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Abstract

Introduction and hypothesis Despite higher rates of depres-
sion, lower hormone replacement therapy (HRT) use, and
inadequate knowledge of factors associated with osteopo-
rosis, Mexican Americans have been understudied with
regards to the association between depression, osteoporosis,
and fractures. We hypothesized that depression increases
the risk for osteoporosis and fractures among older
Mexican American women.

Methods Seven years of prospective data (1993-2001)
from the Hispanic Established Populations for Epidemio-
logic Studies of the Elderly were analyzed for 1,350 women
in the Southwest United States who had complete data for
at least the first follow-up interview.

Results Respondents (mean age:75) were generally poorly
educated, had low income, and reported poor or fair health.
High levels of depressive symptoms were reported by 31%,
while new diagnosis of osteoporosis and new fractures were
reported by 18 and 13%, respectively. Logistic regression
analyses showed that predictors of newly diagnosed
osteoporosis included age, high school (HS) education,
ever having been an alcoholic, early menopause, hormone
replacement therapy, and high levels of depressive symp-
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toms. Factors predictive of new fractures included age, HS
education, diabetes, early menopause, and high levels of
depressive symptoms.

Conclusions Depressive symptoms were associated with
increased risk of osteoporosis and new fractures, even after
controlling for other predictive factors.
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Abbreviations

BMD bone mineral density

BMI body mass index

CES-D Center for Epidemiologic Studies Depres-
sion Scale

Hispanic Hispanic Established Populations for the

EPESE Epidemiologic Study of the Elderly

HPA hypothalamic-pituitary-adrenocortical axis

HRT hormone replacement therapy

OR odds ratio
SSRI selective serotonin reuptake inhibitors

Introduction

The public health impact of osteoporosis and osteoporotic
fracture is substantial. More than $10 billion are spent
annually on osteoporotic fracture treatment in the US [1].
Since the number of older adults, particularly women, is
projected to increase dramatically in the next three decades,
the costs and impact of osteoporosis and fractures are likely
to increase.

Many factors have been associated with an increased risk
of osteoporosis or low bone mineral density (BMD). Being
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female, increasing age, low levels of estrogen, non-
Hispanic White and Asian race, low weight and body mass
index (BMI), family history of osteoporosis, hysterectomy,
history of prior fracture, late menarche, and early meno-
pause have all been consistently associated with low BMD
[1]. Other lifestyle-related factors such as smoking, low
calcium and vitamin D intake, and lack of exercise are
associated with low BMD as well [1]. Certain diseases
(e.g., thyroid or parathyroid disease, intestinal disease,
chronic bronchitis, or emphysema) and medications (e.g.,
glucocorticoids) have been shown to increase the risk of
developing osteoporosis [1, 2].

Several studies suggest that depression is associated with
decreased BMD and osteoporosis [3—6], while others report
no association [7-9]. Proposed biological mechanisms by
which depression could be related to low BMD include:
hypersecretion of cortisol during depressive episodes,
hypogonadism, decreased growth hormone secretion or
actions, and increased levels of proinflammatory cytokines
such as interleukins 1 and 6 [5, 10].

Depression is also associated with falls and fractures.
Depressed individuals are more likely to fall than the
nondepressed [8], especially in the presence of environ-
mental hazards such as poor lighting or uneven floors and
gait problems [11]. Depressed women have a higher rate of
nonvertebral and vertebral fractures even after adjustment
for factors such as falls, chronic disease, and medications
than nondepressed women [8]. A longitudinal study also
reported high depressive symptomatology to be predictive
of hip fracture after controlling for confounding factors
[12]. Antidepressive medications, such as selective seroto-
nin reuptake inhibitors (SSRI) and tricyclics, can lead to
falls and their subsequent fractures [13], even when
depression is included in the analysis [14].

The majority of these studies were limited by cross-
sectional designs and small sample sizes, and only one
study has examined this relationship in older Mexican
Americans. Two studies performed follow-up measure-
ments on a subgroup of their study population [3, 9], but
reported different results. Schweiger and colleagues (2000)
who compared 18 depressed patients with 21 controls
reported greater bone loss among depressed participants
and among men after at least a 2-year follow-up period [3].
Whooley and colleagues (2004) found no difference in
mean percent change in hip and lumbar spine BMD
between depressed and healthy older men after an average
of 3.6 years follow-up [9]. These conflicting results could
be explained by differences in study populations.

A statistically significant negative association between
depression and total hip BMD was found in a relatively large
sample of 1,566 Medicare enrollees, with depressed partic-
ipants displaying significantly lower total hip BMD com-
pared to nondepressed participants after controlling for BMI,
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age, physical activity, estrogen, gender, race, smoking, and
alcohol use [4]. After stratification by gender and race, the
relationship held for Caucasian women, but not Caucasian
men or African Americans. In contrast to Robbins’s study
[4], another large population-based study reported that
major depression was associated with lower BMD for men,
but not women [10]. Depression and low BMD were found
to be associated in elderly Asian men as well.

Mexican Americans have been understudied with
regards to the association between depression, osteoporosis,
and fractures. Mexican American elderly tend to have lower
hip fracture rates [15] despite similar fall rates when
compared to non-Hispanic Whites [16], due possibly to
body composition and a shorter hip axis [17]. Mexican
Americans have higher hip fracture rates compared to
African Americans [18] and other Hispanic groups such as
Puerto Ricans [19]. Only one study has examined the
relationship between hip fracture and depressive symptoms
among older Mexican Americans. Hip fractures were not
found to be predictive of depressive symptoms when
controlling for other confounding factors in the cross-
sectional baseline wave of the Hispanic Established
Populations for the Epidemiologic Study of the Elderly
(Hispanic EPESE) [20]. Proposed explanations included
time lapsed since hip fracture diagnosis and increased
availability of support, which can lead to speedy recovery
or less functional decline.

The goal of the present study is to assess the relationship
between depression, osteoporosis, and fractures using 7 years
of longitudinal data from the Hispanic EPESE. This study is
unique in that it takes advantage of a large community-
dwelling elderly population (n=1,350), a longitudinal
design, and an understudied population: Mexican American
elderly women. We hypothesize that depression increases
the risk for osteoporosis and fractures in this population.

Methods
Sample

Data for this study came from the Hispanic EPESE, the first
large-scale prospective cohort study of community-
dwelling Mexican American elderly (for a more complete
description of the methods and subject characteristics, see
[21]). At baseline (1993-1994), area probability sampling
resulted in a sample of 3,050 community-dwelling Mexican
Americans ages 65 and over who resided in Texas,
Colorado, New Mexico, Arizona, and California. These
individuals represented approximately 500,000 Mexican
Americans ages 65 and older who reside in the Southwest.
The initial baseline wave of interviews was followed by
three waves of follow-up conducted from 1995 to 1996,
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from 1998 to 1999, and from 2000 to 2001. Of the 3,050
baseline respondents, 1,759 were women. Since our two
outcome measures (self-reported new diagnoses of osteo-
porosis or any fracture) were measured at the follow-up
waves, the present sample included only 1,350 women who
had complete data for at least the first follow-up interview.
Those not included were either dead, too cognitively
impaired, or too ill to complete the second interview.
Table 1 shows the distribution of sociodemographic and
other health-related characteristics. At the first follow-up,
the average age of the women was 75 years. Fewer than

10% had completed high school with an average formal
education of 5 years. The majority (72.8%) was interviewed
in Spanish. Over 45% immigrated from Mexico, and two-
thirds (64.3%) had low levels of acculturation. Only 41%
were currently married and 29% lived alone. Most of the
women (83%) had annual household incomes less than
$15,000, over half (55.1%) reported financial strain, and
6.4% had no health insurance. Almost two-thirds of the
women (62.7%) rated their health as fair or poor. One-third
were obese, 1.7% were alcoholic, and almost 21% were
diabetic. The average number of pregnancies was six, and

Table 1 Characteristics in association with newly diagnosed osteoporosis and fracture

n Weighted % % Osteoporosis (n=1,335) % New fractures (n=1,350)

Overall sample 1,350 17.7 13.3
Age

67-74 years 751 55.9 14.1 12.0
75—84 years 471 35.1 23.6 16.1
85+years 128 9.0 16.3%%* 10.3
Education

<6 years 840 58.1 15.0 11.4
6-11 years 393 32.5 20.0 15.7
12+years 117 9.4 25.7%* 16.5
Spanish-speaking 1,065 72.8 16.9 12.5
Immigrant 588 45.6 18.6 12.5
Low acculturation 941 64.3 16.5 12.4
Currently married 559 41.0 20.1 13.8
Live alone 377 29.1 17.2 11.5
Yearly household income 1,026 83.0 16.0 14.4
<15 K
Financial strain 729 55.1 17.9 13.6
No insurance coverage 66 6.4 8.6* 12.1
Physician visits past year

0-1 259 18.9 14.9 12.0
2-7 606 42.0 18.5 11.1
8+ 485 39.1 18.1 16.2
Usual place for medical care 1,209 86.3 17.8 12.7
Poor/fair self-rated health 853 62.7 21.0% 14.0
Obese 462 329 16.7 14.2
Ever alcoholic® 21 1.7 42 3%%* 7.7
Diabetic 294 20.7 15.2 18.7%%%*
Osteoporosis at baseline 15 0.8 0.5
Pregnancies

0-1 203 15.2 18.4 10.5
2-6 618 449 18.0 15.1
7-12 436 33.1 16.7 12.9
13+ 93 6.8 18.3 9.7
Hysterectomy 377 30.4 21.6%* 12.1
Early menopause® 146 10.9 27.6%** 19.2*
HRT use 173 14.8 22.5%%* 11.0
Antidepressant use 97 7.8 23.6% 15.4
High depressive symptoms® 370 30.7 21.2%* 17.3%*

*p<05; **p<01; ***p<001

#CAGE score of 1 or more (range: 0-4)
bMenopause prior to age 40

€ CESD score of 16 or greater (range: 0—60)
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over 30% had a hysterectomy. Early menopause (before the
age of 40) was reported by 10.9%. The overlap between
these two events was minimal: less than 6% of the women
had both a hysterectomy and early menopause. Hormone
replacement therapy (HRT) use was recorded for 14.8% of
the women and antidepressant use was recorded for 7.8%.
High levels of depressive symptoms were reported by
almost 31% (370 women). Fifteen women (0.8%) reported
an osteoporosis diagnosis at baseline. About 18% (229
women) reported an osteoporosis diagnosis during follow-
up and 13% (189 women) reported at least one new fracture
during follow-up.

Measures

At all three follow-up interviews, women were asked if
they had ever received a physician’s diagnosis of osteopo-
rosis. Those who reported a diagnosis since the time of the
baseline interview were coded as having newly diagnosed
osteoporosis. The women were also asked if they had
experienced new fractures. Those reporting fractures since
the time of the baseline interview were coded as having
new fractures. These included fractures of the hip, wrist,
arm, shoulder, spine, foot, ankle, leg, knee, hand, or fingers.

Sociodemographic characteristics included age, years of
education, language preference, level of acculturation,
immigrant status, marital status, living arrangement, yearly
household income, experience of financial strain, and lack
of insurance coverage at baseline. Financial strain was
assessed by asking how often the respondent did not have
sufficient money to buy food or needed medicine at the end
of the month.

Depressive symptoms were measured at baseline with
the Center for Epidemiologic Studies Depression Scale
(CES-D). The CES-D is the most frequently used survey of
depressive symptomatology and has been found to be
reliable and valid when used with the elderly. The scale
includes 20 items that ask how often specific symptoms
were experienced during the week prior to interview, and
responses are scored on a 4-point scale, with potential total
scores ranging from 0 to 60. Respondents scoring 16 or
more were categorized as having a high level of depressive
symptoms. Although not indicative of a diagnosis of clinical
depression, this standard cutoff score has previously been
shown to effectively identify individuals with clinically
significant levels of depressive symptoms in other studies
of older adults [22], as well as with this sample of older
Mexican Americans [23].

The presence of diabetes was assessed at baseline by
asking the respondents whether a physician had ever told
them that they had diabetes. Persons reporting impaired
glucose tolerance were not designated as having diabetes in
the present analyses. Obesity was designated as those
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having a body mass index (BMI) of 30 or more at baseline.
At the first follow-up, the women were asked their total
number of pregnancies, if they ever had a hysterectomy, and
the age at which they experienced menopause. Those
reporting menopause prior to age 40 were categorized as
having early menopause.

Self-rated health was measured at baseline with a four-
item scale to ask how the respondent would rate their overall
health (ranging from excellent to poor). The women were
also administered the four-item CAGE, to assess having
been a heavy or problem drinker at some point in their adult
life. Those responding in the affirmative to one or more of
the items were categorized as having been alcoholic. At
baseline and the first follow-up, respondents were asked to
show the prescription medications that they were currently
using. Women were categorized as having hormone
replacement therapy (HRT) or antidepressant medication.

Statistical analyses

The rates of self-reported newly diagnosed osteoporosis and
fractures over the 7 years of study were assessed across
sociodemographic characteristics, diabetic status, alcoholic
status, obesity, self-rated health, number of pregnancies,
hysterectomy, HRT and antidepressant use, and level of
depressive symptoms. Differences were tested with chi-
square analyses. Logistic regression models were used to
assess first the main effect of depressive status alone, then
the effect of depressive status controlling for other
independent variables. All analyses incorporated weighted
data and were adjusted for design effects using SUDAAN.
Analyses predicting new fractures included 1,350 women,
whereas analyses predicting new diagnoses of osteoporosis
included only 1,335 women (15 women who had reported
osteoporosis at baseline were excluded).

Results

Table 1 presents the rates of self-reported newly diagnosed
osteoporosis and fractures across the sociodemographic and
health-related measures. Osteoporosis was more common
among those women who used antidepressant medication
and those who reported high levels of depressive symp-
toms. Osteoporosis rates were significantly higher among
75- to 84-year-old women than either 67- to 74-year-old
women or women at least 85 years of age. Osteoporosis
rates were higher for women with higher education: 15.0%
among those with less than 6 years of education versus
25.7% among those with 12 or more years of education.
Newly diagnosed osteoporosis was also significantly more
common among those women with poor or fair self-rated
health, among those who had ever been alcoholic, among
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those who had had a hysterectomy, those who experienced
early menopause, or those who used HRT. The rates of self-
reported new fractures were associated with fewer mea-
sures: fractures were more common among those women
who were diabetic, those who reported early menopause,
and those who reported high levels of depressive symptoms.

Table 2 shows the results of logistic regression models
predicting self-reported osteoporosis and new fractures.
Model 1 assesses the risk of each outcome associated with
high depressive symptoms alone. For both outcomes, high
levels of depressive symptoms were found to be predictive:
for self-reported osteoporosis, the odds ratio was 1.42 (95%
confidence interval: 1.05, 1.92), and for self-reported new
fractures, the odds ratio was 1.43 (95% confidence interval:
1.03, 1.99).

Model 2 assesses the risk for each outcome associated with
high depressive symptoms controlling for the influence of
other independent measures. Since not all independent
measures were found to be predictive, the table presents more
parsimonious models that include only key sociodemographic
and health-related measures. As can be seen in the table,
factors that proved predictive of newly diagnosed osteoporosis
included age (OR:1.03, 95% confidence interval: 1.01, 1.06),
high school education (OR:2.02, 95% confidence interval:
1.27, 3.21), ever having been alcoholic (OR:3.83, 95%
confidence interval: 1.57, 9.36), having early menopause
(OR:1.85, 95% confidence interval: 1.22, 2.81), using HRT
(OR:1.46, 95% confidence interval: 1.02, 2.18), and having
high levels of depressive symptoms (OR:1.39, 95% confidence
interval: 1.02, 1.91). Factors that proved predictive of new

fractures included age (OR:1.02, 95% confidence interval:
1.01, 1.05), high school education (OR:1.49, 95% confidence
interval: 1.06, 2.54), self-report of previous diagnosis of
diabetes (OR:1.58, 95% confidence interval: 1.12, 2.25),
having early menopause (OR:1.62, 95% confidence interval:
1.10, 2.55), and having high levels of depressive symptoms
(OR:1.39, 95% confidence level: 1.01, 1.95). The risk
associated with high depressive symptoms was virtually the
same for osteoporosis and new fractures and did not vary
substantially between the univariate and multivariate models.

Discussion

Depressive symptomatology, our main independent vari-
able, was found to consistently predict self-reported
osteoporosis over time; even the inclusion of other
significant predictors did not change its effect. Our findings
support previous studies regarding this association. For
example, Robbins and colleagues (2001) found depressive
symptomatology to be negatively associated with total hip
BMD in Caucasian women even after controlling for
independent factors such as age, BMI, activity, smoking,
estrogen intake, and alcohol consumption [4]. Our study
also contributes evidence that depressive symptomatology
is associated not only with low BMD but also with
osteoporosis. Biological explanations have been proposed
[1, 5, 7,9, 10, 16]. As was the case with osteoporosis,
depressive symptomatology remained a significant predic-
tor of self-reported incident fractures. The effect of having

Table 2 Risk of osteoporosis or fracture associated with depressive symptoms

Osteoporosis diagnosis

Any fracture

OR 95% CI OR 95% CI

Model 1:

High depressive symptoms® 1.42 1.05, 1.92 1.43 1.03, 1.99
Model 2:

Age (years) 1.03 1.01, 1.06 1.02 1.01, 1.05
High school education 2.02 1.27,3.21 1.49 1.06, 2.54
Spanish-speaking 1.03 0.73, 1.44 1.03 0.69, 1.52
Live alone 0.88 0.63, 1.23 0.74 0.51, 1.07
Ever alcoholic® 3.83 1.57,9.36 0.98 0.28, 3.45
Diabetic 0.80 0.54, 1.17 1.58 1.12, 2.25
Osteoporosis at baseline 0.41 0.05, 3.21
Number of pregnancies 0.99 0.82, 1.20 0.96 0.79, 1.16
Has hysterectomy 1.28 0.93, 1.77 0.91 0.63, 1.30
Early menopause® 1.85 1.22, 2.81 1.62 1.10, 2.55
HRT use 1.46 1.02, 2.18 0.74 0.44, 1.23
Poor/fair self-rated health 1.07 0.71, 1.48 1.09 0.76, 1.56
High depressive symptoms® 1.39 1.02, 1.91 1.39 1.01, 1.95

2 CESD score of 16 or greater (range: 0-60)
® CAGE score of 1 or more (range: 0-4)
¢ Menopause prior to age 40
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high levels of depressive symptoms barely changed from
1.43 (model 1) to 1.39 (model 2) with the introduction of
different covariates in the model. The inclusion of baseline
osteoporosis in the multivariate model did not change this
effect, suggesting that the association between depressive
symptoms and fractures may be explained through an
increased risk of falling, and not necessarily through low
BMD [8, 24]. People suffering from depression may be
more likely to not pay attention to how and where they
walk, not turn on lights or take other needed safely
precautions, potentially leading to falling.

Our study findings suggest that other factors that are
associated with osteoporosis and fracture in older Mexican
American women are similar to those reported for non-
Hispanic Whites. Increased osteoporosis rates were found
to be associated with increasing age, education, alcoholism,
early menopause, and HRT medications. Experiencing new
fractures was associated with increasing age and education,
being diabetic, and having had an early menopause.

Women who acknowledged ever being an alcoholic or
having a drinking problem during their adult life were
almost four times more likely to be diagnosed with
osteoporosis compared to women without a drinking
problem. Human and animal studies suggest that heavy
drinking compromises bone density and increases the risk
of bone loss [25] and osteoporosis in females [26]. Alcohol
may be toxic to osteoblasts [27] or may result in an
uncoupling of bone resorption and bone formation [28].
The most pertinent explanation may be that the effect of
heavy alcohol consumption on bone health cannot be
reversed, so that alcoholic women are more likely to develop
osteoporosis later in life, even if they stop drinking [26].

As expected [17, 29], increasing age significantly
predicted the risk of osteoporosis among our cohort
of elderly Mexican American women. Postmenopausal
women with at least a high school education were twice
as likely to report a diagnosis of osteoporosis compared
with less educated women. These women are more likely to
have health insurance, and thus be provided the opportunity
for screening and diagnosis of osteoporosis.

Early menopause also significantly predicted osteoporo-
sis, even when we controlled for other potential confound-
ers. Women reporting early menopause had 85% increased
odds of being diagnosed with osteoporosis during the
follow-up period compared to women with normal meno-
pause. This finding supports other findings of lower BMD
among women with early menopause [30-33].

In our sample of older Mexican American women,
participants who were currently on HRT were 50% more
likely to report an osteoporosis diagnosis during the study
follow-up period than women not on HRT. This finding
was surprising, given that HRT is usually associated with
increased BMD, acting thus as a protective factor [34]. The
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National Osteoporosis Risk Assessment study authors argue
that use of HRT for less than 5 years does not preserve bone
or reduce fracture risk later in life, while other authors
propose against long-term HRT use due to an increased risk
for breast cancer [35].

Most factors associated with osteoporosis were also
found to be predictors of self-reported fracture in this
sample. Early menopause seemed to be both directly and
indirectly associated with fractures. These women had a
62% increased odds of reporting any new fractures
compared to women with normal menopause, when
osteoporosis at baseline was accounted for. An indirect
effect is also possible, as these women have an increased
risk for osteoporosis, which can lead to fractures. Our
finding of a direct and independent effect of early
menopause on incident fractures supports van der Klift et
al.’s findings of an independent effect of early menopause
on incident vertebral fractures among women apart from
low BMD and prevalent vertebral fractures [36].

Participants who self-reported a previous physician
diagnosis of diabetes were 58% more likely to also report
any new fracture since baseline. Similar results were
reported in the literature. Nicodemus and Folsom (2001),
for example, conducted a prospective study of more than
32,000 postmenopausal women followed for 11 years [37].
Although participants with type 1 diabetes had a much
higher risk of hip fracture, women with type 2 diabetes had
a 1.7-fold increase in their risk for hip fractures compared
to normal women. The authors proposed that the associa-
tion between diabetes and hip fracture may be due to an
increased risk of falling, as diabetic neuropathy or higher
risk for hypoglycemia may lead to falling.

Women with at least a high school education were not
only more likely to report osteoporosis, but to experience
fractures as well. This effect was independent of osteopo-
rosis, indicating that higher education may lead to an
increased risk for fractures that is not related to bone
mineral content. It could be that more educated women may
be involved in more social activities, increasing their
chances of falling and fracturing their bones.

Lastly, the older a woman is, the more likely she is to
experience bone fractures. This can be due to low bone
mass [2], due to an increased risk of falling [16], especially
if the person is depressive [11] or cognitively impaired [14],
although age-related mechanisms likely to affect bone
fractures independently of BMD were also proposed [38].
This finding supports that of Espino and colleagues (2000)
who, using the 1993-1996 Hispanic EPESE, showed that
hip fractures were associated with increased age, although
not independently of other risk factors [39].

One implication of our study is that more attention
should be given to elderly Mexican American women. Due
to higher rates of depression [23], lower use of HRT [40],
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and inadequate knowledge of factors associated with osteo-
porosis [41], elderly Mexican American women may be at
increased risk of developing osteoporosis and fractures.

Study limitations include the use of self-reported
diagnosis of osteoporosis and fractures, which will likely
underestimate true levels of osteoporosis given the rela-
tively low health insurance coverage and health care
utilization by Mexican Americans compared to the general
population [42, 43]. No objective measures were included
in the Hispanic EPESE that we could use to confirm the
presence of osteoporosis, fractures, or diabetes. We were
also unable to distinguish between different types of
fractures, given the small number of people for each type
of fracture. Since this study represents a post hoc analysis
of an already existing dataset, and the same data collection
methods were used for both those with depressive symp-
toms and those without, potential bias in the assessment of
the outcome and in the quality and extent of information
obtained is minimal. Self-report of previous physician
diagnosis is often used to assess the rate of osteoporosis,
fractures, and/or diabetes in large-scale population studies.

Moreover, previous studies have found high sensitivity
and specificity of fracture reports [44] and diabetes [45].
Similar studies are needed to assess the validity of self-
reported measures of osteoporosis. Since osteoporosis can
be silent for many years before it manifests as a fracture or
upon dual-energy X-ray absorptiometry (DEXA) scanning,
it is expected that the use of self-reported measures of
osteoporosis will underestimate the true rate of osteoporosis
in a population.

Another limitation of the Hispanic EPESE dataset is the
lack of other health behavior variables (e.g., diet, vitamin D
and calcium intake, exercise) that are risk factors for
osteoporosis and fractures [20]. Assessment of vitamin D
status through measurement of serum 25(OH) D level also
was not performed. Although the study participants lived in
the Southwest United States [20], and are likely to have
received good sun exposure, this is not a guarantee of
adequate vitamin D status [46].

Future research on the association between depression,
osteoporosis, and fractures should consider inclusion of
objective measures of vitamin D [e.g., serum 25(OH)D],
cortisol status, calcium absorption, and inflammatory
markers; additional questionnaire items on physical activity,
sunlight exposure, and dietary intake of calcium and
vitamin D; and, when feasible, direct measurement of bone
mineral density using DEXA scanning. Due to the intricacy
of these factors and other methodological issues in
assessing calcium and vitamin D status, more extensive
study is needed to further elucidate the biological mecha-
nisms through which hypercortisolism associated with
episodes of depression [5], or activation of inflammatory
mechanisms, might be expected to be associated with

impaired calcium absorption, vitamin D action, and/or bone
homeostasis. The impact of ethnic background, specific
genetic factors, local environmental conditions, and antide-
pressant medications on osteoporosis and fracture risk
should also be explored more systematically.

In summary, this study reports a strong association
between depressive symptomatology and osteoporosis and
fractures, which is not changed by other factors associated
with the outcomes. Depressive symptoms could be associ-
ated with fractures indirectly through their effect on
osteoporosis, or directly potentially through falls. Other
factors such as increasing age, higher education, and early
menopause were also found to significantly and indepen-
dently predict both incident osteoporosis and fractures.
Programs to increase osteoporosis screening and prevent
related fractures among postmenopausal Mexican American
women are needed.
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