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Abstract 

Background and objective  Dysmobility Syndrome (DS) is characterized as an accumulation of clinical risk factors 
for functional disability, such as osteoporosis, sarcopenia, and obesity. Neurological disorders that affect the motor 
and sensory systems can also contribute to the condition, resulting in gait and muscle strength disturbances, as well 
as a history of falls and fractures. The study aimed to determine the association between fat distribution in different 
body areas and the odds of older adults developing DS, as there is still uncertainty about the accumulation of fat 
in which area is most closely linked to the condition.

Methods  This cross-sectional study was conducted according to the data from the second phase of the Bushehr 
Elderly Health Cohort (BEH). Dysmobility Syndrome was defined based on the co-occurrence of at least three out-
comes of its criteria. Body composition was measured using dual-energy X-ray absorptiometry (DXA) and anthropo-
metric studies. For evaluating the relationship, multivariate logistic regression and adjusted univariate linear regression 
were used.

Results  Of 2,359 who were recruited in the study, 1,277 participants (54.13%) had DS. According to the final logistic 
regression model in the limb region, FM and FM to FFM ratios were significantly associated with DS [OR (95%CI) = 1.04 
(1.02 to 1.05), and 3.42 (1.95 to 5.99), respectively]. Also, In the trunk region, the FM and FM to FFM ratio were signifi-
cantly related to the odds of DS, although this relationship was weaker than in the limbs region [OR (95%CI) = 1.02 
(1.00 to 1.03), and 2.45 (1.36 to 4.39), respectively].

Conclusion  Our findings indicate that a higher regional and whole-body amount of fat mass rather than fat-free 
mass is closely linked to an increased risk of DS, particularly in the elderly population. Notably, higher fat mass 
in the limbs (especially in the legs) is associated with greater odds of DS, while a higher android-to-gynoid fat mass 
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ratio is associated with lower DS risk. Screening fat mass distribution in older individuals can be a valuable strategy 
for promptly diagnosing DS, implementing interventions to prevent disabilities, and improving their quality of life.

Keywords  Musculoskeletal disorders, Functional decline, Fat distribution, Anthropometric index, Body composition 
index, Elderly

Introduction
The Obesity epidemic is a serious public health issue 
for different societies, especially for the older people 
around the world [1–3], which can cause various com-
plications; such as high risk of falling [4], musculoskel-
etal disorders and mobility disabilities [5]. Dysmobility 
Syndrome (DS) is a disability that can affect older adults 
and obese individuals. It is a new term introduced by 
Binkley and colleagues and encompasses various clini-
cal risk factors that can lead to functional disability and 
adverse health outcomes in older individuals. The syn-
drome is characterized by six factors, including osteo-
porosis, occurrences of falls in the past year, obesity, 
low lean mass, slow gait speed, and low grip strength. 
DS is diagnosed with three or more factors present, 
regardless of specific prerequisites according to Binkley 
classification [6]. This definition has been used several 
times in subsequent studies [7, 8]. DS is defined with 
a score-based approach, although measuring skeletal 
muscles is challenging since low muscle mass individu-
als identified with weight-adjusted muscle index might 
tend to be overweight and obese; and height-adjusted 
muscle index-identified low muscle mass tend to lean [9].

The prevalence of DS varies according to the meas-
urements used to define the syndrome and the selected 
population [6]. Among 6070 Korean women with an 
average age of 74.1 years, only 43 (0.7%) participants 
were suffering from DS [10]. On the other hand in an 
elderly cohort study in Taiwan, the prevalence rate 
was 3.9–10.1% [9], and in a systematic review study 
conducted in the same year, the prevalence rate was 
reported as between 22–34% [11]. Also, in a study con-
ducted on Mexican postmenopausal women, the preva-
lence rate was 74%, which to the best of our knowledge 
is the highest prevalence rate reported among current 
studies [12].

Although there are no accurate statistics on the status 
of DS in Iran, but due to the aging of the population, 
the prevalence of related functional disabilities, includ-
ing sarcopenia, osteoporosis, and obesity, is increasing 
in Iran [13].

The risk factors for DS are female sex and older age [6, 
14, 15], fragility fracture [16], fractures that have hap-
pened in the past [14, 16], sarcopenia [12, 17], osteo-
penia and osteoporosis [12, 18], falls [11, 12], having 
chronic diseases [16], metabolic syndrome components 

[18], history of arthritis [18], less physical activity [16, 
19], alcohol consumption [16], and obesity [20].

Studies have found that if older people suffer from obe-
sity, the risk of falling and the prevalence of immobil-
ity in them increases [21]; These are risk factors for the 
occurrence of more dysmobility. On the other hand, we 
also know that obesity and the form of fat distribution 
in the body can be a risk factor for increasing the preva-
lence of sarcopenia [22], and osteoporosis [23]; which can 
increase the possibility of more fractures due to falls [21, 
24]. A study showed that in sarcopenic obesity, which is 
defined as visceral obesity, a higher android to gynoid 
fat ratio (A/G ratio) is associated with the risk of verte-
bral fractures due to osteoporosis [25]. In another study 
conducted on healthy Thai women aged 40 to 90 years, 
higher android and gynoid obesity were associated with 
higher bone mineral density (BMD). In further inves-
tigations, it was seen that gynoid obesity has a stronger 
positive relationship with BMD instead of android obe-
sity. This condition can be considered a protective effect 
for bone mass in postmenopausal Thai women [26]. In 
another study, A/G ratio was one of the most important 
factors in predicting the hip fracture pattern after falling 
in older patients [27]. So according to the existing defini-
tions of DS and other information, it can be concluded 
that DS can be one of the complications of obesity.

Notably, although Fat Mass (FM) is a crucial compo-
nent to the diagnosis of DS, there remains a lack of clarity 
regarding which specific area of the body’s fat distribu-
tion is most closely linked to this condition. Therefore, 
the present study aimed to investigate the relationship 
between anthropometric indices, body composition, and, 
particularly, the accumulation of fat in different areas 
of the body (namely arms, legs, limbs, trunk, and whole 
body) with the likelihood of older adults having DS. To 
the best of our knowledge, there is no study that has 
examined the association between body composition and 
fat distribution with DS.

Methods
Research design and participants
This cross-sectional study was conducted as part of first 
phase (Stage II) of the Bushehr Elderly Health Program 
(BEH) project, a prospective and population-based cohort 
study in Bushehr, southern Iran. The full methodology of 
this project has been reported in detail previously [28, 29]. 
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During the years of 2015–2016, Stage II of the first phase 
was conducted, involving a total of 2,426 participants. In 
order to be included in the study, individuals had to meet 
specific criteria, including providing informed written 
consent, being 60 years of age or older, maintaining resi-
dency in Bushehr for at least one year prior to the com-
mencement of the research, and expressing a desire to 
remain in the city for at least two years following involve-
ment in the investigation. If a participant was unable to 
provide consent, their legal guardian consented or they 
were excluded from the study. This study included a total 
of 2,359 participants who had a completed databank.

In a confidential manner, using a valid questionnaire 
[28, 29], the demographic status, general health, mental 
and functional health, lifestyle, and medical history were 
collected.

Dysmobility syndrome
Initially, each participant’s medical history was assessed 
by general practitioners. Then, according to existing defi-
nitions, dysmobility syndrome was defined as having at 
least three of the following criteria [6, 7]. Obesity/high 
fat mass: Total body fat %: > 40 for females; > 30 for males, 
Low lean mass: Appendicular lean mass ≤ 5.45 kg/m2 
(females) or ≤ 7.26 kg/m2 (males), Osteoporosis: T-score 
of ≤  − 2.5 at lumbar spine, femoral neck, or total proximal 
femur, Low grip strength: Hand-held dynamometer: < 20 
kg (female); < 30 kg (male), Slow gait speed: < 1.0 m/s (com-
fortable speed), Falls in the preceding year: Self-report of 
one or more falls over the past 12 months (Table 1) [6].

Anthropometry and body composition
Through physical examination, information related to 
anthropometric measurements including height and 
weight, body mass index (BMI), neck circumference 

(NC), Waist circumferences (WC), Hip circumference 
(HC), and Waist to hip ratio (WHR) were collected.

Body composition assessment was performed by 
using dual-energy X-ray absorptiometry (DXA) (DXA, 
Discovery WI, Hologic, Bedford, VA, USA), with mini-
mal exposure to radiation. Using Hologic DXA system, 
APEX software, analysis of raw scans of bone break-
down, muscle tissue, and fat tissue, for different regions 
of the whole body, android and gynoid area, trunk, legs, 
and arms, was performed. To ensure accurate DEXA 
measurements, individuals were required to avoid wear-
ing clothing with metal objects and jewelry, undergo 
fasting before the scan, maintain hydration, share infor-
mation about recent contrast material injections, and 
provide details about any surgeries or metal Implants. 
These conditions were essential for improving the preci-
sion of bone density and body composition assessments. 
Elsewhere, the details of the examinations and measure-
ments are described [29].

Total body mass (BM) and fat mass (FM) represent the 
sum of BM and FM across all reported regions. Total body 
and regional fat-free mass (FFM) was calculated by sub-
tracting FM from BM. Limbs FM and FFM were obtained 
from the sum of FM and FFM of the arms and legs.

Other variables
Smoking was classified into three categories: current 
cigarette or hookah users, former cigarette or hookah 
users who quit, and those who never smoke or hookah. 
The classification of alcohol consumption was also done 
in four groups: regular, occasional, non-drinkers, and 
those who refused to report their status. Using medi-
cal records, chronic diseases were defined as having a 
history of the following diseases; hypertension (HTN, 
systolic or diastolic blood pressure respectively ≥ 140 
mmHg and ≥ 90 mmHg or using anti-HTN medication), 
chronic kidney disease (CKD), liver disease, cardiovas-
cular diseases, thyroid disease, diabetes (which is defined 
as FPG ≥ 126, HbA1C ≥ 6.5 mg/dL or taking anti-diabetic 
medication), rheumatoid arthritis and osteoarthritis. The 
prevalence of chronic diseases was also reported in the 
following three categories: No history of chronic disease, 
history of one chronic disease and history of two or more 
chronic diseases.

The level of physical activity was evaluated, using a 
20-items questionnaire designed for the Iranian popula-
tion [30, 31]. Each activity was measured in hours and 
minutes and reported as MET-min after being multiplied 
by its duration. The sum of all activities was used to cal-
culate total physical activity (MET/24h) and the degree 
of physical activity was categorized into five groups: No 
activity: 0–1; sedentary: 1–1.39; low active: 1.4–1.59; 
active: 1.6–1.89; and highly active: 1.9–2.5) [30, 31].

Table 1  Indicators and cut-off points to diagnose DS (at least 
three of them are required)a

DS Dysmobility Syndrome
a Data derived from Binkley et al. study [6]

Factor Recommended cut point

Obesity/high fat mass Total body % fat: > 40 for females; > 30 
for males

Low lean mass Appendicular lean mass ≤ 5.45 kg/m2 
(females) or ≤ 7.26 kg/m2 (males)

Osteoporosis T-score of ≤  − 2.5 at lumbar spine, femoral 
neck, or total proximal femur

Low grip strength Hand-held dynamometer: < 20 kg 
(female); < 30 kg (male)

Slow gait speed  < 1.0 m/s (comfortable speed)

Falls in the preceding year Self-report of one or more falls 
over the past 12 months
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Other variables were defined as follows: age (years), sex 
(female, male), marital status (single, married, divorced 
and widow) and income level was considered based on 
the report of the Social Security Organization and the 
government, in three income groups: low, medium and 
high, respectively.

Ethical considerations
This study is approved by the Research Ethics Organiza-
tion and the Research Committee of Bushehr University 
of Medical Sciences (IR.BPUMS.REC.1401.172) and the 
Endocrine and Metabolism Research Institute affiliated 
to Tehran University of Medical Sciences. (Ethical Code: 
IR.TUMS.EMRI.REC.1394.0036). All methods were car-
ried out in accordance with the approved protocols and 
in accordance with the Helsinki Declaration.

Statistical analysis
Categorical variables were presented as numbers and per-
centages whereas mean values and standard deviation 
(SD) were used for continuous variables. Data normality 
was checked using the Kolmogorov–Smirnov test. Differ-
ences between the two groups were evaluated using t-test 
and weighted Chi-square for continuous and categorical 
variables, respectively. Multivariable logistic regression 
analyses were performed to assess the association between 
DS and a variety of anthropometric and body composi-
tion indices. We selected relevant confounders based on 
an extensive literature search for which a significant clinical 
and pathophysiological association with desired outcome 
and/or exposures were first assessed by univariate regres-
sion models; then, statistically significant covariates, which 
have clinical implications were included in the multivari-
able logistic regression models. Covariates were adjusted 
as: model 1 = sex; model 2 = model 1 + age; model 3 = model 
2 + number of chronic diseases, income and marital; model 
4 = model 3 + smoking statues and physical activity. All anal-
ysis was done in Stata MP (version 17), and p-value < 0.05 
was taken as statistically significant for all analyses.

Results
Of 2,359 who were recruited in the study, 1,277 par-
ticipants (54.13%) had DS. The mean age of all 
participants was 69.3 ± 6.3, and 51.5% were female. Par-
ticipants with DS were mostly female (65.6% vs. 34.4%, 
p-value < 0.001) and older (71.0 ± 6.9 vs. 67.3 ± 4.8 years 
old, p-value < 0.001). There were no statistically significant 
differences between participants with and without DS in 
smoking, alcohol consumption, and prevalence of chronic 
diseases, whereas marital state and income level had sta-
tistically significant differences (p-value < 0.001). In mar-
ried subjects, the prevalence of the DS was lower. People 
with high income level were also less affected by DS.

Among the anthropometric indices, Height, Weight, 
BMI, NC, WC, and HC, were statistically lower in par-
ticipants with DS. It was also seen in DXA analysis that 
Lean Body Mass (LBM), Appendicular Skeletal Muscle 
(ASM), Lumbar and Hip bone marrow density were sta-
tistically lower in participants with DS. Furthermore, it 
was observed that the individuals with DS exhibit seden-
tary levels of physical activity (no activity and sedentary: 
82.6% vs. 69.5%), display inferior physical performance 
(8.84 vs 9.97) and lower Gait Speed (0.71 vs 1.0) and 
Handgrip (17.64 vs. 27.62) (Table 2).

According to Table  3, the total, trunk, limb, arms, 
and legs FM and FM to FFM ratio in the DS group were 
higher than the normal group, while the ratio of trunk 
to limb FM and android to gynoid FM in DS group were 
lower than the normal group (p < 0.001).

Table 4 represents the association between FM and the 
FM to FFM ratio in different regions of the body (arms, 
legs, trunk, limb and total), trunk to limb FM ratio and 
android to gynoid FM ratio with odds of DS. According 
to the final logistic regression model in limb region FM 
and FM to FFM ratio were significantly associated with 
DS [OR (95%CI) = 1.04 (1.02 to 1.05), p-value < 0.001 
and OR (95%CI) = 3.42 (1.95 to 5.99), p-value < 0.001, 
respectively]. In the trunk region, the FM and FM to 
FFM ratio were significantly related to the odds of DS, 
although this relationship was weaker than limb region 
[OR (95%CI) = 1.02 (1.00 to 1.03), p-value = 0.003 and 
OR (95%CI) = 2.45 (1.36 to 4.39), p-value = 0.003, respec-
tively]. This association was also established in the total 
body [OR (95%CI) = 1.03 (1.01 to 1.05), p-value < 0.001 
and OR (95%CI) = 3.56 (1.81 to 6.97), p-value < 0.001, 
respectively].

In addition, in the final models, there was no sig-
nificant association between trunk to limb FM ratio 
and DS (p-value = 0.952). However, an inverse associa-
tion between android to gynoid FM ratio and the odds 
of DS was observed [OR (95%CI) = 0.44 (0.24 to 0.79), 
p-value = 0.007].

Figure  1 shows the differences in FM and the FM to 
FFM ratio between different regions of the body (trunk, 
limb and total), trunk to limb FM ratio and android to 
gynoid FM ratio in DS and normal subjects. In the total 
population, there were significant differences in the total 
and regional FM and FM to FFM ratio, between partici-
pants with and without DS. Also, significant differences 
were seen in the trunk to limb and Android to Gynoid 
FM ratio (p-value =  < 0.001).

Discussion
This cross-sectional study aimed to assess the association 
between regional FM distribution and incident of DS in 
an older population. Our results indicated that FM and 
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Table 2  Characteristics of the study participants according to the existence of DS (n = 2,359)

BEH Bushehr elderly health, BMI body mass index, NC neck circumferences, WC Waist circumferences, HC hip circumferences, WHR Waist to hip ratio, LBM Lean body 
mass, ASM appendicular skeletal muscle, FM fat mass, FFM fat-free mass, DS Dysmobility Syndrome
a P-values for continuous variables and categorical variables were assessed using t-test and Chi-square, respectively

• P-value < 0.05

Total population
2,359

Normal population
1,082(45.87%)

DS population
1,277 (54.13%)

p-value a

Age 69.3 ± 6.33 67.26 ± 4.79 71.02 ± 6.94  < 0.0001

Sex, female n (%) 1,215 (51.50) 377 (34.84) 838 (65.62)  < 0.001

Smoking, n (%) None 720 (30.52) 351 (32.44) 369 (28.90) 0.176

Past-cigarette or Hookah 1,145 (48.54) 511 (47.23) 634 (49.65)

current-cigarette or Hookah 494 (20.94) 220 (20.33) 274 (21.49)

Alcohol, n (%) Not Response 3 (0.13) 2 (0.18) 1 (0.08) 0.050

Never 2,329 (98.73) 1,061 (98.06) 1,268 (99.30)

Occasionally 20 (0.85) 15 (1.39) 5 (0.39)

Regular 7 (0.30) 4 (0.37) 3 (0.23)

Marital, n (%) Divorced 20 (0.85) 7 (0.65) 13 (1.02)  < 0.001

Married 1819 (77.11) 948 (87.62) 871 (68.21)

Single 19 (0.81) 6 (0.55) 13 (1.02)

Widow 501 (21.24) 121 (11.18) 380 (29.76)

Income, n (%) Low 498 (21.11) 178 (16.45) 320 (25.06)  < 0.001

Middle 1330 (56.38) 592 (54.71) 738 (57.79)

High 531 (22.51) 312 (28.84) 219 (17.15)

Chronic disease None 240 (10.17) 117 (10.81) 123 (9.63) 0.463

one 315 (13.35) 150 (13.86) 165 (12.92)

Two or more 1,804 (76.47) 815 (75.32) 989 (77.45)

Anthropometric measurement
  Height (cm) 158.81 ± 9.13 162.62 ± 8.35 155.59 ± 8.51  < 0.0001

  Weight (kg) 68.95 ± 12.44 73.33 ± 11.37 65.23 ± 12.1  < 0.0001

  BMI (kg/m2) 27.35 ± 4.65 27.81 ± 4.46 26.96 ± 4.77  < 0.0001

  NC (cm) 36.95 ± 3.58 38.10 ± 3.42 35.98 ± 3.43  < 0.0001

  WC (cm) 98.43 ± 11.71 99.46 ± 10.73 97.57 ± 12.41 0.0001

  HC (cm) 102.28 ± 9.65 103.10 ± 8.83 101.58 ± 10.24 0.0001

  WHR 0.96 ± 0.07 0.96 ± 0.06 0.96 ± 0.08 0.2172

Dual-energy X-ray absorptiometry
  LBM (kg) 41.93 ± 8.13 46.17 ± 7.50 38.34 ± 6.80  < 0.0001

  ASM (kg) 15.89 ± 3.63 17.84 ± 3.40 14.25 ± 2.93  < 0.0001

  Total fat mass (kg) 25.67 ± 8.01 25.62 ± 8.01 25.72 ± 8.02 0.765

  Total fat percentage (%) 37.57 ± 8.12 35.24 ± 7.99 39.54 ± 7.69  < 0.0001

  Lumbar bone marrow density 0.89 ± 0.18 0.97 ± 0.16 0.83 ± 0.17  < 0.0001

  Hip bone marrow density 0.99 ± 0.19 1.06 ± 0.14 0.93 ± 0.21  < 0.0001

Activity
  Physical activity, n (%) No activity 137 (5.81) 20 (1.85) 117 (9.16)  < 0.001

Sedentary 1670 (70.79) 732 (67.65) 938 (73.45)

Low active 394 (16.70) 229 (21.16) 165 (12.92)

Active 133 (5.64) 82 (7.58) 51 (3.99)

highly active 25 (1.06) 19 (1.76) 6 (0.47)

  Physical performance 9.4 ± 1.71 9.97 ± 1.35 8.84 ± 1.84  < 0.0001

  Gait Speed (m/sec) 0.84 ± 0.3 1.00 ± 0.26 0.71 ± 0.27  < 0.0001

  Handgrip 22.24 ± 9.2 27.62 ± 8.43 17.64 ± 7.11  < 0.0001
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especially the FM to FFM ratio in different regions of 
the body (trunk, limbs, arms, legs and total) are associ-
ated with increased odds of DS, in such a way that this 
relationship is stronger for the limbs region. Also, inter-
estingly, a protective association between the android to 
gynoid FM ratio with the odds of DS was observed.

Interestingly, the average BMI of the DS group in our 
population was found to be significantly lower than 
that of the normal group (26.96 vs. 27.81 kg/m2). This 
observation may be attributed to the fact that although 
the total amount of FM was similar in both groups, the 
DS group had significantly lower LBM and ASM, lead-
ing to a higher FM% and limiting the efficacy of BMI in 
accurately reflecting the correlation with DS that high-
light the importance of considering the fat distribution 
indexes instead of BMI. As we know, during the aging 
process, the occurrence of sarcopenia, or in other words, 
a decrease in LBM and an increase in body FM, is directly 
related to the various disabling components of DS [11, 
32]. Evidence shows that one of the causes of DS can be 
increased body fat/obesity [6]. Some studies showed that 
increase in the android to gynoid ratio FM can be danger-
ous and increase the risk of fractures, metabolic disorders 
[33–35], lower BMD [36–38], sarcopenia and reduced 
physical performance [39]. In the case of osteoporosis, 
the evidence is somewhat contradictory and shows that 
body weight, including fat and lean mass, contribute to 
higher bone density [40], although meta-analysis studies 
indicate a greater effect of lean mass in this regard [41].

Based on our results, the numbers of individuals with 
lower physical activity tend to be higher in those diag-
nosed with DS. With the passage of time and the natu-
ral aging process, the human body experiences a series 
of changes that have implications for both muscle mass 

and functionality. Physical activity has the potential to 
mitigate the adverse impacts of aging on muscle mass 
and function. Research indicates that both aerobic and 
strength training can significantly enhance strength  
and motor performance in older individuals [42–44]. A 
significant portion of the aging population worldwide, 
similar to the findings of our study, encounter numerous  
obstacles that impede their capacity to participate in  
sufficient levels of physical activity, thereby limiting their 
physical engagement [45]. As individuals age beyond 
40 years, they may experience declining physiological 
function, accompanied by anatomical and ultrastruc-
tural changes. These changes can manifest as cognitive 
decline affecting memory and learning, skeletal muscle 
atrophy causing progressive weakness (sarcopenia), and 
reduced bone mineral density leading to osteopenia and 
osteoporosis [46].

The primary objective of our research study was to 
investigate the potential impact of the distribution of 
FM throughout different regions of the body on the odds 
of developing DS. In a recent study [47], it was found 
that abdominal visceral fat has an inverse relationship 
with bone density, and in this regard, increasing insulin 
resistance has been proposed as a mechanism. However, 
limbs FM was not measured in that study and the par-
ticipants were non-older adults. In the present study, 
we observed for the first time that in older people, more 
FM in the limbs than in the trunk region is associated 
with greater odds of DS, and in line with that, a greater 
ratio of gynoid to android fat increases this odd. On the 
other hand, it was seen that trunk to limb and android to 
gynoid FM ratio was lower in DS than in normal popula-
tion. Furthermore, our data indicates that the buildup of 
FM relative to FFM in both the upper and lower limbs 

Table 3  Body composition components according to having or not having dysmobility syndrome (DS) (n = 2,359)

FM fat mass, FFM fat-free mass, DS Dysmobility Syndrome

Normal
(N = 1,082)

DS
(N = 1,277)

p-value

Limbs Total FM% 34.90 ± 9.75 40.88 ± 9.16  < 0.0001

FM to FFM ratio 0.57 ± 0.26 0.73 ± 0.26  < 0.0001

Arms FM% 34.96 ± 11.38 41.65 ± 10.82  < 0.0001

FM to FFM ratio 0.59 ± 0.32 0.77 ± 0.32  < 0.0001

Legs FM% 34.85 ± 9.35 40.53 ± 8.85  < 0.0001

FM to FFM ratio 0.57 ± 0.25 0.71 ± 0.25  < 0.0001

Trunk FM% 36.98 ± 7.93 40.56 ± 7.95  < 0.0001

FM to FFM ratio 0.61 ± 0.20 0.71 ± 0.21  < 0.0001

Total Body FM% 35.24 ± 7.99 39.54 ± 7.69  < 0.0001

FM to FFM ratio 0.56 ± 0.20 0.67 ± 0.20  < 0.0001

Trunk to limb FM ratio 1.39 ± 0.27 1.32 ± 0.26  < 0.0001

Android to Gynoid FM ratio 1.16 ± 0.18 1.08 ± 0.16  < 0.0001
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Table 4  Association of body composition components with dysmobility syndrome (DS) (n = 2,359)

n = 2,359

OR (95% CI) p-value

Limbs Total FM (%) Crude 1.06 (1.05 to 1.07)  < 0.001

Model 1 1.03 (1.01 to 1.05)  < 0.001

Model 2 1.03 (1.02 to 1.05)  < 0.001

Model 3 1.04 (1.02 to 1.05)  < 0.001

Model 4 1.04 (1.02 to 1.05)  < 0.001

FM to FFM ratio Crude 9.43 (6.79 to 13.09)  < 0.001

Model 1 2.51 (1.48 to 4.23) 0.001

Model 2 3.13 (1.79 to 5.45)  < 0.001

Model 3 3.24 (1.86 to 5.66)  < 0.001

Model 4 3.42 (1.95 to 5.99)  < 0.001

Arms FM (%) Crude 1.05 (1.04 to 1.06)  < 0.001

Model 1 1.02 (1.00 to 1.03) 0.001

Model 2 1.02 (1.01 to 1.04)  < 0.001

Model 3 1.02 (1.01 to 1.04)  < 0.001

Model 4 1.03 (1.01 to 1.04)  < 0.001

FM to FFM ratio Crude 5.57 (4.26 to 7.27)  < 0.001

Model 1 1.57 (1.03 to 2.39) 0.034

Model 2 2.01 (1.28 to 3.15) 0.002

Model 3 2.04 (1.30 to 3.20) 0.002

Model 4 2.12 (1.35 to 3.34) 0.001

Legs FM (%) Crude 1.06 (1.05 to 1.07)  < 0.001

Model 1 1.03 (1.02 to 1.05)  < 0.001

Model 2 1.03 (1.02 to 1.05)  < 0.001

Model 3 1.03 (1.02 to 1.05)  < 0.001

Model 4 1.04 (1.02 to 1.05)  < 0.001

FM to FFM ratio Crude 10.32 (7.31 to 14.56)  < 0.001

Model 1 2.67 (1.58 to 4.49)  < 0.001

Model 2 3.12 (1.80 to 5.40)  < 0.001

Model 3 3.24 (1.87 to 5.63)  < 0.001

Model 4 3.40 (1.95 to 5.92)  < 0.001

Trunk FM (%) Crude 1.05 (1.04 to 1.06)  < 0.001

Model 1 1.00 (0.99 to 1.02) 0.299

Model 2 1.02 (1.00 to 1.03) 0.007

Model 3 1.02 (1.00 to 1.03) 0.006

Model 4 1.02 (1.00 to 1.03) 0.003

FM to FFM ratio Crude 8.62 (5.79 to 12.82)  < 0.001

Model 1 1.34 (0.79 to 2.29) 0.273

Model 2 2.26 (1.27 to 4.03) 0.005

Model 3 2.29 (1.28 to 4.09) 0.005

Model 4 2.45 (1.36 to 4.39) 0.003
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is linked to DS. Interestingly, although the correlation 
between the lower limbs and DS is more robust, the 
upper limbs are also strongly associated with DS, with 
respective odds ratios of 2.12 and 3.40. We speculated 
that these new findings can be attributed to increased 
limbs intramuscular FM in older people. Intramuscular 
fat accumulation is considered as a predictor of decline 
in muscle function and motor ability in older peo-
ple [48]. Intramuscular fat, similar to visceral fat, has 
the ability to release pro-inflammatory cytokines such 
as interleukin-6, which leads to muscular inflamma-
tion and decrease in muscle and mobility function [49]. 
Also, the accumulation of limbs intramuscular fat leads 
to an increase in insulin resistance through a decrease 

in muscle blood flow, an increase in the rate of lipolysis 
and glucose accumulation, and alteration in mitochon-
drial action [50, 51]. Consistent with our results, a study 
by Neri et  al., which was conducted on Brazilian older 
women, revealed that gynoid FM was associated with 
an increased risk of falls in women over 60 years of age 
[52] and also in another study it was found that partici-
pants with gynoid obesity had lower knee extensors peak 
torque [53]. Given these findings from previous studies, 
it does not seem unreasonable that limbs and gynoid FM 
is more related to various functional and bone disorders 
of DS in old age. The results of the present study support 
the importance of limbs and gynoid FM accumulation in 
the incident DS.

Multivariable logistic regression was used for analysis

Models:

Crude

Model 1 adjusted for sex

Model 2 adjusted for Model 1 + age

Model 3 adjusted for Model 2 + the number chronic diseases a + income + marital

Model 4 adjusted for Model 3 + smoke + physical activity 

FM fat mass, FFM fat-free mass, OR odds ratio, CI confidence interval
a Chronic disease included: liver diseases, lung diseases, cardiovascular disease, hypertension, diabetes mellitus, thyroid diseases, osteoarthritis, and rheumatoid 
arthritis, CKD

Table 4  (continued)

n = 2,359

OR (95% CI) p-value

Total Body FM (%) Crude 1.07 (1.05 to 1.08)  < 0.001

Model 1 1.02 (1.00 to 1.03) 0.012

Model 2 1.03 (1.01 to 1.05)  < 0.001

Model 3 1.03 (1.01 to 1.05)  < 0.001

Model 4 1.03 (1.01 to 1.05)  < 0.001

FM to FFM ratio Crude 13.32 (8.80 to 20.16)  < 0.001

Model 1 1.93 (1.04 to 3.58) 0.036

Model 2 3.02 (1.64 to 6.23) 0.001

Model 3 3.29 (1.69 to 6.43)  < 0.001

Model 4 3.56 (1.81 to 6.97)  < 0.001

Trunk to limb FM ratio Crude 0.36 (0.26 to 0.49)  < 0.001

Model 1 0.80 (0.57 to 1.12) 0.211

Model 2 1.01 (0.70 to 1.45) 0.942

Model 3 1.00 (0.69 to 1.43) 0.996

Model 4 1.01 (0.70 to 1.44) 0.952

Android to Gynoid FM ratio Crude 0.06 (0.04 to 0.11)  < 0.001

Model 1 0.26 (0.15 to 0.46)  < 0.001

Model 2 0.43 (0.24 to 0.77) 0.005

Model 3 0.42 (0.23 to 0.76) 0.004

Model 4 0.44 (0.24 to 0.79) 0.007
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Regarding the adjusted variables in the statistical mod-
els, age and sex as background variables based on pre-
vious studies were associated with DS [19, 54, 55]. Also 
chronic disease contribute to DS and mortality and were 
adjusted in model 3 [15]. After that, smoking and physi-
cal activity were included in the model, which showed 
that these factors can affect health or lifestyle in the DS 
population [15, 19].

To the best of our knowledge, this study was the first to 
examine the association between body fat distributions 
and DS, with data derived from a large-scale population-
based cohort study. The prevalence of the DS in our 
study population was estimated as approximately 54%, 
which was higher than previous studies (22%–34%) [11]. 
The high prevalence of DS in this Iranian elderly com-
munity shows the importance of conducting such stud-
ies and implementing relevant interventions to address 
contributory factors. Also in these subjects we found a 
higher risk of osteosarcopenia, risk of falls and fractures 
[56]. This study examined a large sample of older people 
in Iran using an established protocol, including that we 
evaluated both measured body composition indices of 
different anthropometric indices and DXA with standard 
methods. Nevertheless, we were faced with some limita-
tions, including the cross-sectional nature of the study 

which cannot show the cause and effect relationship, and 
the effect of unmeasured confounders such as drug usage 
and nutritional status of participants.

Conclusion
Higher body FM is associated with a higher risk of the 
DS. Also, interestingly, our results show that in older 
people, higher limbs FM is associated with a greater odd 
of DS, in a way that a higher ratio of android to gynoid 
FM is associated with a lower risk of the DS. Therefore, 
the screening of FM distribution in older people can be a 
valuable complementary strategy for the rapid diagnosis 
of the DS and introduction of interventions for the pre-
vention of related disabilities and improving the quality 
of life in this population.
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