—59
years in 1980 for up to 22 years for the
occurrence of hip fracture (22). Type 1
diabetes was defined based on age at
onset (<30 years), current use of insulin,
or being prone to ketosis. The incidence of
hip fracture in women with type 1 diabetes
was 383 per 100,000 person-years
compared to an incidence in nondiabetic
women of 59 per 100,000 person-years.
The multivariable adjusted hazard ratio
for hip fracture, comparing women

with type 1 diabetes and those without
diabetes, was 6.4 (95% Cl 3.9-10.3). In

a meta-analysis of type 1 diabetes and

hip fracture based on these two studies
from the United States and four additional
studies in Europe, the combined relative
risk for hip fracture associated with type

1 diabetes was 6.3 (95% Cl 2.6-15.1)

(23). Evidence regarding the association
between type 1 diabetes and incident frac-
ture at other skeletal sites is very limited.
No studies are available for U.S. popula-
tions. Studies in European populations
have generally reported an increased risk
of non-spine or all clinical fractures in type
1 diabetes, but the magnitude has ranged
from 1.3 (24) to 3.1 (25).

Smaller studies in the United States have
reported that type 1 diabetes is asso-
ciated with lower bone density in adult
women. Among middle-aged (average age
43 years) premenopausal women in the
ProHealth Study, recruited in Pittsburgh,
Pennsylvania, BMD was lower at the total
hip and femoral neck, but not at the spine,
in women with type 1 diabetes compared
with healthy controls (26). Similarly, among
younger premenopausal women (average
age 28 years) recruited in western New
York, total hip and femoral neck, but not
spine, BMD were lower in those with type 1
diabetes (27). Studies in the United States
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are not available for men, but reports
from other regions indicate that BMD

is lower in men with type 1 diabetes as
well (28). Consistent with these findings,
a meta-analysis of studies from North
America, Europe, and Australia found a
modest reduction in bone density among
those with type 1 diabetes (29). Average
BMD Z-score was -0.22 at the spine and
-0.37 at the total hip in those with type 1
diabetes. More frequent falls contribute to
fracture risk along with low bone density,
but studies of fall frequency in type 1
diabetes are not available.

The reasons for reduced BMD and
increased fracture risk with type 1
diabetes are not clearly understood.
Insulin is anabolic for bone, and lack of
insulin may contribute to bone fragility
(30). Hyperglycemia may have negative
effects on bone-forming cells (osteoblasts)
(31). Another potential source of bone
fragility is higher levels of advanced
glycation endproducts (AGEs) in bone
collagen. AGEs are the end result of reac-
tions between protein and sugar. They
accumulate in collagen throughout the
body, including bone collagen. Higher AGE
levels are found with older age and with
diabetes. Their presence in bone collagen
appears to change the material properties
of bone, potentially increasing the risk of
fracture (32,33,34).

TYPE 2 DIABETES AND

BONE COMPLICATIONS

Occurrence of Fractures

Prevalence of Fractures. Data were
analyzed for Diabetes in America, 3rd
edition, based on the NHANES 1999—-
2010, in which participants were asked
“Has a doctor ever told you that you had
broken or fractured your hip, wrist, or
spine?” Starting in 2005, participants
were also asked a separate question
about the occurrence of any other
fractures after age 20 years. Fracture
reports were not adjudicated but relied
solely on self-report. Studies that have
compared self-report of fractures with
medical records have found that fractures
may be over- and underreported (19). In

a cohort of older women, about 11% of
self-reported fractures were not confirmed
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when radiographs were examined (35).
A common pattern of overreporting is an
injury event with radiographs showing
no fracture, while the participant reports
that a fracture occurred. Studies have
also documented a failure to report
fractures. About 7% of fractures found
through review of medical records were
not reported by participants (36,37).

For the NHANES analyses, all fractures
were included regardless of the degree
of trauma involved. Fractures resulting
from higher trauma events, such as a car
accident or fall from a ladder, are also
associated with lower bone density (38).

These data available from the NHANES
provide the prevalence, not the incidence,
of fracture. Among participants who also
reported diabetes, a prevalent fracture may
have occurred before the onset of diabetes.
Similarly, prevalent fractures in participants
with prediabetes may have occurred before
the development of prediabetes.

In these analyses of NHANES data,

the definition of diabetes is based on
self-report of diabetes, an elevated

FPG (=126 mg/dL), or an elevated Alc
(=6.5% [=48 mmol/mol]) test. Additional
participants may have been identified
with diabetes if the 2-hour OGTT had also
been considered in defining diabetes.
However, FPG and Alc are the tests
commonly used to identify diabetes in
clinical practice. Both type 1 and type 2
diabetes are included in the NHANES data.
In the age range considered (=50 years),
the overwhelming majority of participants
had type 2 diabetes. In the NHANES
1999-2010, 0.7% of those with diagnosed
diabetes matched the definition of
probable type 1 diabetes.

Based on NHANES data, older adults
with diabetes were more likely to
report a history of hip fracture, but
the differences were not statistically
significant (Table 32.1). Among adults
age =50 years in the United States,
2.2% of those with diabetes, 2.0%
with prediabetes (defined by FPG
100-125 mg/dL [5.55—-6.94 mmol/L]
or Alc 5.7%—6.4% [39—46 mmol/mol]),
and 1.4% with normal glucose levels

TABLE 32.1. Percent With a History of Hip Fractures Among Adults Age =50 Years, by
Diabetes Status, Age, and Sex, U.S., 1999-2010

PERCENT (STANDARD ERROR)

CHARACTERISTICS All Diabetes Prediabetes Normal Glucose
Overall 2.2(0.32) 2.0(0.33) 1.4(0.31)
Age (years)

50-64 1.6(0.42) 1.0(0.32) 0.6 (0.27)?

65-74 1.9 (0.61) 2.2 (0.66) 1.5(0.63)2

=75 4.0(0.82) 46(1.22) 49(1.35)
Sex

Men 2.5(0.50) 2.2 (0.44) 1.2 (0.42)

Women 1.9(0.36) 1.8 (0.42) 1.5(0.40)

Hip fractures are self-reported. Diabetes is based on self-report, Alc =6.5%, or FPG =126 mg/dL. Prediabetes is
based on Alc 5.7%—6.4% or FPG 100-125 mg/dL. Normal glucose is defined as Alc <5.7% and FPG <100 mg/dL.
Conversions for Alc and glucose values are provided in Diabetes in America Appendix 1 Conversions. Alc, glyco-
sylated hemoglobin; FPG, fasting plasma glucose.

All p>0.05 (not significant) compared to participants with normal glucose levels

! Relative standard error >30%—40%

2 Relative standard error >40%—-50%

SOURCE: National Health and Nutrition Examination Surveys 1999-2010

FIGURE 32.1. Percent With a History of Hip, Wrist, or Spine Fractures Among Adults Age
=50 Years, by Diabetes Status, U.S., 1999-2010

M All diabetes
Prediabetes

Diagnosed diabetes
M Normal glucose

B Undiagnosed diabetes

251

Percent

Diabetes Status

Fractures and diagnosed diabetes are self-reported. Undiagnosed diabetes is based on Alc =6.5% or FPG =126
mg/dL without self-report of diabetes. Prediabetes is based on Alc 5.7%—6.4% or FPG 100125 mg/dL. Normal
glucose is defined as Alc <5.7% and FPG <100 mg/dL. Error bars represent 95% confidence intervals. Conversions
for Alc and glucose values are provided in Diabetes in America Appendix 1 Conversions. Alc, glycosylated hemo-

globin; FPG, fasting plasma glucose.

*

p<0.05 compared to participants with normal glucose levels

SOURCE: National Health and Nutrition Examination Surveys 1999-2010

have experienced a hip fracture (not
significantly different). Numbers were too
small to estimate hip fracture rates by
race/ethnicity for all groups.

The prevalence of any hip, spine, or wrist
fracture, the most common fractures
among older adults, was also higher
among those with diabetes (14.6%,
p<0.05) and prediabetes (14.9%, p<0.05)
compared to those with normal glucose
levels (12.0%) (Figure 32.1, Table 32.2).

The prevalence of any fracture was not
higher in those with diabetes (39.3%)

or prediabetes (40.4%) compared with
normal glucose levels (40.7%), consid-
ering all participants together (Table
32.3). When results were considered
separately by sex, women had a higher
prevalence of any fracture with diabetes
(39.2%) compared with normal glucose
levels (35.6%), but this difference was not
statistically significant. In men, prevalence
of any fracture was lower with diabetes
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TABLE 32.2. Percent With a History of Hip, Wrist, or Spine Fractures Among Adults Age =50 Years, by Diabetes Status, Age, Sex, and
Race/Ethnicity, U.S., 1999-2010

PERCENT (STANDARD ERROR)

CHARACTERISTICS All Diabetes Diagnosed Diabetes Undiagnosed Diabetes Prediabetes Normal Glucose
Overall 14.6 (0.85)* 13.7 (0.86) 16.7 (1.96)* 14.9 (0.96)* 12.0(0.90)
Age (years)

50-64 12.6 (1.11) 12.0(1.15) 14.1 (3.08) 12.6 (1.33) 10.9 (1.06)
65-74 16.9 (1.85)* 15.1 (1.74)* 21.6 (4.05) 15.5 (1.62)* 10.3 (1.64)
=75 15.6 (1.12) 15.4(1.37) 16.1 (2.81) 20.8 (1.70) 19.4 (2.23)
Sex
Men 15.5(1.12) 14.6 (1.18) 17.1 (2.65) 14.5 (1.06) 14.1(1.74)
Women 13.6(1.16) 12.8 (1.26) 16.2 (2.84) 15.3(1.39)* 10.8 (0.99)
Race/ethnicity
Non-Hispanic white 17.1 (1.09 16.2 (1.13)* 19.0 (2.52) 159 (1.11)* 12.4(1.05)
Non-Hispanic black 6.5 (0.95) 5.8 (0.98) 8.8 (2.57) 6.8 (1.49) 6.1(1.43)
All Hispanic 10.0 (1.33) 10.5(1.43) 8.4(2.33) 12.4 (1.85) 12.1 (2.69)
Mexican American 11.1(1.53) 11.0 (1.58) 11.5(2.96) 11.0 (1.57) 11.9 (2.43)

Fractures and diagnosed diabetes are self-reported. Undiagnosed diabetes is based on Alc =6.5% or FPG =126 mg/dL without self-report of diabetes. Prediabetes is based on Alc
5.7%—6.4% or FPG 100-125 mg/dL. Normal glucose is defined as Alc <5.7% and FPG <100 mg/dL. Conversions for Alc and glucose values are provided in Diabetes in America
Appendix 1 Conversions. Alc, glycosylated hemoglobin; FPG, fasting plasma glucose.

* p<0.05 compared to participants with normal glucose levels

All relative standard errors <30%

SOURCE: National Health and Nutrition Examination Surveys 1999-2010

TABLE 32.3. Percent With a History of Any Fractures Among Adults Age =50 Years, by Diabetes Status, Age, Sex, and Race/Ethnicity, U.S.,
2005-2010

PERCENT (STANDARD ERROR)

CHARACTERISTICS All Diabetes Diagnosed Diabetes Undiagnosed Diabetes Prediabetes Normal Glucose
Overall 39.3 (1.45) 37.4(1.79) 43.8(3.22) 40.4 (1.94) 40.7 (2.65)
Age (years)

50-64 36.4(1.89) 35.1(2.75) 39.6 (4.21) 38.9 (2.60) 40.9(3.14)

65-74 42.5(2.63) 39.7 (2.90) 49.9 (7.36) 39.1(3.14) 35.6(3.78)

=75 41.2 (2.10) 39.4(2.67) 449 (4.45) 46.8 (2.90) 45,9 (3.84)
Sex

Men 39.3(2.21) 37.2 (2.54) 435 (4.34) 41.7 (2.10) 48.8 (3.68)

Women 39.2(1.92) 376 (2.19) 44.1 (5.24) 39.2 (2.93) 35.6(3.23)

Race/ethnicity
Non-Hispanic white 46.3(1.87) 44.5 (2.08) 50.2 (4.53) 43.8(2.13) 43.7 (2.95)
Non-Hispanic black 24.7 (2.11) 24.6 (2.32) 25.1 (5.50) 24.8 (2.84) 19.0(3.98)
All Hispanic 26.9 (3.09) 29.3(3.48) 19.8 (3.45) 24.7 (2.97) 28.8 (4.62)
Mexican American 26.7 (2.80) 29.0 (2.85) 21.0 (4.64) 26.1(3.81) 31.0 (5.48)

Fractures and diagnosed diabetes are self-reported. Undiagnosed diabetes is based on Alc =6.5% or FPG =126 mg/dL without self-report of diabetes. Prediabetes is based on Alc
5.7%—6.4% or FPG 100-125 mg/dL. Normal glucose is defined as Alc <5.7% and FPG <100 mg/dL. Conversions for Alc and glucose values are provided in Diabetes in America
Appendix 1 Conversions. Alc, glycosylated hemoglobin; FPG, fasting plasma glucose.

* p<0.05 compared to participants with normal glucose levels

All relative standard errors <30%

SOURCE: National Health and Nutrition Examination Surveys 2005-2010

(39.3%, p<0.05) compared with normal TABLE 32.4. Age-Standardized Percent of Nursing Home Residents With Fractures in the
glucose levels (48.8%). Past 180 Days, by Diabetes Status and Sex, U.S., 2004

. . S PERCENT (STANDARD ERROR)
Nursing home residents are at high risk of " W
hip and other fractures. NNHS 2004 data en omen
were analyzed for Diabetes in America Diabetes No Diabetes Diabetes No Diabetes
About 2% of residents had a hip fracture Hip fracture in past 180 days 1.9(0.73) 1.8(0.30) 1.4(0.28) 2.0(0.19)
in the previous 180 days, and about 4% Any fracture in past 180 days 3.5(0.89) 3.7 (0.45) 3.9(0.49) 4.2 (0.29)
had any fracture in the same time period History of fractures and diabetes status are based on medical records. Diabetes status is based on International

Classification of Diseases, Ninth Revision (ICD-9), codes 250, 357.2, 362.0, 366.41, 648.0, or 775.1. Data are
(Table 32'4)' The prevglence was not age-standardized to the National Nursing Home Survey 2004 whole population using age categories <64, 65—74,
higher in those with diabetes. 75-84, and =85 years.

! Relative standard error >30%—40%

SOURCE: National Nursing Home Survey 2004
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Incidence of Fractures. NHANES data,
combined with Medicare claim records,
have also been used to assess the rela-
tionship between diabetes and incident
fracture (20). Fractures of the skull were
excluded; other fractures were included
regardless of trauma level. Models were
adjusted for age, sex, survey (NHANES IlI
[1988-1994] or NHANES 1999-2004),
BMI, physical activity, hospital visits in
the past year, and smoking. In these anal-
yses, the relationship between diagnosed
diabetes and incident fracture differed by
race/ethnicity (p for interaction<0.05), but
not by age or sex. Increased fracture risk
with diabetes was found in non-Hispanic
blacks and Mexican Americans. There
was a modest increase in fracture risk
among non-Hispanic whites, but it was
not statistically significant. The hazard
ratios, comparing those with and without
diabetes, were 1.22 (95% Cl 0.93-1.61)
for non-Hispanic whites, 1.87 (95% ClI
1.02-3.40) for non-Hispanic blacks, and
2.37 (95% Cl 1.49-3.75) for Mexican
Americans (Table 32.5) (20). Because of
small numbers, hip fracture risk was only
assessed in non-Hispanic whites (HR 1.35,
95% Cl 0.82-2.22).

In additional analyses, diabetes status
was determined by Alc level in addition
to self-report. Incident fracture rates were
compared for three groups—diabetes,
prediabetes and normal glucose—

in non-Hispanic whites and Mexican
Americans (Table 32.5) (20). Numbers
were too small to consider these cate-
gories among non-Hispanic blacks. The
results comparing those with diabetes
(based on self-report or Alc) and normal
glucose were similar to results for
diagnosed diabetes (self-report alone).
Fracture incidence was not statistically
different in those with prediabetes and

normal glucose in either race/ethnic group.

The hazard ratios comparing those with
prediabetes and normal glucose were
1.20 (95% Cl 0.96-1.51) for non-Hispanic
whites and 1.42 (95% Cl 0.72—-2.81) for
Mexican Americans.

Comparisons of the incidence of fracture
in those with and without diabetes have
also been assessed from longitudinal

TABLE 32.5. Diabetes, Prediabetes, and Relative Risk of Incident Fracture Among Adults
Age =65 Years, by Race/Ethnicity, U.S., 1988-1994 and 1999-2004

RELATIVE RISK ADJUSTED FOR

RELATIVE RISK MULTIVARIABLE

RACE/ETHNICITY AGE, SEX, AND SURVEY (95% ClI) ADJUSTED* (95% Cl)
Diagnosed diabetest
Non-Hispanic white 1.17 (0.89-1.52) 1.22(0.93-1.61)
Non-Hispanic black 1.86 (1.05-3.30) 1.87 (1.02-3.40)
Mexican American 2.29 (1.41-3.73) 2.37 (1.49-3.75)
Diabetes statust
Non-Hispanic white
Diabetes 1.12 (0.89-1.42) 1.20(0.94-1.53)
Prediabetes 1.17 (0.93-1.47) 1.20(0.96-1.51)
Normal glucose (ref) 1.00 1.00
Mexican American
Diabetes 2.22 (1.35-3.64) 2.70(1.70-4.31)
Prediabetes 1.14 (0.55-2.36) 1.42 (0.72-2.81)
Normal glucose (ref) 1.00 1.00

Incident fractures, defined as any clinical fracture except skull, were identified in Medicare claim records. Data
include participants of the NHANES I1I (1988-1994) and NHANES 1999-2004; participants were excluded from
analyses if they reported a previous hip, wrist, or spine fracture. Alc, glycosylated hemoglobin; Cl, confidence

interval.

* Adjusted for age, sex, survey, body mass index, physical activity, hospital visits in past year, and smoking.

1 Self-reported physician diagnosis of diabetes. Reference groups are participants without diagnosed diabetes.

T Diabetes is based on self-report or Alc =6.5%. Prediabetes is based on Alc 5.7%—6.4%. Normal glucose is defined
as Alc <5.7%. Conversions for Alc values are provided in Diabetes in America Appendix 1 Conversions.

SOURCE: Adapted from Reference 20, copyright © 2016 Elsevier, reprinted with permission

studies that identified fracture events
during follow-up of cohorts of older
women and men. The WHI-0S, a cohort
of women age 50—7/9 years at baseline,
provides the largest study of diabetes
and fracture incidence in the United
States (39). The cohort included 93,405
older women, including 5,285 women
with diabetes, who were followed for inci-
dent fractures for an average of 7 years.
Fractures were first identified by self-
report at annual clinic visits. Hip fracture
reports, but not those for other fracture
sites, were adjudicated by review of
medical records. Fractures were included
regardless of degree of trauma since lower
BMD is associated with fracture risk in
high as well as low trauma fracture cases
(38). Diabetes was ascertained based on
participant report of a diabetes diagnosis
or use of diabetes medication. In models
adjusted for age, women with diabetes
had a 30% increased rate of any fracture
(age-adjusted relative risk [RR] 1.3, 95%
Cl 1.2-1.4) (Table 32.6). Diabetes was
associated with an increased fracture
rate in non-Hispanic black women and in
non-Hispanic white women. The rate of
hip fracture was elevated in women with
diabetes (age-adjusted RR 1.4, 95% Cl
1.2-1.7) (Table 32.7). Fractures at other
specific sites considered, including ankle,

foot, shoulder, and clinical spine, were
also elevated, with the exception of wrist/
forearm fractures. The unadjusted inci-
dence rates for hip and non-spine fracture
among WHI-OS women with diabetes,
including follow-up from baseline (1993—
1998) to 2010, are provided in Tables 32.8
and 32.9 (A. Schwartz, unpublished data).

The association between diabetes and
fracture has also been studied in men in
the United States, although these studies
have been smaller than the WHI-OS. The
largest study to date followed men in
Rochester, Minnesota, with diabetes
(N=992) for up to 30 years for incident
fractures (40). Fractures were identified
from medical records of inpatient and
outpatient visits. Those due to excessive
trauma were excluded. Diabetes was
ascertained from medical record review,
based on a record of diabetes diag-
nosis after age 30 years combined with
evidence of elevated FPG (=140 mg/dL)
or OGTT (=200 mg/dL) or evidence of
diabetes medication use. Their fracture
rate was compared with the rate for the
broader population of men in Rochester
adjusted for age (40). Men with diabetes
had an increased rate of any fracture (RR
1.4, 95% Cl 1.3-1.6) and of hip fracture
(RR 1.4, 95% CI 1.0-1.9) compared to
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TABLE 32.6. Diabetes and Relative Risk of Incident Fracture in Older Adults in Five U.S. Cohorts

AGE AT BASELINE NUMBER OF PARTICIPANTS RELATIVE RISKADJUSTED  RELATIVE RISK ADJUSTED

COHORT, YEARS (YEARS) WITH DIABETES FOR AGE (95% Cl) FOR AGE AND BMD (95% ClI)
Men
Rochester*, 1970-2007 30-97 992 1.4(1.3-1.6) NA
MrOSt, 2000-2009 =65 881 1.1(0.9-1.3) 1.3(1.1-1.5)
Women
WHI-0S*, 1993-2004 =65 5,285 1.3(1.2-1.4) 1.2 (1.0-1.6)f
Rochester*, 1970-2007 30-97 972 1.3(1.2-1.4) NA
SOFt, 1998-2008 =65
Not using insulin 551 1.2 (1.0-1.4) 1.3(1.1-1.5)
Using insulin 106 1.6(1.1-2.2) 1.7 (1.2-2.4)
Men and women
Health ABC*, 1997-2007 70-79 566 1.2 (0.8-1.9)§ 1.7 (1.1-2.6)§

BMD, bone mineral density; Cl, confidence interval; Health ABC, Health, Aging, and Body Composition Study; MrOS, Study of Osteoporosis in Men; NA, not available; Rochester,
residents of Rochester, Minnesota; SOF, Study of Osteoporotic Fractures; WHI-OS, Women'’s Health Initiative Observational Study.

* Any clinical fracture

T Non-vertebral fracture

F Subgroup of women (N=6,394) with BMD measurements, including 472 women with diabetes

§ Also adjusted for sex

SOURCE: References 39, 40, 41, 56, and 64

TABLE 32.7. Diabetes and Relative Risk of Hip Fracture in Older Adults in Three U.S. Cohorts

AGE AT BASELINE NUMBER OF PARTICIPANTS RELATIVE RISK, ADJUSTED  RELATIVE RISK, ADJUSTED

COHORT, YEARS (YEARS) WITH DIABETES FOR AGE (95% Cl) FOR AGE AND BMD (95% Cl)
Men
Rochester, 1970-2007 30-97 992 1.4 (1.0-1.9) NA
Women
WHI-0S, 1993-2004 =65 5,285 1.4 (1.2-1.7) 1.8(0.9-3.6)*
Rochester, 1970-2007 30-97 972 1.0(0.8-1.2) NA
SOF, 1998-2008 =65
Not using insulin 551 1.5(1.1-2.0) 1.8(1.3-2.5)
Using insulin 106 1.3(0.6-2.8) 1.7 (0.8-3.8)

BMD, bone mineral density; Cl, confidence interval; NA, not available; Rochester, residents of Rochester, Minnesota; SOF, Study of Osteoporotic Fractures; WHI-OS, Women'’s
Health Initiative Observational Study.
* Subgroup of women (N=6,394) with BMD measurements, including 472 women with diabetes

SOURCE: References 39, 40, and 41

TABLE 32.8. Hip Fracture Rates in Older Women, by Diabetes Status, Age, and Race, in Four U.S. Cohorts

DIABETES NO DIABETES
AGE Number With Incidence Rate* Number With Incidence Rate*
COHORT, YEARS RACE (YEARS) Hip Fracture (95% Cl) Hip Fracture (95% Cl)
WHI-0S, 1993-2010 White 65-79 91 3.9(3.2-4.9) 1,035 2.0(1.9-21)
>80 52 13.5(10.3-17.7) 770 8.6(8.0-9.2)
Black =65 10 1.7 (0.9-3.1) 32 0.8 (0.6-1.2)
SOF, 1998-2008 White 65-79 33 7.0 (5.0-9.9) 333 4.7 (4.2-5.2)
=80 62 20.4 (15.9-26.2) 1,008 17.6 (16.5-18.7)
Black =65 4 4.3(1.6-11.5) 13 2.6 (1.5-4.4)
Health ABC, 1997-2007  White =70 9 12.7 (6.6—24.4) 71 9.1(7.2-11.5)
Black =70 13 8.4 (4.9-14.5) 18 3.4(2.1-5.3)
Rochester, 1970-1994 White 30-64 5 1.1(0.4-2.6) T
65-79 18 4.2 (2.5-6.7) T
>80 42 19.6 (14.1-26.4) 1

Cl, confidence interval; Health ABC, Health, Aging, and Body Composition Study; Rochester, residents of Rochester, Minnesota; SOF, Study of Osteoporotic Fractures; WHI-0S,
Women’s Health Initiative Observational Study.

*Incidence of first hip fracture during follow-up, per 1,000 person-years

T No participants without diabetes were included in the study.

SOURCE: A. Schwartz, unpublished analyses of data from the WHI-OS, SOF, and Health ABC studies. E. Atkinson, unpublished analyses of data from the Rochester study.
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TABLE 32.9. Non-Spine Fracture Rates in Women, by Diabetes Status, Age, and Race, in Four U.S. Cohorts

AGE
COHORT, YEARS RACE (YEARS)
WHI-0S, 1993-2010 White 50-64
65-79
=80
Black 50-64
65-79
>80
SOF, 1998-2008 White 65-79
=80
Black =65
Health ABC, 1997-2007 White =70
Black =70
Rochester, 1970-1994 White 30-64
65-79
=80

DIABETES
Number With Incidence Rate*
Fracture (95% Cl)

203 28.6 (25.0-32.9)
735 38.6 (35.9-41.5)
155 55.9 (47.8-65.4)
52 15.6 (11.9-20.5)
89 18.5(15.0-22.8)
20 38.7 (25.0-60.0)
167 44,3 (38.1-51.6)
130 67.5 (56.8—-80.1)
16 18.3(11.2-29.9)

30 50.1 (35.0-71.6)
30 20.9 (14.6-29.9)
94 23.7 (19.2-29.0)
109 30.9 (25.4-37.3)
108 65.6 (53.8-79.2)

NO DIABETES
Number With Incidence Rate*
Fracture (95% Cl)

4,669 19.4 (18.9-20.0)
12,673 29.0 (28.5-29.5)
3,239 52.0 (50.2-53.8)
293 11.4(10.2-12.8)
438 14.3 (13.0-15.7)
84 24.6 (19.9-30.5)
2,030 36.0 (34.5-37.6)
1,911 51.8 (49.6-54.2)
77 17.0 (13.6-21.2)
212 30.6 (26.7-35.0)
64 12.6 (9.9-16.1)

t

t

t

Cl, confidence interval; Health ABC, Health, Aging, and Body Composition Study; Rochester, residents of Rochester, Minnesota; SOF, Study of Osteoporotic Fractures; WHI-0S,

Women'’s Health Initiative Observational Study.

*Incidence of first non-spine fracture during follow-up, per 1,000 person-years
T No participants without diabetes were included in the study.

SOURCE: A. Schwartz, unpublished analyses of data from the WHI-OS, SOF, and Health ABC studies. E. Atkinson, unpublished analyses of data from the Rochester study.

men in the broader population (Tables
32.6 and 32.7). The unadjusted incidence
rates for hip and non-spine fracture
among male Rochester residents with
diabetes are provided in Tables 32.10 and
32.11 (E. Atkinson, unpublished data).

Several smaller cohorts have also exam-
ined the association between diabetes
and incident fracture in the United States,
using models that accounted for BMD.
They include the SOF, a cohort of women
age =65 years at baseline; MrOS, men
age =65 years at baseline; and the Health
ABC study that followed well-functioning

adults age 70—79 years at baseline (39,41).

In these three cohorts, participants were
queried at regular intervals (every 4
months in SOF and MrOS by postcard;

every year in Health ABC during a clinic

or phone visit) regarding the occurrence
of fractures. Reported fractures were

then adjudicated using medical records.
Fractures were included regardless of
degree of trauma (38). In all three cohorts,
diabetes was ascertained based on self-
report of a diagnosis or use of diabetes
medication. In MrOS, an elevated fasting
serum glucose (=126 mg/dL) was also
used to identify participants with diabetes.
In Health ABC, an elevated fasting serum
glucose (=126 mg/dL) or OGTT (=200
mg/dL) was also used. The unadjusted
incidence rates for hip fracture in these
cohorts, stratified by diabetes status

and sex, are provided in Tables 32.8 and
32.10 (A. Schwartz, unpublished data).
The unadjusted incidence rates for all

non-spine fractures are provided in Tables
32.9 and 32.11 (A. Schwartz, unpublished
data). When the incidence of fractures

in those with and without diabetes was
compared in age-adjusted models, the
relative rate of non-spine fracture was
only statistically elevated among diabetic
participants in the SOF, not in MrOS or
Health ABC. However, with adjustment
for BMD, the relative rates of fracture
were generally increased compared with
the age-adjusted models and all were
statistically significant, with adjusted rela-
tive rates ranging from 1.2 to 1.7 (Table
32.6). In other words, for a given level of
BMD, those with diabetes had a higher
fracture rate than those without diabetes.
As discussed in the next section, BMD
tends to be higher in those with diabetes,

TABLE 32.10. Hip Fracture Rates in Older Men, by Diabetes Status, Age, and Race, in Three U.S. Cohorts

AGE
COHORT, YEARS RACE (YEARS)
Mr0S, 2000-2009 White =65
Health ABC, 1997-2007  White =70
Black =70
Rochester, 1970-1994 White 30-64
65-79
>80

DIABETES
Number With Incidence Rate*
Hip Fracture (95% Cl)
28 4.6 (3.1-6.6)
12 7.5(4.3-13.2)
4 3.3(1.3-8.9)
2 0.4 (0.05-1.4)
24 5.0 (3.2-7.4)
14 12.0 (6.5-20.1)

NO DIABETES
Number With Incidence Rate*
Hip Fracture (95% Cl)
155 37 (3.1-4.3)
39 5.4(3.9-7.3)
11 3.2(1.8-5.8)
t
T
T

Cl, confidence interval; Health ABC, Health, Aging, and Body Composition Study; MrOS, Study of Osteoporosis in Men; Rochester, residents of Rochester, Minnesota.
*Incidence of first hip fracture during follow-up, per 1,000 person-years
T No participants without diabetes were included in the study.

SOURCE: A. Schwartz, unpublished analyses of data from the MrOS and Health ABC studies. E. Atkinson, unpublished analyses of data from the Rochester study.
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TABLE 32.11. Non-Spine Fracture Rates in Older Men, by Diabetes Status, Age, and Race, in Three U.S. Cohorts

AGE
COHORT, YEARS RACE (YEARS)
Mr0S, 20002009 White 65-79
>80
Health ABC, 1997-2007 White >70
Black =70
Rochester, 1970-1994 White 30-64
65-79
=80

DIABETES NO DIABETES
Number Incidence Rate* Number Incidence Rate*
With Fracture (95% Cl) With Fracture (95% Cl)

52 14.7 (11.2-19.3) 320 13.1(11.8-14.6)
56 25.0 (19.2-32.4) 387 25.2 (22.8-27.9)
25 16.3 (11.0-24.1) 103 14.7 (12.8-17.9)
11 9.4 (5.2-17.0) 21 6.2 (4.1-9.6)
78 16.8 (13.3-21.0) T
105 25.3 (20.7-30.6) T
40 39.3 (28.1-53.5) T

Cl, confidence interval; Health ABC, Health, Aging, and Body Composition Study; MrOS, Study of Osteoporosis in Men; Rochester, residents of Rochester, Minnesota.
* Incidence of first non-spine fracture during follow-up, per 1,000 person-years
T No participants without diabetes were included in the study.

SOURCE: A. Schwartz, unpublished analyses of data from the MrOS and Health ABC studies. E. Atkinson, unpublished analyses of data from the Rochester study.

but this higher BMD does not provide the
same protection from fracture risk as it
does in those without diabetes.

A meta-analysis of the association between
diabetes and hip fracture incidence, based
on 12 studies from Europe, the United
States, and Australia, reported a combined
relative risk of hip fracture of 1.7 (95% ClI
1.3-2.2) comparing those with and without
type 2 diabetes (23). Type 2 diabetes was
also associated with a modest increase in
the risk of all non-spine fractures (RR 1.2,
95% Cl 1.01-1.5), based on a meta-
analysis of eight studies (23).

Bone Mineral Density

BMD is usually measured in the clinic
using DXA, an x-ray imaging tool, and is
the basis for identifying increased frac-
ture risk in older adults. Femoral neck
BMD T-score is an index that compares
measured BMD to the average BMD in
healthy 20—29-year-old non-Hispanic
white women. A negative T-score indicates
BMD lower than this young adult average.
Osteoporosis is defined as a femoral neck
BMD T-score of -2.5 or lower, or history
of a low trauma hip or spine fracture.

A T-score higher than -2.5 but lower than
-1.0 is considered “low bone density.”

BMD of the femoral neck was measured
using DXA in the NHANES 2005—-2008
(42) and analyzed for Diabetes in America.
Osteoporosis, defined as femoral neck
BMD T-score less than -2.5, was present in
3.5% of adults with diabetes and 4.9% of
those with normal glucose levels (Figure
32.2, Table 32.12). A lower prevalence

of osteoporosis in those with diabetes

FIGURE 32.2. Percent With Osteoporosis Among Adults Age =50 Years, by Diabetes
Status, U.S., 2005-2008
M All diabetes

Prediabetes B Normal glucose

Percent

Diabetes Status

Osteoporosis is based on femoral neck BMD T-score -2.5 or less. Diabetes is based on self-report, Alc =6.5%, or FPG
=126 mg/dL. Prediabetes is based on Alc 5.7%—6.4% or FPG 100—125 mg/dL. Normal glucose is defined as Alc
<b5.7% and FPG <100 mg/dL. Error bars represent 95% confidence intervals. Conversions for Alc and glucose values
are provided in Diabetes in America Appendix 1 Conversions. Alc, glycosylated hemoglobin; BMD, bone mineral
density; FPG, fasting plasma glucose.

SOURCE: National Health and Nutrition Examination Surveys 2005—2008

TABLE 32.12. Percent With Osteoporosis Among Adults Age =50 Years, by Diabetes
Status, Age, and Sex, U.S., 2005-2008

PERCENT (STANDARD ERROR)

CHARACTERISTICS All Diabetes Prediabetes Normal Glucose
Overall 3.5(0.77) 4.1(0.53) 4.9(0.84)
Age (years)

50-64 0.9 (0.42)? g 1.4 (0.70)?

65-74 3.4 (1.25)! 2.6(1.11)2 6.9 (3.15)?

=75 10.0 (2.58)* 19.4 (2.56) 24.9 (4.83)
Sex

Men 1.1(0.35) 1.8(0.46) 1.0 (0.45)2

Women 6.4(1.42) 6.7 (0.97) 7.6 (1.41)

Osteoporosis is based on femoral neck BMD T-score -2.5 or less. Diabetes is based on self-report, Alc =6.5%, or FPG
=126 mg/dL. Prediabetes is based on Alc 5.7%—6.4% or FPG 100—-125 mg/dL. Normal glucose is defined as Alc
<5.7% and FPG <100 mg/dL. Conversions for Alc and glucose values are provided in Diabetes in America Appendix
1 Conversions. Alc, glycosylated hemoglobin Alc; BMD, bone mineral density; FPG, fasting plasma glucose.

* p<0.05 compared to participants with normal glucose levels

1 Relative standard error >30%—40%

2 Relative standard error >40%-50%

3 Estimate is too unreliable to present; <1 case or relative standard error >50%.

SOURCE: National Health and Nutrition Examination Surveys 20052008

32-9



DIABETES IN AMERICA, 3rd Edition

compared with normal glucose levels was
evident in those age =75 years (10.0% vs.
24.9%, p<0.05). A similar trend was seen
in those age 65—74 years, but the differ-
ence was not statistically significant.

The proportion of adults age =50 years
with low bone density, defined as a
femoral neck BMD T-score between -2.5
and -1.0, was lower in those with diabetes
compared with normal glucose levels
among women (36.2% vs. 54.7%, p<0.05),
but did not differ in men (28.5% vs. 27.2%,
p>0.05) (Figure 32.3, Table 32.13). The
proportion with low bone density was
consistently lower in those with diabetes
across age groups.

Two published meta-analyses of studies
that included the United States and other
regions of the world reported that type 2
diabetes is associated with higher bone
density at the spine and hip (29,43). Larger
body size is associated with higher BMD,
which accounts for some of the reduced
prevalence of osteoporosis and low bone
density in those with diabetes. However,
several studies have reported higher
BMD with diabetes even after adjustment
for BMI (44,45,46,47). Insulin is mildly
anabolic for bone, and hyperinsulinemia
may contribute to higher BMD (48).

Fall Frequency

Falls are a risk factor for fracture. Although
most falls in older adults do not result

in a serious injury, most fractures are
caused by a fall (13). In studies of older
adults, those with diabetes appear to fall
more often. Most of these studies have
defined a fall as “an unexpected event

in which the participants come to rest

on the ground, floor, or lower level” (49).

However, these studies generally rely on
self-report to assess falls, and individual
interpretations of this definition may differ.

In the NHANES 1999-2004, participants
were asked “During the past 12 months
have you had any difficulty with falling?”
This question probably did not capture

all of those who fell in the previous year,
since some participants might not view a

FIGURE 32.3. Percent With Low Bone Density Among Adults Age =50 Years, by Diabetes

Status, U.S., 2005-2008

M All diabetes
Prediabetes

Percent

Diagnosed diabetes
B Normal glucose

I Undiagnosed diabetes

Diabetes Status

Low bone density (osteopenia) is based on femoral neck BMD T-score -2.5 to -1. Diagnosed diabetes is self-reported.
Undiagnosed diabetes is based on Alc =6.5% or FPG =126 mg/dL without self-report of diabetes. Prediabetes is based
on Alc 5.7%—6.4% or FPG 100-125 mg/dL. Normal glucose is defined as Alc <5.7% and FPG <100 mg/dL. Error

bars represent 95% confidence intervals. Conversions for Alc and glucose values are provided in Diabetes in America
Appendix 1 Conversions. Alc, glycosylated hemoglobin; BMD, bone mineral density; FPG, fasting plasma glucose.

*

p<0.05 compared to participants with normal glucose levels

SOURCE: National Health and Nutrition Examination Surveys 2005-2008

TABLE 32.13. Percent With Low Bone Density Among Adults Age =50 Years, by Diabetes Status, Age, Sex, and Race/Ethnicity, U.S.,

PERCENT (STANDARD ERROR)

2005-2008
CHARACTERISTICS All Diabetes
Overall 32.0 (1.40)
Age (years)
50-64 23.8(2.37)*
65-74 37.2(3.29)
=75 44.9 (3.90)
Sex
Men 28.5(2.14)
Women 36.2 (2.21)*
Race/ethnicity
Non-Hispanic white 33.8(1.67)
Non-Hispanic black 23.1(2.22)
All Hispanic 35.4(3.73)
Mexican American 31.3(3.93)

Diagnosed Diabetes

Undiagnosed Diabetes

34.2 (2.06)* 26.6 (4.09)*
25.5 (3.18)* 19.2 (5.43)*
415 (4.26) 26.8 (5.68)*
452 (3.57) 44.0(9.73)
31.3(2.82) 22.9(5.58)
37.2 (2.60)* 33.0 (5.86)*
35.7 (2.81) 29.6 (5.10)"
26.9(3.23) 11.1 (4.29
37.4 (4.05) 28.5(4.31)
32,5 (4.07) 27.7 (5.80)

Prediabetes Normal Glucose

34.3 (2.54) 43.6 (2.24)
26.3(3.33) 39.0(3.27)
44.4(4.72) 52.9 (7.64)
47.2 (3.74)* 60.6 (5.58)
25.0(2.82) 27.2 (2.65)
44,5 (3.33) 54.7 (3.57)
35.0 (3.30)" 44.1 (2.61)
18.8 (3.55) 33.3(8.70)
33.7 (4.62) 42.8(7.19)
37.1 (6.60) 32,6 (6.41)

Low bone density (osteopenia) is based on femoral neck BMD T-score -2.5 to -1. Diagnosed diabetes is self-reported. Undiagnosed diabetes is based on Alc =6.5% or FPG
=126 mg/dL without self-report of diabetes. Prediabetes is based on Alc 5.7%—6.4% or FPG 100—125 mg/dL. Normal glucose is defined as Alc <5.7% and FPG <100 mg/dL.
Conversions for Alc and glucose values are provided in Diabetes in America Appendix 1 Conversions. Alc, glycosylated hemoglobin; BMD, bone mineral density; FPG, fasting

plasma glucose.

*

! Relative standard error >30%—40%

p<0.05 compared to participants with normal glucose levels

SOURCE: National Health and Nutrition Examination Surveys 2005—2008
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fall as evidence of “difficulty with falling.
The proportion reporting any difficulty
with falling was 6.9% in adults with
normal glucose levels (age =50 years). In
response to a question about “any falls,”
approximately one-third of older adults
reported having at least one fall in the
previous year (14).

In analyses of the NHANES 1999-2004
for Diabetes in America, older adults
with diabetes were more likely to report
difficulty with falling in the previous
year (Figure 32.4, Table 32.14). Of those
with diabetes, 12.0% reported difficulty
with falling compared with 5.9% of
those with prediabetes and 6.9% with
normal glucose levels. However, when
results were stratified by age, the higher
prevalence of difficulty with falling asso-
ciated with diabetes was only seen in
the 65—74-year-old age group and not
in those age =75 years. Diabetes was
associated with increased prevalence of
difficulty with falling among both men
and women and among non-Hispanic
whites and non-Hispanic blacks, but not
Hispanics.

The frequency of falls is very high in
nursing home populations. Based on

a new analysis of the NNHS 2004,
approximately one-third of nursing home
residents had one or more falls in the
previous 6 months (Table 32.15). In
contrast, among community-dwelling
older adults, only 12%—16% of those age
=75 years reported difficulty with falling
in the previous year (Table 32.14). The
proportion of fallers did not differ by
diabetes status in nursing home residents.

In longitudinal studies that have collected
data on falls, older adults with diabetes
have a modest increase in the proportion
reporting any fall and are more likely to
have multiple falls than those without
diabetes (50,51). In the Health ABC study,
diabetes was associated with increased
risk of a fall resulting in hospitalization
(52). An increased risk of falls associated
with diabetes has also been reported in
the nursing home population (53).

Bone and Joint Complications in Diabetes
FIGURE 32.4. Percent With a History of Falling Among Adults Age =50 Years, by Diabetes
Status, U.S., 1999-2004

M All diabetes Prediabetes

B Normal glucose

Percent

Diabetes Status

History of falling is based on self-reported “difficulty with falling” in the previous year. Diabetes is based on self-
report, Alc =6.5%, or FPG =126 mg/dL. Prediabetes is based on Alc 5.7%—6.4% or FPG 100-125 mg/dL. Normal
glucose is defined as Alc <5.7% and FPG <100 mg/dL. Error bars represent 95% confidence intervals. Conversions
for Alc and glucose values are provided in Diabetes in America Appendix 1 Conversions. Alc, glycosylated hemo-
globin; FPG, fasting plasma glucose.

* p<0.05 compared to participants with normal glucose levels

SOURCE: National Health and Nutrition Examination Surveys 1999-2004

TABLE 32.14. Percent With a History of Falling Among Adults Age =50 Years, by Diabetes
Status, Age, Sex, and Race/Ethnicity, U.S., 1999-2004

PERCENT (STANDARD ERROR)

CHARACTERISTICS All Diabetes Prediabetes Normal Glucose
Overall 12.0 (1.19) 5.9 (0.94) 6.9 (0.94)
Age (years)

50-64 10.8 (1.95)* 3.9(1.00) 5.0 (1.10)

65-74 11.9(1.96) 5.7 (1.40) 6.2 (1.93)

=75 15.0(1.93) 11.8 (2.07) 16.1 (2.50)
Sex

Men 9.1 (1.18)* 4.1(0.93) 5.1(1.22)

Women 15.0 (1.72)* 8.0(1.45) 8.0(1.19)
Race/ethnicity

Non-Hispanic white 11.9 (1.48)* 5.5(0.99) 6.7 (0.99)

Non-Hispanic black 12.8 (2.17)* 4.0(1.85)? 5.4 (1.78)

All Hispanic 13.8 (2.95) 10.8 (2.78) 15.0 (5.06)

History of falling is based on self-reported “difficulty with falling” in the previous year. Diabetes is based on self-
report, Alc =6.5%, or FPG =126 mg/dL. Prediabetes is based on Alc 5.7%—6.4% or FPG 100—125 mg/dL. Normal
glucose is defined as Alc <5.7% and FPG <100 mg/dL. Conversions for Alc and glucose values are provided in
Diabetes in America Appendix 1 Conversions. Alc, glycosylated hemoglobin; FPG, fasting plasma glucose.

* p<0.05 compared to participants with normal glucose levels

1 Relative standard error >30%—40%

2 Relative standard error >40%—50%

SOURCE: National Health and Nutrition Examination Surveys 1999-2004

TABLE 32.15. Age-Standardized Percent of Nursing Home Residents With a Previous
History of Falling, by Diabetes Status and Sex, U.S., 2004

PERCENT (STANDARD ERROR)

Men Women
No Diabetes Diabetes

16.7 (1.58) 18.0 (0.96) 12.8 (0.80) 13.7 (0.50)

35.2(2.10) 38.1(1.18) 32.4(1.25) 33.5(0.72)

History of falls and diabetes status are based on medical records. Diabetes status is based on International Classification
of Diseases, Ninth Revision (ICD-9), codes 250, 357.2, 362.0, 366.41, 648.0, or 775.1. Data are age-standardized to
the National Nursing Home Survey 2004 whole population using age categories <64, 65—74, 75—-84, and =85 years.

SOURCE: National Nursing Home Survey 2004

Diabetes No Diabetes

Fell in past 30 days
Fell in past 180 days
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Prediction of Fracture Risk in Older
Adults With Type 2 Diabetes

Because BMD is central to fracture
prediction, the paradox of increased frac-
ture risk without reduced BMD in those
with type 2 diabetes has led to concerns
that standard tools for predicting fracture
may not apply in diabetic patients. BMD
T-score is used to assess fracture risk and
the need for pharmacological therapy.

A femoral neck or total hip BMD T-score
of -2.5 is recommended as the threshold
to consider pharmacological therapy in
older adults (54). In a study comparing
fracture incidence in older adults with
and without diabetes in three cohorts
based in the United States, a lower
femoral neck BMD T-score predicted
fracture risk in diabetic patients but
tended to underestimate risk relative to
nondiabetic patients (Figure 32.5) (41).
For example, a diabetic woman with a
T-score of -2.0 had a fracture risk similar
to a nondiabetic woman with a T-score

of -2.6. The paradox of higher fracture
risk with higher BMD in older adults with
type 2 diabetes requires using a different
T-score threshold to identify diabetic
patients at the highest risk of fracture.

The FRAX algorithm is another established
method for predicting fracture risk that
relies on BMD and other factors, such as
age, sex, and body size (18). Two separate
investigations, in the United States and
Canada, found that the FRAX algorithm
tends to underestimate fracture risk in
diabetic patients (Figure 32.6) (41,55).
This result is not surprising since the
FRAX algorithm relies heavily on BMD.

In the future, the FRAX algorithm may be
adjusted to include type 2 diabetes. Until
that time, clinicians need to be aware that
underestimation of fracture risk occurs
with the use of BMD T-score or FRAX to
assess risk in patients with diabetes.

Reasons for Increased Fracture

Risk With Type 2 Diabetes

Although older adults with type 2 diabetes
tend to have higher BMD, they also para-
doxically have increased fracture risk. This
observation is likely due in part to a higher
rate of falls in those with diabetes, but
falls do not fully account for the increased
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fracture risk (39,46,56). In addition,
diabetic bone appears to be more fragile
for a given BMD. Understanding the
reasons for this reduced bone strength

in diabetes is a focus of research. Ina
small study of postmenopausal women
using high resolution peripheral computed
tomography, increased porosity of cortical
bone at the tibia and radius was found in
diabetic women with a history of fracture
compared with controls (57). These deficits
in cortical bone microarchitecture could
weaken bone but would not be identified in
a DXA measurement of BMD. As discussed
for type 1 diabetes, higher levels of AGEs
in bone collagen may make the bone brittle
and increase fracture risk (32,33,34).

RISK FACTORS FOR FRACTURE

OF PARTICULAR CONCERN IN
PATIENTS WITH DIABETES

Other traditional risk factors for fracture,
in addition to low BMD and more
frequent falls, appear to be associated
with fracture risk in those with diabetes.
In the study of diabetes and fracture

in Rochester, Minnesota, residents,
predictors of incident fracture included
older age, female gender, prior fracture,
lower BMI, reduced physical activity, and
use of corticosteroids (40). The following
sections review risk factors related to
complications or treatment of diabetes.

Diabetes Complications

In broader populations, poor vision,
reduced kidney function, and reduced
peripheral nerve function have been iden-
tified as risk factors for fracture. Stroke is
strongly associated with increased fracture
risk, and some studies have found that
myocardial infarction is associated with
fracture. These findings suggest microvas-
cular and macrovascular complications
are probably risk factors for fracture in
diabetic patients. However, there is limited
direct evidence regarding the association
between diabetes-related complications
and fracture in diabetic populations. The
Health ABC study found that increased
risk of fracture among diabetic participants
was associated with neuropathy and
history of stroke/transient ischemic attack
(56). In Rochester, Minnesota, residents
with type 2 diabetes, neuropathy was

a risk factor for fracture (HR 1.3, 95%

Cl 1.1-1.6) in multivariable models, and
renal failure was a risk factor (HR 1.6, 95%
Cl 1.2-2.2) in age-adjusted models, but
clinically diagnosed nephropathy and reti-
nopathy were not (40). Outside the United
States, a large study conducted using

the Danish National Hospital Discharge
Register did not find increased fracture risk
associated with macrovascular complica-
tions, diabetic eye disease, or neuropathy
considered separately (58). However, there
was a modest increase in fracture risk for
multiple complications among patients
with type 2 diabetes.

Thiazolidinediones

Thiazolidinediones (TZDs) are a class of
oral diabetes medications that increase
insulin sensitivity. Troglitazone, the first
available TZD (1997), was withdrawn from
the market in 1999 due to rare cases of
liver failure. In 1999, rosiglitazone and
pioglitazone were introduced in the United
States. Evidence from rodent and human
studies indicated that TZDs are associated
with bone loss (59,60,61). The negative
effect of TZDs on bone occurs, at least

in part, through activation of peroxisome
proliferator-activated receptor-gamma
(PPAR-y), resulting in increased develop-
ment of fat cells (adipocytes) and reduced
development of bone-forming cells
(osteoblasts) (59). In light of this evidence,
the rate of fractures reported as adverse
events in a randomized controlled trial of
rosiglitazone was examined (62). The rate
of clinical fractures was doubled in women
using rosiglitazone compared with those
using metformin or a sulfonylurea but
was not increased in men. Subsequent
analysis of pioglitazone trials found

similar results (63). Other adverse events
associated with these TZDs have led to
restrictions and reduced prevalence of use
in the United States. Clinicians prescribing
a TZD for an older woman are advised to
consider her underlying fracture risk.

Insulin Use

Insulin use appears to be associated
with increased risk of fractures (Table
32.6) (21,22,40,46,64) and falls (51,65).
The reasons for these associations are
not clearly established. Hypoglycemic
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FIGURE 32.5. Femoral Neck BMD T-Score and 10-Year Fracture Risk at Age 75 Years, by Diabetes and Insulin Use Status, SOF, MrOS, and
Health ABC
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Women were enrolled in the Study of Osteoporotic Fractures (SOF) or the Health, Aging and Body Composition (Health ABC) study. Men were enrolled in the Study of
Osteoporosis in Men (MrOS) or Health ABC. Rug plots indicate number of participants (age 73—77 years) at each level of T-score (for women with hip fracture, n=41, 205, and
2,604, for DM with insulin use, DM without insulin use, and no DM, respectively; for women with non-spine fracture, n=41, 196, and 2,468, respectively; and for men with both
hip and non-spine fracture, n=40, 306, and 1,698, respectively). BMD, bone mineral density; DM, diabetes mellitus.

SOURCE: Reference 41, copyright © 2011 American Medical Association, reproduced with permission. All rights reserved.

FIGURE 32.6. FRAX Hip Fracture Risk Score and Risk Estimated From Hip Fracture Experience in Women (SOF) and Men (MrQS)
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Ten-year hip fracture risk based on FRAX score model versus risk estimated from hip fracture experience in the Study of Osteoporotic Fractures (women; SOF) and the 8-year hip
fracture risk based on FRAX score model versus risk estimated from hip fracture experience in the Osteoporotic Fractures in Men Study (MrOS). Rug plots indicate number of
participants at each level of FRAX score (for women, n=78, 442, and 7,406, and for men, n=80, 801, and 5,113, for DM with insulin, DM without insulin use, and no DM, respec-
tively). Diagonal line is the line of equality where the FRAX predicted risk equals the estimated risk at 10 or 8 years. DM, diabetes mellitus; FRAX, Fracture Risk Assessment Tool.
SOURCE: Reference 41, copyright © 2011 American Medical Association, reproduced with permission. All rights reserved.
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episodes associated with insulin use may
increase the risk for a fall resulting in frac-
ture. One study among Medicare patients
with diabetes reported an increased risk
of fall-related fractures among those with
a hypoglycemic episode (66). Insulin use
may be a marker for other factors that
increase fracture risk, including reduced
physical performance and higher preva-
lence of diabetic complications. Insulin
use also suggests a decline in pancreatic
function that may have a negative effect
on bone strength.

Glycemic Control

The effects of glycemic control on the risk
of fractures remain unclear. Observational
studies indicate that poor glycemic
control is associated with higher fracture
risk (67,68). In a large randomized trial
comparing intensive and standard
glycemic control, no difference in the rate
of fractures or falls was observed across
the two treatment groups (69). However,
the intensive and standard control groups
achieved median Alc values of 6.4%

and 7.5% (58 mmol/mol), respectively.
Increased fracture risk may be confined to
those with poor control.

Diabetes Duration

Longer duration of diabetes is asso-
ciated with increased fracture risk
(21,22,40,46,70). For example, in the
Nurses’ Health Study, the relative risk

of hip fracture was 3.1 (95% Cl 2.3-4.0)
among women with duration of diabetes
=12 years, while the relative risk was 1.7
(95% CI 1.2-2.4) among those with <5
years duration, compared with nondia-
betic women (22). These results suggest
that diabetes has a cumulative impact on
fracture risk. With greater understanding
of the characteristics of diabetes that are
most important in determining fracture
risk, efforts to prevent fractures in this
population can be better targeted.

FRACTURE PREVENTION

Fall Prevention

Reducing falls in older adults is one
aspect of fracture prevention. Effective
interventions to reduce falls in older adults
have been identified in broad populations,
including exercise programs, home safety
interventions, and multifactorial assess-
ment and intervention programs (71).
These interventions have not been tested
separately among patients with diabetes,
but it seems likely that they would be
effective. An exercise intervention has
been shown to improve balance, a risk
factor for falls, among older adults with
type 2 diabetes (72).

Pharmacological Therapy

In older adults with osteoporosis, pharma-
cological therapy may be warranted to
prevent fractures. A number of effective
therapies are available to reduce fracture

JOINT COMPLICATIONS IN DIABETES

risk in older adults with osteoporosis,
defined by low BMD and/or presence of
vertebral fractures, based on evidence
from randomized placebo-controlled trials
(73). Separate trials of these therapies
have not been conducted among patients
with diabetes. Very limited data are
available from post hoc subgroup analyses
of larger trials, examining efficacy

in diabetic patients. In the Fracture
Intervention Trial, alendronate treatment
compared with placebo prevented bone
loss in diabetic women as effectively as in
nondiabetic women (74). Too few fracture
outcomes occurred in the diabetic

women to consider fracture efficacy in
this subgroup. In a post hoc analysis

of the Multiple Outcomes of Raloxifene
Evaluation (MORE) trial of raloxifene,
treatment was effective in preventing
vertebral fractures in women with
diabetes (75). These two trials suggest
that osteoporosis therapies are likely to be
effective treatments in diabetic patients
with low BMD or prevalent vertebral
fracture, although evidence is limited.

The entry criteria for trials of osteoporosis
therapy generally select participants

with low BMD and/or vertebral fractures.
However, diabetic patients fracture at a
higher BMD on average. Thus, the efficacy
of pharmacological therapy in diabetic
patients with elevated fracture risk, but
BMD above the threshold for osteoporosis,
has not been tested.

WHY ARTHRITIS MATTERS

The prevalence of arthritis complica-
tions in the U.S. population is high.
Osteoarthritis (OA) or degenerative

joint disease most frequently involves
the knees, hips, hands, and spine and
affects nearly 14% of individuals age

=25 years and nearly 34% of those =65
years (76,77,78,79). In 2010-2012, an
estimated 52.5 million adults in the
United States had doctor-diagnosed
arthritis (80). Arthritis was the second
most common comorbid condition (16%)
for adult primary care visits in 2006

(81). The economic costs associated with
arthritis are high. In 2007, direct health
care costs for patients with OA were over
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two times higher than costs for similar
patients without OA (82). Medical expen-
ditures for arthritis and joint pain in 2012
among adults age =65 years were an
estimated $30.2 billion, exceeded only by
the costs of treatment for heart conditions
and for cancer (83). In 2012, knee arthro-
plasty and hip replacement were among
the top five operating room procedures for
adults age =45 years (84). Since the prev-
alence of OA increases with age, the costs
are rapidly rising with the growing elderly
population (85).

The impact of OA on the quality of life
is high. OA of the knee is one of the
five leading causes of disability among

individuals living independently (86).
Eighty percent of individuals with OA
report some amount of movement limita-
tion, and nearly 40% of individuals with
knee OA report their health to be “poor”
or “fair” (76,87).

Although research is ongoing, a few risk
factors associated with OA have been
established. Risk factors for OA that are
not modifiable include increased age (88),
sex (with women having a higher risk) (89),
race/ethnicity (with African Americans
having higher risk and Asians having a
lower risk in hip joints) (90,91,92), and
genetic predisposition (93). Modifiable risk
factors include excess body weight, joint



injuries, occupations that have excess
mechanical stress on joints, heavy lifting
or manual labor (e.g., agriculture), struc-
tural malalignment, and muscle weakness
(94,95). Other risk factors that are not as
strongly associated with increased risk

of lower extremity OA include estrogen
deficiency, high bone mass, low vitamin
C, E, and D intake, and inflammation as
measured by C-reactive protein (96,97).
Hand OA, especially erosive hand OA, has
a strong association with genetics and is
more common in women (98,99,100).

TYPE 1 DIABETES AND

JOINT COMPLICATIONS

A number of studies have reported
genetic/autoimmune associations with
OA. Type 1 diabetes also has genetic/auto-
immune associations, suggesting potential
overlap in these conditions. Genetic
associations include a variant allele at the
IL2-1L21 gene locus that is associated with
rheumatoid arthritis, type 1 diabetes, and
systemic lupus erythematosus (101). A
gene called PTPN22 is highly correlated
with the incidence of type 1 diabetes, as
well as rheumatoid arthritis, juvenile idio-
pathic arthritis, and other autoimmune
diseases (87,102). While genetic associ-
ations between rheumatoid arthritis and
type 1 diabetes have been reported, the
exact mechanism by which these allele
variants increase the risk of these auto-
immune diseases is not yet known.

TYPE 2 DIABETES AND

JOINT COMPLICATIONS

Prevalence of Osteoarthritis

In epidemiologic studies, the prevalence
of OA is defined by radiographs and/or by
joint pain. Radiographic knee OA requires
a radiograph that has evidence of joint
space narrowing, or osteophyte formation
at the margin of the joints. A summary
grade, usually Kellgren and Lawrence of

Bone and Joint Complications in Diabetes

2 or more (scale of 0 to 4), is considered
definite disease. Clinical knee OA is
defined by symptoms in or around the
knee on most days during the past month.

Knee OA defined by radiograph in the
NHANES |1l (1988-1994) was 43.5% in
those with diabetes and 29.3% in the
normal glucose group (p<0.05) (Figure
32.7, Table 32.16), according to a new

FIGURE 32.7. Percent With Knee Osteoarthritis Among Adults Age =60 Years, by Diabetes

Status, U.S., 1988-1994

M All diabetes

60 - Prediabetes

Percent

Diagnosed diabetes
M Normal glucose

M Undiagnosed diabetes

Diabetes Status

Osteoarthritis is based on knee x-ray. Diagnosed diabetes is self-reported. Undiagnosed diabetes is based on Alc
>6.5% or FPG =126 mg/dL without self-report of diabetes. Prediabetes is based on Alc 5.7%—6.4% or FPG 100-125
mg/dL. Normal glucose is defined as Alc <5.7% and FPG <100 mg/dL. Error bars represent 95% confidence inter-
vals. Conversions for Alc and glucose values are provided in Diabetes in America Appendix 1 Conversions. Alc,

glycosylated hemoglobin; FPG, fasting plasma glucose.

* p<0.05 compared to participants with normal glucose levels
SOURCE: National Health and Nutrition Examination Surveys Ill 1988-1994

TABLE 32.16. Percent With Knee Osteoarthritis Among Adults Age =60 Years, by Diabetes Status, Age, Sex, and Race/Ethnicity, U.S.,

PERCENT (STANDARD ERROR)

Prediabetes Normal Glucose

1988-1994
CHARACTERISTICS All Diabetes
Overall 43.5(2.95)*
Age (years)
60-74 429 (4.33)*
=75 446 (4.72)
Sex
Men 41.9(5.38)
Women 44.9 (2.88)*
Race/ethnicity
Non-Hispanic white 42.6 (3.73)*
Non-Hispanic black 57.4 (4.98)
Mexican American 38.8(5.58)

Diagnosed Diabetes

429 (3.15) 44.6 (5.49)"
41.2 (5.29)* 46.1 (5.93)*
46.2 (4.46) 40.8 (11.35)
43.4(7.59) 39.4 (6.87)
42.5(3.99) 50.8 (6.84)"
422 (4.32) 43.6(6.35)
54.5 (6.29) 62.4 (6.50)
357 (6.34) 517 (7.16)

Undiagnosed Diabetes

38.6 (1.89)* 29.3 (3.26)
36.3 (2.39) 23.2 (4.48)
437 (5.76) 475 (5.39)
25.8 (3.99) 24.4 (5.95)
49.2 (3.39) 315 (4.59)
38.3 (2.31) 29.0 (3.63)
477 (5.32) 48.8(12.90)
357 (5.72) 30.9 (9.41)"

Osteoarthritis is based on knee x-ray. Diagnosed diabetes is self-reported. Undiagnosed diabetes is based on Alc =6.5% or FPG =126 mg/dL without self-report of diabetes.
Prediabetes is based on Alc 5.7%—6.4% or FPG 100-125 mg/dL. Normal glucose is defined as Alc <5.7% and FPG <100 mg/dL. Conversions for Alc and glucose values are

provided in Diabetes in America Appendix 1 Conversions. Alc, glycosylated hemoglobin; FPG, fasting plasma glucose.
p<0.05 compared to participants with normal glucose levels

*

! Relative standard error >30%—40%

SOURCE: National Health and Nutrition Examination Surveys Ill 1988-1994

32-15



DIABETES IN AMERICA, 3rd Edition

TABLE 32.17. Percent With Joint Pain Among Adults Age =50 Years, by Diabetes Status, Age, Sex, and Race/Ethnicity, U.S., 1999-2004

PERCENT (STANDARD ERROR)

CHARACTERISTICS All Diabetes
Overall 39.9 (2.03)
Age (years)

50-64 41.2 (3.27)
65-74 38.7 (3.09)
=75 38.9(2.79)
Sex
Men 31.4(2.90)
Women 48.8 (2.32)
Race/ethnicity
Non-Hispanic white 42.4 (2.36)
Non-Hispanic black 34.9(2.13)
All Hispanic 30.8(3.21)
Mexican American 34.4(3.71)

Diagnosed Diabetes

42.4(2.10) 34.1 (3.85)
45,0 (3.44) 33.0(5.31)
39.4(3.43) 369 (8.25)
41.2(3.12) 32.8(7.41)
355 (3.51) 24.0 (4.16)
487 (2.43) 49.4 (5.44)
46.1 (2.44y" 35.2 (4.46)
337 (2.03) 39.5 (6.62)
35.8(3.65) 13.8 (4.89)
37.3(3.85) 22.9(7.27)"

Undiagnosed Diabetes

Prediabetes Normal Glucose

36.2(1.71) 36.1 (1.81)
38.4 (2.21) 37.3(2.72)
337 (3.17) 30.4 (3.42)
33.3(3.44) 38.3(3.17)
31.8(2.21) 31.7 (2.56)
411 (2.74) 38.7 (2.08)
38.9(1.88) 36.7 (2.05)
18.1 (3.29) 29.4 (4.93)
29.8 (5.09) 413(5.72)
26.1(2.99) 38.0(5.19)

Joint pain and diagnosed diabetes are self-reported. Undiagnosed diabetes is based on Alc 26.5% or FPG =126 mg/dL without self-report of diabetes. Prediabetes is based on
Alc 5.7%—6.4% or FPG 100-125 mg/dL. Normal glucose is defined as Alc <5.7% and FPG <100 mg/dL. Conversions for Alc and glucose values are provided in Diabetes in
America Appendix 1 Conversions. Alc, glycosylated hemoglobin; FPG, fasting plasma glucose.
* p<0.05 compared to participants with normal glucose levels

1 Relative standard error >30%—40%

SOURCE: National Health and Nutrition Examination Surveys 1999-2004

analysis conducted for Diabetes in
America. In adults age 60—74 years,
prevalence of OA in those with diabetes
was 42.9% compared with 23.2% in the
normal glucose group (p<0.05) but was
not statistically different between the
two groups for individuals age =75 years
(44.6% vs. 47.5%). In women, OA was
more prevalent in those with diabetes
compared with those with normal glucose
levels (44.9% vs. 31.5%, p<0.05), but OA
prevalence did not differ significantly in
men by diabetes status. The number of
men or subjects age =75 years in these
subgroups may be small; therefore, the
power to detect significant differences
was low. The prevalence of knee OA was
higher among diabetic non-Hispanic
whites, but not among non-Hispanic
blacks or among Mexican Americans,
compared to those of the same race/
ethnicity with normal glucose levels.

The prevalence of self-reported joint pain
from the NHANES 1999-2004 did not
differ substantially by diabetes status in
the overall cohort (Table 32.17), according
to a new analysis. However, in women,
diabetic subjects had joint pain more
often than those with normal glucose
levels (48.8% vs. 38.7%, p<0.05).

The SOF cohort that included 9,704 white
women age =65 years was recruited
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TABLE 32.18. Percent With Hip Osteoarthritis Among Older Adults Age =65 Years, by
Diabetes Status, Age, and Sex, in Two U.S. Cohorts

PERCENT (STANDARD ERROR)

SEX AND AGE (YEARS) Diabetes No Diabetes

Women (SOF)

Overall 12.2 (1.79) 10.4 (0.41)

65-74 13.9(3.92) 7.2 (0.77)

=75 11.7 (1.95) 11.2 (0.47)
Men (MrOS)

Overall 11.0(1.33) 10.0(0.51)

65-74 10.8 (2.12) 6.9(0.72)

=75 11.2(1.71) 11.7 (0.69)

Hip osteoarthritis is based on radiographs, Croft =2. Diabetes is based on self-report in SOF and on self-report,
diabetes medication use, or elevated fasting glucose (=126 mg/dL) in MrOS. Conversions for glucose values are
provided in Diabetes in America Appendix 1 Conversions. MrOS, Study of Osteoporosis in Men, 2000-2009; SOF,

Study of Osteoporotic Fractures, 1998-2008.

SOURCE: N. Lane, unpublished analyses of the SOF and MrOS studies.

from four centers in the United States.

At baseline, hip OA defined by radiograph
was present in 13.9% of subjects age
65-74 years with diabetes compared to
7.2% of those without diabetes, a nearly
80% higher rate (Table 32.18) (N. Lane,
unpublished data). No difference in the
prevalence of hip OA was seen in partici-
pants age =75 years by diabetes status.

In MrOS, elderly men age =65 years
were recruited from six centers across
the United States to assess risk factors
for osteoporosis and hip OA. Hip radio-
graphs were obtained in approximately

5,000 men, of whom 11.7% had diabetes.

Hip OA was more prevalent in diabetic

subjects age 65—74 years (10.8%) than

in men without diabetes (6.9%) (Table
32.18) (N. Lane, unpublished data). As
with women, prevalence of hip OA did not
differ by diabetes status in men age =75
years.

The research community is investigating
the risk factors for both OA and diabetes.
OAis a disease in which the articular
cartilage degenerates, either from age or
injury, and the surrounding bone reacts
with new bone formation at the margins
of the joints (osteophytes), thickening

of the bone adjacent to the joints, and
changes in the trabecular bone distal

to the joint. In diabetic patients, the



increased prevalence of disease, espe-
cially in the hand and knee, may result
from a low-grade inflammatory state
that may increase the degradation of the
cartilage or the accumulation of AGEs
within the articular cartilage, which in
turn reduces the ability of the cartilage
to function to dissipate loads. Ultimately,
the articular cartilage fails. Also, a high
BMI, often observed in individuals with
diabetes, is a strong risk factor for OA of
the lower extremities. Lastly, in diabetic
patients with neuropathy, altered loads
across the joints from reduced proprio-
ception may injure menisci and accelerate
deterioration.

Prevalence of Rheumatoid Arthritis
New analyses of NHANES 1999-2010
data for Diabetes in America showed that
the prevalence of self-reported rheuma-
toid arthritis was 50% higher in all diabetic
subjects compared to those with normal
glucose levels (12.7% vs. 8.4%, p<0.05);
this relationship was found for all age
groups (Table 32.19). Prevalence was
higher in diabetic compared to nondia-
betic women and non-Hispanic whites but
did not differ by diabetes status in men

or in non-Hispanic blacks or Hispanics.
However, the prevalence of rheumatoid
arthritis in the NHANES is higher than
other estimates (87,102). Inflammatory

OA is frequently misclassified as rheuma-
toid arthritis, particularly in self-reported
results, and such misclassification may
have inflated the estimate of rheumatoid
arthritis prevalence, although this is likely
to have affected those with and without
diabetes. Full evaluation of differences by
diabetes status will require studies with
accurate ascertainment of rheumatoid
arthritis status. Published data confirm

a genetic/autoimmune predisposition of
rheumatoid arthritis and type 1 diabetes;
this association is under investigation for
type 2 diabetes.

OTHER JOINT COMPLICATIONS
ASSOCIATED WITH DIABETES

Other joint complications associated

with type 2 diabetes are relatively rare.
Howeuver, they are not thought to be rare
in type 1 diabetes. Reliable data, however,
are generally lacking on the prevalence of
these conditions. General descriptions of
these entities are provided.

Diabetic stiff hand syndrome (cheiroar-
thropathy) is a condition that results
from excessive glycosylation of collagen
in nearly all joint structures (103). The
biochemical change results in a decrease
in the breakdown of the collagen, and
this results in thick and stiff tissues. Over
time, the contraction of the fingers and a
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thickening and shiny appearance of the
skin may resemble scleroderma. This
condition has a prevalence of about 22%
in individuals from the Diabetes Control
and Complications Trial/Epidemiology of
Diabetes Interventions and Complications
study (DCCT/EDIC) with longstanding type
1 diabetes (104), an estimated 45%—76%
in type 2 diabetes, and 4%—20% in nondia-
betic individuals (105). Cheiroarthropathy
can predict development of other diabetic
complications, including renal and retinal
disease.

Dupuytren’s contractures or “trigger
fingers” are the result of tendon contrac-
tures in the hand that prevent the hand
from fully extending. These contractures
can be seen in diabetic patients who also
have the stiff hand syndrome or may

be observed by themselves. The patho-
genesis is thought to be similar to the
stiff hand syndrome with both increased
glycosylation of collagen and increased
collagen deposition within and around
the tendons in the hand. While trigger
fingers are common in the general popu-
lation, they are more prevalent in diabetic
patients, with a reported prevalence of
nearly 30% (106,107,108). In the DCCT/
EDIC type 1 diabetic cohort, the preva-
lence was 9% (104).

TABLE 32.19. Percent With Rheumatoid Arthritis Among Adults Age =50 Years, by Diabetes Status, Age, Sex, and Race/Ethnicity, U.S.,

PERCENT (STANDARD ERROR)

Diagnosed Diabetes

Undiagnosed Diabetes

Prediabetes Normal Glucose

1999-2010
CHARACTERISTICS All Diabetes
Overall 12.7 (0.76)*
Age (years)
50-64 11.9(0.97)
65-74 12.9(1.75)
=75 14.0 (1.53)
Sex
Men 9.4 (1.09)
Women 16.2 (1.11)*
Race/ethnicity
Non-Hispanic white 11.4 (1.04)*
Non-Hispanic black 20.3(1.61)
All Hispanic 12.4 (1.55)
Mexican American 12.4(1.82)

14.0 (0.86)* 9.8(1.58)
13.3 (1.23)" 9.1(2.16)
13.3 (1.69)* 12.1 (4.03)!
16.7 (L71)* 8.2 (2.06)
9.9 (1.24) 8.5(2.09)
17.8 (1.30)* 11.6 (2.36)
12.6 (1.20)" 9.1 (1.90)
21.2 (1.87) 17.2 (3.70)
13.8(1.63) 8.3 (2.52)!
13.3(2.03) 10.0 (3.28)!

7.9(0.70) 8.4(0.77)
59(0.77) 8.3 (1.04)
9.5(1.71) 8.4(1.43)
11.6 (1.76) 8.6 (1.90)
6.8 (0.94) 9.7 (1.34)
9.0 (1.04) 7.6 (0.85)
7.5(0.82) 7.6 (0.84)
14.6 (2.24) 17.6 (2.80)
6.8(1.12) 11.0 (2.41)
9.6 (1.33) 11.8(2.18)

Rheumatoid arthritis and diagnosed diabetes are self-reported. Undiagnosed diabetes is based on Alc =6.5% or FPG =126 mg/dL without self-report of diabetes. Prediabetes
is based on Alc 5.7%—6.4% or FPG 100-125 mg/dL. Normal glucose is defined as Alc <5.7% and FPG <100 mg/dL. Conversions for Alc and glucose values are provided in
Diabetes in America Appendix 1 Conversions. Alc, glycosylated hemoglobin; FPG, fasting plasma glucose.
* p<0.05 compared to participants with normal glucose levels

1 Relative standard error >30%—40%

SOURCE: National Health and Nutrition Examination Surveys 1999-2010
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Frozen shoulder, or adhesive capsulitis,
results from a stiffening of the joint that
leads to contractures of the shoulder joint
and can cause severe bilateral pain that is
often accompanied by calcific deposits in
surrounding soft tissues. It can also occur
in diabetic patients with regional pain
syndrome. While adhesive capsulitis can
be painful in onset, in some patients, the
loss of motion can be painless (105,109).
In the DCCT/EDIC type 1 diabetic cohort,
prevalence of adhesive capsulitis was
31% (104).

In the DCCT/EDIC, the combined preva-
lence of musculoskeletal disorders of the
upper extremities, including stiff hand
syndrome, Dupuytren’s contracture,
adhesive capsulitis, and carpal tunnel
syndrome, was 66%. These disorders
were observed more often in women,
older age subjects, and those with a
longer duration of diabetes (104). In
addition, prevalence was associated with
higher skin autofluorescence, a measure
of AGEs.

LIST OF ABBREVIATIONS

Charcot joint (neuropathic arthropathy) is
an infrequent condition that results from
a peripheral sensory abnormality that
most often affects the ankle or midfoot
and results in destruction of the joints
with ankylosis and deformity. The clinical
presentation is rapid in onset with joint
swelling and a radiograph that shows both
bone fragments and new bone formation.
An experienced clinician may consider

an infectious etiology. The treatment of
Charcot joints is unsatisfactory, and little
more can be offered than splinting and
bracing (105,110,111). More information
about Charcot joint is provided in Chapter
20 Peripheral Arterial Disease, Foot
Ulcers, Lower Extremity Amputations,
and Diabetes.

Diffuse idiopathic skeletal hyperostosis
(DISH) is a common musculoskeletal
disease. DISH is characterized by prolif-
erative calcification and ossification along
the anterolateral aspect of at least four
contiguous vertebral bodies with relative
preservation of the intervertebral disk
height in the involved vertebral segments

and in the absence of significant radio-
graphic changes of degenerative disc
disease. Patients with DISH often have
reduced spinal mobility and may develop
dysphasia due to ossifications in the
cervical spine. In a well-functioning cohort
of older adults (age 70—79 years), the prev-
alence of DISH was 13.5% (112). Among
hospital and clinic patients age =50 years
with a chest radiograph, prevalence was
25% in men and 15% in women (113). DISH
is observed more often in overweight type
2 diabetic patients (114). It is also prevalent
in nondiabetic patients who have abnormal
insulin responses to hyperglycemia (114).
Limited data suggest that prevalence is
also increased in type 1 diabetes (114).
Treatment of diabetes has not been shown
to improve or delay DISH (105,115).

While all of these musculoskeletal condi-
tions are more frequent in both type 1 and
type 2 diabetes patients than the general
population, additional studies will need to
be performed to estimate the true preva-
lence in those with diabetes (116).

CONVERSIONS

Alc.......... glycosylated hemoglobin

AGE......... advanced glycation endproduct

BMD ........ bone mineral density

BMI......... body mass index

Cl........... confidence interval

DCCT........ Diabetes Complications and Control Trial
DISH........ diffuse idiopathic skeletal hyperostosis
DXA......... dual-energy x-ray absorptiometry

EDIC ........ Epidemiology of Diabetes Interventions and Complications study
FPG......... fasting plasma glucose

FRAX........ Fracture Risk Assessment Tool

Health ABC . . .Health, Aging, and Body Composition study
HR.......... hazard ratio

MOS........ Osteoporaotic Fractures in Men study

NHANES ..... National Health and Nutrition Examination Survey
NNHS ....... National Nursing Home Survey
OA.......... osteoarthritis

OGTT........ oral glucose tolerance test

RR.......... relative risk

SOF......... Study of Osteoporotic Fractures

TZD ......... thiazolidinedione

WHI-OS ...... Women'’s Health Initiative Observational Study
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Conversions for Alc and glucose
values are provided in Diabetes in
America Appendix 1 Conversions.
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