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Effect of Osteoporosis on Energy Expenditure of
Resting and Daily Activities in Postmenopausal Women

Osteoporozun Postmenopozal Kadinlarda Istirahat ve Giinliik Aktiviteler

Sirasindaki Enerji Tiiketimine Etkisi
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Summary

Objective: The purpose of our study was to determine the effect of
osteoporosis on energy expenditure and daily activities of postmenopausal
women.

Materials and Methods: Eighteen recently diagnosed postmenopausal
osteoporotic women without any fractures participated in this study.
They were matched for age and body mass index with 19
postmenopausal nonosteoporotic women. Energy expenditure of
postmenopausal women was measured using an indirect calorimetry
during resting, sitting, standing and walking at speeds of 50 m/min
and 70 m/min. Quality of life of subjects was evaluated with the short
form-36 (SF-36) questionnaire.

Results: There were no significant differences between groups for VO2
(ml/min) during resting, sitting, standing, and walking at speeds of 50
m/min and 70 m/min. Bone mineral density (BMD) of the proximal femur
was correlated with resting energy expenditure (REE) (r=0.49, p= 0.03)
in postmenopausal osteoporotic women. The SF-36 bodily pain subscale
score was significantly higher in postmenopausal osteoporotic women
(74.33+£20.86) than in nonosteoporotic women (58.10+17.09). The power
of the study for detecting the differences was calculated as 71%.
Conclusion: The results seem to indicate that there is a relationship
between BMD and REE in postmenopausal osteoporotic women.
Although pain scores were higher in osteoporotic women, it was detected
that they did not affect the energy expenditure of resting and at
different physical activity levels. While determining the caloric intake of
osteoporotic women and energy expenditure estimation in various daily
physical activities, it can be taken into account that energy expenditure
of osteoporotic women is similar to nonosteoporotic women. Turk J Phys
Med Rehab 2010;56:111-5.
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Ozet

Amag: Calismamizin amaci osteoporozun postmenopozal kadinlarda
enerji tiketimleri ve ginllk aktiviteleri Gzerine etkilerini arastirmaktir.

Gereg ve Yontem: Calismaya daha 6nce tanisi konmus, kirigi olmayan 18
postmenopozal osteoporozlu kadin katildi ve bunlar, yas ve beden kitle
indeksi bakimindan 19 postmenopozal osteoporoz olmayan kadin ile
eslestirildi. indirekt kalorimetri yéntemiyle postmenopozal kadinlarin;
istirahat, oturma, ayakta durma ve 50 m/dk, 70 m/dk hizlarinda yirime
sirasindaki enerji tiketimleri 6l¢tldld. Yasam kaliteleri Short Form-36
(SF-36) anketiyle dederlendirildi.

Bulgular: Gruplar arasinda, istirahat, oturma ve 50 m/dk ve 70 m/dk
hizlarda ylrtime esnasindaki VO2 (ml/dk) parametreleri yoniinden ista-
tistiksel olarak anlamli fark yoktu. Osteoporotik kadinlarda proksimal
femur kemik mineral yodunlugu ile istirahat enerji tiketimi arasinda
korelasyon gozlendi (r=0,49, P= 0,03). SF-36 anketinin “agri” alt grubu
bakimindan osteoporoz grubu puanlari kontrollere gére anlamli dere-
cede vylksekti (74,33+20,86 ve 58,10£17,09). Calismanin farkliliklar
tespit edebilme giicl %71 olarak hesaplanmistir.

Sonug: Sonuglar, postmenopozal osteoporotik kadinlarda kemik mineral
yogunlugu ile istirahat enerji tiketimi arasinda bir iliski oldugunu
gostermektedir. Osteoporozu olan kadinlarda, agri skorlarinin yiksek
olmasina ragmen istirahat ve farkh fiziksel aktivite diizeyindeki enerji
tiketimini etkilemedigi tespit edildi. Osteoporotik kadinlarin kalori
alimlarinda ve cesitli glnlik fiziksel aktivite diizeylerindeki enerji tiketi-
mi hesaplanmalarinda osteoporozu olan ve olmayan kadinlarin enerji
tiketimlerinin benzer oldugu dikkate alinabilir. Tirk Fiz Tip Rehab Derg
2010;56:111-5.
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osteoporoz, yasam kalitesi, ylriime

Address for Correspondence/Yazigma Adresi: Dr. Ugur Dal, Mersin Universitesi Tip Fakiltesi, Fizyoloji Anabilim Dali, Dekanlik Binasi Yenisehir Kampiisii, 33169, Mersin, Turkiye
Phone: +90 324 341 28 15-1026 E-mail: drugurdal@gmail.com Received/Gelig Tarihi: January/Ocak 2010 Accepted/Kabul Tarihi: April/Nisan 2010
© Turkish Journal of Physical Medicine and Rehabilitation, Published by Galenos Publishing. / © Tiirkiye Fiziksel Tip ve Rehabilitasyon Dergisi, Galenos Yayinevi tarafindan basiimistir.



Dag et al.
Energy Expenditure of Postmenopausal Osteoporotic Women

112

Turk J Phys Med Rehab 2010;56:111-5
Tlrk Fiz Tip Rehab Derg 2010;56:111-5

Introduction

Osteoporosis is a systemic skeletal disorder characterized by
low bone mineral density (BMD) and structural deterioration
of bone tissue with a consequent increase in bone fragility and
susceptibility to fracture (1). It is a prevalent disorder that
especially occurs in postmenopausal women (2). Estrogen
deficiency is the most common reason for post-menopausal
osteoporosis that causes a decrease in bone mass and provokes
increment in bone fragility (3). Osteoporosis is defined clinically
by the measurement of BMD, which is the most crucial indicator
of bone strength and is an important marker used in determining
fracture risk (4,5). BMD is represented by the T-score which is the
number of standard deviations (SD) above or below the mean
reference value for a young healthy adult (4), and is assessed by
dual-energy X-ray absorptiometry (DXA), that has become the
gold standard for the diagnosis of osteoporosis (5,6). Based on
the 1994 WHO report, osteoporosis is defined as BMD value at
least -2.5 SD below the mean value of young healthy populations,
at the lumbar spine, hip, or total body (5).

Osteoporosis can also be identified as a social issue and has
crucial clinical outcomes. Daily activities may be limited in women
with osteoporosis, which may lead to altered emotional status
and quality of life (7). The short form-36 (SF-36) questionnaire,
comprising eight subscales, is a common tool used to evaluate
the well-being. Patient with osteoporosis may experience some
restrictions in daily physical activities because of pain (8). Hall et
al. (9) suggested that women with osteoporosis with vertebral
fractures had worse quality of life than women without
osteoporosis. However, Lombardi et al. (10) reported similar
SF-36 scores in the groups of osteoporotic women, osteoporotic
women with fracture, and controls.

Resting, sitting, standing and walking are the regular
activities of our daily life. Resting energy expenditure (REE) is the
largest component of total energy expenditure. Choi et al. (11)
showed that BMD correlates strongly with basal metabolic rate in
postmenopausal women. Lombardi and his colleagues (10)
reported that the energy expenditure during walking was not
significantly different between patients with and without
osteoporosis. Studies that investigated the energy expenditure at
different physical activities and the relationship between BMD
and REE in postmenopausal osteoporotic women are limited.
The main purpose of the present study was to examine the
differences between postmenopausal osteoporotic women and
age-matched control group regarding energy expenditure during
resting, sitting, standing and walking at 2 different speeds, and to
evaluate quality of life in postmenopausal women with and
without osteoporosis.

Materials and Methods

Subjects

Eighteen postmenopausal (whose last menstrual period was
at least 1 year earlier) osteoporotic women (mean age:
56.06+5.64 vyears) and 19 postmenopausal nonosteoporotic
women (mean age: 54.37+5.61 years), who applied to
the Department of Physical Medicine and Rehabilitation,
participated in our study. This study was approved by the local
ethics committee, and informed consent was obtained from all

subjects. Patients who met the diagnostic criteria of An
update on the diagnosis and assessment of osteoporosis with
densitometry were included in the study (5). The BMD of each
subject was measured by DXA (Norland 45 XR, Norland Scientific
Instruments, Fort Atkinson, WI, USA). Right hip and lumbar
DXA measurements were performed in all patients by a licensed
technician. According to DXA results, subjects with T-score below
-2.5 constituted the osteoporotic group and those with T-score
above -2.5 formed the nonosteoporotic group. None of the
subjects had osteoporotic fractures and they were not exercising
regularly. Patients with active infections, chronic systemic disase
or metabolic disease (diabetes mellitus, hyperthyroidism, etc.) or
patients using hormone replacement therapy were excluded. REE
measurement was performed by one and the same investigator
between 7:00-9:00 AM after a good night's sleep and an
overnight fast (12 to 14 hours). Patients were instructed to refrain
from exercise, smoking and alcohol on the day before the test.

Anthropometry

A general physical examination of each participant was
conducted by an experienced physician. Weight and height were
measured with subjects wearing light clothing and no shoes.
Body mass index (BMI) was calculated as weight/height2 (kg/m?).
Subcutaneous fat thickness was measured using a skinfold
caliper (Holtain LTD., Crymych, UK) at three skin sites (triceps,
suprailiac and thigh). Body density was estimated from the fat
thickness by the Jackson and Pollock equations (12). The Siri's
formula was used to convert the body density into body fat
percentage (13).

Metabolic Measurements

Metabolic measurements were performed by an open-circuit
indirect calorimetry (Vmax Spectra 29c; Sensormedics, Yorba
Linda, CA, USA). Participants rested on supine position for 20
minutes prior to the REE measurement in a semi-darkened,
quiet and empty room. Room temperature and humidity were
maintained at 22-24°C and 50%, respectively. The automated
gas analyzer, calibrated before each test using 3 L syringe and
standard gases of known concentration, was used to record
respiratory parameters while subjects inspired room air through
a free-breathing face mask. Expired and inspired gases were
collected breath-by-breath for 30 minutes on supine positions.
The first 10 minutes of VO2 and CO2 measurements were
discarded and the last 20-min data were used for calculation of
REE in steady-state period according to the abbreviated Weir
equation (14). We instructed all subjects not to move and not
to talk during REE measurement. Immediately after
REE measurement, subjects sat on a comfortable chair for
measurement of sitting energy expenditure, and then subjects
stood up on the treadmill for 5 min for standing measurements,
and walking energy expenditures at 2 different speeds (50 m/min
and 70 m/min) were measured on the treadmill for 5 minutes for
each phase. 02 consumption and CO2 production were measured
using breath-by-breath indirect calorimetry. Firstly, the progressive
walking test was started with warm-up period at low speed on
treadmill (Viasys Health Care, LE 200 CE, OH, USA). Then, speed
was increased to 50 m/min and, the last stage was maintained at
70 m/min. Oxygen data of the last 2 minutes of recordings
were accepted as the steady-state period and averaged at 10-s
intervals for analyzing each phase (15,16).
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Short Form-36

Each subject was asked to fill out the SF-36 quality of life
guestionnaire, which was self-administered in the standardized
manner, with no interpretation of the questions by the interviewer.
The SF-36 consists of 36 items that are employed to calculate
scores on eight dimensions: physical function, role limitation due
to physical health problems, bodily pain, general health, vitality,
social function, role limitation due to emotional health problems,
and mental health (17). Each SF-36 domain is scored on a scale
with a range from O to 100 (17,18).

Statistical Analyses

The statistical results of parameters were presented as
means and SDs in descriptive statistics tables. Distribution
of demographic data and metabolic measurements was
controlled with Shapiro-Wilk normality test. Mean values of
demographic and metabolic variables of osteoporotic and
nonosteoporotic groups were compared with Student-t test and
Mann-Whitney U test according to their distributions. To
assess the linear relationship between BMD and REE, Pearson
correlation coefficient was used. SPSS 11.5.1 for Windows (SPSS
Inc, 233 S Wacker Dr, 1ith Fl, Chicago, IL 60606) was used for
statistical analysis. The level of significance was set at p<0.05 in
all analysis.

Results

Means and SDs of demographic, anthropometric, and
densitometric data of women according to groups are
summarized in Table 1. There were no significant differences
between postmenopausal osteoporotic group and nonosteo-
porotic group in age, height, weight and BMI, a fact, demonstrating
their homogeneity. However, total body fat percentage in
osteoporotic women was significantly lower than in nonosteo-
porotic women (36.73+5.23 and 40.23+£3.42, respectively;
p<0.05).

The SF-36 bodily pain subscale score was significantly higher
in postmenopausal osteoporotic women than in nonosteo-
porotics (74.33+20.86 and 58.10£17.09, respectively; p<0,05 The
other subscales showed no significant differences between both
groups (Figure 1).

There were no significant differences between two groups in
oxygen consumption during resting, sitting, standing, and walking

Table 1. Demographic, anthropometric, and densitometric data of
women according to groups.

Variables Nonosteoporotic | Osteoporotic
group (n=19) group (n=18)
Age (year) 54.37+5.61 56.06+5.64
Height (m) 1.56+0.06 1.54+0.05
Weight (k) 70.13+10.46 67.33+10.66
BMI (kg/m?) 28.84+472 28.09+4.42
Total body fat percentage (%) 40.23+£3.42 36.73+5.23*
Duration of menopause (year) 5.76+6.05 1013£7.71*
BMD lumbal (g/cm?) 090+014 0.55+0.10*
BMD femur (g/cm?) 0.85+0.09 0.77+013*
Note: Values are presented as mean and+SD. BMI: Body mass index.
BMD: Bone mineral density. * Statistically significant (P<0.05).

at 2 different speeds. Energy expenditures of both groups were
tested with Student-t test and Mann-Whitney U test according
to their distributions. REE was 1137.51+208.33 kcal/day in
postmenopausal osteoporotic women and 1179.83+134.03
kcal/day in nonosteoporotic group, which was not significantly
different. Pearson's correlation coefficient was calculated to
determine the linear relationship between BMD and REE. In
osteoporotic women, proximal femur BMD was correlated with REE
(r=0.49, p=0.03). Neither sitting nor standing energy expenditure
was statistically different between postmenopausal osteoporotic
women (1312.83+270.66 kcal/day and 1359.04+193.60 kcal/day,
respectively) and nonosteoporotic women (1360.43+263.83
kcal/day and 1453.32+196.42 kcal/day, respectively).

During walking at the speed of 50 m/min oxygen consumption
was 11.05x1.83 ml/kg/min in postmenopausal osteoporotic women
and 11.13x1.62 ml/kg/min in postmenopausal nonosteoporotic group.
At the speed of 70 m/min it was 13.67+1.89 ml/kg/min in
postmenopausal osteoporotic women and 14.15+3.23 ml/kg/min
in postmenopausal nonosteoporotic group.

Discussion

In the present study, we observed no significant differences
between postmenopausal osteoporotic and nonosteoporotic
women in metabolic parameters during resting and at different
physical activity levels.

Total body weight, percentage of body fat, and BMI are
important factors that may affect the bone mineral density in
postmenopausal osteoporosis (19). Several studies have
suggested that fat mass has a protective impact against loss
of bone mass (20-23). The mechanism by which fat mass is
protective is not known clearly, but may involve the peripheral
synthesis of estrogen by adipose tissue, the effect of weight on
mechanical loading on the skeleton and the relationship of fat
mass with secretion of bone-active hormones from the pancreas
(24,25). This information supports the findings that total body fat
percentage in osteoporotic women was significantly lower than in
nonosteoporotic women in our study. Furthermore, Reid et al.
(22) and Compston et al. (23) also suggested that total body
fat was the most important predictor of bone mass in
postmenopausal women.

REE, the largest component of daily energy expenditure,
tends to decrease as age increases in women. A greater
reduction in REE may occur with the onset of menopause (26,27).

General healty :
Bodily pain 4
Vitality :

Mental healty 3
Emotional aspects
Physical aspects [
Social function :

EE Non-Osteoporotic
o Osteoporotic

Physical function

0 50 100 150

Figure 1. The short form-36 quality of life questionnaire for each of
the 8 domains for postmenopausal osteoporotic women and
nonosteoporotic group. *Statistically significant (P<0.05).
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The duration of menopause was significantly lower in the nonos-
teoporotic group in our study. This may result in decreased
estrogen level, because if the duration of menopause increases,
the decrement in estrogen level will be higher (28). Thus, it was
expected that there would be a difference between the
two groups in REE and in the other energy expenditure measure-
ments. However, nonosteoporotic women had higher total body
fat percentage in the present study, which may cause a decrease
in REE. This may be the explanation why energy expenditure in
both nonosteoporotic and osteoporotic groups is not significantly
different. There was a positive correlation between REE and
proximal femur BMD in the osteoporotic group, but not in the
nonosteoporotics in our study. However, there was no correlation
between REE and lumbar spine BMD in both groups. Since the
effect of weight-bearing and biomechanical force on BMD of
lumbar spine and proximal femur can be different, it could
be assumed that the appearance of osteoporosis may
differ depending on measurement areas (11). Haffner et al. (29)
reported that as age increased, decrement in lumbar BMD values
was slower than decrement in femur BMD values. Afghani et al.
(30,31) demonstrated that BMD of proximal femur and lumbar
spine correlated positively with REE. Likewise, Choi et al. (11)
showed that BMD associated strongly with basal metabolic rate in
postmenopausal women.

Walking is a common type of exercise for all people at every
physical activity level (32). According to Pollock et al. (33), 20 to
60 minutes of continuous activity at moderate intensity needs to
be performed to maintain cardio-respiratory fitness and body
composition. In the review of Bonaiuti et al. (34), it was reported
that different types of exercise, such as aerobics, weight bearing
and resistance, had strong effect on the BMD of the spine in
postmenopausal women. It was concluded that the above-
mentioned exercise types might lead to an increase in the BMD of
the spine in postmenopausal women. Therefore, one of the
purposes of our study was to determine energy expenditure in
various physical activities such as sitting, standing and walking.
These findings can be used as a guide to create a physical
rehabilitation program for postmenopausal osteoporotic women.
However, we did not find any significant differences between
postmenopausal osteoporotic and nonosteoporotic groups in
energy expenditure and oxygen consumption during sitting,
standing, and walking at speeds of 50 m/min and 70 m/min in
our study. Lombardi et al. (10) demonstrated that energy
expenditure during standing on the treadmill was significantly
higher in osteoporotic women with vertebral fracture than in
osteoporotic women without fracture. However, three study
groups (osteoporotic women with vertebral fracture, osteoporotic
women without fracture, and control group) did not differ
significantly from each other in energy expenditure during
walking at 3 km/h and 4 km/h. These results support our findings
that there were no significant differences between the
osteoporotic and control groups in energy expenditure during
walking at speeds of 50 m/min (3 km/h) and 70 m/min (4.2 km/h).
These results of our study may have clinical implications for
therapies targeting to improve gait economy in postmenopausal
osteoporotic women without fractures.

In osteoporotic patients, besides physical symptoms, the
quality of life becomes deteriorated because of limitations in
their daily and social activities. For this purpose, SF-36 is used to

evaluate patient's quality of life (7). Several studies
primarily focused on osteoporotic women with fracture and only
evaluated the effect of fracture on quality of life in this specific
population (9,35-37). Hall et al. (9) observed a statistically
significant difference between osteoporotic women with
vertebral fractures and women without osteoporosis in all SF-36
domains. In our study, only “bodily pain" score, a subscale of the
SF-36, was significantly higher in postmenopausal osteoporotic
women than in the nonosteoporotic group, but it did not affect
the energy expenditure values of resting and at different physical
activity levels. The reason for this could be that vertebral
fractures were present in none of the women in our study, while
the women in the study of Hall et al. had 2.9 vertebral fractures
on average. Ferreira et al. (38) observed significant differences in
all domains of SF-36 between osteoporotic and nonosteoporotic
women. Women with osteoporosis had lower SF-36 scores.
Also, Lombardi et al. (10) showed that there were no significant
differences among the osteoporotic group with vertebral
fractures, osteoporotic group without fractures, and the control
group in the subgroups of SF-36 questionnaire.

The first limitation of our study is that the nonosteoporotic
group consisted of osteopenia patients (Osteopenia is defined by
a T score between -1 and -2.5) and controls (T score > -1); it is
difficult to find postmenopausal women who do not have
osteopenia at these ages. The second limitation is that estrogen
levels of women were not measured because of inadequate
financial sources of this study. We are planning new studies on
the energy expenditure during resting and at different physical
activity levels and in women with osteopenia and osteoporosis in
different age groups that might lead to a better understanding of
the relationship between energy expenditure and osteoporosis.

Conclusion

The energy expenditure during resting and at different
physical activity levels in postmenopausal osteoporotic women
without fractures was in the same level as in postmenopausal
nonosteoporotic women. Our results emphasize that REE
correlated strongly with BMD in postmenopausal osteoporotic
women that may have implications for determining the
impairment of BMD in postmenopausal women.
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