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Abstract This cross-sectional study covered 301 indi-
viduals over 70 years of age—207 women (W) and 94
men (M)—living in the city of São Paulo, Brazil. Our
aims were to evaluate the prevalence of low bone min-
eral density (BMD) in this population and the possible
factors that influence BMD. The subjects were submit-
ted to a bone densitometry scan (DXA) to evaluate the
BMD at lumbar spine (LS), femoral neck (FN), tro-
chanter (T), total femur (TF) and total body composi-
tion. At the time, the participants filled in a
questionnaire about lifestyle habits, diet and medical
history, as well as having blood samples taken to check

hormone and biochemical levels. Anthropometric
parameters were measured. Osteopenia and osteoporosis
were defined in accordance with the criteria suggested by
the World Health Organization. In the different sites
studied, the prevalence of osteopenia and osteoporosis
varied, in men ranging 33.3–57.4% and 6.4–16.1%,
respectively, and in women ranging 36.6–56.5% and
22.2–33.2%, respectively. Weight was the variable that
most strongly correlated with BMD at the proximal fe-
mur in both sexes (men, r=0.44–0.52; women, r=0.48–
0.52) and with BMD at LS in women (r =0.44). Height
was the parameter that best correlated with BMD at LS
in men (r =0.34). In men follicle-stimulating hormone,
growth hormone and glycemia correlated with BMD at
T and TF, while plasma albumin only correlated with
BMD at T. In women glycemia correlated with BMD at
LS, and follicle-stimulating hormone correlated with
BMD at FN, T and TF. In conclusion, we found a high
prevalence of osteopenia and osteoporosis in this pop-
ulation, with weight being the best predictor of BMD.
The prevalence of osteoporosis and osteopenia at FN
was as high in men as that observed in women.
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Introduction

Osteoporosis is characterized by a decrease in bone mass
and a deterioration of the microarchitecture of the bone,
which leads to fragility and consequently an increase in
the risk of fractures [1]. In 1994, the World Health
Organization (WHO) defined osteoporosis as a condi-
tion in which bone mineral density (BMD) measures
greater than 2.5 times the standard deviation (SD) below
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the mean for young people [1,2]. Studies showed that for
each 1.0 SD below the mean BMD for young people, the
risk of a vertebral fracture increases 2 to 2.4 times, and
the risk of a nonvertebral fracture increases by 1.7 times
[2]. Therefore, BMD measurement is an extremely useful
parameter for classifying people who are susceptible to
osteoporotic fractures, with bone densitometry being the
best tool available for evaluating it [3,4].

Loss of bone mass is more common in women than in
men, especially after menopause, although with age both
sexes present bone mass loss and an increase in the risk
of osteoporotic fractures [4]. The number of people over
60 in Latin America and especially in Brazil has been
increasing rapidly due to the urbanization of the popu-
lation and the decline in the mortality rate [5]. Along
with this increment in the elderly population, we have
also seen a dramatic increase worldwide in the number
of osteoporotic fractures. It has been calculated that in
2050 there will be 6.3 million fractures per year, more
than half of this total occurring in Asia and Latin
America [6]. In Brazil there are approximately
14.5 million people over 65 years. It is estimated that by
2025 we will have the sixth largest population of elderly
people in the world—more than 32 million—represent-
ing 15% of Brazil’s total population [5]. Despite this
alarming data, we still do not know how prevalent
osteoporosis is in our elderly population.

The aims of this work were to evaluate the prevalence
of low BMD, by carrying out a cross-sectional study on
a group of elderly residents in the city of São Paulo,
Brazil, and to analyze the possible factors that have had
an influence on the BMD of these individuals.

Subjects and methods

Subjects

In 1991, the Center for the Study of Ageing of the
Federal University of São Paulo (CSA) began the first
longitudinal, non-interventional, cohort study with a
community-based older population in Brazil—the ori-
ginal ‘‘Epidemiologia do Idoso (EPIDOSO)’’ Study [5].
The EPIDOSO Study included only individuals aged 65
and over, living in the district of Saude, one of the 55
districts of the city of São Paulo, a large, industrialized
urban center in southeastern Brazil. A previous census
had established that this district had a population of
more than 300,000 people, from different socioeconomic
backgrounds, living in a middle-class residential area
with a low rate of inward and outward migration. The
sampling area was the catchment area of the CSA, with
an estimated population of 30,000. A comprehensive
door-to-door census survey was performed, and every-
one aged 65 and older living in the catchment area was
eligible for the study. Between the end of 1991 and the
beginning of 1993, trained interviewers successfully
interviewed 1,667 individuals at home. Between 1994
and 1995, 1,254 individuals (75%) of the original sample

had a follow-up evaluation: 1,108 subjects were re-
interviewed (the respondents) at home (66%); 146 died
during the period (9%), and the last 413 (25%) were
considered to be nonrespondents, because of refusal,
change of address, or lack of contact after four attempts.
A detailed description of the methodology is available
elsewhere [5]. Between 1998 and 1999, 66% ( n =1,108)
of the original sample (the respondents) had a follow-up
evaluation: 441 subjects were re-interviewed at the CSA;
212 died during the period and 455 were considered to
be nonrespondents, because of refusal, change of ad-
dress, or lack of contact after four attempts by letter or
by telephone. As we mentioned previously, 441 indi-
viduals visited the CSA and provided information about
their medical history and their lifestyle. At the same
time, they also gave blood samples for the laboratory
tests that were of interest to the researchers. They were
also invited to take part in a specific study on osteopo-
rosis. A group of 207 women and 97 men—at this stage
with a minimum age of 70—accepted the invitation to
have a bone densitometry scan (BD). The remaining 137
individuals refused to take part in the study on osteo-
porosis. The study was authorized by the University’s
Research Ethics Committee and written consent was
obtained from all participants.

Methods

Lifestyle, diet and medical history

Lifestyle habits and medical history were evaluated
using a standard questionnaire that was given by a
previously trained doctor.

Physical exercise Participants were categorized into
those who engaged in some form of physical exercise and
those who did not. Those who mentioned they did some
type of physical exercise (for example, walking) at least
three times a week for 30 min or more per session were
considered to be people who engaged in exercise.

Smoking Participants were classified as ‘‘non-smok-
ers’’, ‘‘former smokers’’ and ‘‘current smokers’’. The
group of non-smokers was made up of elderly people
who said they had never smoked at any time in their
lives. The group of former smokers was made up of
elderly people who said they had smoked cigarettes at
some stage in their lives. The group of current smokers
was made up of people who said they smoked.

Medication Participants were questioned about the
regular use of medication, and medicine used continu-
ally was considered to be that which the elderly men-
tioned spontaneously. The elderly were not specifically
asked about the use of drugs to treat osteoporosis; that
is, the only information taken into account was who had
spontaneously mentioned the use of these drugs. All
the subjects were specifically asked about the use of
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anticonvulsant drugs and corticosteroids. Questions
referring to the use of anticonvulsant drugs and corti-
costeroids led to the elderly being classified into three
groups: ‘‘non-users’’, ‘‘current users’’ and ‘‘former
users.’’ We considered those participants who said they
didn’t use any drugs as belonging to the group of non-
users. The group of current users was made up of elderly
people who mentioned they were using drugs at the time
of the survey, and we included in the users-in-the-past
group those participants who mentioned previous use of
medication. All the women were questioned about the
use of estrogen-replacement treatment during meno-
pause, and they were also classified according to the
criteria described above, that is, non-users, current users
and former users.

Consumption of coffee and milk/cheese The elderly
people were divided into two groups according to their
intake of coffee: non-drinkers and drinkers. The intake
of milk and cheese led to a classification into three
groups as far as the intake of calcium via food was
concerned: non-consumers, consumers of 300–600 mg
per day and those who consumed more than 600 mg per
day.

Menstrual history Women gave their menarche and
menopause ages, based on which the duration of their
reproductive years and time since menopause were cal-
culated.

Bone mineral density

Between May 1998 and December 1999, we measured
the bone mineral density (BMD) by means of dual en-
ergy X-ray absorptiometry (Hologic, model 4500 A,
Waltham, MA, USA), evaluating the lumbar spine, the
L2–L4 region (LS) and proximal femur in the regions of
the femoral neck (FN), trochanter (T) and the total fe-
mur (TF). The variation coefficients for the lumbar spine
and proximal femur were 0.6% and 1.5%, respectively
[7]. In all the regions studied, we grouped the elderly
based on WHO diagnostic criteria for osteoporosis:

– Participants considered normal had BMD up to
1.0 SD below the sex-specific means for young adults

– Participants considered to have osteopenia had BMD
between 1.0 SD and 2.5 SD below the sex-specific
means for young adults

– Participants with osteoporosis had BMD more than
2.5 SD below the sex-specific means for young adults.

The reference standard used for the analysis of BMD
at the lumbar spine was supplied by the manufacturer of
the equipment [8]. As a reference for the analysis of
BMD at the proximal femur we used data collected by
the third National Health and Nutrition Examination
Survey (NHANES III, 1984–1994) in accordance with
the recommendations of the International Committee
for Standards in Bone Measurement (1997) [9,10].

Anthropometric measurements

Weight and height These were obtained using scales
calibrated in kilograms and a stadiometer in centimeters.
The measurements were carried out before the BD
examination by the same examiner.

Body mass index (BMI) The BMI calculation was car-
ried out using the body weight and height (kg/m2) mea-
surements.

Percentage of body fat and lean mass These were ob-
tained by examining body composition, using the dual
energy X-ray absorptiometry technique (Hologic).

Lean mass index (LMI) The LMI calculation was car-
ried out using the measured values of lean mass and
height (g/m2) [11].

Laboratory examinations

Between April 1998 and December 1999, during par-
ticipant visits to the CSA, fasting blood was collected
for hormonal and biochemical examinations. The im-
munoenzymatic method was used to measure growth
hormone (GH), with normal values between 0–2.5 lg/l
[12]. The immunoenzymatic method was also used for
determinations of luteinizing hormone (LH) levels,
considering as the reference value LH up to 10 IU/l for
men and LH>15 IU/l for postmenopausal women [13].
The post-extraction immunoradiometric assay (Chiron
Diagnostics, East Walpole, MA, USA) was used for
determinations of insulin-like growth factor-1 levels
(IGF-1), the reference value for the age band corre-
sponding to 70–290 ng/ml. Radioimmunoassay was
used for dehydroepiandrosterone sulfate (DHEAS)
determinations, considering 10–160 lg/dl as normal for
the age band [14]. Thyroid-stimulating-hormone (TSH)
concentrations were obtained by the immunofluorom-
etry method, with the reference value corresponding to
0.3–4.0 mIU/l [15]. Levels of follicle-stimulating hor-
mone (FSH) were measured by immunofluorometric
assay, considering the FSH reference value up to
10 IU/l for men and FSH>30 IU/l for postmeno-
pausal women [16]. Competitive assay with lumino-
metric readout was used for determinations of total
testosterone (TT) levels, with normal values of 300–
900 ng/dl and 15–75 ng/dl, for men and women,
respectively [17].

In accordance with the serum level of total testos-
terone, the men were divided into two subgroups: nor-
mal (TT>300 ng/dl) and low (TT<300 ng/dl).

Glucose, creatinine and albumin were measured using
an automatic colorimetric method. The normal value for
glucose was 75–110 mg/dl. Reference values for creati-
nine and albumin were 0.8–1.2 mg/dl and 3.5–5.0 g/dl,
respectively.
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Statistical analysis

For all statistical analyses we used the Statistical
Package for Social Sciences, version 11.0 (SPSS, Chi-
cago) and analyzed men and women separately. We did
a descriptive analysis for the whole group, including
mean, standard deviation and minimum and maximum
values. The chi-square association test was used to
compare the distribution of BMD between men and
women, in accordance with WHO diagnostic criteria
for osteoporosis. The Student’s t -test, one way
(ANOVA) or Mann–Whitney tests were used to do
comparisons between subgroups with different lifestyles
and eating habits, use of medication and serum level of
testosterone. Subsequently, we used the Pearson
correlation coefficients to evaluate the association be-
tween BMD and quantitative variables, that is, age,
anthropometric parameters and laboratory examina-
tions. To check the independent effect of the quanti-
tative variables on BMD (dependent variable), we built
four multiple-linear-regression models for each sex—a
model for each site studied. We put together the
multiple model using the stepwise forward-selection
process. The variable remained in the multiple model
when it was considered to be statistically significant
or even if it was considered important for adjusting
the statistical model. The level of statistical significance
was defined as p <0.05 in all the analyses.

Results

Characterization of the population

We excluded from our study three men because of the
lack of results for BMD at the proximal femur. For
technical reasons we did not evaluate BMD at the LS for
one male participant (M) and five female participants
(F). We did not evaluate the total body composition of
one female participant, also for technical reasons. The
group was predominantly made up of Caucasians, who
represented 90.3% of the individuals of both sexes. The
rest of the group was made up of mulattos (2.3%) and
subjects with Asian or African genetic backgrounds
(3.0% and 4.3%, respectively). In Table 1, we summa-
rize the characteristics of the population we studied. In
both sexes the mean age was 78, with 62.3% ( n =129)
of women and 68.1% ( n =64) of men being between
70–79 years old and 37.7% ( n =78) of women and
31.9% ( n =30) of men being over 80.

Some of the elderly spontaneously mentioned the
constant use of medication that could have an influence
on bone metabolism. We emphasize that only the par-
ticipants who spontaneously mentioned the use of drugs
to treat osteoporosis were taken into account. The use of
thiazidic diuretics was mentioned by 26.6% of women
and 14.9% of men. The use of vitamin D was mentioned

Table 1 Characteristics of the population and descriptive sta-
tistics of the quantitative variables looked at (BMD-LS bone
mineral density at the lumbar spine, BMD-FN bone mineral
density at the femoral neck, BMD-T bone mineral density at
the trochanter, BMD-TF bone mineral density at the total

femur, BMI body mass index, TT total testosterone, TSH
thyroid-stimulating hormone, DHEAS dehydroepiandrosterone
sulfate, LH luteinizing hormone, FSH follicle-stimulating hor-
mone, IGF-1 insulin-like growth factor-1, GH growth hor-
mone)

Variables Men� Women*

Mean±SD Range Mean±SD Range

Age (years) 77.6±4.6 70.0–88.0 78.1±4.9 70.0–93.0
Weight (kg) 70.8±11.2 49–103.9 62.0±12.0 37.0–97.0
Height (cm) 165.0±6.0 152.0–180.0 152.0±6.2 136.0–173.0
BMI (kg/m2) 25.9±3.5 19.6–36.0 26.8±4.6 15.8–38.8
Lean mass (g)** 48,741.2±5,714.7 36,067.9–63,916.2 36,327.6±5,274 24,625.5–53,328.8
LMI (g/m2)** 17,900.5±1,772.9 14,237.3–22,571.7 15,678.8±1,957.8 11,381.5–21,443.2
Body fat (%)** 26.0±4.9 14.1–40.3 37.6±6.2 16.7–50.1
BMD LS (g/cm2)** 1.0354±0.2299 0.505–1.686 0.8886±0.1742 0.424–1.438
BMD FN (g/cm2)** 0.7343±0.1233 0.445–1.100 0.6472±0.1239 0.211–1.431
BMD T (g/cm2) 0.6683±0.1182 0.385–0.935 0.5273±0.1117 0.094–0.815
BMD TF (g/cm2)** 0.9080±0.1492 0.559–1.293 0.7414±0.1479 0.177–1.133
TSH (mIU/l)** 2.50±4.60 0.03–42.30 3.59±7.09 0.03–83.00
DHEAS( ng/ml)** 83.6±56.7 10.0–330.0 54.7±35.9 10.0–290.0
TT ( ng/ml)** 517.7±197.6 16.0–970.0 41.7±19.2 10.0–120.0
LH(IU/l)** 11.3±9.7 1.7–57.6 36.0±16.4 2.8–95.1
FSH(IU/l)** 13.5±11.6 1.7–52.4 56.4±22.3 17.2–134.0
IGF-I( ng/ml)** 101.7±42.9 31.0–240.0 93.6±41.7 25.0–230.0
GH (l g/l)** 0.80±1.08 0.03–5.30 1.60±1.90 0.03–13.00
Creatinine (mg/dl)** 1.16±0.24 0.80–2.40 0.91±0.21 0.50–2.30
Glucose (mg/dl)** 96.3±30.2 65.0–264.0 93.3±36.7 59.0–441.0
Albumin (g/dl)** 4.40±0.22 3.80–4.90 4.30±0.21 3.70–4.80

�The size of the sample varied between 90–94, due to lack of data
*The size of the sample varied between 190–207, due to lack of data
**Participants whose data were not known were excluded from the statistical analysis
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by 6.3% of women and 1.0% of men. Only women
mentioned the use of levotiroxine (5.3%), bisphospho-
nates (1.9%) and medical calcium supplements (12.6%).
Putting together the users of vitamin D, bisphospho-
nates and calcium supplements, 17.3% of the women
referred to the use of some specific medication for the
treatment of osteoporosis. We did not, however, exclude
the users of medication from our analysis because, be-
sides being small in number, their mean BMD (LS, FN,
T, TF) did not differ statistically from that of other
participants (data not shown).

Eleven male participants (12.0%) had below-normal
testosterone levels. Of these, four individuals (4.3%) had
high serum concentrations both of LH and FSH and
two (2.1%) only had high serum levels of FSH.

One hundred and seventy women (82.2%) could re-
call their menstrual history. The mean time between the
menopause and BD examination was 28.8 years
(SD±7.7), and the mean duration of reproductive years
was 35.8 years (SD±6.3).

Prevalence of osteoporosis

Figs. 1, 2 and 3 show the distribution of BMD at the LS
and proximal femur in accordance with criteria suggested
by the WHO. We found osteopenia and/or osteoporosis,
in at least one of the sites studied, in 78.7% of the men. In
the proximal femur, the FN region had the highest prev-
alence of osteopenia (57.4%) and osteoporosis (12.8%).
Seventy five percent of cases of osteoporosis at the femoral
neck were found among men over 80 years of age. Of the
men who had osteoporosis at the trochanter and at the
total femur, 44.4% and 50%, respectively, were over 80.
Of the men who had osteoporosis at the lumbar spine,
53.3% were over 80. The majority of men with normal
levels of total testosterone (79.0%) and men with low
levels of total testosterone (72.7%) had osteopenia and/or
osteoporosis in at least one of the sites studied. The mean
BMD values between men with normal and low total
testosterone levels did not differ.

We found osteopenia and/or osteoporosis in at least
one of the sites studied in 92.8% of women. The tro-
chanter was the region of the proximal femur with the
highest prevalence of osteoporosis (25.6%). Of the wo-
men who had osteoporosis at the lumbar spine, 76.8%
were between 70 and 79 and 33.2% were over 80. At
the proximal femur there was similar distribution of
cases of osteoporosis between the age bands 70–79 and
over 80. The prevalence of osteoporosis and osteopenia
was greater in women than in men for the lumbar spine
(p =0.001), trochanter (p <0.001) and total femur
(p <0.001). For the femoral neck there was no sig-
nificant difference between the sexes as far as the pre-
valence of osteoporosis and osteopenia was concerned
(p =0.083).

Lifestyle, diet, medical and menstrual history vs BMD

When we divided the participants into groups, taking
into consideration their physical exercise, smoking,
coffee and milk consumption, use of anticonvulsants and

Fig. 1 Prevalence of low BMD at proximal femur in the study’s
elderly men, according to WHO criteria

Fig. 2 Prevalence of low BMD at proximal femur in the study’s
elderly women, according to WHO criteria

Fig. 3 Prevalence of low BMD at the lumbar spine in the study’s
elderly participants, according to WHO
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corticosteroids, and use of hormone replacement ther-
apy, the mean BMD at the four sites studied did not
differ statistically (data not shown). Time since meno-
pause had a negative correlation with BMD at the tro-
chanter ( r =)0.25, p =0.001) and at the total femur ( r
=)0.28, p <0.001). The duration of the reproductive
years did not correlate with BMD at any site studied.

Age, anthropometric parameters, laboratory results vs
BMD

Table 2 shows only the variables that significantly cor-
related with BMD in at least one skeletal site in either
sex. The variables that did not significantly correlate
with BMD are not shown. The anthropometric param-
eters were the variables that best correlated with BMD
in both sexes and in all the sites studied. Only BMI, LMI
and body fat were not associated with BMD at the
lumbar spine in men. Of the anthropometric measure-
ments, body weight was the variable that best correlated
with BMD at the proximal femur both in men and
women. Weight was also the variable that most strongly
correlated with BMD at the lumbar spine in women,
while in men, height was the variable that best correlated
with BMD at the lumbar spine.

In both sexes, we observed no correlation between
age and BMD at the lumbar spine. However, at the
proximal femur there was a negative and significant
correlation between age and BMD in men and women
(Table 2). In general, the laboratory parameters showed
a weak correlation with BMD (Table 2). In men FSH
and GH correlated negatively with BMD at the tro-
chanter and total femur, while glycemia correlated
positively at those sites. In men plasma albumin only
correlated positively with BMD at the trochanter. In
women glycemia also presented a positive correlation
with BMD at the lumbar spine, and FSH correlated
negatively with BMD at all the sites of the proximal
femur (Table 2).

The results of the multiple linear-regression analysis
are summarized in Table 3. In men, height was the best
independent predictor of BMD at the lumbar spine,
thereby explaining most of the variance of BMD at this
site ( R 2=0.10). In women, body weight and level of
glucose were included in the final LS statistical model,
body weight being most responsible for BMD variance
at this site ( R 2=0.19). In both sexes weight and age
were predictors of BMD at the femoral neck, with
weight again being the variable that best explained
BMD variance at this site (men, R 2=0.19, women, R
2=0.23). In men the best explanatory model for BMD at
the trochanter included the variables height, weight and
FSH. In women the best explanatory model for BMD at
the trochanter included weight, body fat, age and
DHEAS. In both sexes, weight was the variable that best
explained BMD variance at the trochanter (men, R
2=0.25; women, R 2=0.24).

In men the final TF model included weight, age and
FSH as independent variables. In this case weight was
also the independent predictor that best explained BMD
variance at the total femur ( R 2=0.27). In women the
independent predictors of BMD at the total femur were
body fat, age, LMI and height, with body fat being the
independent variable that best explained the BMD var-
iance at the total femur ( R 2=0.19).

Discussion

This is the first extensive study that has evaluated BMD
in the over-70 s group in Brazil, thereby increasing the
knowledge about osteoporosis in our country. The city
of São Paulo is situated in one of the richest regions in
Brazil. With one of the highest life expectancies in the
country—65 years for men and 73 years for women
[19]—it is an ideal place to study osteoporosis in Brazil.
Native Indians, Africans, Europeans and Asians have all
contributed to the racial makeup of the Brazilian people,

Table 2 Correlation between BMD and age, anthropometric parameters and laboratory examinations (BMI body mass index, LS lumbar
spine, FN, femoral neck, T trochanter, TF total femur, FSH follicle-stimulating hormone, GH growth-hormone, Gluc glucose, Alb
albumin, NS statistically insignificant)

Variable Men Women

LS FN T TF LS FN T TF

r p* r p* r p* r p* r p* r p* r p* r p*

Age - NS )0.32 0.001 )0.29 0.004 )0.35 0.001 - NS )0.29 <0.001 )0.29 <0.001 )0.34 <0.001
Weight 0.30 0.004 0.44 <0.001 0.51 <0.001 0.52 <0.001 0.44 <0.001 0.48 <0.001 0.49 <0.001 0.52 <0.001
Height 0.34 0.001 0.36 <0.001 0.44 <0.001 0.37 <0.001 0.24 <0.001 0.30 <0.001 0.23 0.001 0.23 0.001
BMI - NS 0.30 0.003 0.35 <0.001 0.39 <0.001 0.36 <0.001 0.39 <0.001 0.44 <0.001 0.46 <0.001
LMI - NS 0.22 0.030 0.25 0.014 0.27 0.010 0.26 <0.001 0.31 <0.001 0.32 <0.001 0.35 <0.001
Body
fat

- NS 0.26 0.010 0.31 0.002 0.34 0.001 0.31 <0.001 0.36 <0.001 0.43 <0.001 0.44 <0.001

FSH - NS - NS )0.26 0.011 )0.26 0.011 - NS )0.21 0.003 )0.17 0.017 )0.21 0.003
GH - NS - NS )0.28 0.006 )0.24 0.022 - NS - NS - NS - NS
Gluc - NS - NS 0.21 0.048 0.21 0.044 0.19 0.011 - NS - NS - NS
Alb - NS - NS 0.22 0.035 NS - NS - NS - NS - NS

*Pearson’s coefficient
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and this has led to great genetic and cultural diversity.
Both the racial mixture and variations in climatic and
economic conditions of the different regions have
transformed Brazil into a heterogeneous country. Our
research covered a population composed predominantly
of Caucasians (90.3%)—different from the Brazilian
population as a whole. The cohort also represented a
middle-class, reasonably wealthy, area, with a lower
proportion of illiterate elderly (21.5%) and a higher
proportion of elderly who had reached high school and/
or university (44.8%), when compared with the elderly
living in the whole city of São Paulo (35% and 18%,
respectively) [20]. The income distribution was also
better, although the average income was still rather low
by international standards. Sixty-eight percent of the
studied group had a per capita monthly income of
US $100 or more, while in a previous study only 29% of
the elderly of São Paulo had a similar level of income
[5,20].

The best tool available for evaluating the risk of
fractures is the BMD measurement using the DXA scan
[3, 4,10]. Currently, there is evidence that, for a proper
analysis of the bone densitometry scan, the peak values
of the bone mass specific to each population should be
used as the standard of reference [10]. In Brazil we do
not have these standard data; consequently, we com-
pared our population with the reference data supplied
by the manufacturer of the bone densitometry scanner
[8] in the case of the lumbar spine. For the proximal
femur, we compared it with the non-Hispanic white men
and women from the NHANES III database [8,18].
However, other authors have compared a population of
young Caucasian women living in São Paulo with

American Caucasian women and found very similar
BMD means [21]. The analysis of our data would be
better if we had the fracture threshold of our population.
Unfortunately, we still do not have data about the
incidence rates for hip fractures in the elderly population
of São Paulo, and this could be considered a limitation
of our research. Recently, research conducted in a city
located in the northeast of Brazil (Sobral) reported a low
age-adjusted incidence of hip fracture, 20.7 and 8.9 hip
fractures/10,000 inhabitants/year for women and men
>60 years old, respectively [22]. However, as we men-
tioned, due to the heterogeneity of our country, it is not
possible to consider these results as representing Brazil
as a whole.

The applicability of WHO diagnostic criteria to men
is not certain, due to lack of sufficient data on the
relation between BMD and fracture risk in men. When
based on female cutoffs, we found osteopenia at the
femoral neck, trochanter and total femur in 46.8%,
30.9% and 28.7% of men, respectively. When we defined
osteoporosis based on female cutoffs, the diagnosis was
found in 8.5%, 4.3% and 3.2% of men at the femoral
neck, trochanter and total femur, respectively. But when
based on male cutoffs, there were higher prevalence rates
of osteopenia and osteoporosis in this cohort study;
that is, the diagnosis of osteopenia was found in
57.4%, 37.2% and 36.2% of men at the femoral neck,
trochanter and total femur, respectively. In addition,
osteoporosis was noticed at the femoral neck, trochanter
and total femur in 12.8%, 9.6% and 6.4% of men,
respectively. This evident impact of cutoff points on
prevalence estimates could be attributed to the fact that
bone size creates an artifact that affects the measurement

Table 3 Multiple linear-regression (‘‘stepwise’’) predictors of BMD at the spine (LS), femoral neck (FN), trochanter (T) and total femur
(TF) (NS statistically insignificant, BF§ body fat) Only the best statistical models were shown

Site Men Women

Variable bcoefficient p (b) R 2

adjusted
p model Variable b

coefficient
p (b) R2

adjusted
p
model

LS Height 0.009658 0.018 0.15 0.002 Weight 0.005964 <0.001 0.21 <0.001
Albumin 0.186 NS Glucose 0.0006466 0.035
LH 0.004385 NS Age 0.004750 NS
Glucose 0.0008959 NS Height 0.002137 NS
DHEAS 0.0008287 NS

FN Weight 0.008254 0.009 0.24 <0.001 Weight 0.004511 <0.001 0.25 <0.001
Age )0.005618 0.029 Age )0.003923 0.015
Height 0.003658 NS

T Weight 0.003150 0.006 0.35 <0.001 Weight 0.002199 0.029 0.30 <0.001
Height 0.004313 0.031 BF§ 0.004246 0.017
FSH )0.001872 0.039 Age )0.004224 0.007
Age )0.004103 NS DHEAS 0.0004451 0.021
Albumin 0.07395 NS Glucose 0.0003959 NS
TSH 0.003296 NS Height 0.0008785 NS

TF Weight 0.005676 <0.001 0.34 <0.001 BF§ 0.008207 <0.001 0.35 <0.001
Age )0.006469 0.036 Age )0.006210 0.002
FSH )0.002326 0.044 LMI 0.00001389 0.006
Glucose 0.0002373 NS Height 0.003081 0.047
Albumin 0.059048 NS Glucose 0.0004566 NS

IGF-1 0.0003864 NS
FSH )0.0004999 NS
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of areal BMD [10,18]. Since current DXA machines do
not adjust BMD for body size, there is an overestimation
of BMD in men relative to women [10,18]. Therefore,
sex-specific cutoff values may be necessary to compen-
sate for this artifact [18]. Regardless of which cutoffs are
used for men, this issue will only be resolved with the
establishment of appropriate cutoff points for the diag-
nosis of low bone mass in men [10,18]. When based on
sex-specific cutoffs, the prevalence of osteoporosis of the
lumbar spine was higher in women, whereas, at the
femoral neck there was a similarity in prevalence be-
tween men and women. We must underline that 75% of
the men who had osteoporosis of the femoral neck were
over 80. These findings confirm the contribution that
living longer plays in the etiology of osteoporosis in men
[23]. Despite the high number of osteoporosis and os-
teopenia sufferers, only 17.3% of women and 1.0% of
men spontaneously mentioned the specific use of some
form of medication for treating these alterations. This
may suggest that the therapeutic approach to osteopo-
rosis and osteopenia still warrants more careful atten-
tion from the medical profession. However, it is
important to clarify that the elderly were not specifically
asked about the use of drugs to treat osteoporosis, and it
is possible that some users were missed. All of this data
should be considered by local public health authorities,
since fractures occurring as a result of bone fragility can
adversely affect the quality of life of the elderly and
contribute to an increase in morbimortality in this age
band [2, 4,24].

Zerbini and colleagues evaluated the BMD in an-
other Brazilian male population [25], and for compar-
ison they included the BMD data of a Brazilian female
population [21]. These authors observed that both the
male and female populations continued losing bone
mass at the femoral neck as they aged, whereas, at the
lumbar spine only the sample of women used for
comparison [21] continued to lose it. These same find-
ings were described in the Rancho Bernardo study [26],
which analyzed a large American population made up
of men and women between 50 and 98. In our analysis,
the lack of correlation between age and BMD at the
lumbar spine, seen in both men and women, suggests
that at a more advanced age this site is not appropriate
for evaluating BMD and, therefore, not appropriate for
determining the risk of fractures. With age, individuals
are more prone to developing degenerative alterations
such as calcification of the aorta and osteophytosis of
the lumbar spine [26–29]. These alterations interfere in
the analysis of the bone densitometry scan of the
lumbar spine and might overestimate the level of BMD
in this region.

The loss of bone mass in women is strictly associated
with menopause, a time when failure of ovarian function
leads to rapid reduction of estrogen levels [30,31]. In this
analysis, the duration of menopause and the serum levels
of FSH correlated negatively with BMD at the proximal
femur, therefore suggesting a link between ovarian fail-
ure and bone loss in this site.

In recent years, various studies have been developed
with the aim of linking the reduction in circulating levels
of testosterone with bone loss in elderly men. However,
no consistent conclusion has been reached, because,
while some authors have identified total testosterone as a
strong predictor of BMD, others have not shown this
same link [30,32–35]. Our studies also found no correla-
tion between BMD and the serum level of total testos-
terone. Furthermore, we observed a similar proportion of
low bone mass in men with low and normal levels of total
testosterone (72.7% vs 79.0%). In fact, it is currently
being suggested that estrogens have a more important
influence on bone mass in men than testosterone does [30,
32, 35,40]. Despite this evidence, the role of testosterone
cannot be ignored, because this androgen clearly con-
tributes to maintaining bone mass in men. It has an effect
on bone re-absorption and formation, as well as being the
substance necessary for the aromatization and, conse-
quently, the formation of estrogen in the testicles and
surrounding tissue [30]. In this work, we were able to
evaluate only serum concentrations of total testosterone,
and it should be noted that, while on the one hand the
average serum level of total testosterone stayed within the
normal limits, on the other there was an increase in the
average serum concentrations of gonadotrophins. This
increase in gonadotrophins suggests a decline in the go-
nadal function of these individuals. Following this same
reasoning, the negative correlation found between FSH
serum level and BMD at the trochanter and total femur
in men, as in women, shows the influence that gonadal
dysfunction has on bone loss in these individuals.

In the multiple linear-regression analysis, body
weight was the most important independent predictor of
bone mass at almost all the sites studied in both sexes,
thereby explaining the 19–27% variation in BMD. This
result is consistent with the study done by Edelstein and
colleagues [41], who also found body weight to be the
best marker of bone mass in 1,492 elderly residents of
the community. In the Edelstein and colleagues’ study,
body weight explained from 3.3% to 16.5% of the var-
iation in BMD, depending on the bone site studied [41].
Height was the most important independent predictor of
BMD at the lumbar spine in men, thereby explaining
10% of the BMD variation at this site. Height is related
to skeleton size; that is, skeleton size is greater in tall
individuals and can, therefore, become a factor when
analyzing the bone densitometry scan (DXA) when
BMD is measured only in two dimensions. Thus, the
effect of skeleton size might have been more significant
than the effect of body weight on bone mass at the
lumbar spine in this male population [42]. Body fat was
the most important predictor of BMD at the total femur
in women, thereby explaining the 19% variation in
BMD at this site. So, when placed in the multiple model,
the percentage of body fat appears only as a predictor of
bone mass in women and no longer in men. The stronger
relation between BMD and fat mass in women as
compared with men has also been reported by other
authors [41,42].
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In conclusion, our findings show that body weight
was the best predictor of BMD in this population,
principally at the proximal femur. We also noticed a
high prevalence of osteoporosis and osteopenia in this
population of elderly residents of the community in the
largest city in Brazil. The prevalence of osteoporosis was
greater in women than in men in the majority of sites
analyzed. However, at the femoral neck, osteoporosis
and osteopenia were as prevalent in men as in women,
showing that, with the increase in life expectancy, oste-
oporosis also becomes relevant in men.
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