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Abstract
Background Morbid obesity may be associated with mal-
nutrition. Because it is important to assess the preoperative
nutritional/metabolic status and bone mineral density of
these patients, this study was designed aiming to evaluate
bone metabolism/mineral density and nutritional profile in
morbidly obese women.
Methods Thirty-three morbidly obese women in preopera-
tive care for obesity surgery were enrolled. Blood samples
were drawn to determine nutritional and metabolic status,
and dual-energy X-ray absorptiometry (DXA) was per-

formed to evaluate bone mineral density; 24-h recall and
food frequency questionnaire (FFQ) were also evaluated.
Results Twenty-seven (81.8%) women were premenopaus-
al and six (18.2%) were postmenopausal. The mean body
mass index was 43.2±4.8 kg/m2, and 91% were Caucasian.
Insulin-resistant subjects comprised 81.8% of the sample.
The median (25–75 percentile) of the total intake of
24-h recall was 3,081 (2,718–3,737) and for FFQ 2,685
(2,284–4,400) calories. FFQ underestimated total energy
value intake. The median of calcium was higher when
evaluated by the FFQ as compared with the 24-h recall.
Protein and lipid intakes were lower if evaluated by the
FFQ as compared to the 24-h recall. Vitamin D levels were
low in 18 (81.8%) patients. In one premenopausal woman,
bone mineral density was low in the lumbar spine (L1–L4),
and in one postmenopausal woman it was low in L1–L4,
femoral neck and 1/3 proximal radius.
Conclusions In this study, the nutritional status of morbidly
obese women was good, except for markers of bone
metabolism, with no detectable differences between pre-
and postmenopausal women.
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Introduction

Obesity is usually associated with a reduced risk of osteopo-
rosis [1], but weight loss has been reported to reduce bone
mineral density and increase fracture risk [2], especially when
it occurs rapidly, as expected after gastric bypass surgery [3].
In this situation, bone mineral mass reduction, metabolic
bone disease, and delayed fracture healing occur [4].

Since the development of bariatric surgery, several
surgical methods for the treatment of severe obesity have
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been developed. Roux-en-Y gastric bypass (RYGB) surgery
is considered to be the ideal alternative treatment for severe
obesity, because it is effective in reducing weight and
complications/mortality associated with obesity [5, 6] and
results in less severe malabsorption than with other
malabsorptive procedures (e.g., jejuno-ileal bypass) [7]
However, these procedures result in some degree of bone
reabsorption and mineral metabolism abnormalities [3, 8].
Although postoperative malabsorption is thought to be the
cause of these abnormalities, vitamin D deficiency with
secondary hyperparathyroidism has been described in
morbidly obese subjects before bariatric surgery [9–11].

There is some disagreement among experts about the
best sites to measure bone mineral density. In general, bone
mass at peripheral sites correlates with measurements at
more central sites, such as the hip and the spine [12].
However, the evaluation of bone mineral density only at
peripheral sites will miss a substantial number of individ-
uals with osteopenia and osteoporosis. In fact, measurement
at the site in question gives the best predictive value of the
risk of fracture at that site. Since the sites more prone to
fracture are the spine, femur, and distal radius, they are
usually chosen to detect osteoporosis [12, 13]. Forearm
bone mineral density should be measured especially when
hip and/or spine cannot be measured or interpreted, in cases
of hyperparathyroidism or in very obese patients [12].
However, reports on bone density described for morbidly
obese subjects do not represent the actual bone density of
these subjects because of selection biases [8]. There are no
data documenting bone density in a large group of morbidly
obese subjects measured by dual-energy X-ray absorptiom-
etry, and there is little information on the evaluation of bone
metabolism in these patients.

Because morbid obesity and surgical treatment of
obesity may cause vitamin D deficiency and hyperparathy-
roidism [11, 14], it is important to understand the
preoperative nutritional/metabolic status and bone mineral
density of these patients. Considering the above observa-
tions, a cross-sectional study was designed aiming to
evaluate bone metabolism/mineral density and nutritional
profile in morbidly obese women before surgery.

Patients and Methods

We prospectively evaluated 33 class III obese women (body
mass index—BMI—43.2±4.8 kg/m2), 18 to 58 years old,
between January 2007 and July 2008. Subjects were
recruited from the outpatient of Centro da Obesidade e
Síndrome Metabólica do Hospital São Lucas da Pontifica
Universidade Católica do Rio Grande do Sul (COM HSL-
PUCRS) in Porto Alegre, Brazil. Individuals were excluded
if they had previous diseases such as gut malabsorption,

any gastric disease, or kidney or liver disease, or were
taking medications known to affect bone or mineral
metabolism (glucocorticoids, calcium supplements, vita-
min D derivatives, diuretics, and anti-epileptic drugs).
The study was approved by the Internal Review Board
of the Hospital São Lucas da PUCRS, and all subjects
gave written informed consent before entering the study
(protocol 06/02985).

Medical history and physical examination were per-
formed for each subject by an endocrinologist. The dietitian
enrolled the patients in the study, carried out anthropomet-
ric measurements (body weight and height), performed an
evaluation of history of eating habits (intake of 24-h recall)
and a validated food frequency questionnaire (FFQ) for
obesity [15, 16]. The FFQ contains questions on the
frequency of consumption of a usual portion size of food
items [15] in the period prior to completion of the
questionnaire. Frequency is reported as the number of
times the food is consumed per day, per week, or per month
or none at all. To calculate the nutritional composition of
the FFQ, the frequencies of food intake are converted into
numerical possibilities in order to analyze the variables.
Composition of diet is calculated by the sum of all the food
items listed in the questionnaire. The investigation of food
intake in 24 h was obtained by a 24-h recall. All foods and
beverages and their portion sizes consumed during a week
day were recorded, excluding the weekend. It is true that,
although dietary intakes estimated by the FFQ are correlat-
ed with true usual intake, such estimates are often based on
systematic errors: underreporting or overreporting at the
level of the individual [17]. Therefore, for proper interpre-
tation of the results of epidemiological studies that use
FFQ, it is necessary to know the relationship between
reported intakes from the FFQ and true usual intake by the
24-h recall [18]. Nutrient analysis of FFQ and 24-h recall
were performed using the food analysis software Dietwin®
Professional 2.0 of Brubins and Dataweb Tecnologia, Porto
Alegre, Brazil.

Blood samples were drawn after the above evaluations
for laboratory analysis parameters using commercial kits
as follows. Ferritin, folic acid, vitamin B12, insulin, and
intact parathyroid hormone (iPTH) were measured by a
chemiluminescence method (Advia Centaur, Bayer Corpo-
ration, Tarrytown, NY). Serum and urinary calcium, alkaline
phosphatase, liver enzymes, plasma glucose, creatinine,
albumin, cholesterol, high-density lipoprotein cholesterol
(HDL-cholesterol), triglycerides, uric acid, and iron were
measured by the dry chemical system (Fusion FS 5.1, Johnson
& Johnson, Buckinghamshire, United Kingdom). Serum
thyroxine (T4), thyrotropin (TSH), and 17β-estradiol were
measured using a chemiluminescence immunoassay (Vitros
ECi Immunodiagnostic System, Ortho-Clinical Diagnostics,
Rochester, NY). Hemoglobin was analyzed with a Roche
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Sysmex XT-2000i (Roche Diagnostic Corporation, Indian-
apolis, IN). Low-density lipoprotein cholesterol (LDL-
cholesterol) was calculated by Friedewald’s formula:
triglycerides=5ð Þ þ HDL‐cholesterolð Þ � total cholesterol½ �.

Insulin resistance was assessed by the HOMA-IR (homeosta-
sis model assessment of insulin resistance) in individuals who
were not on hypoglycemic agents or insulin, as described [25].
The HOMA-IR index was calculated by the formula:
HOMA1‐IR ¼ fasting plasma insulin mU=mlð Þ � fasting
plasma glucose mM=22:5ð Þ [25]. Serum vitamin D levels
(25-hydroxyvitamin D) were determined by radioimmuno-
assay based on an antibody with specificity for 25-OH-D
(DiaSorin, Stillwater, MN). Serum collagen-type I N-
telopeptide (NTX-s) was measured by means of the
enzyme-linked immunosorbent assay (ELISA) using the
Osteomark NTx® serum test (Whampole Laboratories Inc.,
Princeton, NJ). The manufacturer's recommendation of
reference values for women ranges from 6.2 to 19.0 nM
bone collagen equivalents (nM BCE). Some tests were used
only as a criterion of exclusion and were not shown in
results. Because of technical problems (loss of samples), not
all variables had the same n, as follows: iPTH (n=29), NTX-
s (n=22), 25-OH-vitamin D (n=22) and 24-h urinary
calcium (n=26).

High iPTH was defined as iPTH of more than 65 pg/mL
[19]. High NTX-s was defined as values above 16.5 nM
BCE [20]. High 24-h urinary calcium was defined as values
higher than 200 mg in 24 h [21]. Low serum calcium was
defined as values lower than 8.5 mg/dL [22, 23]. Low
serum 25-OH-vitamin D was defined as values lower than
20 ng/dL [19, 23].

Bone mass density was evaluated using dual-energy X-ray
absorptiometry (DXA) at the lumbar spine (L1–L4), femoral
neck, forearm (one-third distal radius), and leg (one-third
distal tibia). It was measured in all subjects using the Hologic
QDR-4500 Acclaim (Boston, MA). Low bone density was
defined as a Z score lower than −2.0 for premenopausal and
T-score lower than −1.0 for postmenopausal women for any
of the sites of bone mineral density studied [24].

Statistical Analysis

Data are expressed as absolute and relative frequency or mean
and standard deviation or median and interquartile range
(P25–75). The Wilcoxon nonparametric test was used to
compare the values of the nutritional composition of the diet
obtained by 24-h recall and food frequency questionnaire.
Fisher’s exact test or Student’s t test was used for categorical
or continuous variables, respectively. Probability values
below 0.05 were considered significant. Spearman correla-
tion analyses were performed to test associations between
variables. All analyses were performed with SPSS statistical
software (SPSS 17.0).

Results

The general clinical characteristics of the subjects studied are
summarized in Table 1. Twenty-seven (81.8%) premeno-
pausal and six (18.2%) postmenopausal women were
evaluated. The sample enrolled was typical of the population
of patients presenting for bariatric surgery at our institution.
Subjects were morbidly obese (BMI of 43.2±4.8 kg/m2), and
the ethnicity was 91% Caucasian and 9% black. There were
few patients with diabetes mellitus or dyslipidemia. Howev-
er, there was a high rate of insulin-resistant subjects (81.8%),
considering the patients whose HOMA-IR was above the
90th percentile as insulin-resistant subjects (threshold value
for insulin resistance of 2.71) [25].

Nutritional composition of the diet, obtained by the
24-h recall in comparison with the composition evaluated
by the food frequency questionnaire is shown in Table 2.
The table also shows the dietary reference intake [44, 45]
of the macronutrients ingested. In the 24-h recall, the
median and percentile (P25–75) of total intake was 3,081
(2,718–3,737) calories. The diet reported by the subjects
studied had the usual content of proteins, carbohydrates,
lipids, calcium, and magnesium, but had a high content of
cholesterol, phosphorus, and sodium and low content of

Table 1 Clinical and metabolic characteristics of the subjects studied

Characteristic

Age (years) 35.9±10.3

Weight (kg) 111.1±13.0

BMI (kg/m2) 43.2±5.0

Waist circumference (cm) 121.2±9.0

Hip (cm) 131.0±8.0

Waist/hip 0.93±0.07

Menopause 6 (18.2)

Systemic arterial hypertension 23 (69.7)

Systolic blood pressure (mm Hg) 135.7±18.1

Diastolic blood pressure (mm Hg) 86.5±11.9

Diabetes mellitus 2 (6)

Use of oral contraceptive 12 (36)

Hormone replacement therapy 1 (3)

Smoking 2 (6)

Antiobesity drug use 4 (9.8)

Hemoglobin (g/dL) 13.9±4.3

Cholesterol (mg/dL) 205.6±37

HDL-c (mg/dL) 50.8±14.0

Triglycerides (mg/dL) 133 (101–179)

HOMA-IR 4.2 (2.7–4.6)

Results are expressed as mean ± SD, number of patients (percent of
patients), or median (25/75 percentile). BMI body mass index; HDL-c
high-density lipoprotein cholesterol; HOMA-IR homeostasis model
assessment insulin resistant
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potassium, as compared to the dietary reference intake [26].
Although the median calcium intake was that usually
recommended, there were 13 (49.6%) subjects who had
an intake of less than 800 mg calcium/day. Calcium intake
was higher when evaluated by the food frequency ques-
tionnaire as compared with the 24-h recall. Vitamin D,
magnesium, and potassium intakes were lower than
recommended [26]. The food frequency questionnaire
underestimated total energy value intake as compared with
the 24-h recall. Protein and lipid intakes were lower if
evaluated by the food frequency questionnaire as compared
to the 24-h recall.

Table 3 depicts the characterization of the subjects
studied according to their bone metabolism markers (iPTH,
NTX-s, 24-h urinary calcium, and serum calcium and
vitamin D). Concerning other laboratory tests, all subjects
had normal levels of albumin, as well as ferritin and folic
acid. Vitamin D levels (upper normal limit 20 ng/mL) were
low in 18 of the 22 (81.8%) patients.

The comparison of the individuals according to their
vitamin D levels is presented in Table 4. Subjects with low
serum vitamin D levels had lower NTX-s, but there were no
other differences as compared to those with normal serum
levels.

Bone mineral density was low in the lumbar spine (L1–
L4) in one premenopausal woman, and bone mineral density
was low in the lumbar spine (L1–L4), femoral neck, and 1/3
proximal radius in one postmenopausal woman.

There was a positive correlation between NTX-s and
body mass index (rs=0.51, p=0.015) and between vitamin
D and NTX-s (rs=0.42, p=0.054).

The comparison of the individuals according to the
presence or absence of menopause is presented in Table 5.
As expected, postmenopausal women were older. No other
difference was observed between pre- and postmenopausal
women.

Discussion

The main findings of the present study, evaluating 33
morbidly obese women candidates for bariatric surgery,
were that general nutrition status was very good, except for
biochemical markers of bone metabolism, especially vita-
min D, which was found to be low in 81.8% of them. These
patients had low levels of NTX-s and high (although not
significantly) iPTH levels, as compared to those with
normal vitamin D levels but with no impact upon bone
mineral density. Also, no differences were observed
between pre- and postmenopausal women.

Subjects of our study reported a high caloric intake
demonstrated by the 24-h recall and food frequency

Table 2 Nutritional composition of the diet (n=33)

Variable DRIs 24-h recall Food frequency questionnaire p

Total energy value (kcal) 1,800–2,000 3,081 (2,718–3,737) 2,685 (2,284–4,400) 0.950

Protein (%) 10–35 19.1 (12.5–30.2) 11.9 (7.6–13.4) <0.001

Carbohydrate (%) 45–65 51.4 (31.8–79.8) 57.3 (50.9–62.6) 0.728

Lipid (%) 20–35 36.8 (25.0–61.3) 32.0 (28.9–40.5) 0.110

Cholesterol (mg) <300 471 (334–625) 241 (181–367) 0.008

Iron (mg) 18 20.3 (15.0–28.0) 11.3 (7.7–17.2) <0.001

Vitamin D intake (μg) 5 2.0 (1.0–4.4) 2.0 (0.7–4.5) 0.357

Magnesium (mg) 320 287 (233–398) 185 (145–412) 0.201

Phosphorus (mg) 700 1,587 (1,222–2,077) 1,076 (784–1,507) 0.008

Calcium (mg) 1,000 912 (630–1,516) 1,141 (885–1,238) 0.654

Potassium (mg) 4,700 2,981 (2,424–4,468) 1,896 (1,092–3,442) 0.036

Sodium (mg) 1,500 5,379 (3,308–7,202) 2,014 (1,429–3,746) <0.001

Results are expressed as median (25/75 percentile). DRIs dietary reference intake. 24-h recall quantifies the consumption of food throughout the
24 h preceding the interview or during the previous day. The value of p is the minimum level of significance of the nonparametric Wilcoxon test
for the comparison between nutritional composition evaluated by 24-h recall vs. the food frequency questionnaire

Table 3 Characterization of the subjects studied according to their
bone metabolism markers

Variable n n (%)

High iPTH 29 4 (13.8)

High serum collagen-type I N-telopeptide 22 6 (27.2)

High 24-h urinary calcium 26 8 (30.8)

Low serum calcium 33 1 (3.0)

Low serum 25-OH-vitamin D 22 18 (81.8)

Low bone density by DXA 33 2 (6.0)

The results are expressed in number of patients (percent of patients).
DXA dual-energy X-ray absorptiometry
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Table 4 Characterization of the subjects studied according to their vitamin D status

Variable Low serum vitamin D (n=18) Normal serum vitamin D (n=4) p

Hormone replacement therapy 1 (5.6%) 0 1.000

Menopause 3 (16.7%) 0 1.000

Age (years) 36.7±7.9 31.0±5.1 0.226

Body mass index (kg/m2) 43.1±1.4 44.4±1.3 0.678

Alkaline phosphatase (U/L) 87.8±5.1 77.5±10 0.396

Serum calcium (mg/dL) 9.4±0.1 9.2±0.1 0.415

24-h urinary calcium (mg/24 h) 184.8±51.1 194.3±82.5 0.886

iPTH (pg/mL) 47.1±5.3 37.2±5.9 0.402

Vitamin D intake (μg) 5.1±1.5 1.7±5.0 0.343

Calcium intake (mg/day) 1,020±96 1,040±388 0.940

NTX-s (nM BCE) 14.6±1.2 18.2±0.4 0.015

Low bone density in lumbar spine, femoral
neck, and 1/3 distal radius

0 1 (25%) 0.182

HOMA-IR 5.2±0.6 4.9±1.1 0.862

Vitamin B12 (pg/mL) 421±33 554±114 0.144

BMD of neck (g/cm2) 1.03±0.04 0.90±0.02 0.210

BMD of lumbar spine (g/cm2) 1.15±0.02 1.04±0.01 0.051

BMD of radius (g/cm2) 0.58±0.01 0.60±0.01 0.526

BMD of tibia (g/cm2) 0.96±0.11 0.93±0.02 0.913

Results are expressed as mean and standard error (SE) of mean or in number of patients (percent of patients). Low serum vitamin D values<20 ng/mL.
iPTH parathyroid hormone. NTX-s serum collagen-type I N-telopeptide. nM BCE nM bone collagen equivalents. HOMA-IR homeostasis model
assessment insulin resistant. BMD bone mineral density. The value of p is the minimum level of significance of Student’s t test (continuous variables)
or of Fisher’s exact test (categorical variables)

Table 5 Characterization of the subjects studied according to their menopause status

Variable Premenopause (n=27) Postmenopause (n=6) p

Hormone replacement therapy 0 (0.0%) 1 (16.7%) 0.182

Age (years) 31.9±1.3 52.3±1.5 <0.001

Body mass index (kg/m2) 43.6±1.0 41.5±1.0 0.373

Alkaline phosphatase (U/L) 97.4±8.2 98.1±11.7 0.968

Serum calcium (mg/dL) 9.4±0.1 9.2±0.3 0.337

24-h urinary calcium (mg/24 h) 205.0±40.7 146.7±22.8 0.452

iPTH (pg/mL) 45.2±4.2 45.5±6.5 0.968

Vitamin D intake (μg) 2.8±0.6 8.5±4.2 0.234

Calcium intake (mg/day) 968±92 1,203±155 0.670

NTX-s (nM BCE) 15.4±0.9 14.4±5.9 0.876

Low bone density in lumbar spine, femoral neck, and 1/3 distal radius 1 (3.7%) 1 (16.7%) 0.335

HOMA-IR 5.4±0.5 5.0±1.1 0.762

Vitamin B12 (pg/mL) 423±31 493±69 0.343

BMD of neck (g/cm2) 1.00±0.02 1.02±0.09 0.821

BMD of lumbar spine (g/cm2) 1.11±0.01 1.13±0.07 0.798

BMD of radius (g/cm2) 0.59±0.01 0.53±0.03 0.056

BMD of tibia (g/cm2) 0.96±0.07 1.13±0.07 0.301

Results are expressed in mean and standard error of mean or in number of patients (percent of patients). iPTH parathyroid hormone. NTX-s serum
collagen-type I N-telopeptide. nM BCE nM bone collagen equivalents. HOMA-IR homeostasis model assessment insulin resistant. BMD bone
mineral density. The value of p is the minimum level of significance of Student’s t test (continuous variables) or of Fisher’s exact test (categorical
variables)
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questionnaires, although lower than expected by their
dietary reference intake. Several studies in industrialized
countries have documented a high prevalence of under-
reporting energy intakes from 24-h recalls, food records,
and food frequency questionnaires [18, 27, 28]. It was
shown that underreporting is not random, but is related to
characteristics such as obesity, smoking, dieting, and
psychological factors [28], leading to the conclusion that
food consumption evaluation still needs improvement. Jain
et al. [18] suggest that the food frequency method gives
acceptable estimates of nutrients or food components as
assessed by their calibration study against diet recalls.
Serious bias reporting habitual energy intake was observed
in data obtained from 24-h recalls, as compared with the
food frequency method [29], as was also observed in the
present study.

Here, we report that 81.8% of the patients studied had a
high HOMA-IR (>2.7) (Table 1), which was an expected
finding, because of their obesity state [25]. Although other
authors reported that fasting insulin levels were positively
associated with bone mineral density [41], we did not
observe any association between these variables. This fact
could be attributed to the small number of individuals with
low bone density.

We did not observe any significant nutritional deficien-
cies in our sample. Clearly, because the sample was small,
this may not represent the whole population of morbidly
obese individuals. Also, we did not determine all serum
vitamins like in other studies. Despite the excessive intake
that causes obesity, obese patients can show nutritional
deficiencies as a consequence of inadequate dietary intake
related to poor education or social factors, eating disorders,
unbalanced weight-reducing diets, or comorbidities [30].
Other authors evaluated morbidly obese subjects and
described low albumin (1.1 to 12.5%), low ferritin (6.9 to
8.4%), low folate (3.4%), and low vitamin B12 levels
(18.1%) [31, 32]. These data probably reflect reality more
than ours, because of the high number of subjects that these
authors studied and also because of the more diverse social
classes to which those subjects pertained.

We observed a high prevalence of vitamin D deficiency
(81.8%), hypercalciuria (30.8%), high NTX-s (27.2%), and
high iPTH (13.8%). Other authors reported low 25-
hydroxyvitamin D in 25.4 [31], 57.4 [33] and 68.1% [32]
of their patients. The difference between the values could
be explained by the differences in age, race, sex, smoking
habit, and body fat percentage, factors that interfere with
vitamin D metabolism [23]. It is important to point out that
low serum vitamin D concentration in patients with systemic
inflammation—as is the case with obese individuals—
does not necessarily indicate that the body stores are
depleted [34]. Decreased sun exposure, sequestration of
vitamin D in fat, and a physiologic adaptation to the need

for more bone mass to support increased weight are
suggested mechanisms leading to vitamin D deficiency in
morbidly obese individuals [22, 37]. Interestingly, vitamin
D deficiency was recently associated with incident cardio-
vascular disease [35], and high iPTH levels were found to
be predictive of mortality [36]. Consequently, chronic
vitamin D deficiency, inadequate calcium intake, and
secondary hyperparathyroidism would place these obese
patients at risk for cardiovascular mortality, beyond the
expected low bone mass.

We found a low prevalence (13.8%) of high levels of
iPTH compared to some authors who observed a 25%
prevalence [22, 38], but El-kadre et al. [14] reported 10%
hyperparathyroidism in obese Brazilian women. The ab-
sence of a similar incidence of secondary hyperparathy-
roidism with deficiency of vitamin D in Brazilian women
observed in the present study vs. that of El-Kadre [14] may
be due to lifestyle or cultural differences in diet as well as
genetics. Also, magnesium deficiency is a putative factor,
but we did not evaluate this micronutrient. Low calcium
intake and low albumin levels could not account for this
discrepancy because they were evaluated and were within
the expected ranges.

The high levels of this calcium reabsorption marker
observed in almost one-third of our sample is a new
finding. Markers of bone reabsorption are interesting to
study in situations which could progress with high calcium
reabsorption and bone loss, such as the postoperative period
of morbidly obese patients. New bone reabsorption markers
have been introduced in order to be more specific for
metabolic breakdown of bone collagen, such as deoxypyr-
idinoline and the cross-linked N-telopeptides and C-
telopeptides of type I bone collagen (NTX and CTX,
respectively) [39]. Serum-based markers of bone turnover
tend to show less variability as compared with urine-based
markers [39].

There was a positive correlation between NTX-s and
body mass index, suggesting that patients with high BMI
could experience higher bone reabsorption. This finding
may explain the increased prevalence of low bone density
in morbidly obese subjects [42]. This is not the case in non-
obese subjects, as a Japanese study described an inverse
correlation between these variables [40]. There are very few
studies that have evaluated NTX-s in obese and morbidly
obese individuals, and thus, our data is new, but needs
further confirmation. We speculate that the trend toward a
positive correlation between NTX-s and vitamin D repre-
sents an increased need for more calcium absorption, but no
cause–effect can be established with these data. Alterna-
tively, since weight loss can unfavorably alter bone
turnover markers in overweight adults [43], NTX-s could
be correlated to body mass index, because this is a variable
that indirectly indicates that patient is on a diet.
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Menopause had the effect of increasing the circulating
concentrations of NTX-s and alkaline phosphatase activity
by 15% (p=0.001) and 11% (p=0.02), respectively.
However, serum levels of PTH were not different between
these two groups of women [46].

We observed low bone mineral density in one premen-
opausal and one postmenopausal woman, a low prevalence,
as compared to 31% of premenopausal obese women with
osteopenia or osteoporosis as described before [43].
Probably the low prevalence of osteopenia could be
explained by the fact that the subjects we evaluated were
very young. Also, patients in the study of Bacon et al. [42]
with a history of chronic dieting behavior had a higher
occurrence of osteoporosis or osteopenia, and they ob-
served a negative correlation between the number of times
the women go on a diet to lose weight and bone mineral
content values. Gomez et al. [42] observed an inverse
correlation between body fat and bone mineral density,
suggesting that extreme obesity may increase the risk of
osteoporosis.

Comparing the pre- and postmenopausal group, we did
not find any difference concerning the characteristics of the
subjects, except for age and a trend toward lower bone
mass density of the radius in postmenopausal women. El-
Kadre et al. [14] described urinary NTX-s within the
normal range in premenopausal and high levels in post-
menopausal morbidly obese women after bariatric surgery,
but they did not present comparative data between these
two groups before surgery.

In conclusion, the nutritional status of morbidly obese
women studied here was good, except for markers of bone
metabolism, but no reduction in bone mineral density was
observed.
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