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Abstract

Background: Many factors, such as heredity, ethnicity, nutrition and other lifestyle factors, have been related to
bone mineral density in postmenopausal women. Additionally, bone mass has been significantly associated with
decreased estrogen levels. However, fewstudies have been conducted on premenopausal women. The present
study was designed to estimate the relationship between low bone mineral density and levels of serum estradiol

and lifestyle factors in premenopausal Mexican women.

Methods: A cross-sectional study was conducted in 270 women between 40 and 48 years of age who participate
in the Health Workers Cohort Study. Information on socio-demographic and lifestyle factors were obtained through
a self-administered questionnaire. Body mass index and serum estradiol were measured with standard procedures;
bone mineral density was assessed using dual-energy X-ray absorptiometry. Multiple linear and logistic regression
models were computed to evaluate the relationship between low bone mineral density and levels of serum

estradiol and lifestyle factors.

Results: In linear regression analysis levels of estradiol, body mass index, physical activity, and vitamin D intake
were positively related to bone mineral density. Age, cigarette smoking and caffeine were inversely associated with
BMD. Finally, the odds of low bone mineral density increase significantly when the premenopausal women had low

levels of serum estradiol (OR=4.93, 95 % Cl: 2.14, 11.37).

Conclusion: These data support that low serum estradiol, advancing age, lower physical activity, lower vitamin D
intake, cigarette smoking, and higher amount of caffeine intake are linked to low bone mineral density in

premenopausal Mexican women.

Keywords: Serum estradiol, Bone mineral density, Premenopausal, Mexican women

Background

Osteoporosis is a skeletal condition represented by low
bone mineral density and the depreciation of the micro-
architecture of the bone tissue [1]. While this disorder is
common among the elderly, it is also a problem among
younger people. For example, in premenopausal women,
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about 15 % have bone mineral density levels below -1
standard deviation, and about 0.6 % are more than -2.5
standard deviations below young-adult mean bone min-
eral density [2]. Globally, osteoporosis is one of the most
important public health problems, predisposing people
to fractures [3—6], which are associated with increased
morbidity and mortality [3, 4], reduced quality of life [5]
and pose high health-care costs [6].

Bone mineral density (BMD) in women has been re-
lated to many factors such as age at menarche, number
of pregnancies, breastfeeding, and contraceptive use; as
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well as physical activity, tobacco use and intakes of
calcium, caffeine, dietary fiber, dietary vitamin D and al-
cohol [7-11].

Perimenopause is an intermediate phase in a woman’s
life when physiological changes occur that begin the
transition to menopause, such as irregular menstrual pe-
riods [12, 13]. In Mexican women, it has been observed
that after the age of 40 years bone mass decreases grad-
ually [14], which could be associated with lowered estro-
gen production that happens several years prior to the
start of the menopause. On the other hand, estrogens
play an important role in bone growth and homeostasis
[15]. Furthermore, in women, levels of sex steroids are a
significant component responsible for bone turnover
and bone density [16], especially when estrogen produc-
tion reduces and levels fall, accelerated bone loss ensues.

Therefore, our study was designed to evaluate the rela-
tionship between bone mineral density and levels of
serum estradiol and lifestyle factors in premenopausal
Mexican women.

Methods

Study population

The present study included a sample of adult females
(40—48 years old) participating in the Health Workers
Cohort Study (HWCS). In short, the HWCS include
healthy members from health and academic institutions
located in two cities of central Mexico: Instituto
Mexicano del Seguro Social (IMSS) and the Instituto
Nacional de Salud Publica (INSP) and Universidad
Auténoma del Estado de México (UAEMex). In general,
the main objective of the HWCS is to evaluate the asso-
ciations between different lifestyle factors and health
outcomes in the Mexican population. The specifics
about methods and participants’ characteristics have
been described previously [17-19].

From March 2004 to April 2006, a total of 9,467 sub-
jects were requested to participate in the HWCS, of
these, 8,307 adults were registered in the cohort study.
Of those, the female population of the HWCS consists
of 6,240 women ranging from 18 to 90 years. Due to the
nature of the study, only women working at the
UAEMex were included, individuals with the following
characteristics were excluded from the final analysis: fe-
males who work at IMSS, or at INSP (n = 4392); women
under 40 years and over 48 years (n=1439); subjects
reporting current or past occurrence of any medical
conditions recognized to influence bone metabolism
(n=26); and women who had been taking any medi-
cation that affects bone density, for example, gluco-
corticoids (n=284). We also excluded subjects who
did not have complete information (n=29). In total,
270 females were included in the final analysis. All of
them continued with regular menstrual cycles.
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All women participating in the study gave written in-
formed consent to the procedures, which were reviewed
and accepted by the ethics committee of the Medical
Science Research Center (No. 1233008X0236). Finally,
the present study was conducted following the recom-
mendations of the Declaration of Helsinki.

Measures

Females included in the present study gave information
on socio-demographic characteristics, reproductive fac-
tors (such as: number of pregnancies, breastfeeding, and
contraceptive use) and lifestyle information on dietary
intake, use of multivitamin supplements, physical activ-
ity, tobacco use and family history of osteoporosis.

Physical activity measurement

The International Physical Activity Questionnaire (IPAQ)
[20], which has been previously adjusted for the Mexican
population, was used to assess habitual physical activity.
Subjects answered questions concerning the period of
time they assigned to physical activity throughout
leisure time, at work and doing housework. Physical
activity was measured in metabolic equivalents (METYS)
and was estimated according to the time and intensity
performed in different activities like walking, dancing,
swimming, and doing other exercises for 1 week, in the
year previous to the study. We have also evaluated partici-
pants’ sedentary activities, defined as time devoted to ac-
tivity with low METS. Sedentary activities included
reading, writing, working at the computer, watching TV,
going to the movies, activity planning and playing table
games.

Dietary intake measurement

A food frequency questionnaire (FFQ) previously vali-
dated in Mexican adult population [21] was employed to
evaluate dietary intake. The FFQ included information
on the average frequency of intake of 116 food items
during the previous year. Dietary vitamin D (Ul/d) as
well as dietary calcium (mg/d) consumption were esti-
mated using the FFQ above mentioned. Multivitamin
supplement use (including calcium) was determined ac-
cordant to names and daily doses reported by partici-
pants. Calcium and vitamin D intake were determined
by the sum of dietary calcium consumption plus vitamin
D and calcium from supplement consumption. Finally,
both, the consumption of dietary vitamin D and calcium
were estimated by multiplying the frequency of con-
sumption of each food by the vitamin D and calcium
content of the specified portion size. Additionally,
Alcohol and caffeine consumption were assessed as
drinks/day, from which g/day and mg/day, respectively,
were calculated. By means of a food contents database
we computed the specific nutrient intakes [22].
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Using the standard deviation method suggested by
Rosner [23], the outlier values in energy intake (values
below 600 kcal/day and above 7000 kcal/day) were elimi-
nated from the final analysis. All nutrient intakes were
adjusted by the residual method.

Tobacco use and familial history of osteoporosis
Tobacco use was assessed by means of a self-reported
questionnaire, constructed on previous and current
cigarette smoking. Tobacco use was categorized as “yes”
for current smoking and past smoking, or “no” for never
smoking. Additionally, a female was defined as a smoker,
if she informed consuming at least 100 cigarettes in her
lifetime [17, 18].

If a woman responded yes to the question “Has anyone
in your family ever had osteoporosis?” She was classified
as a positive to familial history of osteoporosis [18].

Reproductive factors measurement

The reproductive factors like: age at menarche, duration
of menstrual cycles, use of contraceptive, number of ges-
tations, and duration of breastfeed were assessed. Age at
menarche was defined as the age of the first menstrual
bleeding. Duration of menstrual cycles was described as
the time in days from the first day of menstruation to
the initiation of the following period. In our study popu-
lation all women continued with their menstrual cycle.
The use of oral contraceptive was expressed as the ac-
crued time since women took oral contraceptives. We
obtained information about the number of gestations
(including only full-term pregnancies), which were dichot-
omized as<2, and>2 gestations, to the final analysis.
Lastly, the time of breastfeed was assessed by the calcula-
tion of total months that a woman gave breastfeeding to
her different children, for the present analysis, two groups
were established: < 6 months and > 6 months [24].

Anthropometric measurements

Body weight (kg) was evaluated with an electronic
TANITA scale (model BC-533, Tokyo, Japan), formerly
calibrated, with females dressing minimal clothes. Body
height (m) was assessed by means of a stadiometer.
Using a measuring tape, waist circumference was calcu-
lated at the high point of the iliac crest at the end of
normal expiration; to the nearest 0.1 cm. Body mass
index was calculated as a ratio of weight (kg) to height
in meters squared (BMI, kg/m?). For the present study,
BMI was utilized to categorize women as follows:
normal BMI (218.5 to <25.0 kg/m?); overweight (225.0
to <30.0 kg/mz) and obese (=30.0 kg/m2) [25].

Levels of serum estradiol
A blood sample was drawn between 7 and 9 am into
evacuated tubes after subjects fasted overnight (at least
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12 h). Levels of serum estradiol (pg/mL) were assessed
through competitive immunoassay (Immulite estradiol,
Diagnostic Products Corp., Los Angeles, CA) [26].
Immulite is a computerized, random-access immuno-
assay analyzer with a solid-phase and a competitive
chemiluminescent enzyme. The solid stage (bead) is
covered with rabbit anti-estradiol polyclonal antibody.
The women’s serum test and alkaline phosphatase-
conjugated are concurrently insert into the test unit.
During 60-min incubation at 37 °C with intermittent
shaking, estradiol in the patient sample competes with the
enzyme-labeled estradiol for a partial quantity of antibody
binding sites on the bead. Chemiluminescent substrate, a
phosphate ester of adamantyl dioxetane, is inserted and
the test unit is incubated for 10 min. The substrate is hy-
drolyzed by alkaline phosphatase to an unstable anion.
The disintegration of the anion yields a sustained release
of light. The bound complex, corresponding to the photon
output, is inversely proportional to the relative amount of
estradiol in the sample. A single establishment involves
25 pL of serum, and the stated working range of the test is
20 to 2000 pg/mL. The antibodies employed in the Immu-
lite estradiol assay are secondary to the estradiol molecule
at the specificity-enhancing sixth position. The improved
specificity of this 17 B-estradiol antiserum makes quantifi-
cation of estradiol amounts more precise. Reference
ranges were used to define women with low estradiol
levels (<60 pg/mL) and women with normal concentra-
tions of estradiol (>60 pg/mL) [26, 27].

Bone mineral density measurements

Bone mineral density determinations were carrying out
at the non-dominant proximal femur (FNBMD), the
lumbar spine (L1-L4) (LSBMD), and on the whole body
(TBMD) with a dual-energy X-ray absorptiometry (DXA,
Lunar DPX NT instrument). The guidelines established
by the International Society of Clinical Densitometry
were strictly followed [28, 29]. Densitometry technicians
performed all BMD measurements using standardized
procedures. Customary calibration of the densitometer
was accomplish every day by the phantom delivered by
the manufacturer; specialists guaranteed that the day-to-
day coefficient of variation (CV) was lower than 1.5 %.
DXA measurements are presented as grams of hydroxy-
apatite per square centimeter. For the present study, the
sample of females was divided into two categories accord-
ing to the standards suggested by the World Health
Organization (WHO): normal if T-score > - 1.0 and low
bone mineral density; defined as follow: osteoporosis if T-
score < -2.5; and osteopenia if -2.5 < T-score < —1.0 [30].

Statistical analysis
We conducted a descriptive analysis of the principal
characteristics of interest of the study population. We
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contrasted predefined risk factors of BMD and levels of
BMD between low and normal levels of serum estradiol
in premenopausal women. We used the t-student to
compare continuous variables with a normal distribu-
tion. While, in continuous variables with non-normal
distributions, the Mann—Whitney U test was used. In
addition, to compare categorical variables between
groups (low vs. normal) chi square test was computed.

To assess the effects of levels of estradiol and other
risk factors on bone mineral density, we computed mul-
tiple linear regression analysis.

We computed adjusted odds ratio (OR) and 95 % con-
fidence interval (95 % CI) by means of multiple logistic
regression models to determine the size of the relation-
ship between low levels of serum estradiol and other risk
factors and bone mineral density.

P values lower than 0.05 were thoughtful as statisti-
cally significant. All analyses were conducted with
STATA software, version 13.0 (Stata Corp LP, College
Station, Tex, USA).

Results

A description of subjects’ characteristics is shown in
Table 1. Participants’ mean age was 43.8 years (SD = 2.6),
and their mean BMD was 1.18 (SD=0.08) g/cm?
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Premenopausal women with low levels of serum estra-
diol represented 38.9 % of the study population. Statisti-
cally significant differences in mean BMD between
women with low levels of estradiol and normal levels of
estradiol (1.16 vs 1.19 g/sz, P =0.03) were found. The
study population’s mean BMI was 26.8 kg/m?% 64.5 % of
the population had BMI > 25.0, 43.0 % were overweight,
and 21.5 % had some grade of obesity. On average,
women with normal levels of estradiol had slightly
higher BMI than women with low levels of estradiol
(26.9 vs. 26.7 l(g/mz). In addition, women with normal
levels of estradiol had slightly higher dietary vitamin D
intake than women with low levels of estradiol (211 vs.
235 IU/day); however, this difference was not statistically
significant.

According to the WHO classification of osteopenia
and osteoporosis, the prevalence of premenopausal
women with osteopenia was 30.1 %, and the prevalence
of osteoporosis was 2.1 % (data not shown). The average
age at first occurrence of menstruation in our study
population was 12.6 years (SD = 1.5 years), and the aver-
age number of gestations was 2.8 (SD =1.3). The study
population’s cumulative mean time of breastfeeding was
9.4 months (SD = 10.4 months), and their mean duration
of contraceptive use was 6.1 months (SD = 18.0 months).

Table 1 Characteristics of the study population by levels of serum estradiol

Low estradiol Normal estradiol Total P-value®

(n=104) (n=166) (n=270)
BMD (g/cm?) @ 1.16 (0.09) 9 (0.09) 1.18 (0.09) 0.03
LSBMD (g/cmz) 1.18 (0.14) 1.23 (0.15) 1.21 (0.15) 0.005
FNBMD (g/cm?) 102 (0.12) 1.07 (0.13) 1.05 (0.13) 0.001
Age (years) 442 (2.7) 435 (26) 438 (2.6) 0.05
Age at menarche (years) 12.7 (1.5) 125 (1.6) 126 (1.5) 0.2
Number of pregnancies (1.5) 6 (1.2) (1.3) 0.05
Breastfeeding (months) 9.6 (10.1) 3(10.1) 94 (104) 08
Use of contraceptives (months) (14.7) 9 (19.8) (18.0) 03
Days after menstruation 7501.7) 77 (1.8) 76 (1.7) 0.9
BMI (k/m?) 26.7 (4.2) 269 (4.2) 268 (4.2) 0.6
Physical Activity (METS/day) 24 (2.7) 25 (2.1 25 (2.5) 0.7
Tobacco smoking (%) 19.1 16.8 18.2 0.7
Family history of osteoporosis (%) 213 176 193 0.7
Dietary factors
Energy intake (kcal/day) 2153 (1008) 2072 (836) 2104 (905) 04
Dietary calcium (mg/day) 1012 (537) 1162 (560) 1031 (546) 04
Dietary vitamin D (IU/day) 211 (133) 235 (154) 226 (146) 0.2
Caffeine (mg/day) 81 (95) 121 (159) 106 (139) 0.02
Alcohol (g/day) 3.1 (6.1) 1.6 (2.8) 22 (44) 0.01

BMD (g/cm?) total bone mineral density, LSBMD (g/cm?) lumbar spine bone mineral density, FNBMD (g/cm?) femoral neck bone mineral density
@ Mean value (SD). Only smoking and family history of osteoporosis are values expressed as percentage

b t-test for quantitative variables and chi2-test for qualitative variables
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The effects of age-adjusted level of serum estradiol
and other risk factors on BMD are shown in Table 2. In
the linear regression analysis levels of estradiol was posi-
tively associated with total, lumbar spine and femoral
neck BMD (TBMD f=0.11, P=0.05, LSBMD f=0.16,
P=0.01 and EFNBMD p=0.14, P=0.02). Furthermore,
BMI was also positively related to total BMD (f =0.39,
P <0.001), lumbar spine BMD (f =0.25, P =0.001), and
with femoral neck BMD (f =0.40, P<0.001). Addition-
ally, dietary vitamin D intake (TBMD f=0.17, P = 0.004,
ENBMD {3 =0.26, P =0.01, and LSBMD p = 0.14, P = 0.02),
and physical activity (TBMD p=0.12, P=0.02, and
ENBMD B =0.15, P=0.01), were each positively associ-
ated with BMD.

In the logistic regression analysis, the odds of low
BMD increase significantly when the premenopausal fe-
males had low levels of serum estradiol (OR =4.93; 95 %
CIL: 2.1, 11.4), followed by caffeine intake (OR = 2.6; 95 %
CI: 1.2, 6.0), and tobacco use (O =1.97; 95 % CI: 1.05,
3.72). The odds of low bone mineral density decrease ac-
cording to higher vitamin D intake (OR =0.98; 95 % CI:
0.97, 0.99). Moreover, women with overweight (>25.0 -
<30.0 kg/m?) had lower odds of low bone mineral dens-
ity (OR=0.44; 95 % CIL: 0.22, 0.91) (Table 3). Further
analysis of interaction between smoking status and levels
of serum estradiol revealed that the effect of tobacco use
increase in the low serum estradiol group (data no
shown).
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Discussion

While low bone mineral density (osteopenia/osteoporosis)
is considered as a global public health problem, however,
its epidemiology in premenopausal women persists un-
clear. The present study denotes an original contribution
to the area of low bone mineral density in premenopausal
Mexican females. We found a negative relationship be-
tween low levels of serum estradiol and low bone mineral
density. Furthermore, we found that not only advancing
age, but also tobacco use, and caffeine intake, were deter-
minants of low bone mineral density. On the other hand,
vitamin D intake, physical activity, and higher BMI may
represent a protective factor, however, BMI has been
clearly identified as a cardiovascular and metabolic risk
factor.

Our findings are coherent with prior reports, which
showed that advancing age was related to small levels of
bone mineral density [31, 32]. According our data, each
year rise in age was projected to cross-sectionally decline
0.6 % in lumbar spine (LSBMD) or 0.8 % in femoral neck
bone mineral density (FNBMD) (data no show). This
estimate is consistent with the previous finding that a
decrease of 0.8 % in LSBMD and FNBMD occurs an-
nually [32]. In addition, we found that females in the
oldest age group (46—48 years) had double the risk of
lower bone mineral density compared with the youn-
gest study participants (40—42 years) [OR=2; 95 % CI:
0.92, 4.13].

Table 2 Effect of levels of serum estradiol and lifestyle factors on BMD in premenopausal women

TBMD (g/cm?)

LSBMD (g/cm?) FNBMD (g/cm?)

Coefficient 3° P-value Coefficient 2 P-value Coefficient B° P-value

Estradiol (per 10 pg/uL) 0.11 0.05 0.16 0.01 0.14 0.02
Age (years) -0.08 0.1 -0.12 0.04 -0.15 0.01
Age at menarche (years) -0.04 04 -0.01 08 —-0.03 06
Number of pregnancies —-0.01 08 -0.03 06 0.04 09
Breastfeeding (months) -0.09 03 -0.04 0.5 -0.05 04
Use of contraceptives (months) 0.04 0.09 0.03 0.6 0.09 0.1
BMI (k/m?) 0.39 <0.001 0.25 <0.001 040 <0.001
Physical Activity (METS/week) 0.12 0.02 0.08 02 015 0.01
Tobacco smoking (number of cigarretes) -0.14 03 -0.02 0.8 -0.29 0.03
Family history of osteoporosis (yes) -0.02 0.7 -0.02 04 -0.01 08
Dietary factors

Energy intake (per 100 kcal/day) 0.10 09 0.09 09 0.03 06

Dietary calcium (per 100 mg/day) 0.06 0.3 0.09 0.1 0.08 0.2

Dietary vitamin D (per 100 1U/day) 0.17 0.004 0.26 0.01 0.14 0.02

Caffeine (per 100 mg/day) -0.14 0.02 -0.13 0.03 -0.11 0.06

Alcohol (g/day) —0.06 03 -0.03 0.5 -0.07 02

BMD (g/cm?) total bone mineral density, TBMD (g/cm?) whole body bone mineral density, LSBMD (g/cm?) lumbar spine bone mineral density, FNBMD femoral neck
bone mineral density, BMI body mass index (normal <25.0 kg/m?, overweight > 25.0 - <30.0 kg/m?, obesity > 30.0 kg/m?)

@ Coefficients obtained by multiple linear regression analysis
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Table 3 Odds ratio of low bone mineral density according to
levels of serum estradiol and lifestyle factors

Low bone mineral density®

OR? (Cl 95 %) P-value
Low estradiol (<60 pg/uL) 493 (2.14,1137) <0.001
Tobacco smoking (reference: non-smokers) 1.0
Tobacco smoking (ex-smokers and smokers) 1.97 (1.05, 3.72) 0.01
Age (reference: 40-42 years) 1.0
43-45 years 1.55 (0.74,3.27) 0.2
46-48 years 195 (092,4.13) 0.08
BMI (reference: < 25.0 kg/m?) 10
BMI (225.0 a< 300 kg/mz) 044 (0.22,091) 0.03
BMI (>30.0 kg/m?) 047 (020,112 0.1
Number of pregnancies 146 (060, 3.53) 04
Use of contraceptives (reference: not use) 0.82 (042, 1.58) 0.5
Breastfeeding (reference: not bresastfeeding) 143 (0.56, 3.65) 0.5
Physical Activity (METS/week) 087 (0.74,1.02) 0.07
Family history of osteoporosis (reference: yes) 1.34 (062, 2.86) 04
Energy intake (kcal/day) 1.00 (09, 1.1) 0.08
Dietary calcium (mg/day) 0.82 (040, 1.80) 06
Dietary vitamin D (IU/day) 098 (097,099  <0.001
Caffeine (>300 mg/day) 26 (1.2,60) 0.03
Alcohol (g/day) 095 (0.90, 1.02) 02

20dds ratios derived by logistic regression analysis. ® Low bone mineral
density defined as: (osteoporosis if T-score < —2.5; and osteopenia
if —=2.5 < T-score <—1.0)

BMI appears to be an additional determinant of bone
mineral density, as we found that BMI is positively asso-
ciated with bone mineral density (f=0.39; p<0.001).
Additionally, we found that overweight females had
56 % less risk of low BMD contrasted with females who
had a BMI lower than 25.0 kg/m? This result is consist-
ent with previous findings of a positive relationship be-
tween BMI and bone mineral density [33-35]. BMI’s
effect on BMD might be determined via blood estrogen
levels [36], and may be explained by peripheral
aromatization of androgens to estrogens in fat tissue;
however, it does not seems to be the mechanism because
we adjusted by estrogen levels in the study.

Unlike the cases of weight and age, the impact of to-
bacco use on bone mineral density has not been conclu-
sively recognized. We tested how tobacco use effects
bone mineral density, or the risk of low bone density, in
premenopausal women, and found that current or past
cigarette consumption was significantly associated with
decreased FNBMD. The odds ratio that a current/past
smoker would have low bone mineral density was 1.97
(95 % CI: 1.05, 3.72). However, a meta-analysis suggests
that cigarette smoking has no detectable effect on bone
mineral density [8]. This risk increased in women with
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low estradiol levels, what makes postmenopausal women
a higher susceptibility group.

Equal to this paper previous studies had shown a nega-
tive association between caffeine (>2 cups/day or 200—
300 mg caffeine/day), and BMD in most of the skeletal.
The mechanism proposed is by increasing urinary excre-
tion of calcium and a possibly reduced endogenous Ca
absorption. This association deleterious effect of caffeine
has been noted when dietary calcium is low [9, 11].

Estradiol has been extensively studied as a prognostic
factor of bone health among postmenopausal females,
although this relationship has not been thoroughly stud-
ied in premenopausal women. We found an important
association between serum levels of estradiol and total
bone mineral density (f =0.11; P =0.05). In addition, our
data show that subjects with low concentrations of
serum estradiol (<60 pg/uL) had 4.93 times greater odds
of low bone mineral density compared with subjects
who had normal concentrations of serum estradiol
(260 pg/pL). Estradiol could create positive bone effects
through multiple potential pathways; it diminishes initi-
ation of bone metabolic units, it antagonizes parathyroid
hormone stimulus of bone reabsorption, it also may im-
prove the survival of osteoblasts via local cytokines or
other growth factors, and it enhances the efficiency of
gastrointestinal calcium absorption and renal calcium
conservation [37]. Some or all of these actions may be
responsive to low levels of estradiol. Our data support
estradiol’s effect on the reduction of bone mineral dens-
ity. While estradiol could indirectly influence bone dens-
ity through body weight, we adjusted our analysis for
body weight and still found a strong association.

The results of the present study must be understood
with context of some restrictions. First, we could not
measure the peak bone mass, bone turnover markers,
which represent the optimal bone mass and function of
an individual. In this study, the stage of the menstrual
cycle, which could influence the assessment of serum es-
tradiol levels for each woman, was not determined.
Though, as suggested in a previous study [38], the intra-
individual variation was measured in the statistical ana-
lysis as an element of the random error in the multiple
linear regression models. The association we found be-
tween levels of serum estradiol and other lifestyle risk
factors and bone mineral density cannot be interpreted
as causal, because the study was a cross-sectional inves-
tigation. This study was carried out in a group of work-
ing class, seemingly healthy female workers in a specific
site in Mexico. While these women cannot be consid-
ered representative of the Mexican female population as
a whole, they may be considered representative of mid-
dle to low income female adults residing in the urban
areas of central Mexico. Furthermore, we only include
specific women of the HWCS, which may introduce a
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selection bias; however, the women included in this
study have similar characteristics compared with the fe-
males that were not incorporated in our final analysis.

Conclusions

In summary our results propose that, rising age, body
mass index, tobacco use, caffeine and vitamin D con-
sumption, are significant factors of bone mineral density
in premenopausal Mexican women. Additionally, our
data suggest that estradiol is a significant determinant of
total bone mineral density, lumbar spine and femoral
neck in premenopausal Mexican females, which is co-
herent with the theory that estrogen is an important
hormone in the maturation, mineralization and mainten-
ance of the bone in females. More prospective investiga-
tions are necessary to clarify the clinical implication of
premenopausal women circulating estradiol on subse-
quent fracture risk. Finally, our results can possibly
provide evidence in the direction of the elaboration of
more effective public policies for the health encourage-
ment and osteoporosis prevention in Mexican female
population.
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