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Background: Osteoporosis is a multifactorial disease and one of the most important modifiable factors in the de-
velopment and maintenance of bone mass is nutrition. Objective: The aim of this study was to determine the nu-
tritional status among osteoporotic postmenopausal women in north west of Iran and compare intake of several
nutrients important in terms of bone health with the standard values (DRIs). Design: Bone mineral density of the
left proximal femur, the lumbar spine and total hip were measured using dual-energy X-ray absorptiometry.
Ninety-seven postmenopausal osteoporotic women were studied. A validated food frequency questionnaire was
used to determine food habits and 24-h recall was used to estimate average energy and nutrient intakes. Results:
The mean t-score for bone mineral density (BMD) of LS, FN and total hip were -3.15 £ 0.73, -1.93 + 0.86 and -
1.92 + 0.88, respectively. The percentages of participants receiving adequate intake of calcium, vitamin D and
vitamin K were 7.2%, 3.1% and 42.3%, respectively. The mean phosphate to calcium ratio was 1.6 + 0.87. BMD
of femoral neck and total hip was correlated inversely with the amount of energy obtained from fat and posi-
tively with energy intake. Among micronutrients studied, calcium was positively correlated with BMD of total
hip. Conclusion: Most of the postmenopausal osteoporotic women in north west of Iran have a considerable de-
ficiency in terms of energy and some micronutrients such as calcium, vitamin D and magnesium, which can be

deleterious for bone health.
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INTRODUCTION
Osteoporosis is a major public health problem especially
in elderly people and is reaching an epidemic proportion
because the elderly population is the most rapidly grow-
ing segment of any population. Osteoporotic fractures are
claimed to affect 50% of women and 30% of men aged
over 50 years." It has been estimated that 1.7 million peo-
ple globally suffered from osteoporotic hip fractures, in
1990. The number might increase to 6.3 million by 2050.
Postmenopausal women are the most vulnerable group for
osteoporosis-related fractures, because of oestrogen defi-
ciency, particularly in the wrist, lumbar spine, and hips.’
There isn’t any accurate estimation of the incidence
and prevalence of osteoporosis in Iran. The Iranian Multi-
center Osteoporosis Study (IMOS) estimated that the
prevalence of osteoporosis among women who are older
than 50 years is 6 percent, which is less than other coun-
tries such as Canada and Japan®. Some other smaller stud-
ies estimated that more than 40 percent of Iranian post-
menopausal women are affected by osteoporosis.’
Osteoporosis is a multifactorial disease and several
factors such as; genetics, gender, age, race, weight, medi-
cal conditions, medication and life style risk factors are

considered to be important determinants of bone mass
and risk of osteoporotic fractures. One of the most impor-
tant modifiable factors in the development and mainte-
nance of bone mass is nutrition. Adequate nutrition plays
a major role in the prevention and treatment of osteoporo-
sis. Because calcium and vitamin D are considered the
nutrients of the greatest importance in terms of bone
health, most studies to date concentrated primarily on the
role of these nutrients and paid less attention to others.
Therefore the understanding of the influence of nutrition
on bone health is limited.® A diet low in calcium is likely
to be deficient in many other micronutrients as well, but
few studies have addressed these potential relations.
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It is plausible that prevention of bone loss through diet
is possible, yet it involves many nutrients such as: potas-
sium, magnesium, vitamin K, protein, saturated fat, phos-
phorus, vitamin C, sodium, and several trace minerals
including manganese, zinc and copper.” Recent reports
have also supported the important role of some food
groups like milk, fruits, vegetables, meat and seafood on
bone health.*"*

The aim of this study was to determine nutritional
status of osteoporotic postmenopausal women in the north
west of Iran and to compare intake of several nutrients,
which are important in terms of bone health with the stan-
dard values (DRIs).

MATERIALS AND METHODS

The study was performed between May and October 2007.

Ninety-seven postmenopausal osteoporotic women were
recruited from an original sample of 314 postmenopausal
women who were referred to Sheikholrais and Sina densi-
tometry centers. Eligibility criteria included documenta-
tion of osteoporosis according to the definition of the
World Health Organization (WHO) (<2.5 standard devia-
tions (SD) of normal values)'', age range of 50-70 years
old and having postmenopausal age of at least one year.
To minimize any known confounding effects on BMD,
the subjects with the following conditions have been ex-
cluded from the study: on corticosteroid therapy at phar-
macological levels for duration of more than 6 months;
with rheumatoid arthritis or collagen disease; diabetes
mellitus (except for easily controlled, non insulin-
dependent diabetes mellitus); evidence of other metabolic
or inherited bone disease, such as hyper- or hypoparathy-
roidism, Paget’s disease, osteomalacia, osteogenesis im-
perfecta and hyperthyroidism.

Information about life style such as physical activity
and smoking habits were obtained at the time of BMD
assessment. Weight and height were measured in light
clothing and without shoes using a scale (Seca, Hamburg,
Germany) to the nearest 0.05 kg and a stadiometer (Hol-
tain Ltd, Crymych, United Kingdom) to the nearest 0.1
cm, respectively. Body mass index (BMI) was calculated
as weight (kg) divided by height square (m?). The BMD
measurements of the left proximal femur (the femoral
neck, or FN), the lumbar spine (LS; L2—4) and total hip
were performed using dual-energy X-ray absorptiometry
(Hologic QDR 2000; Hologic, Waltham, MA, USA). In-
struments were calibrated daily and had measurement
precisions of 0.008 g/cm?” for the spine and 0.013 g/cm’
for the femoral neck.

Energy and nutrient intakes were measured using a 3-
day 24-h recall (two week days and one weekend day). A
validated food frequency questionnaire'” was also used to
determine dietary habits during the previous year. The
information was obtained through face to-face interviews,
with standard food models, and a variety of measuring
tools to evaluate intake. Nutrients were analyzed by Nu-
tritionist III software, version 7.0 (N-Squared computing,
Salem, OR, USA), which was modified for Iranian foods.

Total energy intake (EI, kcal), macronutrient (proteins,
lipids and carbohydrates) and micronutrient (calcium,
phosphate, magnesium, iron, zinc, copper, vitamin D,
vitamin K, selenium, vitamin B, folate, vitamin By, vi-

tamin A and vitamin C) intakes were estimated and com-
pared with dietary reference intakes (DRIs).

Statistical analysis was done using SPSS Software
(version 11.5). To correlate variables with normal and
non-normal distribution, Pearson’s and Spearman’s corre-
lations respectively were used. The multivariate logistic
regression model was used to predict the probable factors
involved in osteoporosis. All tests were two-tailed, and
p<0.05 was the significance threshold.

RESULTS

A total of 97 postmenopausal osteoporotic women were
studied. The mean (£SD) age, postmenopausal age and
BMI were 61.3 + 6.00 y, 13.8+ 6.89 y and 28.9+ 4.12
(kg/m?®). BMD t-score of lumbar spine (LS; L2—4), femo-
ral neck and total hip were —3.15 + 0.73, -1.93 + 0.86
and —1.92 + 0.88, respectively. Based on WHO’s cut-off
point for osteoporosis (2.5 < t-score), there were 89.7%,
29.2% and 27.8% of participants having osteoporosis on
their lumbar spine, femoral neck and hip regions, respec-
tively.

Table 1. Nutrient intakes (food and supplements combined)
of postmenopausal osteoporotic women in Iran

Nutrient MeantSD* Median  Range DRI’
Calories (kcal/d)  1230+531 1134 329-3188 2046-2179
Total fat (g/d) 51£20.3 49 11.5-103 §
Protein (g/d) 42421.5 39 10.7-110 46

Calcium (mg) 510+£351.3 436 71-1509 1200

Vitamin D (IU) 124+728.8 3.75 0-7102 400

Magnesium (mg) 170.9+£349.5 111 13-3406 320

Phosphorus (mg) 670+392.6 553 131-1995 700

Zinc (mg) 5.1243.17 452 097212 8
Vitamin K (ug) 97.5+£98.5 68 0-459 90
Selenium (pug) 90+131.7 60 0-1180 55
Iron (mg) 9.07+5.5 7.57 1.5-38 8
Vitamin C (mg) 58 £60.6 49 0-450 75
Vitamin A (Tu) 531249185 1833 0-92678 2331
Folate (ug)" 1221132 945 14-973 400
Vitamin B6 (mg)  1.32+0.8 1.2 0.1-3.88 1.5
Vitamin B12 (ug) 12.13+£73.15 1.1 0-633 24
Fluoride (mg) 1.3944.5 0.227  0-28.72 3
Fiber (g/d) 5.06+6.50 3.11 0.1-83 21

+ DRIs=Dietary Reference Intakes for women 50- 70 years."®)

+ SD=standard deviation.

§ <25%-35% of total calories from fat, with <10% from saturated fat.
1 As dietary folate equivalents (DFE). 1 DFE=1 pg food folate=0.6 pg
of folic acid from fortified food or as a supplement consumed with
food=0.5 pg of a supplement taken on an empty stomach.
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Intake of total energy, fat, carbohydrate, protein, vita-
mins, and minerals is presented in Table 1. Participants
consumed 20.0 kcal/’kg/day. The mean dietary percent-
ages of fat, protein, and carbohydrate were 37.5+9.28 %,
13.0+3.43 %, and 49.4+10.2, respectively. Only 7.2% of
participants had adequate intake for calcium (>1200 mg/d)
and 57 (58.8%) had a calcium intake less than 500 mg/
day. Adequate intake for vitamin D (400 IU) was found
for 3.1% and about % of participants (75.3%) had a vita-
min D intake less than 100 IU/day. Seven participants
met the Recommended Dietary Allowance (RDA) for
magnesium and 42 (43.3%) had a magnesium intake less
than 100 mg/day. Thirty-seven participants (39.8%) met
the RDA for phosphorus and mean phosphate to calcium
ratio of participants was 1.6 + 0.87. Forty-one participants
(42.3%) received adequate intake for vitamin K and sixty-
five participants (67%) received the RDA for selenium.

As it is shown in Table 2, there was a significant corre-
lation between energy intake and femoral neck and total
hip BMD. There was also a negative and significant cor-
relation between percents of energy from fat and BMD of
femoral neck and total hip. Frequency of dairy products,
meat, vegetable and fruit intake was not significantly cor-
related with BMD at different skeletal regions.

Among the micronutrients reported calcium was posi-
tively correlated with BMD of total hip. Also the linear
relationship between selenium intake and BMD of total
hip and femoral neck was statistically significant. Vita-
min C intake was significantly correlated with BMD of
total hip. There were no other significant relationships
between other micronutrients and BMD at different skele-
tal regions.

A multivariate logistic regression analysis was per-
formed to determine the role of each mentioned dietary
factors in osteoporosis with controlling for other potential
confounders (Table 3). For this issue patients with t-score
< -2.5 were considered as the diseased group for the re-
gion and participants with t-score > -2.5 were considered
as reference group. Thus t- score < -2.5 was considered as
the dependent variable and factors such as BMI, Energy,
% energy from fat and dietary calcium were determined
as possible factors for predicting osteoporosis at each
assessed region. Dietary calcium intake was found to be
associated marginally with the presence of osteoporosis at
the hip region. There was also a significant association
between proportion of energy from fat and osteoporosis
of lumbar spine.

Table2. Correlation between BMD of different skeletal
sites and dietary factors as well as BMI

BMD Hip BMD FN BMD LS
p r p r p r

BMI 0.006 028 0071 0.19 0.065 0.19
Energy 0.02 024 0041 021 0763 -0.03
%ofenergy 50 023 0012 -026 075 003
from Fat

Ca 0.042 021 0372 009 0261 0.12
Se 0.027 023 0034 022 0769 0.03
Vit C 0.026 023 0.106 0.17 0.903 0.01

Table 3. Association between BMI, dietary factors and
osteoporosis after adjusting for confounders using multi-
variable logistic regression

Adjusted OR (CI 95%) p

Hip

BMI 0.939 (0.831,1.061) 0.316

Energy 1.000 (0.999,1.001) 0.919

% Energy from fat 1.042 (0.986,1.102) 0.147

Dietary Calcium 0.998 (0.996,1.000) 0.051
Lumbar spine

BMI 0.991 (0.836,1.175) 0.971

Energy 1.001 (0.999,1.003) 0.410

%Energy from fat 0.925 (0.856,0.999) 0.048
Femoral neck

BMI 0.985 (0.880,1.103) 0.797

Energy 0.999 (0.998,1.000) 0.105

%Energy from fat 1.025 (0.973,1.080) 0.357
DISCUSSION

In this cross-sectional study of postmenopausal osteo-
porotic women, the consumption of different nutrients,
which are important for bone health, was assessed. The
results indicated that intake of some important nutrients
such as calcium, vitamin D, and magnesium, etc. was
significantly less than the recommended levels.

The mean energy intake of the participants was 1230
+ 531 kcal, which is less than the recommended values. It
was also lower than the energy intake of American post-
menopausal women in CSFII study, which was 1436
Calories.' In the present study in spite of the high mean
BMI in volunteers (28.9), the mean energy intake was
low. This seems confusing however different researchers
such as Tooze et al.'” and Krebs-Smith et al.'® have
shown that about 40 % of the people in particular obese
and elderly people whose energy intake was measured
using 24-h recall or FFQ, have underreported their energy
intake. On the other hand due to the age and literacy of
the participants in this study (mostly illiterate), the pro-
spective methods like food records were impossible.

In this study there was a positive association between
weight and BMD of different skeletal sites (LS: r = 0.24,
p = 0.018, FN: r = 0.32, p = 0.002, hip: r = 0.37, p <
0.001). Other researchers have also reported that bone
density has a positive association with weight especially
in postmenopausal women.'”"® We found a positive asso-
ciation between energy intake and BMD of femoral neck
and total hip. The association between energy and bone
density may be due to a more direct association between
several micro- as well as macronutrients and bone den-
sity."” Indeed a negative association was found between
total fat intake and BMD of femoral neck and total hip.
After controlling for other confounders, the association
between percents of energy from fat and the presence of
osteoporosis in lumbar spine remained significant. Other
studies have also found negative associations between fat
intake and BMD.?*?! Several mechanisms have been sug-
gested, for example, a high-fat diet may reduce the effi-
ciency of calcium absorption through the formation of
calcium soaps or may contain high concentrations of reti-
nol, which would increase bone resorption.”’ In this study
the percentage of calories from fat intake was 37.5%
which is high for this age group. It seems that the TLC
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diet (consuming 25-35% calories from fat), which is gen-
erated for prevention of CHD, also can be useful for bone
health.

The other important issue in terms of nutrition and
bone health is protein. The relation between dietary pro-
tein intake and bone metabolism is controversial.** Excess
dietary protein results in urinary calcium loss, negative
calcium balance, and bone loss in young and elderly men
and women,” and these effects are mainly attributable to
the high acid load from the metabolism of animal protein.
It has been proposed that bone buffers the excess acid
load, which results in urinary calcium loss and conse-
quently leads to reduced bone mineral content and bone
mass.” On the other hand, there is convincing evidence
indicating that low protein intake is associated with low
BMD and greater fracture risk.”* Some cross-sectional
studies, showed a positive association between protein
intake and BMD, whereas others did not find any such
association or found a negative association.” In this study,
we couldn’t show any significant association between
protein intake and BMD of different skeletal regions. The
mean protein intake in the study population was 42+21.5
g, which is close to the RDA of protein for this age and
sex group (i.e., 46 g).

Calcium is the most important nutrient in bone health.
In this study more than 90% of the subjects had a calcium
intake less than the Al for calcium (1200 mg). Food and
Agriculture Organization’s report in 1990 demonstrated
that the mean calcium intake in the developing world was
344 mg/day,”® which is less than our findings (510mg/
day). Despite this lower intake of calcium in the develop-
ing world compared with western countries (850 mg/day),
these populations did not show higher a prevalence of
osteoporosis.”® Possible explanations for this finding
could be differences in vitamin D status, salt and animal
protein intake, fat intake and physical activity in the
populations.*

Milk and dairy products are the most concentrated
source of calcium. Dark green vegetables such as kale,
collards and broccoli; almonds; soybeans; the small bones
of sardines; and clams and oysters are good sources of
calcium. There are several reasons for low calcium and
dairy product consumption among different populations,
such as lack of knowledge, dislike or intolerance of milk
and milk products, low socioeconomic status or restric-
tion of dairy products due to fat content.”’ Based on per-
sonal communications with the participants, these also
seem to be the main reasons for low calcium intake in the
population under investigation.

Although we found a positive association between cal-
cium intake and total hip BMD, the results of other cross-
sectional studies are less convincing. A review of 86 ob-
servational studies showed a significant positive associa-
tions between calcium intake and bone mass, bone loss or
fracture risk in 64 studies; one study reported a positive
effect in men only; 19 found no effect and two found a
negative effect. Therefore the majority of studies support
the hypothesis that high calcium intake protects the skele-
ton.”®

Vitamin D plays an important role in calcium, phos-
phorous and bone homeostasis. Low serum levels of 25-
hydroxy vitamin D are associated with impaired calcium

absorption, reduced renal calcium reabsorption and sec-
ondary hyperparathyroidism.”” Vitamin D exists naturally
in animal products, and the richest sources are fish liver
oils. It is found only in small amounts in butter, cream,
egg yolk and liver. More than 95% of our participants
had a vitamin D intake below the Al for vitamin D (400
IU). It seems vitamin D insufficiency is a frequent finding
among community-dwelling elderly, irrespective of lati-
tude, and an almost universal finding among institutional-
ized elderly.”® According to the findings of IMOS (Ira-
nian Multicenter Osteoporosis Study) based on serum
levels of 25(OH) D, more than 81% of Iranians had vita-
min D deficiency and one of the main reasons for this
finding is insufficient vitamin D intake."

Phosphorus intake does not seem to influence skeletal
health within normal ranges (RDA 700 mg/d), although
excessive intake particularly when combined with low
calcium intake may be deleterious.’’ Alternatively, ade-
quate phosphorus intake is essential for bone building
during growth, and low serum phosphate will limit bone
formation and mineralization.”> The ratio of phosphorus
to calcium at any age is probably more important than
phosphorus intake alone. In this study although, only
about 40 % of the participants had phosphorous intake
above the RDA, the mean phosphorus to calcium ratio
was 1.6 = 0.87 which is slightly more than the acceptable
range (0.5-1.5).%

In conclusion, the results of this study showed that
most of the postmenopausal osteoporotic women in north
west of Iran have a considerable deficiency in terms of
energy and some micronutrients such as calcium, vitamin
D and magnesium intake, which can be deleterious for
bone health. It’s suggested that more attention be paid on
the nutritional status and issues of elderly women and that
more longitudinal and interventional studies be conducted
in this population.
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