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Background: The aim of this study was to investigate the association of osteosarcopenia with 
frailty and poor health conditions among older Iranian adults. Methods: This cross-sectional 
study analyzed data from the Bushehr Elderly Health Program. Osteosarcopenia was defined as 
the presence of osteopenia/osteoporosis and sarcopenia, while the Fried criteria were used to as-
sess frailty. We assessed the history of falls and health-related quality of life (HRQoL), including 
physical and mental component summaries (PCS and MCS, respectively), history of fractures, ac-
tivities of daily living (ADL), and instrumental activities of daily living (IADL), as indicators of poor 
health conditions. Results: This study included a total of 2,371 older adults. The prevalence rates 
of osteosarcopenia-only, frailty-only, and osteosarcopenia with frailty were 17.4%, 3%, and 
4.8%, respectively. The prevalence of a history of falls, poor ADL, and poor IADL was significantly 
higher in the frailty-only and osteosarcopenia with frailty groups. Osteosarcopenia with frailty 
was significantly associated with a history of falls (adjusted odds ratio [adjOR]=1.94; 95% confi-
dence interval [CI], 1.20–3.15), poor ADL (adjOR=2.85; 95% CI, 1.81–4.50), and poor IADL (ad-
jOR=5.09; 95% CI, 2.85–9.11). However, the frailty-only group also showed an association with 
falls and poor ADL and IADL. Only osteosarcopenia was associated with an increased OR for frac-
ture. Frailty had the greatest effect on the MCS and PCS scores, whereas osteosarcopenia with 
frailty had a moderate impact. Conclusion: Osteosarcopenia with frailty significantly increased 
the odds of falls, poor ADL, poor IADL, and lower HRQoL compared with the robust group. Com-
bined osteosarcopenia and frailty were not associated with poor health. These findings indicate 
the importance of diagnosing osteosarcopenia and frailty as separate entities to provide appro-
priate interventions and treatment. 
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INTRODUCTION 

Aging leads to changes in body mass composition and can increase 
the risk of chronic diseases such as osteoporosis and sarcopenia.1) 
These diseases share common mechanisms, risk factors, and ad-

verse outcomes. The coexistence of both conditions, known as os-
teosarcopenia, can occur in many older adults. Moreover, the risks 
of falls, fractures, and mortality are higher than those associated 
with either disease alone. Therefore, the concomitant occurrence 
of sarcopenia and osteoporosis may have additive effects on ad-
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verse outcomes.2) 

Frailty is another increasingly prevalent aging syndrome charac-
terized by the inability of body systems to maintain homeostasis3) 
in response to stressors such as pain or psychologically stressful in-
cidents.4) Frailty often manifests as the deterioration of cognitive 
function, muscle, nervous system, and cardiopulmonary reserve.5) 

These two geriatric syndromes, osteosarcopenia and frailty, are 
musculoskeletal conditions causing devastating morbidity and 
mortality in older adults.6) The prevalence of osteosarcopenia var-
ies from 11% to 30% among community-dwelling older adults.7,8) 
In addition, the prevalence of frailty increases with age, indepen-
dent of the tools used to assess this condition, ranging from 4% to 
59% in older adults.9) Moreover, both disorders are commonly as-
sociated with adverse outcomes.10,11) 

Factors such as inflammation, hormonal imbalance, and malnu-
trition lead to musculoskeletal aging and frailty syndrome.12) Addi-
tionally, many older adults have coexistence of some geriatric syn-
dromes. Identifying the link between osteosarcopenia and frailty 
may inform the implementation of effective interventions to pre-
vent and control chronic diseases, improve quality of life, and re-
duce disability and death among older adults. 

Therefore, the present study aimed to determine the overlap be-
tween osteosarcopenia and frailty and its association with poor 
health conditions in older adults. 

MATERIALS AND METHODS 

Study Population 
This cross-sectional study included 2,426 older adults in the sec-
ond stage of the Bushehr Elderly Health (BEH) Program, a popu-
lation-based prospective cohort study. This program aims to assess 
the incidence of non-communicable diseases and their risk factors 
among men and women aged > 60 years. The participants were 
selected for phase one based on multi-stage randomized sampling 
in Bushehr, Iran.13) 

The prevalence of cardiovascular risk factors was investigated in 
3,000 older people in the first phase of the BEH Program. The sec-
ond stage of the first phase of the study was conducted 2.5 years 
later on eligible people from the first stage, and examined cognitive 
and musculoskeletal disorders.14) The study included older adults 
≥ 60 years of age of both sexes with sufficient physical and mental 
ability to participate. The exclusion criterion was the absence of a 
residence in Bushehr. 

The Research Ethics Committee of Bushehr University of Med-
ical Sciences and the Endocrinology & Metabolic Metabolism Re-
search Institute approved this study (IR.TUMS.EMRI.REC. I 
394.0036). All participants provided written informed consent. 

Also, this study complied the ethical guidelines for authorship and 
publishing in the Annals of Geriatric Medicine and Research.15) 

Measurements 
Trained personnel interviewed the participants privately and face-
to-face using valid questionnaires. Initially, information on socio-
demographic characteristics, lifestyle factors, general health, medi-
cal history, mental and functional health, and medication use was 
collected.14) Height and weight were measured with a fixed stadi-
ometer and digital scale, respectively, with shoes removed and the 
participants wearing lightweight clothing. Body mass index (BMI) 
was calculated as weight (kg) divided by height squared (m2). 
Waist circumference (WC) was recorded midway between the ili-
ac crest and the lowest rib with the participants in a standing posi-
tion. After 15 minutes in a sitting position, systolic blood pressure 
(SBP) and diastolic blood pressure (DBP) were measured on the 
right arm, with the average of the two measurements considered 
the participant’s blood pressure. Daily dietary intake was assessed 
using a 24-hour dietary recall questionnaire. Physical activity levels 
were assessed using the Physical Activity questionnaire described 
by Aadahl and Jorgensen.16) 

Body composition was measured using dual X-ray absorptiome-
try (DXA Discovery Wi; Hologic Inc., Waltham, MA, USA). The 
bone mineral density of the lumbar spine (L1–4) and total hip 
were measured in the correct position. The appendicular skeletal 
muscle mass (ASM) for each participant was derived as the sum of 
the upper and lower limb muscle masses, and the skeletal muscle 
mass index (SMI) was calculated as ASM/height2 (kg/m2). Mus-
cle strength was measured based on handgrip strength using a digi-
tal dynamometer. The measurement was performed three times 
for each hand, and the maximum grip strength was calculated by 
taking the average of the highest measurements from both hands. 
The usual walking speed (m/s) on a 4.57-m course was used as an 
objective measure of physical performance. 

Blood samples were collected from each participant for bio-
chemical analyses after overnight fasting. Details of the measure-
ments of fasting plasma glucose (FPG), high-density lipoprotein 
cholesterol (HDL-C), low-density lipoprotein cholesterol 
(LDL-C), and triglyceride (TG) levels in this population have 
been reported elsewhere.14) 

Definitions of Terms 
The coexistence of osteopenia/osteoporosis and sarcopenia was 
defined as osteosarcopenia. Participants with a T-score > -2.5 stan-
dard deviation (SD) and < -1.0 SD of the average value of normal 
young adults in either the femoral neck, lumber spine or total hip 
densitometry were defined as having osteopenia while those with 
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a T-score ≤ -2.5 SD were defined as having osteoporosis.17) Sarco-
penia was defined according to the European Working Group on 
Sarcopenia in Older People (EWGSOP-2) guidelines as follows: 
low handgrip strength, slow gait speed, and low SMI.18) The mus-
cle strength cutoff was < 26 kg for men and < 18 kg for women. 
Furthermore, the cutoff for low physical function was difficulty in 
normal walking at a speed of < 0.8 m/s for both sexes.19) A low 
SMI was defined as < 7.0 kg/m2 for men and 5.4 kg/m2 for wom-
en based on Iranian cutoff values.20) Frailty was determined based 
on the criteria defined by Fried et al.,21) with ≥ 3 of the following 
components present: unintended weight loss, exhaustion, low 
muscle strength, slow gait speed, and low physical activity. In this 
study, we classified the participants into four groups: robust (with-
out osteosarcopenia and frailty), osteosarcopenia-only, frailty-only, 
and osteosarcopenia with frailty. 

We defined diabetes mellitus as current FPG ≥ 126 mg/dL, gly-
cated hemoglobin (HbA1c) ≥  6.5, the participant’s self-report of 
diabetes mellitus based on a doctor’s diagnosis, or current use of 
anti-diabetic drugs.22) Hypertension was defined as current SBP 
≥ 140 mmHg or DBP ≥ 90 mmHg, the participant’s self-report of 
hypertension based on a doctor’s diagnosis, or the current use of 
anti-hypertension drugs.23) Smoking refers to the current use of 
cigarettes or waterpipes. High WC was defined as a WC > 102 cm 
in men and > 88 cm in women. Low HDL-C was defined as 
HDL-C < 40 mg/dL in men and < 50 mg/dL in women. High 
LDL-C was defined as LDL-C ≥ 110 mg/dL and high serum TG 
as serum TG ≥ 150 mg/dL.24)  

Outcomes 
A history of falling was defined as a self-reported unintentional fall 
on the ground in the previous year.25) History of fracture was de-
fined as a self-reported fracture after 45 years of age.26) 

Health-related quality of life (HRQoL) was assessed using a 
translated and validated Persian version of the 12-item Short-Form 
Health Survey (SF-12). The SF-12 is a self-reported generic 
HRQoL measure consisting of 12 questions that can be scored to 
provide a physical component summary (PCS) score and a mental 
component summary (MCS) score. The PCS subscale measures 
physical problems, pain, and self-rated health, while the MCS sub-
scale measures daily functioning related to psychological issues 
and vitality. The subscale scores range from 0 to 100, with higher 
scores indicating a greater HRQoL.27) 

The degree of disability was measured using two questionnaires: 
activities of daily living (ADL) and instrumental activities of daily 
living (IADL), which have previously been validated and translat-
ed in Iran.28) Participants with total ADL scores < 95 were consid-
ered to have poor ADL, while those with total IADL scores ≤ 7 

were considered to be dependent.29,30) 

Statistical Analysis 
The data are presented as mean ± SD and as percentages for con-
tinuous and categorical variables, respectively. To compare the data 
between groups (robust, osteosarcopenia-only, frailty-only, and os-
teosarcopenia with frailty), we applied analysis of variance and 
Pearson chi-square test to continuous variables and categorical 
data, respectively. We used logistic regression analysis to assess the 
associations between poor health conditions (falls, history of frac-
ture, poor ADL, and poor IADL) and osteosarcopenia-frailty 
groups. In addition, we used multivariate linear regression to test 
for osteosarcopenia and frailty status on the MCS and PCS of the 
HRQoL. 

All multivariate analyses included variables with p < 0.2; the final 
significance level for multivariate analyses was p < 0.05. All tests 
were two-sided, we defined p < 0.05 as statistically significant. We 
performed the statistical analyses using Stata 16 software 
(StataCorp, College Station, TX, USA). 

RESULTS 

After excluding participants with missing values for osteosarcope-
nia or frailty (n = 55), the analysis included 2,371 older adults. The 
prevalence rates of osteosarcopenia-only, frailty-only, and osteosar-
copenia with frailty were 17.4% (n = 413), 3% (n = 71), and 4.8% 
(n = 114), respectively. Table 1 illustrates the baseline characteris-
tics of the participants according to their osteosarcopenia and frail-
ty statuses. Participants with osteosarcopenia and frailty were older 
and had lower BMI and energy and protein intakes than those in 
the other groups (p < 0.001). Furthermore, this and the frailty-on-
ly group had lower levels of physical activity than the other groups. 
In addition, the frailty scores were significantly higher in both the 
frailty-only and osteosarcopenia with frailty groups than in the ro-
bust group (p < 0.001). 

Fig. 1 shows the prevalence of poor health among the four groups 
according to the osteosarcopenia and frailty statuses. The preva-
lence of a history of falls, poor ADL, and poor IADL was signifi-
cantly higher in both the frailty-only and osteosarcopenia with frail-
ty groups than in the robust group (p < 0.001). However, the preva-
lence of fractures in each of the groups was the same and was higher 
than that in the robust group. In addition, the scores of the HRQoL 
components differed significantly between the groups. The MCS 
(50.00 ± 13.32 vs. 59.30 ± 9.16; p < 0.001) and PCS (39.19 ± 8.80 
vs. 53.43 ± 8.40; p < 0.001) scores in the frailty-only group were 
lower compared with the robust group (data not shown).  

The odds ratios for poor health conditions in the osteosarcope-
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Table 1. Demographic and clinical characteristics of the study participants 

Osteosarcopenia_frailty status
p-value

Robust (n = 1,773) Osteosarcopenia only (n = 413) Frailty only (n = 71) Osteosarcopenia with frailty (n = 114)
Sex, male 892 (50.3) 189 (45.8) 24 (33.8) 50 (43.9) 0.014
Age (y) 67.87 ± 5.15 72.14 ± 6.85 74.75 ± 8.76 77.16 ± 7.78 < 0.001
Education (y) 5.85 ± 5.11 3.73 ± 4.43 3.01 ± 4.44 2.86 ± 3.84 < 0.001
Current smoking (%) 357 (20.2) 103 (24.9) 16 (22.5) 21 (18.4) 0.159
Physical activity (%) 476 (26.8) 67 (16.2) 3 (4.2) 5 (4.4) < 0.001
Protein intake (gr) 56.93 ± 23.94 51.81 ± 23.88 48.78 ± 20.39 45.68 ± 22.25 < 0.001
Energy intake (kcal) 1,637.14 ± 581.82 1,517.47 ± 567.26 1,448.23 ± 549.42 1,337.77 ± 553.93 < 0.001
BMI (kg/m2) 28.53 ± 4.62 24.04 ± 3.10 27.58 ± 5.77 23.37 ± 3.46 < 0.001
High TG (%) 602 (34.0) 110 (26.6) 19 (26.8) 21 (18.6) < 0.001
High LDL-C (%) 517 (29.2) 126 (30.5) 18 (25.4) 40 (35.4) 0.431
Low HDL-C (%) 867 (48.9) 185 (44.8) 36 (50.7) 59 (52.2) 0.371
High WC (%) 1,111 (62.7) 167 (40.4) 47 (66.2) 40 (35.1) < 0.001
Hypertension (%) 1,306 (73.7) 282 (68.3) 55 (77.5) 85 (74.6) 0.114
Diabetes (%) 567 (32.0) 141 (34.1) 28 (39.4) 32 (28.3) 0.367
Frailty scores 0 (0–1) 1 (0–2) 3 (3–4) 3 (3–4) < 0.001

Values are presented as number (%) or mean±standard deviation or median (interquartile range).
BMI, body mass index; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; WC, waist circumference.
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Fig. 1. Prevalence of poor health conditions in osteosarcopenia_frailty status. ADL, activities of daily living; IADL, instrumental activities of dai-
ly living.

nia-only, frailty-only, and osteosarcopenia with frailty groups 
among older adults are shown in Table 2. 

Osteosarcopenia with frailty was significantly associated with a 
history of falls (adjusted odds ratio [adjOR] = 1.94; 95% confi-
dence interval [CI], 1.20–3.15), poor ADL (adjOR = 2.85; 95% 
CI, 1.81–4.50), and poor IADL (adjOR = 5.09; 95% CI, 2.85– 
9.11) in the crude and full models. However, frailty-only was asso-
ciated with a history of falls and poor ADL and IADL in the crude 
and adjusted models. Regarding the association between a history 
of fracture and osteosarcopenia and frailty status, only the osteo-
sarcopenia-only group showed an increased OR of fracture in the 

crude and full models (adjOR = 1.48; 95% CI, 1.10–1.98). 
Regarding the quality of life, frailty-only showed the greatest ef-

fect on MCS and PCS scores (β = -9.62 [95% CI, -12.19 to -7.05] 
and β = -10.68 [95% CI, -12.74 to -8.62], respectively), while os-
teosarcopenia with frailty had a moderate impact on MCS and 
PCS scores (β = - 5.25 [95% CI, -7.48 to - 3.02] and β = -7.99 [95% 
CI, -9.74 to -6.16], respectively). 

DISCUSSION 

The results of this study demonstrated the overlap of osteosarco-
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Table 2. Association osteosarcopenia_frailty status with poor health conditions 

Crude model Full modela)

History of falls Robust Ref. Ref.
Osteosarcopenia only 1.14 (0.87, 1.51) 1.18 (0.87, 1.60)
Frailty only 1.88 (1.10, 3.23) 1.80 (1.03, 3.16)
Osteosarcopenia with frailty 1.76 (1.13, 2.73) 1.94 (1.20, 3.15)

History of fracture Robust Ref. Ref.
Osteosarcopenia only 1.38 (1.08, 1.76) 1.48 (1.10, 1.98)
Frailty only 1.44 (0.85, 2.45) 1.43 (0.80, 2.56)
Osteosarcopenia with frailty 1.44 (0.94, 2.20) 1.38 (0.83, 2.31)

Poor ADL Robust Ref. Ref.
Osteosarcopenia only 1.03 (0.79, 1.35) 0.75 (0.55, 1.02)
Frailty only 6.48 (3.95, 10.63) 3.78 (2.17, 6.58)
Osteosarcopenia with frailty 4.69 (3.18, 6.93) 2.85 (1.81, 4.50)

Poor IADL Robust Ref. Ref.
Osteosarcopenia only 1.84 (1.46, 2.32) 1.16 (0.87-1.55)
Frailty only 9.38 (5.36, 16.42) 4.84 (2.58, 9.10)
Osteosarcopenia with frailty 11.56 (7.20, 18.56) 5.09 (2.85, 9.11)

MCS score of QoL Robust Ref. Ref.
Osteosarcopenia only 0.35 (-0.71, -1.40) -0.54 (-1.80, -0.73)
Frailty only -9.03 (-11.37, -6.70) -9.62 (-12.19, -7.05)
Osteosarcopenia with frailty -2.44 (-4.30, -0.59) -5.25 (-7.48, -3.02)

PCS score of QoL Robust Ref. Ref.
Osteosarcopenia only -0.99 (-1.90, -0.08) 0.57 (-0.44, -1.59)
Frailty only -14.25 (-16.26, -12.23) -10.68 (-12.74, -8.62)
Osteosarcopenia with frailty -11.08 (-12.67, -9.48) -7.99 (-9.74, -6.16)

Values are presented as adjusted odds ratio (95% confidence interval) in multivariate logistic regression or linear regression analyses. Bold font indicates statistical 
significance.
ADL, activity of daily living; IADL, instrumental activity of daily living; QoL, quality of life; MCS, mental component summary; PCS, physical component sum-
mary.
a)In full model, the outcome variables of each health condition: history of falls (age, sex, smoking, education, high waist circumference, diabetes, physical activity), 
history of fracture (age, sex, education, high waist circumference, diabetes, protein intake, energy intake, Ca/VitD supplement), poor ADL (age, sex, smoking, 
education, high waist circumference, diabetes, physical activity, hypertension, protein intake, energy intake), poor IADL (age, sex, smoking, education, high waist 
circumference, diabetes, physical activity, hypertension, protein intake, energy intake, Ca/VitD supplement), MCS (age, sex, smoking, education, high waist 
circumference, diabetes, physical activity, protein intake, energy intake, Ca/VitD supplement), and PCS (age, sex, smoking, education, high waist circumference, 
diabetes, physical activity, protein intake, energy intake, Ca/VitD supplement).

penia with frailty and its association with poor health conditions in 
a population of community-dwelling older adults in Bushehr, Iran. 
Our findings revealed that the prevalence of coexisting osteosarco-
penia with frailty was 4.8%, while the prevalence of frailty-only and 
osteosarcopenia was 3% and 17.4%, respectively. 

Osteosarcopenia and frailty are closely associated with common 
factors such as lifestyle behaviors, nutritional status, genetic predis-
position, hormones, and biological pathways.31) The dysregulation 
of the growth hormone (GH)/insulin-like growth factor1 (IGF-1) 
pathway plays an essential role in the pathogeneses of osteoporosis, 
sarcopenia, and frailty.32,33) In addition, our data showed poorer en-
ergy and protein intake among patients with osteosarcopenia and 
frailty compared with those with osteosarcopenia or frailty alone. 
These findings are consistent with those of previous studies that 
revealed that nutrition mediates the relationship between osteosar-

copenia and frailty.31,34) 

Little is known about the natural histories of frailty and osteosar-
copenia. The overlap between frailty and sarcopenia was discussed 
in the EWGSOP consensus, which showed that most frail partici-
pants had sarcopenia as a parameter of osteosarcopenia and vice 
versa. Our findings revealed a low coexistence of osteosarcopenia 
and frailty compared to osteosarcopenia only (4.8% vs. 17.4%). 
The different definitions and methodologies of osteosarcopenia 
and frailty used across studies make it difficult to compare results. 
Muscle strength is included in the definitions of both disorders. 
However, the cutoff points of this parameter differ between osteo-
sarcopenia and frailty definitions.35,36) In addition to muscle func-
tion, other components of frailty are independent of the musculo-
skeletal system. In our study, this discrepancy can be explained by 
the fact that the mean age of our study population was 69.3 years 
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and relatively few participants in this age range showed frailty; in 
contrast, musculoskeletal diseases were observed more frequently. 
Moreover, our population comprised community-dwelling older 
adults; thus, people in care settings who were more likely to have 
frailty were not included. In addition, while people with osteope-
nia were included in the definition of osteosarcopenia, those with 
prefrailty were not considered. 

Frailty and osteosarcopenia are potential risk factors for poor 
health conditions, such as functional decline, disability, poor quali-
ty of life, and mortality.37,38) In this study, we assessed the risk of ad-
verse outcomes in patients with combined osteosarcopenia and 
frailty compared with those with osteosarcopenia alone, frailty 
alone, or neither. Unintentional falls are a major health problem in 
older people and impose high health-related costs and morbidi-
ty.39) Osteosarcopenia is strongly associated with falls and frac-
tures.40) Osteoporosis and sarcopenia interact through biomarkers 
such as osteokines, myokines, and adipokines. However, frailty in-
creases the risk of falls and fractures in older people.41)  

Declines in gonadal hormone, vitamin D, GH, and IGF-1 levels 
and elevations in pro-inflammatory cytokine levels and malnutri-
tion may be important markers for the association between frailty 
and adverse outcomes. Our data showed that frailty alone and os-
teosarcopenia with frailty were associated with falls, with ORs of 
1.80 and 1.94, respectively, compared with the robust group. In ad-
dition, the OR of fracture increased in patients with osteosarcope-
nia alone compared with the other groups. Osteoporosis is a risk 
factor for fractures, while sarcopenia is a risk factor for falls.42,43) 
However, as most people who experience a fracture do not have a 
body mineral density (BMD) reaching the threshold for osteopo-
rosis,44) increased attention is needed in people with BMD less 
than -1 SD (osteopenia). Our reanalysis of the association between 
osteosarcopenia and health-related outcomes based on the defini-
tion of osteoporosis showed similar results using only osteoporosis 
to define osteosarcopenia, thus demonstrating that osteopenia/os-
teoporosis along with sarcopenia are risk factors for poor health 
conditions (Supplementary Table S1). 

Therefore, muscle mass and function, which are used to define 
frailty, may be important predictors of falls. Other frailty parameters 
such as weight loss, exhaustion, and low activity are also important 
factors for falls. Therefore, in our study, frailty alone was more im-
portant than osteosarcopenia in terms of fall risk. In contrast, low 
bone mass (osteoporosis) plays a critical role in fractures, and frailty 
is not an essential risk factor compared with osteosarcopenia. 

We evaluated functional disability using the Barthel and Lawton 
scales for ADL and IADL, respectively. The results of the crude 
and adjusted models suggested a significant association between 
frailty and ADL disability in this population. This association was 

stronger in the frail-only group than that in the osteosarcopenia 
with frailty group. In addition, osteosarcopenia with frailty and, to 
a lesser degree, frailty alone were powerful and independent pre-
dictors of developing dependence in IADL (osteosarcopenia with 
frailty, adjOR = 5.09; frailty-only, adjOR = 4.84). These results 
confirm that frailty is associated with a higher risk of disability than 
osteosarcopenia in our population. This is consistent with the re-
sults of previous studies showing that frailty is associated with 
functional disability.45,46) However, while some studies have shown 
an association between osteosarcopenia and disability,47,48) in our 
study, osteosarcopenia was only associated with IADL and not 
with ADL. Both osteosarcopenia and frailty are associated with 
disability; however, our results showed that the role of frailty was 
more prominent and significant when these two disorders were 
combined. 

Our findings revealed significantly lower physical and mental 
HRQoL in the frail-only and osteosarcopenia with frailty groups 
than in the robust group. Previous studies have shown that low 
muscle strength and physical performance are related to reductions 
in both components of HRQoL.49) Both factors were lower in the 
osteosarcopenia and frailty groups in the present study. In addi-
tion, exhaustion, as a component of frailty, through psychological 
and immunological mechanisms such as increased cytokine pro-
duction, contributes to low HRQoL.50) Thus, our results showed 
that frailty had a greater role in reducing HRQoL and that frailty 
should be diagnosed at an early stage in older people. 

This population-based study with a large sample size revealed an 
overlap between osteosarcopenia and frailty in older adults. To our 
knowledge, this is the first study to demonstrate the effect of the 
coexistence of two important geriatric syndromes on poor health 
conditions in Iran. However, this study has some limitations. 
While our study results showed a cross-sectional association be-
tween osteosarcopenia and frailty in poor health conditions, we 
could not make causal inferences, and further longitudinal studies 
are needed. Additionally, disability was measured using two self-re-
ported scales based on limitations in ADL and IADL. The main 
disadvantage of self-reported questionnaires is the possibility of in-
valid answers. In the BEH study, we attempted to ask sensitive and 
important questions to the participants’ companions and mini-
mize information bias. In addition, the fracture data were based on 
history and self-reports and not on radiographic views. These 
points should be considered when interpreting the results of this 
study. 

In conclusion, the results of this study demonstrated that older 
adults with osteosarcopenia with frailty and frailty alone were asso-
ciated with significantly increased falls, poor ADL, poor IADL, 
and lower physical and mental HRQoL compared with robust old-
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er adults. The limited overlap of osteosarcopenia and frailty in our 
population suggests that combined assessments have no additional 
odds of detecting poor health conditions. Osteosarcopenia affects 
only the musculoskeletal system, whereas frailty is a multifactorial 
and complex disorder. Thus, frailty has a higher incidence of func-
tional disorders than osteosarcopenia, and the odds of skeletal dis-
orders such as fractures are higher in individuals with osteosarco-
penia alone. Our findings highlight the importance of early diag-
nosis and intervention strategies for osteosarcopenia and frailty as 
separate entities. Comprehensive clinical guidelines are recom-
mended for use in primary healthcare or community-based health 
promotion settings to facilitate early identification and lifestyle in-
terventions. Routine screening for osteosarcopenia and frailty is 
recommended in all people aged ≥ 60 years. In addition, raising 
awareness among health and social care professionals, healthcare 
policymakers, and older adults regarding geriatric disorders may 
help in diagnosing and treating individuals with osteosarcopenia 
or frailty and decrease the risk of their developing poor health con-
ditions. 
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