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Abstract

Background: This study was evaluated the association between obesity phenotypes and risk of lower torso muscu-
loskeletal disorders including low back pain (LBP), low back stiffness (LBS), arthralgia, and joint stiffness in Ravansar
non-communicable diseases (RaNCD) cohort study.

Methods: In this cross-sectional study, 6940 adults were examined for the presence of lower torso musculoskel-
etal disorders by a physician. Obesity phenotypes including metabolically healthy obesity (MHO) and metaboli-
cally unhealthy obesity (MUQO) were defined based on the International Diabetes Federation, as well as, body mass
index > 30 kg/m?. Metabolically unhealthy non-obesity (MUNO) phenotype was considered as unhealthy metabolic
without obesity.

Results: The prevalence of LBP, LBS, arthralgia, and joint stiffness in MHO, MUO, and MUNO were significantly higher
than in healthy participants compared to obesity phenotypes. Logistic regression showed that MHO phenotype was
significantly increased with risk of LBP (OR: 1.19, C1 95%: 1.01-1.41), LBS (OR: 1.44, Cl 95%: 1.12-1.86), arthralgia (OR:
1.54, C195%: 1.33-1.78), and joint stiffness (OR: 1.84, Cl 95%: 1.35-2.52). Moreover, MUO phenotype was positively
associated with risk of LBS (OR: 1.46, Cl 95%: 1.09-1.94) and arthralgia (OR: 1.66, Cl 95%: 1.41-1.96). In addition, MUNO
phenotype was associated with a higher risk of arthralgia (OR: 1.21, Cl 95%: 1.06-1.37).

Conclusion: All three phenotypes, MHO, MUO and MUNO were significantly increased the risk of arthralgia. However,
MHO phenotype was significantly associated with a higher risk of all examined lower torso musculoskeletal disorders
in the current study.
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Background

Most lower torso musculoskeletal disorders are over-
looked, perhaps because they are not directly related
to mortality and are considered an irreversible process
associated with aging. Although having these disorders
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increases treatment costs and reduces occupational and
social activities, and overall, people with musculoskele-
tal disorders suffer to do their daily activities [1, 2]. Low
back pain is the most common type of musculoskeletal
disorder that people with this disease frequently refer
to doctors for their treatment [3, 4]. Although disc her-
niation, lumbar stenosis, trauma, muscle strain, lum-
bar spondylosis, arthritis, spine and kidney infections,
cancers, endometriosis, and ankylosing spondylitis are
involved in its pathogenesis, low back pain without
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specific cause is the most prevalent [5]. Arthralgia is
another musculoskeletal disorder that is a hallmark of
rheumatoid arthritis [6]. Arthralgia is associated with
joint pain and stiffness, and most patients complain of
morning joint stiffness [7].

Due to healthy lifestyle changes, obesity is one of
the serious health problems and has a high preva-
lence worldwide. Evidence suggests that obesity and a
sedentary lifestyle increase comorbidities such as dia-
betes, cardiovascular disease, hypertension, and can-
cer, as well as, musculoskeletal pain [8—11]. However,
obesity appears to increase the risk of these comor-
bidities by increasing inflammatory levels in the body,
insulin resistance, and other metabolic disorders in
which is often defined as metabolically unhealthy obe-
sity (MUO) [9, 12]. While it has been seen that people,
who are obese but are metabolically healthy are called
metabolically healthy obese (MHO). On the other
hand, metabolically unhealthy non-obese (MUNO)
phenotypes have unhealthy metabolic profiles without
obesity that are susceptible to to insulin resistance, dys-
lipidemia, and hypertension, and inflammatory-cardio-
metabolic abnormalities [13—-15].

Many studies have examined the association between
obesity and the risk of low back pain and arthralgia [9,
16]. However, to date, no study has examined the various
phenotypes of obesity and metabolic profiles associated
with the risk of low back pain and arthralgia. Therefore,
this study aimed to determine the relationship between
MHO and MUO phenotypes and the risk of back pain
and arthralgia in the Kurdish population participated
in the Ravansar non-communicable diseases (RaNCD)
cohort study.

Methods

Study design and setting

We designed this cross-sectional study on baseline data
of the RaNCD cohort study in which this is the first
Kurdish population-based study on 10,047 Kurdish par-
ticipants (4764 men and 5258 women) aged 35-65 years
living in Ravansar city, Kermanshah province, West-
ern oflran. All participants in this study completed an
interviewer-administered questionnaire. The RaNCD
is a subset of the PERSIAN (Prospective Epidemiologi-
cal Research Studies in Iran) mega cohort study that was
approved by the Ethics Committees in the Ministry of
Health and Medical Education, the Digestive Diseases
Research Institute, Tehran University of Medical Sci-
ences, Iran. The details of this study were described in
previous studies [17, 18]. The RaNCD cohort study was
approved by the Ethics Committee of Kermanshah Uni-
versity of Medical Sciences (No: KUMS.REC.1394.318).
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Participants

The current study did not include participants with cardi-
ovascular diseases, cancer, and thyroid diseases. Besides,
pregnant women and participants who were intake
energy less than 800 kcal/day and more than 4200 kcal/
day did not include in this study. Twins were excluded
from analyses if: with a definitive diagnosis of alimen-
tary tract tumor, cardiovascular heart disease, stroke and
kidney disease; using weight-loss drug in the last month.
After excluding participants with missing data, overall,
6940 participants were included in the study (Fig. 1).

Anthropometry and body composition

In the RaNCD cohort study, height was measured using
the automatic stadiometer BSM 370 (Biospace Co., Seoul,
Korea) in the standing position without shoes with a pre-
cision of 0.1 cm. The body composition of the partici-
pants was measured by bioelectrical impedance analysis
(InBody 770 device, Inbody Co, Seoul, Korea) including
weight, body fat mass (BFM), and free fat mass (FFM)
with the least clothing and without shoes. To measure
height, Body mass index (BMI) was calculated by divid-
ing weight (kg) by body height (m) squared. To measure
waist circumference (WC) non-stretched and flexible
tape was applied in a standing position at the level of the
iliac crest.

Blood pressure

The participant’s systolic and diastolic blood pressure
(SBP and DBP) was measured by conventional sphyg-
momanometry and auscultation of the Korotkoff sounds
after at least 4—5 min of rest in sitting position from both
arms of all participants two times with ten minutes inter-
val between two times measurements and the mean of
them was recorded as the final blood pressure [17].

Biochemical analysis

In the RaNCD cohort study, all participants were
obtained 25 cc venous blood samples. After separating
serum, serum and whole blood samples were stored at
-80°C in the RaNCD cohort laboratory until analysis. The
glucose oxidase method was applied to measure serum
fasting blood sugar (FBS). Total cholesterol (TC), high-
density lipoproteins (HDL), triglyceride (TG), and low-
density lipoproteins (LDL) concentration were measured
by enzymatic kits (Pars Azmun, Iran) [17].

Obesity phenotypes

We considered MHO participants with BMI>30 kg/
m? with healthy metabolic profiles based on the meta-
bolic syndrome definition of the International Diabetes
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10047 participants included in the RaNCD
cohort study

Participants without cardiovascular, cancer,
and thyroid disease (n=7703)

Diseases did not include to the study:
-Cardiovascular disease (n=1709)
-Cancer (n=61)

-Thyroid diseases (n=574)

56 missing data were excluded

v

6940 participants included to the study

Fig. 1 Flow chart of the sample selection

Other conditions did not include to this study:
-Now pregnancy (n= 102)

-Energy intake more than 4200 Kcal/day or less
than 800 Kcal/day (n= 605)

Federation (IDF) [19]. The MUNO has defined the pres-
ence of at least two metabolic disorder based on the IDF
[19] criteria as follow:

-HDL <40 mg/dl in men and <50 mg/dl in women.
- Increased TG >150 mg/dl.

- SBP >130 mmHg or DBP >80 mmHg.

- FBS>100 mg/dL

Also, metabolically unhealthy obesity (MUO) partici-
pants were considered participants having both obesity
and the presence of at least two above metabolic disorder,
as well as, metabolically healthy non-obesity (MHNO)
participants were related to healthy participants without
obesity and metabolic disorder.

Outcome measurement

The RaNCD cohort study physician diagnosed the
low back pain and arthralgia by medical history, lower
torso musculoskeletal disorders self-report, and physi-
cal examination. Besides, all participants were surveyed
in terms of the history of low back stiffness and joint
stiffness by the physician using these questions 1) Do
you experience low back pain that lasted more than a
few months and interfered with their daily activities?
In addition, has it lasted so far? (Yes/ No); 2) Do you
have a history of back stiffness for more than an hour

in the morning? (Yes/ No); 3) Do you have a history
of arthralgia? (Yes/ No); 4) Do you have a history of
joint stiffness for more than an hour in the morning?
(Yes/ No). These questions and method of chronic dis-
eases diagnosis were developed by the PERSIAN mega
cohort study for all Iranian adults [20]. Furthermore,
these patients with low back pain and arthralgia were
specifically examined in terms of the presence of malig-
nancies, infections, and fractures that the low back pain
related to mentioned disorders was not considered the
low back pain.

Statistical analysis

Stata, version 14 (Stata Corp, College Station, TX)
was used for statistical analysis. The results of par-
ticipants’ baseline characteristics were expressed as
mean =+ standard deviation and number of participants
(percentage) and were compared using Chi-square and
one way ANOVA test between obesity phenotypes.
Logistic regression was used to determine the asso-
ciation between obesity phenotypes (MHNO, MHO,
MUNO, and MUQO) and lower torso musculoskeletal
disorders (low back pain and stiffness, arthralgia, and
joint stiffness) by odds ratios (OR) and confidence
interval 95% (CI 95%) for binary outcomes in crude and
adjusted models (stepwise). P-values were considered
significant at the level of P<0.05.
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Results

In the current study, 51% of the studied participants were
male. The prevalence of low back and joint stiffness, and
arthralgia of MHNO participants were significantly lower
than the other three studied groups (P=0.002,<0.001,
0.002, respectively).

The mean of MHNO physical activity was 42.06 + 8.88
in which was significantly higher than the other three
studied groups (P<0.001). The mean of BFM and WC in
MHO, MUO, and MUNO phenotypes were significantly
higher than MHNO phenotypes (P<0.001). The basic
characteristics of the studied participants are presented
in Table 1.

Multivariable-adjusted odds ratios and 95% confidence
intervals for lower torso musculoskeletal disorders across
categories of metabolically status were showed there
was a significant association between low back pain and
low back stiffness with MHO phenotype compared to
MHNO phenotype (OR: 1.19, CI 95%: 1.01-1.41), (OR:
1.44, CI 95%: 1.12-1.86), respectively in crude model.
After adjusted for age, gender, education, and physical
activity, any association was not observed (OR: 1.17, CI
95%: 0.98-1.39), (OR: 1.24, CI 95%: 0.95-1.6). Moreo-
ver, MHO phenotype was significantly increased with
risk of arthralgia, and joint stiffness in all studied models
(Table 2).
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We also observed MUO phenotype was positively
associated with risk of low back stiffness (OR: 1.46, CI
95%: 1.09-1.94) in crude model. After adjusted for men-
tioned confounder variables, there was no association
between low back stiffness and MUO (OR: 1.31, CI 95%:
0.95-1.75) (Table 2). Furthermore, MUNO phenotype
was associated with a higher risk of arthralgia (OR: 1.17,
CI 95%: 1.03-1.34). Figure 2 showing a better manifes-
tation of above association of musculoskeletal disorders
(low back pain and stiffness, arthralgia and joint stiffness)
by binary regression OR across categories of MHO and
MUO phenotypes.

Discussion

We found that the prevalence of all types of lower torso
musculoskeletal disorders examined in the current
study in MHO, MUO, and MUNO phenotypes was sig-
nificantly higher than the MHNO phenotype. In this
study, all three examined phenotypes, MHO, MUO,
and MUNO lead to increased risk of arthralgia. Overall,
MHO was related to a higher risk of all types of lower
torso musculoskeletal disorders examined in this study
compared to MHNO, as well as, MUO was associated
with a higher risk of low back stiffness. Recent studies
have highlighted that obesity increases the risk of mus-
culoskeletal pain in the lower torso [16, 21]. Therefore,

Table 1 Baseline characteristics, anthropometric and biochemical of participant’s factors according to the obesity phenotypes

Variables Total MHNO MHO MUNO MUO P value**
(n=6940) (n=3825) (n=963) (n=1467) (n=690)
Age (year) 46.19+7.89° 45.83+8.06 4493+7.05 47.63+8.00 46.88+7.35 <0.001
Sex, male (%) 51 604 7.1 25 74 <0.001
Weight (kg) 7246+£13.58 66.75£11.12 84.99+£11.03 71.97+£10.10 8751£1257 <0.001
WC (cm) 96.51£10.35 92.08£8.65 106.95+8.28 96.00£7.16 107.594+8.60 <0.001
BMI (kg/mz) 27.10£4.69 24.73£332 33.13£295 2640+£2.64 33.38£3.31 <0.001
BFM (kg) 24.28+£942 19.76 £6.62 36.39+6.79 2242+£525 36.24+7.61 <0.001
FFM (kg) 48.16£9.40 47.00£9.14 4849+£9.10 49.56 £9.30 51.13+£10.34 <0.001
SBP (mmHg) 105.88+15.23 102.51+£12.95 105.124+12.30 111301744 114.164+18.85 <0.001
DBP (mmHg) 68.76 £9.30 66.85+7.94 68.49+£823 71.70£10.62 7349+11.24 <0.001
FBS (mg/dl) 95.05426.88 89.92+20.63 90.59+15.22 105.68+£37.22 107.124£33.01 <0.001
TC (mg/dl) 184.924+37.20 180.25+37.08 186.93+3247 1914543847 194.12+37.36 <0.001
TG (mg/dl) 13498 +81.64 101.88+£46.50 1142244721 205.78£102.08 196.83£93.27 <0.001
HDL (mg/dl) 46.44+£1138 49654+11.18 49.964+10.59 38724817 40.18£8.55 <0.001
LDL (mg/dl) 101.81+25.06 98.82+24.99 102.894+22.18 106.124+25.93 107.78 +24.88 <0.001
PA (MET hour/ week) 41224832 42.06+888 39.79+6.33 40.86+£831 39361683 <0.001
Low back pain (%) 219 212 244 219 222 0.208
Low back stiffness (%) 72 6.3 9.3 6.6 9.4 0.002
Arthralgia (%) 349 314 414 357 433 <0.001
Joint stiffness (%) 42 35 6.3 42 43 0.002
#Mean £ SD

* P-values were obtained one-way ANOVA and Chi-square
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Table 2 Multivariable-adjusted odds ratios and 95% confidence intervals for lower torso musculoskeletal disorders across categories
of obesity phenotypes

Musculoskeletal disorders MHNO MHO MUNO MUO P-trend
(n=3825) (n=963) (n=1467) (n=690)

Low back pain Crude 1 9(1.01-141)° 1.04 (0.9-1.2) 5 (0.86-1.28) 0431
Model 1° 1 (O 98-1.39) 01(0.87-1.18) 1(0.83-1.23) 0.737
Model 2 1 (O 98-1.39) 1.02 (0.88-1.18) 1(0.83-1.23) 0.719

Low back stiffness Crude 1 44 (11 86) 0.95 (0.75-1.21) 146 (1.09-1.94) 0.086
Model 1 1 (O 95-1.59) 0.95(0.74-1.22) 1.3(0.97-1. 73) 0.249
Model 2 1 4 (0.95- ) 0.96 (0.75-1.24) 131 (O 98-1.75) 0.221

Arthralgia Crude 1 4(1.33-1.78) 1.21(1.06-1.37) 66 (1.41-1.96) <0.001
Model 1 1 (1 17-1.58) 1.17(1.02-1.33) 47 (1.24-1.74) <0.001
Model 2 1 6 (1.17-1.59) 1.17(1.03-1.34) 48 (1.25-1.75) <0.001

Joint stiffness Crude 1 (1 35-2. 52) 1.2 (0.89-1.63) 24 (0.83-1.86) 0.121
Model 1 1 5011 14) 1.16 (0.85-1.59) 05 (0.7-1 59) 0418
Model 2 1 (1 12-2.13) 1.17 (0.85-1.59) 05 (0.69-1.58) 0435

MHNO metabolically healthy non-obese, MHO metabolically healthy obese, MUNO metabolically unhealthy non-obese, MUO metabolically unhealthy obese
2 OR (C195%),

b Model 1 adjusted for age and gender

€ Model 2 adjusted for confounder variables in Model 1, education, and physical activity

25

8 S

0.5

Crude Model 1 Model 2 Crude Model 1 Model 2
MHO MUO

Crude Model 1 Model 2 Crude Model 1 Model 2
MHO MUO

> OR (C195%) for risk of low back pain
% OR (C195%) for risk of low back stiffness

=

Crude Model 1 Model 2 Crude Model 1 Model 2
MHO MUO

Crude Model 1 Model 2 Crude Model 1 Model 2
MHO MUO

™) OR(C195%)for risk of Arthralgia

U OR (C195%) for risk of joint stiffness

Fig. 2 Binary regression odds ratios and 95% confidence intervals for A Low back pain; B Low back stiffness; C Arthralgia, and D Joint stiffness
across categories of obesity phenotypes. MHNO: metabolically healthy non-obese; MHO: metabolically healthy obese; MUNO: metabolically
unhealthy non-obese; MUO: metabolically unhealthy obese

according to the phenotypes of obesity based on meta- This present study showed that the MHO pheno-
bolic status, it seems that the present study can help to  types were related to the increased risk of all types of
identify one of the factors affecting the reduction of the lower torso musculoskeletal disorders. MHO might be
risk of musculoskeletal pain in the lower torso. an alternative valuable target in obesity treatment. In a



Karimi et al. Archives of Public Health (2022) 80:185

cross-sectional analysis using the China Multi-Ethnic
Cohort study that enrolled 99 556 participants from
seven diverse ethnic groups, marginal structural logistic
models were used to estimate the associations. Among
65,699 participants, 11% were with obesity. MHO pheno-
type was present in 5-7% of total population and 52-7%
of population with obesity. Results showed that Dietary
Approaches to Stop Hypertension (DASH) diet were
associated positively with obesity and MHO phenotype
[22].

Also, MUO phenotypes were associated with a higher
risk of low back stiftness and arthralgia. Blumel et al.
[23] in a study on women aged 40-59 years observed
that obesity increased the risk of musculoskeletal pain
(OR: 1.34; CI 95%: 1.16—1.55). Results from a systematic
review and meta-analysis by Walsh et al. [16] on 14 stud-
ies showed that obesity is associated with increased pain
in the joints, back, legs and knees due to the increase in
body fat tissue.

Problems with the physical aspect of the elderly,
one of which is a decrease in musculoskeletal func-
tion, especially in the joints, often manifest the joint
pain. The presence of joint cartilage damage due to
inflammation, as well as an increase in the load on the
joints due to obesity is other factors that often arise.
Masruroh and Setyadhani showed a direct correla-
tion between obesity level and the incidence of knee
joint pain in the elderly in a cross-sectional approach
on 50 individuals [24]. A proposed mechanism associ-
ated with obesity and musculoskeletal disorders arises
from the production of pro-inflammatory cytokines
from high excess adipose tissue in obese individuals
[25]. Leptin is a pro-inflammatory adipokine that is
highly elevated in obese individuals in which leads to
deforming cartilage and be involved in the pathogenesis
of arthralgia [26, 27]. Besides, leptin with inflammatory
properties can lead to degeneration of the interverte-
bral discs and consequently low back pain [27]. Other
important inflammatory cytokines involved in increas-
ing joint inflammation and musculoskeletal pain are
related to increased levels of tumor necrosis factor-
alpha (TNF-a), interleukin 6, and C- reactive protein
(CRP) [26, 28, 29]. The production of these cytokines
has been seen in obese people with increased adipose
tissue [30]. According to the findings of the present
study, BFM and WC in MHO and MUO phenotypes
are significantly higher than MHNO phenotype and
can indicate the cause of increased risk of lower torso
musculoskeletal disorders in both mentioned pheno-
types compared to MHNO. In a cross-sectional study,
the different subtypes of obesity and their relationship
with inflammatory-cardiometabolic abnormalities was
investigated in Chinese adult twins. Results showed that
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MHO and MUNO phenotypes were common in Chi-
nese twin population. Both phenotypes were associated
with elevated insulin resistance and high sensitivity C
reactive protein (hsCRP) which may not be benign and
need to be concerned [15]. Additionally, we observed
that MUNO phenotypes were associated with a higher
risk of arthralgia compared to MHNO phenotypes.
Although these participants were not obese, according
to the high BMI, WC, and BFM compared to MHNO
phenotypes, they seem overweight, and increased adi-
pose tissue seems to contribute to a higher risk of lower
torso musculoskeletal disorders in this phenotype due
to the mechanisms mentioned. Walrabenstein et al.
designed three 16-week observer-blind randomized
clinical trials (RCTs) with a waiting-list control group
for patients with RA with low to moderate disease
activity (2.6 <Disease Activity Score [DAS28]<5.1,
RCT 1, n=280), for patients at risk for RA, defined by
anti-citrullinated protein antibody (ACPA)-positive
arthralgia (RCT 2, n=16) and for patients with meta-
bolic syndrome and osteoarthritis in the knee and/or
hip (RCT 3, n=280). Participants join 10 group meet-
ings with 6-12 other patients to receive theoretical
and practical training on a WEPD, exercise, and stress
management, while medication remains unchanged.
Primary outcomes were following difference in mean
change between intervention and control groups within
16 weeks for the DAS28 in RA patients (RCT 1), the
RA-risk score for ACPA positive arthralgia patients
(RCT 2), and the Western Ontario and McMaster Uni-
versities Arthritis Index (WOMAC) score for MSOA
patients (RCT 3) [31]. In a study on rheumatoid arthri-
tis (RA) and spondyloarthritis (SpA) consuming dis-
ease-modifying anti-rheumatic drugs (DMARDs), the
prevalence and correlation of metabolic syndrome and
body mass index (BMI) were examined. In non-obese
SpA, metabolic syndrome was associated with abdomi-
nal obesity, visceral fat mass and cardiovascular risk. In
non-obese RA patients with metabolic syndrome, body
composition did not differ from metabolically healthy
RA patients. This Differences between RA and SpA for
metabolic health suggest various pathophysiological
mechanisms [32].

This present study for the first time evaluated the rela-
tionship between the obesity phenotypes and risk of
lower torso musculoskeletal disorders in large Kurdish
population- based study. Unfortunately, this study suf-
fered from several limitations, including the degree and
severity of each of these pain in the cohort study were not
reported. Also, the cross-sectional design of our study
should not be ignored; hence, these results seem should
be supported by prospective follow-up well design
studies.
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Conclusion

As a result, the findings of this study indicate the effect
of both obesity phenotypes on the increased risk of
lower torso musculoskeletal disorders. Therefore,
weight control and management are an important strat-
egy in reducing these disorders.

Abbreviations

MHNO: Metabolically healthy non-obese; MHO: Metabolically healthy obese;
MUNO: Metabolically unhealthy non-obese; MUO: Metabolically unhealthy
obese; WC: Waist circumference; BMI: Body mass index; BFM: Body fat mass;
FFM: Free fat mass; SBP: Systolic blood pressure; DBP: Diastolic blood pressure;
FBS: Fasting blood sugar; TC: Total cholesterol; TG: Triglyceride; HDL: High
density lipoprotein; LDL: Low density lipoprotein; PA: Physical activity.

Acknowledgements

RaNCD is a part of the PERSIAN national cohort and we would like to thank
Deputy of Research and Technology at the Ministry of Health and Medical
Education of Iran and Director of the PERSIAN cohort, and also Dr. Hossein
Poustchi Executive Director of the PERSIAN cohort for all their supports during
design and running of RaNCD.

Author’s contributions

SK performed the data collection and design of the study, YP as supervisor,
BH and FH carried out statistical analyses, FG and AA preparing the draft and
receiving the fund. The author(s) read and approved the final manuscript.

Funding
This study was supported by the Ministry of Health and Medical Education of
Iran and Kermanshah University of Medical Science (Grant No, 92472).

Availability of data and materials

The datasets generated during and/or analyzed during the current study are
not publicly available due to the policy of the Persian cohort committee avail-
able at http://persiancohort.com/central-committee/ but are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

All procedures performed in studies involving human participants were
following the ethical standards of the institutional and/or national research
committee and with the 1964 Helsinki declaration and its later amendments
or comparable ethical standards. This study was approved by the Ethics
Committee of Kermanshah University of Medical Sciences (ethics approval
number: KUMS.REC.1394.318).

Consent for publication
Not applicable.

Competing interests
All authors declare that they have no conflict of interests.

Author details

'Department of Nutritional Sciences, School of Nutritional Sciences and Food
Technology, Kermanshah University of Medical Sciences, Kermanshah, Iran.
2Research Center for Environmental Determinants of Health (RCEDH), Health
Institute, Kermanshah University of Medical Sciences, Kermanshah, Iran.
3Social Development and Health Promotion Research Center, Health Institute,
Kermanshah University of Medical Sciences, Kermanshah, Iran. 4Regr;\nerative
Medicine Research Center (RMRC), Kermanshah University of Medical Sci-
ences, Kermanshah, Iran.

Received: 3 September 2021 Accepted: 2 August 2022
Published online: 09 August 2022

Page 7 of 8

References

1. Luan HD, Hai NT, Xanh PT, Giang HT, Van Thuc P, Hong NM, et al. Muscu-
loskeletal disorders: prevalence and associated factors among district
hospital nurses in Haiphong, Vietnam. BioMed Res Int. 2018;2018.

2. NguyenTH, Hoang DL, Hoang TG, Pham MK, Bodin J, Dewitte JD, et al.
Prevalence and characteristics of multisite musculoskeletal symptoms
among district hospital nurses in Haiphong, Vietnam. BioMed Res Int.
2020;2020.

3. van der Gaag WH, Roelofs PD, Enthoven WT, van Tulder MW, Koes BW.
Non-steroidal anti-inflammatory drugs for acute low back pain. Cochrane
Database Syst Rev. 2020;4(4):Cd013581.

4. Tagliaferri SD, Miller CT, Owen PJ, Mitchell UH, Brisby H, Fitzgibbon B, et al.
Domains of chronic low back pain and assessing treatment effectiveness:
a clinical perspective. Pain Pract. 2020;20(2):211-25.

5. LaxmaiahManchikanti M, Radomir KM. Low back pain and diagnostic
lumbar facet joint nerve blocks: Assessment of prevalence, false-positive
rates, and a philosophical paradigm shift from an acute to a chronic pain
model. Pain Physician. 2020;23:519-29.

6. PasdarY, Hamzeh B, Moradi S, Cheshmeh S, Najafi F, Moradinazar M, et al.
Better muscle strength can decrease the risk of arthralgia and back &
joint stiffness in Kurdish men; a cross-sectional study using data from
RaNCD cohort study. BMC Musculoskelet Disord. 2020;21(1):1-8.

7. Ruta, Prado ES, Chichande JT, Ruta A, Salvatori F, Magri S, et al. EULAR
definition of “arthralgia suspicious for progression to rheumatoid arthritis”
in a large cohort of patients included in a program for rapid diagnosis:
role of auto-antibodies and ultrasound. Clin Rheumatol. 2020;39(5):1-7.

8. LiY, Schoufour J, Wang DD, Dhana K, Pan A, Liu X, et al. Healthy lifestyle
and life expectancy free of cancer, cardiovascular disease, and type 2
diabetes: prospective cohort study. bmj. 2020;368:1669.

9. Higgins DM, Buta E, Heapy AA, Driscoll MA, Kerns RD, Masheb R, et al.
The relationship between body mass index and pain intensity among
veterans with musculoskeletal disorders: findings from the msd cohort
study. Pain Med. 2020;21(10):2563-72.

10. Herzog W. Reflections on obesity, exercise, and musculoskeletal health. J
Sport Health Sci. 2020;9(2):108.

11. Al-Abed A-AAA. Obesity-Linked Diseases (Comorbidities). Obesity and its
Impact on Health: Springer; 2021. p. 97-116.

12. Kim S, Chang Y, Yun KE, Jung H-S, Kim I, Hyun YY, et al. Metabolically
healthy and unhealthy obesity phenotypes and risk of renal stone: a
cohort study. Int J Obes. 2019;43(4):852-61.

13. Bliiher M. Metabolically healthy obesity. Endocr Rev. 2020;41(3):405-20.

14. Tsatsoulis A, Paschou SA. Metabolically healthy obesity: criteria,
epidemiology, controversies, and consequences. Curr Obes Rep.
2020;9(2):109-20.

15. Liao C, GaoW, Cao W, Lv J, Yu C,Wang S, et al. Associations of metabolic/
obesity phenotypes with insulin resistance and C-reactive protein: results
from the cntr study. Diabetes Metabolic Syndrome Obesity. 2021;14:1141.

16. Walsh TP, Arnold JB, Evans AM, Yaxley A, Damarell RA, Shanahan EM. The
association between body fat and musculoskeletal pain: a systematic
review and meta-analysis. BMC Musculoskelet Disord. 2018;19(1):1-13.

17. Pasdar, Najafi F, Moradinazar M, Shakiba E, Karim H, Hamzeh B,
et al. Cohort profile: Ravansar Non-Communicable Disease cohort
study the first cohort study: in a Kurdish population. Int j epidemiol.
2019/48(3):682-3.

18. Poustchi H, Eghtesad S, Kamangar F, Etemadi A, Keshtkar A-A, Hekmat-
doost A, et al. Prospective epidemiological research studies in Iran (the
PERSIAN Cohort Study): rationale, objectives, and design. Am J Epidemiol.
2017,187(4):647-55.

19. Alberti KGM, Zimmet P, Shaw J. The metabolic syndrome—a new world-
wide definition. Lancet. 2005;366(9491):1059-62.

20. PasdarY, Hamzeh B, Moradi S, Cheshmeh S, Najafi F, Moradinazar M, et al.
Better muscle strength can decrease the risk of arthralgia and back &joint
stiffness in Kurdish men; a cross-sectional study using data from RaNCD
cohort study. BMC Musculoskeletal Disord. 2020;21(1):686.

21. Mendonga CR, Noll M. High prevalence of musculoskeletal pain in indi-
viduals with severe obesity: sites, intensity, and associated factors. Korean
J Pain. 2020;33(3):245.

22. Tang D, Xiao X, Chen L, Kangzhu Y, Deng W, Yang S, et al. Association
of dietary patterns with obesity and metabolically healthy obesity
phenotype in Chinese population: a cross-sectional analysis of China
Multi-Ethnic Cohort Study. Bri J Nutr. 2022;10:1-11.


http://persiancohort.com/central-committee/

Karimi et al. Archives of Public Health

23.

24.

25.

26.

27.

28.

29.

30.

31.

32

(2022) 80:185

Blimel JE, Arteaga E, Mezones-Holguin E, Zufiga MC, Witis S, Vallejo MS,
et al. Obesity is associated with a higher prevalence of musculoskeletal
pain in middle-aged women. Gynecol Endocrinol. 2017;33(5):378-82.
Masruroh E, Setyadhani E. Obesity factors on the incidence of joint pain
of elderly. Jurnal Ners dan Kebidanan (Journal of Ners and Midwifery).
2021;8(2):206-10.

Lee SW, Van Dien C, Won SJ. Adipose tissue as pain generator in the lower
back and lower extremity: application in musculoskeletal medicine. HCA
Healthc J Med. 2020;1(5):2.

Azim S, Nicholson J, Rebecchi MJ, Galbavy W, Feng T, Rizwan S, et al. Inter-
leukin-6 and leptin levels are associated with preoperative pain severity
in patients with osteoarthritis but not with acute pain after total knee
arthroplasty. Knee. 2018;25(1):25-33.

Segar AH, Fairbank JC, Urban J. Leptin and the intervertebral disc: A
biochemical link exists between obesity, intervertebral disc degenera-
tion and low back pain—an in vitro study in a bovine model. Eur Spine J.
2019,28(2):214-23.

Niemantsverdriet E, van den Akker EB, Boeters DM, van den Eeden SJ,
Geluk A, van der Helm-van AH. Gene expression identifies patients who
develop inflammatory arthritis in a clinically suspect arthralgia cohort.
Arthritis Res Ther. 2020;22(1):1-7.

Kose R, Sargin G, Senturk T, Cildag S, Unubol M, Abas B, et al. The associa-
tion between clinically suspect arthralgia and adipokines in obese
patients. Acta reumatol port. 2018;43(4):284-90.

Wang T, He C. Pro-inflammatory cytokines: The link between obesity and
osteoarthritis. Cytokine Growth Factor Rev. 2018;44:38-50.
Walrabenstein W, van der Leeden M, Weijs P, van Middendorp H, Wage-
naar C, van Dongen JM, et al. The effect of a multidisciplinary lifestyle
program for patients with rheumatoid arthritis, an increased risk for
rheumatoid arthritis or with metabolic syndrome-associated osteoar-
thritis: the “Plants for Joints”randomized controlled trial protocol. Trials.
2021;22(1):1-11.

Giraud C, Lambert C, Dutheil F, Pereira B, Soubrier M, Tournadre A. The
relationship between weight status and metabolic syndrome in patients
with rheumatoid arthritis and spondyloarthritis. Joint Bone Spine.
2021;88(1): 105059.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 8 of 8

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Obesity phenotypes related to musculoskeletal disorders; a cross-sectional study from RaNCD cohort
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Study design and setting
	Participants
	Anthropometry and body composition
	Blood pressure
	Biochemical analysis
	Obesity phenotypes
	Outcome measurement
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


