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Abstract

Summary Osteosarcopenic obesity is a new syndrome that has been recently discussed in the scientific community. It is a
condition that affects the elderly and involves the loss of bone, muscle, and fat tissue. The few studies that have been done
on this disease showed that it has a high prevalence among the elderly and can cause various complications. This study was
the first one to investigate this syndrome in Iran, and found that its prevalence was 19.83%.

Background Osteosarcopenic obesity syndrome (OSO) is a condition that involves osteopenia/osteoporosis, sarcopenia, and
obesity. It leads to a reduction in the quality of life of the elderly and an increase in hospitalization which has attracted the
attention of physicians. This study aimed to determine the prevalence and risk factors of osteosarcopenic obesity in people
over 60 years of age in Bushehr.

Materials and methods We used data from the Bushehr study, which included 2426 participants aged > 60 years. We assessed
osteoporosis/osteopenia based on 7-score; sarcopenia based on hand grip strength, skeletal muscle mass index (SMI), and
walking speed; and obesity based on fat mass and BMI for diagnosing OSO. We first examined the factors related to OSO
in the univariable analysis and then fitted the multiple logistic regression model, separately for women and men. The result
was summarized as adjusted odds ratios with a 95% confidence interval.

Results In total, 2339 elderly were examined in our study, of which 464 elderly were suffering from osteosarcopenic obesity.
The standardized prevalence of OSO was 23.66% (95% CI: 21.15-26.16) in women and 18.53% (95% CI 16.35-20.87) in
men. Age was positively linked to osteosarcopenic obesity in both genders and so was diabetes in men. However, education,
physical activity, and protein intake were negatively linked to osteosarcopenic obesity in both genders, as well as hypertri-
glyceridemia and hypertension in women.

Conclusion The prevalence of OSO among men and women of Bushehr city is high and is related to increasing age, low
levels of education, physical activity, and protein intake among women and men.
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Introduction various diseases [2]. Osteoporosis is a condition that causes

bone density and strength to decline [3]. In addition, aging

As life expectancy rises in different societies, the middle
age population also shows a marked increase. By 2050, the
elderly are expected to account for 21.4% of the world’s
population [1]. However, aging also increases the risk of
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is associated with a reduction in muscle mass, strength, and
function, leading to sarcopenia [4]. On the other hand, aging
is associated with the gradual accumulation of body fat and
obesity [5, 6]. Although fat was thought to protect bones
from fractures, new evidence suggests that fat mass has a
negative effect on bone mass [7]. The coexistence of all three
conditions results in osteosarcopenic obesity [8].

This syndrome can increase the risk of falls, fractures,
and hospitalization in the elderly population [9]. Therefore,
it can impair their quality of life and also lead to significant
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healthcare costs. In light of these major effects, OSO has
recently received attention [10]. Several studies have esti-
mated the prevalence of OSO to be between 10 and 19% of
older people in Turkey and Mexico, respectively [11, 12].

There are some studies to determine the associated factors
of OSO in different populations. For example, an association
between OSO and insulin resistance [13], hypertension [14],
dyslipidemia [15], protein intake [16], and reduced physical
activity [17] was reported. Understanding the factors associ-
ated with OSO is essential for developing effective preven-
tion and treatment strategies.

As the number of elderly people will increase in the
future, this geriatric syndrome might be a public health chal-
lenge that requires urgent interventions to prevent or manage
its progression and complications in old age. Unfortunately,
the prevalence of this disease and its associated factors have
not been yet studied in Iran. Thus, in the present study, we
investigated the prevalence and also actual associated fac-
tors of OSO in a large elderly population of Bushehr, Iran.

Method

This cross-sectional study was conducted in the framework
of the Bushehr Elderly Health (BEH) program [18], which
is a population-based study to investigate the risk factors of
non-communicable diseases in a representative urban popu-
lation of Bushehr, Iran. Our study was conducted in the sec-
ond stage of the protocol study in which 2426 participants
aged > 60 years were included to estimate the prevalence of
musculoskeletal disorders and their risk factors.

Data collection

The data collection method for the elderly population
has already been described in the study protocol Bushehr
Elderly Health (BEH) [18]. Trained interviewers used a
questionnaire to collect information on participants’ demo-
graphic status, such as age, education, and smoking sta-
tus. Also, height and weight were measured with a fixed
stadiometer and a digital scale, respectively, according to
the standard protocol. In addition, systolic blood pressure
(SBP) and diastolic blood pressure (DBP) were measured
twice on the right arm. Lipid indices such as total choles-
terol (TC) and triglycerides (TG), as well as high-density
lipoprotein (HDL-C), low-density lipoprotein cholesterol
(LDL-C), and fasting plasma glucose (FPG), were measured
using fasting blood samples. The level of physical activity
was evaluated using a valid self-report questionnaire includ-
ing sports, work, and leisure time, on the average on week-
days [18, 19]. The 24-h dietary recall is one of the most
common dietary assessment questionnaires that was used
in the Bushehr study to examine the participants’ diets. The
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nutritionist IV packages, modified for Iranian foods, were
used to obtain daily energy, nutrient intakes, and servings
of foods consumed. Protein intakes were converted to grams
using standard reference tables.

Body composition, fat mass, bone mineral density, and
muscle mass were measured using dual X-ray absorptiom-
etry (DXA, Discovery WI, Hologic, Inc., USA) [20]. Fat mass
was computed for accounting the obesity of the participants.
The bone mineral density for the lumbar spine, femoral neck,
and total hip was measured in the correct position. Muscle
strength was measured by handgrip strength, using a digital
Seahan dynamometer. The measurement was carried out three
times for each hand, and maximum grip strength was calcu-
lated by taking the average of the highest measurement from
both hands. Usual walking speed (m/s) on a 4.57-m course
was used as an objective measure of physical performance.

Definitions

Osteopenia/osteoporosis component was defined based on
the WHO standard criteria of a 7-score < — 1.0in each site
[21], considering the Caucasian women aged 20-29 years
as the reference population. Sarcopenia refers to reduced
skeletal muscle mass plus low muscle strength and/or low
physical performance. Appendicular skeletal muscle mass
(ASM) for each participant was derived as the sum of upper
and lower limb muscle mass. The skeletal muscle mass
index (SMI) was defined as ASM/height? (kg/m?). The cut-
off values for low SMI were 7.0 kg/m? and 5.4 kg/m? among
men and women, respectively [22]. The muscle strength was
handgrip strength <26 kg for men and < 18 kg for women,;
while the cutoff value for low physical performance was a
usual walking speed < 0.8 m/s for both genders [23].

Body fat percentage and BMI were used to determine obe-
sity in this study. The American Council on Body Fat Clas-
sification has set a body fat percentage cutoff point of >25%
for men and >32% for women, and we used the American
Council cutoff point in this study [10]. The body mass index
(BMI) was calculated using a person’s weight in kilograms
divided by the square of height in meters. We considered
individuals with a body mass index > 30 kg/m? to be obese
[24]. Accordingly, individuals were considered obese if they
had either an abnormal body fat percentage or a BMI > 30.

Type 2 diabetes mellitus was identified in participants who
had an FPG > 126 mg/dl or were taking antidiabetic drugs or
had an HbA1C > 6.5 mmol/mol. Hypertension was defined as
SBP>140 mmHg or DBP>90 mmHg or taking antihyper-
tensive medication [22]. Hypercholesterolemia was defined
as TC >200 mg/dl, high LDL-C as> 110 mg/dl, low HDL-C
as <40 mg/dl in men and <50 mg/dl in women, and hypertri-
glyceridemia as TG > 150 mg/dl [25]. Current smoking was
defined as participants who smoked cigarettes daily or occasion-
ally and participants who used hookah or pipes. The physical
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People included in the study n=2426

missing data n=62

exclude is having cancer n=25

0SO n=464 Non - oso n=1875

women n=266 women n=936
men n=198 men n=938

Fig.1 Flowchart of the study population participating in Bushehr Elderly
Health (BEH) program

activity level was calculated using the total energy expenditure
divided to the basal energy expenditure. Accordingly, four life-
style categories were explained as sedentary (1-1.39), low active
(1.4-1.59), active (1.6-1.89), and very active (1.9-2.5) [26, 27].
In this study, we considered the participants in the sedentary and
low active categories as the low physical activity, and individu-
als in the active and very active categories as the high physical
activity group. TG/HDL were defined as the ratio of triglyceride
to high-density lipoprotein cholesterol (TG/HDL-c).

Statistical analysis

Descriptive statistics are reported as means (SD) and median
(IQR) for normal and non-normal distributions, respectively.

Table 1 The clinical characteristics of women participating in Bush-
ehr Elderly Health (BEH) program

Women +0S0 —0SO P-value
Age? (year) 71.7 (6.7) 68.3 (5.9) <0.001
Calories® (kcal) 1281.3 (467.5) 1381.1 (458.8) <0.001
Protein® (g/kg) 43.3 (18.3) 48.2 (19.8) <0.001
Fat® (g/kg) 36.4 (24.5-52.0) 35.6 (24.5-50.6) 0.71
Education® (year) 0(0-4) 2 (0-6) 0.002
TG/HDL 2.3 (1.6-3.3) 2.7 (1.8-3.9) 0.007
Hypertension® 157 (59.0) 598 (63.9) 0.28
Hypertriglyceridemia® 70 (26.4) 334 (35.6) <0.001
Hypercholester- 110 (41.5) 359 (38.3) 0.35
olemia®
High LDL¢ 145 (54.7) 468 (50.0) 0.18
Low HDL® 142 (53.5) 542 (57.9) 0.21
Diabetes® 91 (34.3) 327 (34.9) 0.85
Physical activity® 41 (15.4) 237 (25.3) 0.002
Current smoking® 54 (20.3) 170 (18.1) 0.42

The categorical variables were reported as frequency (per-
centage). The crude prevalence of osteosarcopenic obesity
in the whole population was estimated by sex. All compari-
sons were performed separately for men and women. To
measure age-standardized prevalence in men and women,
direct standardization was performed using the population
distribution of the 2015 Iranian census data. The Pearson
chi-squared test was used for categorical variables, and the
Mann—Whitney U test and independent #-test were used for
quantitative variables.

All variables with p-value <0.2 in the univariate analy-
sis were included in the multiple logistic regression model
[28-32] fitted separately in women and men. Backward
selection with alpha=0.157 (consistent with AIC criteria)
was used to identify the best model among all possible sub-
sets. The linearity assumption between the quantitative vari-
ables and the outcome variable was checked using multiple
fractional polynomials. Finally, the results were summarized
as adjusted odds ratios with 95% confidence interval. The
Stata version 17 was used to perform the statistical analysis.

Results

After data collection, participants who had missing values
for each component of osteosarcopenic obesity (n=62) and
elderly people who had cancer (n=25) were excluded from
the study. Finally, 2339 elderly people were included in the
study. Of these, 464 participants had osteosarcopenic obesity.
The flowchart of this study is shown in Fig. 1. The clinical

Table2 The clinical characteristics of men participating in Bushehr
Elderly Health (BEH) program

Men +0S0 —-0SO P-value
Age?® (year) 74.8 (7.5) 68.4 (5.5) <0.001
Calories? (g/kg) 1692.3 (569.0)  1884.4 (587.8) <0.001
Protein® (g/kg) 57.4 (23.9) 65.22 (24.9) <0.001
Fat® (g/kg) 45.0 (31.9-63.3) 46.57 (32.4-65.6) 0.31
Education® (year) 5(0-9) 6 (4-12) <0.001
TG/HDL 2.74 (1.6-4.0) 2.71(1.8-4.1) 0.71
Hypertension® 102 (52.3) 488 (42.8) 0.04
Hypertriglyceri- 53 (26.7) 264 (28.1) 0.70
demia®
Hypercholester- 50 (25.2) 233 (24.8) 0.89
olemia®
High LDL¢ 82 (41.4) 405 (41.1) 0.65
Low HDL® 82 (41.4) 371 (39.5) 0.61
Diabetes® 66 (33.3) 257 (27.3) 0.09
Physical activity® 23 (11.6) 244 (25.9) 0.001
Current smoking® 42 (21.2) 222 (23.6) 0.46

Quantitative variables are shown as *Mean (SD) and "Median (IQR)

Categorical variables are shown °N (percent)

Quantitative variables are shown as *Mean (SD) and "Median (IQR)

Categorical variables are shown °N (percent)
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Table 3 The crude prevalence
and age-standard prevalence by
gender

Women

Crude prevalence
22.13

Men

Crude prevalence
17.41

CI (95%)
(19.87-24.56)

CI (95%)
(21.15-26.16)

Age-standardized prevalence
23.66

CI (95%)
(15.31-19.73)

Age-standardized prevalence
18.53

CI (95%)
(16.35-20.87)

characteristics of women and men participating in Bushehr
Elderly Health (BEH) program are shown in Tables 1 and 2.
Age, calories, protein, physical activity, education, hypertri-
glyceridemia, and TG/HDL were compatibly different in par-
ticipants with and without osteosarcopenic obesity in women.
Also, variables such as age, calories, protein, physical activ-
ity, education, and hypertension were compatibly different in
participants with and without OSO in men.

The prevalence of OSO was 19.83% (n=464) in the
overall population: of which 22.13% (n=266) were women
and 17.41% (n=198) were men. Age-standardized OSO
was also nearly identical to crude prevalence in both sexes.
The age-standardized prevalence was 23.66% (95% CI
21.15-26.16%) in women and 18.53% (95% CI 16.35-20.87)
in men (Table 3).

Figure 2 shows the prevalence of OSO in four different
age groups in men and women. Among women in the age
group of 60-64 years, 65-69 years, and 70-74 years, the
prevalence of OSO was higher than that of men. But in the
age group of 75 years and above, the prevalence increases in
men so that it becomes more than in women.

As shown in Table 4, age is directly related to OSO.
With each unit of protein intake, the odds of developing

50.00
45.00
40.00
35.00
30.00
25.00
20.00
15.00

10.00

prevalence osteosarcopenic obesity (%)

5.

(=]

0

60-64 65-69
mwomen 12.00 17.03
mmen 6.13 11.05

0.00

0OSO decreases by 0.98 (95% CI: 0.97-0.99) and 0.98 (95%
CI: 0.98-0.99) in women and men, respectively. Diabetes
was also directly related to OSO as men with diabetes were
1.74)95% CI: 1.20-2.52) times more likely to develop
OSO than nondiabetic men. However, education, protein,
and physical activity were inversely related to OSO in both
sexes, while hypertension and hypertriglyceridemia were
also inversely related to OSO in women. With increased
education, the odds of OSO decreased by 6% in women
(OR 0.94, 95% CI: 0.93-1.75) and by 4% in men (OR
0.96, 95% CI: 0.92-0.99). In addition, with each unit of
protein intake, the odds of developing OSO decreases by
0.98 (95% CI: 0.97-0.99) and 0.98 (95% CI: 0.98-0.99)
in women and men, respectively.

Among older people who were less physically active,
the odds of developing OSO increased for both women and
men. Women were at 34% lower odds to have OSO (OR
0.66, 95% CI: 0.45-0.97) and men were at 42% lower odds
to have OSO (OR 0.58, 95% CI: 0.35-0.98). The odds of
OSO were lower for hypertriglyceridemia and hyperten-
sion in women (0.65, 95% CI: 0.47-0.90 and OR 0.62,
95% CI: 0.45-0.84, respectively) and the healthy popula-
tion was considered the reference category.

70-74 755
32.18 38.86
1494 42.40

HWOmMen mmen

Fig.2 The prevalence of osteosarcopenic obesity in the age group
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Table4 Odds ratio between variables and osteosarcopenic obesity
based on multiple logistic regression of women and men

Women Adjusted odds ratio (95% CI) P-value
Age (year) 1.06 (1.04-1.09) <0.001
Education (year) 0.93 (0.89-0.97) <0.001
Protein intake (g/kg) 0.98 (0.97-0.99) <0.001
Hypertriglyceridemia 0.65 (0.47-0.90) 0.012
Hypertension 0.62 (0.45-0.84) 0.002
Physical activity® 0.66 (0.45-0.97) 0.03
Men Adjusted odds ratio (95% CI) P-value
Age (year) 1.14 (1.11-1.17) <0.001
Education (year) 0.96 (0.92-0.99) 0.03
Protein intake (g/kg) 0.98 (0.98-0.99) <0.001
Diabetes 1.74 (1.20-2.52) <0.001
Physical activity® 0.58 (0.35-0.94) 0.02

*Have active (versus not have)

Discussion

This cross-sectional study aimed to estimate the prevalence
and factors associated with osteosarcopenic obesity (OSO)
in a large sample of elderly people in Bushehr. We found that
the overall prevalence of OSO was 19.83%, with 22.13% in
women and 17.41% in men. We also found that OSO was
positively associated with age and negatively associated with
education, physical activity, and protein intake in both gen-
ders. In addition, diabetes was positively associated with
OSO in men, while hypertension and hypertriglyceridemia
were negatively associated with OSO in women.

The studies that determined the prevalence of osteosar-
copenic obesity yielded different values, ranging from 4
to 19% of prevalence. A cross-sectional study in Mexico
in 2018 determined the prevalence of OSO in 434 women
over 50 years old (mean age="71.3 years). The study defined
osteoporosis as a T-score of less than — 2.5, and obesity was
defined as body fat mass >35%. Sarcopenia was diagnosed
by ALMBMI of less than 0.512 and grip strength of less than
16 kg in women. Finally, the prevalence of OSO in women
was 19% [12]. The prevalence of OSO among women in the
Mexican study was almost similar to our study (22.13%), but
the slight difference might be due to the younger participants
included in the Mexican study since we showed that the
prevalence of OSO increases with age.

In addition, in South Korea, a cross-sectional study was
conducted on 3504 women and 3385 men over 50 years
old. The study used the WHO criteria to classify osteo-
penia as a— 1.0 > T-score> — 2.5 SD, and osteoporo-
sis as a T-score < —2.5 SD. Sarcopenia was diagnosed
by an ASM/Ht2 with the cutoff value as 7.26 kg/m? in
male and 5.45 kg/m? in female. Obesity was defined by
a fat mass >30% in male and >40% in female. A total of
293 participants in the study had OSO, and the overall

prevalence of OSO was 4.2% (3.1% in men and 5.4%
in women) [33]. Although the abovementioned study
included both genders with a large sample size, the preva-
lence they reported was much lower than ours. Besides
the younger ages of the study population, the other reason
to explain the difference might be the different definitions
and cutoffs for obesity and sarcopenia in these two studies.
We defined obesity by a BMI > 30, and a fat mass of >25%
for men and >32% for women. We diagnosed sarcopenia
by an SMI index (ASM/height?) with cutoff 7.0 kg/m? and
5.4 kg/m? among men and women, respectively, a handgrip
strength < 26 kg for men and < 18 kg for women, and usual
walking speed < 0.8 m/s for both sexes.

Another study in 2020 in Turkey reported the prevalence
of osteosarcopenic obesity (OSO) in 460 elderly individu-
als (337 women and 123 men) aged 65 years or older. The
overall prevalence of osteosarcopenic obesity in that study
was 10.7% (11% in women and 9.8% in men) [11]. The study
reported a lower prevalence of OSO than ours. A possible
reason for this difference is the small sample size of the
study. A larger sample size can increase the precision of
the results.

The higher prevalence reported in this study may be due
to some factors, such as (1) the high prevalence of sarco-
penia, osteopenia, and obesity found in previous Bushehr
studies; (2) the larger sample size of this study compared to
other studies, which increases the precision of the estimates;
(3) the older age of the participants in this study compared
to some other studies; and (4) the different criteria used to
define OSO in different studies.

This study found that age was positively associated with
osteosarcopenic obesity (OSO), which is consistent with
the study by Kim et al. [34]. Aging leads to a decrease in
bone mineral density and muscle mass, as shown by several
studies [35, 36]. Our study also found that education level
was negatively associated with OSO. This is similar to the
findings of a study among people over 50 in South Korea.
They have also showed that in men and women, those hav-
ing a OSO tended to be less educated [37]. This negative
association may be due to better nutrition and lifestyle in
educated people.

Our study showed that protein intake was negatively
associated with the osteosarcopenic obesity (OSO) in both
genders. This is in line with a study in South Korea by Choi
et al. [16] which examined 1351 people aged over 50 years
using a 24-h recall questionnaire. They found that protein
intake was associated with a lower risk of OSO in older
Korean men. A 2017 review [38] also showed that high car-
bohydrate consumption and excess glycemia, lower protein
intake, and low intake of long-chain polyunsaturated fats
may play a role in osteosarcopenic obesity. It has been sug-
gested that the prevention and treatment of OSO require a
balanced and adequate daily intake of total nutrients [39].
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We found that physical activity (PA) was negatively
associated with osteosarcopenic obesity (OSO) in both
women and men. This is consistent with the study by Dos
Santos et al. [17], which was conducted in Brazil on 152
women over 60 years of age. PA tends to decline with
aging, and aging also leads to neuromuscular and cardio-
vascular changes that impair physical performance and
increase the stiffness of cartilage, tendons, and ligaments.
These changes, along with low PA levels, may reduce the
functional capacity of the elderly. Therefore, our study sug-
gests that PA may have a protective effect against OSO
[12, 40].

This study examined the association between type 2 dia-
betes and osteosarcopenic obesity (OSO). We found that
diabetes was positively associated with OSO, but only in
men. We could not find any study to show the association
between diabetes and OSO, but some studies have reported
that diabetes increases the risk of sarcopenia, one of the
components of OSO [41]. Moreover, several studies have
shown that diabetes can also affect bone tissue and fracture
risk in both men and women through different mechanisms
[42]. Furthermore, obesity is a major risk factor for dia-
betes, and it has been estimated that obesity increases the
risk of diabetes by seven times [43].

Hypertension and hypertriglyceridemia were the other
factors that led to different results in women. We found that
hypertension and hypertriglyceridemia were less common
in women with OSO. In a Chinese study of 1939 partici-
pants over 50 years of age, hypertension in women with
0OSO was 3.15 (95% CI: 1.13 to 8.78) [14]. However, in
some studies, there are conflicting results about hyperten-
sion and sarcopenia. A Japanese study found an inverse
relationship between hypertension and sarcopenia (OR:
0.60, 95% CI: 0.40-0.90) [44], while a Chinese study found
that the prevalence of sarcopenia increased with hyper-
tension [45]. In addition, hypertension may have led to
decreased bone turnover, which may be one of the mecha-
nisms of hypertension-induced osteoporosis. Some studies
found that the prevalence of osteoporosis was higher in
patients with hypertension [46]. Therefore, more studies
are needed to clarify the association between hypertension
and OSO.

We found no study that determined the relationship
between hypertriglyceridemia and OSO. But, in a study
by Dan et al. in China [15], dyslipidemia was investigated
in women with OSO. Dyslipidemia was defined by the
presence of one or more abnormal serum lipid concen-
trations (hypercholesterolemia, hypertriglyceridemia,
decreased HDL-C, and increased LDL-C). The results of
this study showed that the likelihood of dyslipidemia was
much higher in women older than 60 years with OSO than
in women younger than 60 years with OSO.

@ Springer

Strengths and limitations

To our knowledge, this is the first study conducted in Iran to
determine the prevalence and factors associated with osteo-
sarcopenic obesity using a large population-based study in
the older adults. Another strength of our study is that we
considered both genders and investigated the possible asso-
ciation between different factors in people with and with-
out OSO. However, this study also had some limitations
that need to be acknowledged. One of the limitations of our
study is that this is a cross-sectional study that is limited
in determining causal relationships and therefore may not
reflect the true cause-and-effect relationship of osteosarco-
penic obesity. In addition, as the study was conducted in one
of the cities of Iran, some caution should be exercised when
generalizing the results to other populations.

Conclusion

Osteosarcopenic obesity (OSO) is a common condition among
elderly population in Iran. The results showed that age was
positively correlated with OSO in both men and women, and
diabetes was positively correlated with OSO in men. On the
other hand, physical activity, education, and protein intake
were negatively correlated with OSO in both genders. These
findings suggest that OSO is associated with the various bio-
logical and lifestyle factors in the elderly population of Iranian.
Considering the high prevalence of OSO in the elderly popula-
tion, it seems prospective research with follow-up is necessary
to access the risk factor related to this syndrome more compre-
hensively. Comprehensive programs are needed to address the
consequences and burdens that are imposed by this syndrome.

Data Availability The dataset analyzed in this paper is provided by
BEH study that is not publicly available, however it could be accessible
upon reasonable request.
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