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Background. Our purpose was to determine whether type 2 diabetes is associated with altered
bone mineral density (BMD) and whether fasting serum insulin levels arecorrelated with BMD.

Methods. In a population-based family study of Mexican-Americans, we obtained
measurements of BMD, diabetes status (by 2-h oral glucose tolerance test), obesity,
and serum insulin concentrations in 600 subjects from 34 families. Analyses were stratified
by sex and conditioned on the pedigree structure to account for residual correlations
among related individuals.

Results. Women with diabetes had significantly higher BMD at hip than women without
diabetes (p � 0.03) even after adjustment for age, body mass index (BMI), and menopause
status. BMD at spine was also higher in diabetic women than in nondiabetic women,
although the association was no longer statistically significant after adjustment for BMI.
Diabetes was not associated with BMD in men. In nondiabetic men and women, insulin
levels were significantly correlated with BMD after adjustment for age and other lifestyle
covariates, but correlations were diminished and were no longer statistically significant
after further adjustment for body mass index.

Conclusions. These results suggest that Mexican-American women with type 2 diabetes
have higher BMD compared to their nondiabetic counterparts, with the association
independent of obesity at hip, although not at spine or forearm. Increased BMD was also
correlated with serum insulin levels, although this association was not independent of
obesity. Longitudinal studies may be required to better define the mechanisms underlying
the observed association between BMD and diabetes. � 2003 IMSS. Published by
Elsevier Inc.
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Introduction

The relationship between diabetes and osteoporosis is com-
plex. Compared to nondiabetic controls, individuals with
type 1 diabetes are at increased risk of fracture (1). This
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relationship is likely due at least in part to a corresponding
decrease in bone mineral density (BMD) (2–8). In contrast,
the relationship between type 2 diabetes and osteoporosis is
less clear. In several (9,10) but not all (11–17) studies, fracture
risk is observed to be lower in subjects with type 2 diabetes
than in nondiabetic controls. In at least some studies, BMD
is reported to be higher in individuals with type 2 diabetes
than in those without (10,18–20).

Potential mechanisms that might lead to an increase in
BMD in individuals with type 2 diabetes are not clear.
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Obesity is associated with both type 2 diabetes and BMD,
but in at least some studies the association observed between
type 2 diabetes and BMD remained even after accounting
for differences in body mass index (BMI) between diabetic
and nondiabetic subjects. Some investigators have hypothe-
sized that hyperinsulinemia may contribute to higher BMD,
and indeed a positive correlation between serum insulin
levels and BMD has been reported in several studies (19,20).
But this association is also complicated by the presence of
obesity, because obesity-associated insulin resistance leads
to compensatory hyperinsulinemia (21).

These prior observations provided the motivation for us to
examine the relationship between type 2 diabetes and BMD
in a large population-based sample of Mexican-Americans in
whom we obtained measurements of BMD, diabetes status,
and a large set of other cardiovascular risk factors including
serum insulin levels. We hypothesized first that the associa-
tion observed in certain prior studies between diabetes and
BMD would also be apparent in our population-based sample
of Mexican-Americans. Second, we speculated that long-
term metabolic consequences of diabetes would accelerate
bone loss and, therefore, that BMD would be inversely cor-
related with duration of diabetes. Finally, we hypothesized
that long-standing hyperinsulinemia may play a role in
increased BMD observed in diabetes, and that support for
this hypothesis could be obtained by detecting a correla-
tion among nondiabetic subjects between serum insulin
concentrations and BMD.

Methods

To test the previously mentioned hypotheses, we studied
subjects from the San Antonio Family Osteoporosis Study
(SAFOS). The SAFOS was initiated in 1997 with the goal
of identifying genetic and environmental determinants of
bone mineral density in large Mexican-American families.
Families recruited into the SAFOS were concurrently en-
rolled in a related study, the San Antonio Family Heart Study
(SAFHS), initiated in 1991. Probands for these families were
originally identified from a low-income neighborhood in
San Antonio, TX, USA using a house-to-house recruitment
procedure. Eligibility criteria for study probands were that
they be 40–60 years of age and have large families in the San
Antonio area. All first-, second-, and third-degree relatives of
probands and probands’ spouses were invited to participate;
the invitation was extended regardless of the probands’ (or
relatives’) medical history. Between 1991 and 1996, a total
of 1,431 individuals from 41 large families were recruited
into the SAFHS. Details of the sampling and recruitment
procedures have been previously described (22).

In 1997, a subset of the 34 largest SAFHS families was in-
vited to participate in SAFOS. Recruitment into SAFOS was
held in conjunction with a 4- to 5-year follow-up examina-
tion of SAFHS families. Subjects participating in the follow-
up phase of SAFHS received a medical examination in our
clinic on the morning following a 12-h fast. Fasting blood
samples were collected for determination of serum glucose
and insulin levels. Serum was separated from clotted blood by
centrifugation and then stored at �80�C until assayed.
Diabetes was diagnosed using plasma glucose criteria of
the World Health Organization (WHO) (23) and/or by self-
reported use of antidiabetic medications. Those indicating
that a physician had never previously told them that they
had diabetes but who met WHO glucose criteria were
considered to have newly diagnosed diabetes. Serum concen-
trations of insulin were measured by commercial radioim-
munoassay (Diagnostic Products, Los Angeles, CA, USA).
The coefficient of variation between duplicate aliquots mea-
sured in a single laboratory run was 6.5% for fasting insulin.
Height and weight were measured with participants wearing
no shoes. Body mass index (BMI) was calculated as weight
(in kilograms [kg]) divided by height (in square meters [m2]).
All procedures were approved by the Institutional Review
Board at the University of Texas Health Science Center at
San Antonio (1997).

Bone mineral content was measured at spine (L1–L4),
hip (intertrochanter), and forearm (ultradistal radius) using
dual energy x-ray absorptiometer (DXA) (Hologic 1500W,
Hologic, Inc., Bedford, MA, USA). Areal bone mineral den-
sity (BMD, g/cm2) was determined by dividing bone mineral
content (BMC, g) by projected area of region scanned (cm2).
Coefficients of variation for repeat in vivo measurements of
spine (L2–L4), femoral neck, and femoral trochanter were
1.3, 3.9, and 2.0%, respectively. Variability in repeat mea-
surements of phantoms is much lower.

A questionnaire was administered to obtain information
on subject’s medical history, medication use, dietary habits,
physical activity patterns, and smoking and alcohol con-
sumption behaviors. Calcium intake was assessed by a
104-item food frequency questionnaire (22). Diuretic use,
including loop diuretics, thiazide diuretics, hydrochlorothia-
zide, osmotic diuretics, and other diuretics was coded as a
binary variable based on the medication questionnaire.

Physical activity was assessed using a modified version
of the Stanford 7-day physical activity recall instrument
(24,25). Subjects reported the weekly number of hours they
slept and engaged in moderately strenuous, heavy, and
very heavy physical activities. Examples of activities corres-
ponding to each category were provided to assist subject
responses. Light physical activity was defined as the differ-
ence between total possible hours of weekly activity (i.e.,
7 days × 24 h/day � 168 h) and number of hours accounted
for by sleep and moderate, heavy, and very heavy activity.
Each category of physical activity was scored in metabolic
equivalents (or METS; one MET � energy expenditure of
1 kg of body weight per h) and expressed on a per day basis.

Because type 2 diabetes did not occur in any individuals
�30 years of age, we restricted our analyses to individu-
als aged 30 years and older. Of 653 SAFOS participants aged
30 years or older, diabetes status could not be determined in
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48 subjects due to a missing or incomplete oral glucose
tolerance test. Bone mineral density measurements were not
usable in an additional five subjects, leaving 600 individuals
for whom both BMD and diabetes status were assessed.

Statistical analyses were conducted for men and women
separately. Variance component models were used to parti-
tion variation in BMD into effects due to diabetes status
and other individual-specific covariates including age, sex,
and behavioral factors. We further conditioned these analy-
ses on pedigree structure to allow for residual familial corre-
lations in BMD between related individuals. Diabetes status
was parameterized as a 0/1 dummy variable that allowed
estimation of mean BMD in subjects with and without diabe-
tes. Model parameters were estimated using maximum like-
lihood methods. Significance testing was performed by
comparing the likelihood of the pedigree data under compet-
ing models using the SOLAR software package (San Anto-
nio, TX, USA) (26). Specifically, we compared the
likelihood of data under a full model in which effect of
diabetes status was estimated to that of a nested model in
which effect of diabetes status was constrained to be zero.
Model likelihoods were compared by likelihood ratio test;
twice the difference in logarithms of the model likelihoods
is distributed as a chi-square distribution with degrees of
freedom equal to the difference in parameters between the
two models.

Among diabetic subjects, we tested in analogous fashion
whether BMD differed between subjects with newly and
previously diagnosed diabetes while adjusting for effects of
current age and other covariates. Similarly, we tested whether
BMD was higher among those using medications vs. diabetic
subjects not under treatment with pharmacologic agents.

We next considered whether serum insulin levels were
correlated with BMD. We rank-ordered men and women
separately according to fasting insulin values and then com-
pared mean BMD between those in the highest and lowest
quartiles of the insulin distribution. In computing mean
BMD levels in each quartile, we adjusted for age and other
covariates using the variance component approach by creat-
ing dummy variables corresponding to highest or lowest in-
sulin quartile. We tested whether insulin levels were
significantly correlated with mean BMD by regressing insu-
lin (the independent variable) against BMD (the dependent
variable). In addition, we simultaneously estimated effects
of age and other covariates (diuretics, smoking, alcohol
consumption, physical activity, calcium intake, and in
women, estrogen use and menopause status) on BMD by
including them in the model as covariates. As carried out
previously, significance testing was conducted using the like-
lihood ratio test by comparing the likelihood of a nested
model (value of regression coefficient constrained to be zero)
to that of a full model (value of regression coefficient esti-
mated). Fasting insulin levels were transformed by their
natural logarithms prior to these analyses to reduce skewness
of the distribution.

Results

The study sample included 217 men and 383 women aged
30–96 years. Characteristics of these individuals are shown
in Table 1. There were 55 men with diabetes and 162 without
and 98 women with diabetes and 285 without. On average,
diabetic men were 6.0 years older than nondiabetic men
(54.3 vs. 48.3 years, p � 0.005) and diabetic women were
6.4 years older than their nondiabetic counterparts (54.8
vs. 47.4 years, p �0.001). As expected, subjects with diabetes
had higher body mass index than those without (p � 0.006
Table 1. Characteristics of study participants �30 years of age according to sex and diabetes status. The San Antonio Family Osteoporosis Study

Men Women

Characteristic Nondiabetic Diabetic p Nondiabetic Diabetic p

n 162 55 285 98
Age (years) 48.3 � 13.7 54.3 � 13.3 0.005 47.4 � 12.6 54.8 � 12.5 �0.001
Body mass index, kg/m2 29.9 � 6.3 33.0 � 6.2 0.006 31.0 � 6.6 35.2 � 8.3 �0.001
Diuretic use, % (current) 0 12.2 �0.001 3.2 6.9 ns
Menopause status, %
Hysterectomy – – 12.1 8.7 ns
Pre-menopausal – – 55.7 32.6
Peri-menopausal – – 1.8 4.3
Post-menopausal – – 30.4 54.3
Estrogen use, % (current) – – 16.8 18.4 ns
Smoking, % (current) 29.0 31.5 ns 16.3 7.1 0.025
Alcohol use, % (current) 59.9 30.9 �0.001 30.6 9.2 �0.001
Physical activity (METS) 277 � 60 263 � 48 ns 254 � 42 240 � 19 ns
Calcium intake (mg/day) 948 � 535 910 � 563 ns 878 � 401 852 � 359 ns

ns � not significant.
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and p �0.001 in men and women, respectively). There was
little difference in reported physical activity levels or calcium
intake between diabetic and nondiabetic individuals. Men
were more likely to smoke and to drink alcohol than
women, although diabetic individuals were less likely
than nondiabetic individuals to engage in these behaviors,
with the exception that frequency of smoking differed little
between diabetic and nondiabetic men. Diabetic women
(who were slightly older) were more likely than nondiabetic
women to have transitioned into menopause. The proportion
of women reporting current use of estrogen did not differ
significantly between those with and without diabetes.

Table 2 summarizes associations between diabetes and
BMD at the hip, lumbar spine, and forearm in men and women
separately. Three models are shown: in model 1, mean levels
of BMD are adjusted for age and age squared; in model 2,
means are adjusted for age, for an additional set of lifestyle,
and, for women, reproductive history-related variables; and
in model 3, means are adjusted for all model 2 variables as
well as for body mass index. In men, there was no evidence
for an association between diabetes and BMD at any site, and
the lack of association persisted after adjusting for potential
confounders. In contrast, BMD tended to be higher in dia-
betic women than in nondiabetic women, with this associ-
ation achieving statistical significance at the hip (p �0.001)
and spine (p � 0.003) following adjustment for age, age
squared, and various lifestyle and reproductive factors.
The association between diabetes and BMD remained sta-
tistically significant even after further adjustment for body
mass index at the hip (p � 0.037) but not at the spine
(p � 0.11). At the hip, presence of diabetes was associated
with 3.7% increase in BMD in women even after accounting
for differences in body mass index and other covariates
between diabetic and nondiabetic women.
Among diabetic subjects, we next examined whether
BMD was correlated with duration of diabetes. First, we
compared mean BMD, adjusted for age, age squared, and
other covariates, between newly and previously diagnosed
diabetic subjects. There were 15 men with newly diag-
nosed diabetes and 40 men with previously diagnosed diabe-
tes; comparable numbers for women were 21 newly and
77 previously diagnosed cases of diabetes. There were no
significant differences in BMD between those with newly
diagnosed and previously diagnosed diabetes at any of the
three sites in either men or women (p �0.10 for all compari-
sons; data not shown). We further estimated the correlation
between BMD and duration of diabetes in men and
women and again observed no significant differences in
either sex (p �0.10 at all three sites; data not shown). Addi-
tional analyses revealed neither fasting glucose levels nor
medication type (oral agents or insulin) as significantly asso-
ciated with BMD.

We subsequently examined the relationship between
BMD and serum insulin levels. We initially restricted analy-
sis to nondiabetic subjects because insulin secretory capac-
ity may decline in diabetic subjects as a secondary
consequence of hyperglycemia. Table 3 shows mean BMD
among nondiabetic individuals in the highest and lowest
quartiles of insulin distribution and also beta coefficients
describing the association between insulin levels and BMD
adjusted for selected covariates. In both men (n � 162) and
women (n � 283), insulin levels were significantly and posi-
tively correlated with BMD at the hip and forearm when
adjusting for age, age squared, and various lifestyle and
reproductive history variables (models 1 and 2, all p values
�0.01). In women, insulin levels were also significantly
correlated with BMD at the spine. However, when further
adjustment was made in the analysis for BMI (model 3),
Table 2. Bone mineral density (g/cm2) at the hip, spine, and forearm according to diabetes status in men and women. The San Antonio
Family Osteoporosis Study

Men Women

Nondiabetic Diabetic % increase associated Nondiabetic Diabetic % increase associated
Site (n � 162) (n � 55) with diabetes (n � 285) (n � 98) with diabetes

Hip (intertrochanter)
Model 1 1.309 � 0.021 1.330 � 0.032 1.60 1.207 � 0.016 1.307 � 0.024 8.28c

Model 2 1.309 � 0.026 1.357 � 0.034 3.67 1.211 � 0.018 1.310 � 0.024 8.18c

Model 3 1.299 � 0.023 1.311 � 0.031 0.92 1.217 � 0.016 1.262 � 0.022 3.70a

Spine (L1–L4)
Model 1 1.063 � 0.020 1.057 � 0.030 �0.56 1.011 � 0.014 1.071 � 0.019 5.93b

Model 2 1.055 � 0.024 1.050 � 0.032 �0.47 1.012 � 0.015 1.070 � 0.019 5.73b

Model 3 1.048 � 0.023 1.018 � 0.031 �2.86 1.014 � 0.014 1.043 � 0.019 2.78
Forearm (ultradistal radius)

Model 1 0.547 � 0.008 0.535 � 0.013 �2.19 0.463 � 0.006 0.477 � 0.008 3.02
Model 2 0.545 � 0.010 0.542 � 0.014 �0.55 0.463 � 0.006 0.478 � 0.008 3.24
Model 3 0.544 � 0.010 0.532 � 0.014 �2.20 0.464 � 0.006 0.468 � 0.008 0.86

Model 1 adjusted for age, age2; model 2 � adjusted for model 1 covariates + diuretics, smoking, alcohol, physical activity, calcium intake, estrogen use,
and menopause status; model 3 � adjusted for model 2 covariates � body mass index. ap �0.05; bp �0.01; cp �0.001.
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Table 3. Mean bone mineral density (g/cm2) at the hip, spine, and forearm in nondiabetic men and women in the highest and lowest quartiles of the
insulin distribution. The San Antonio Family Osteoporosis Study

Men Women

Mean BMD among those in: Mean BMD among those in:

Highest insulin Lowest insulin Highest insulin Lowest insulin
Site quartile (n � 40) quartile (n � 41) β* p quartile (n � 70) quartile (n � 71) β p

Hip (intertrochanter)
Model 1 1.368 1.220 0.101 �0.001 1.258 1.185 0.082 �0.001
Model 2 1.390 1.237 0.103 �0.001 1.215 1.136 0.080 �0.001
Model 3 1.313 1.278 0.017 0.58 1.174 1.168 0.034 0.11

Spine (L1–L4)
Model 1 1.068 1.032 0.036 0.13 1.042 1.001 0.041 0.01
Model 2 1.066 1.030 0.034 0.15 0.984 0.933 0.044 0.007
Model 3 1.020 1.034 �0.056 0.07 0.968 0.947 0.022 0.23

Forearm (ultradistal radius)
Model 1 0.568 0.520 0.036 �0.001 0.476 0.450 0.020 0.005
Model 2 0.575 0.526 0.038 �0.001 0.459 0.431 0.021 0.003
Model 3 0.560 0.537 0.021 0.09 0.447 0.443 0.001 0.89

Model 1 adjusted for age, age2; model 2 � adjusted for model 1 covariates + diuretics, smoking, alcohol, physical activity, calcium intake, and, in women
only, estrogen use and menopause status; model 3 � adjusted for model 2 covariates � body mass index. Means are for subjects in whom exposure is
absent (i.e., nonsmokers, nondrinkers, those not on diuretics, and [in women] those not taking estrogens or having undergone menopause), or at mean level
of continuously distributed covariate (age, physical activity level, calcium intake, and BMI). β* � beta coefficient describing change in BMD associated
with a 1-unit increase in insulin level (measured on natural logarithm scale).
the strength of the correlation decreased substantially, and
in every case the correlation was no longer statistically
significant. These analyses were then repeated after including
diabetic subjects not taking medications (26 men and 34
women) and the results were virtually unchanged. These
results indicated that the correlation between insulin levels
and BMD was largely dependent on obesity.

Discussion

Although there have been conflicting studies of the relation-
ship between type 2 diabetes and elevated BMD, the majority
have concluded that individuals with type 2 diabetes have
equal (7,16,27–29), if not higher (10,18,30–33), BMD than
nondiabetic control subjects. Results from our study in Mexi-
can-Americans also support this overall conclusion, although
we observed BMD to be significantly associated with diabe-
tes in women only. The relationship of diabetes to bone health
is complex and is probably age-dependent. Krakauer and
colleagues have proposed that diabetes may interfere with
normal accumulation of bone mass at younger ages, but may
retard age-related bone loss at older ages (34). Mean age
of our study population was 49.4 years, while mean age of
diabetes onset was 46.9 years.

Perhaps the largest study to have examined the association
between diabetes and BMD was the Rotterdam Study. In this
study, diabetes was observed to be associated with a 3%
increase in hip and spine BMD in both men and women (10).
However, unlike our study, the Rotterdam Study focused on
an elderly population (mean age 68 years) and used a single
nonfasting glucose value taken 2 h after glucose load for
diagnosis of diabetes rather than the standard fasting oral
2-h glucose tolerance test, as used in our study. In contrast
to the Rotterdam Study, several previous studies, including
ours, reported BMD to be more strongly associated with type
2 diabetes and BMD in women than in men. For example, in
their study of a community-based population of older adults,
Barrett-Connor and Holbrook reported BMD to be higher
in diabetic than nondiabetic women at the spine, hip, and
forearm, although at no site were there significant differences
between diabetic and nondiabetic men (9). Furthermore, the
association between diabetes and BMD observed in women
could not be explained by differences in age, obesity, smok-
ing, alcohol, exercise, or medication use. However, this
study included only 41 men and 39 women with diabetes. El
Miedany and colleagues also reported higher BMD in 40
postmenopausal women with diabetes compared to 40 non-
diabetic control women, with no corresponding difference
between diabetic and nondiabetic men (30). Although intri-
guing, these two studies included relatively small numbers of
men, and it is possible that failure to detect associations
between diabetes and BMD in men may be attributable to
low power. Our study also included a relatively small number
of men with diabetes—only 55, approximately one half the
number of diabetic women.

Mechanisms that might account for an association be-
tween diabetes and BMD are not clear. Type 1 diabetes
appears to be associated with increased bone turnover and
lowered BMD, possibly arising from actions of inflammatory
processes and/or growth factor deficiencies (35). These pro-
cesses may interfere with acquisition of peak bone mass.
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However, the role of hyperglycemia per se on bone turnover
may be negligible. In our subjects with type 2 diabetes, we
observed no correlation between BMD and either duration of
diabetes or level of hyperglycemia. If longstanding diabetes
does lead to decreased BMD, it is possible that the correlation
is sufficiently small that it could not be detected in our
sample.

The possibility that hyperinsulinemia could mediate in
part an association between type 2 diabetes and elevated
BMD has received considerable attention. The idea is attrac-
tive insofar as subjects with type 1 diabetes lack insulin and
generally have reduced bone mass, while individuals with
type 2 diabetes usually have an excess of insulin, at least
in the early stages of the disease, and have been shown to
have increased bone mass. Physiologically, insulin plays an
important role in maintenance of normal bone formation
(36). It promoted cell proliferation in bone cells (37,38) and
may also affect bone metabolism indirectly because of its
structural homology to IGF-1, allowing it to bind to either
insulin receptor or insulin-like growth factor (IGF) recep-
tor, both of which are expressed on osteoblasts (39). Both
IGF-I and IGF-II are potent bone-stimulating growth factors
(40,41) and have been shown to decrease collagen degrada-
tion and increase collagen synthesis in cultures of intact
calvariae (42). Serum insulin levels have been correlated
with BMD in several epidemiologic studies (19,43,44). Al-
though diminished, the correlation between insulin and
BMD in some of these studies remained after additional
adjustment for obesity (19).

The relationship between insulin resistance and BMD
may also be mediated through sex hormones due to their
effects on bone metabolism. For example, estrogen replace-
ment therapy slows the rate of bone loss (45) and also
elevated levels of IGF-1 (46). Insulin resistance, hyperinsuli-
nemia, and diabetes are associated with decreased levels of
sex hormone-binding globulin (47,48), which in turn lead to
higher free estrogen and testosterone levels and increased
BMD. Post-menopausal Hispanic women with type 2 diabe-
tes have also been shown to have higher levels of free testos-
terone and androstenedione (49). Prospectively, androgen
levels have been shown to predict incident type 2 diabetes
and change in visceral fat (50,51); therefore, it is possible
that the relationship between type 2 diabetes and increased
BMD is mediated through increased androgen levels. This
may also explain some of the sex differences observed in
the relationship between type 2 diabetes and BMD.

The relationship among obesity, diabetes, and BMD is
potentially complex. On the one hand, obesity could be
associated with elevated BMD strictly by the mechanical
force of increased load to the skeleton. However, it has also
been suggested that the effect of obesity on BMD may
extend beyond this mechanical aspect and have more to do
with the biological effects of fat mass tissue on BMD (52).
For example, increased fat mass could be the initiating factor
in stimulation of osteoblast activity and bone loss retardation
by setting off a chain of events that includes hyperinsuli-
nemia and its ensuing effects on sex hormones.

The majority of previous studies that evaluated the rela-
tionship between diabetes and osteoporosis were conducted
in Caucasian populations. The relationship between diabetes
and osteoporosis risk may have particular relevance for Mex-
ican-Americans, in whom the prevalence of diabetes is espe-
cially high (25.5% in subjects aged 30 years and older in
our study). Mexican-American women appear to be at lower
risk than non-Hispanic white women for hip fracture (53–
56), which may be accounted for in part by their having a
relatively higher BMD (57). However, it is not yet clear
whether these two observations are in any way related. It
may be relevant that the high prevalence of diabetes in
Mexican-Americans is also accompanied by a high fre-
quency of insulin resistance with concomitant hyperinsuli-
nemia (58). Consequently, we were able to evaluate the
relationship of BMD with insulin levels in study participants
across a wide range of insulin values. Our results confirm
an association between hyperinsulinemia and elevated
BMD, although this association was not independent of BMI.
Either changes in BMI mediate an effect of insulin on BMD,
or insulin may merely be a marker for some other osteogenic
factor. Finally, an important limitation of our study design
was that we measured BMD at only a single point in time,
and an individual’s BMD at any point in time will be a
function of factors influencing his or her acquisition of peak
bone mass occurring in early adulthood as well as factors
influencing bone turnover. We also did not perform x-rays of
measured sites to identify other processes affecting bone
density. A more thorough evaluation of the effects of insulin
and/or diabetes on bone may require longitudinal examina-
tion of the effects of these variables on change in BMD.
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