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ABSTRACT
Purpose  The current study aimed to investigate the 
associations between metabolic syndrome (MetS) with 
health-related quality of life (HRQoL) using multilevel 
analysis among the Iranian adult population.
Methods  This cross-sectional study was conducted in 
the framework of the Tehran Lipid and Glucose Study 
(TLGS). Participants were 6113 participants (3318 women 
and 2795 men) aged≥20 years of the TLGS seventh phase 
who had completed data on HRQoL and MetS. HRQoL was 
assessed using the short-form 12-item health survey V.2 
and MetS defined based on the guidelines outlined in the 
Joint Interim Statement. The two-level model was fitted to 
assess the association between MetS and HRQoL.
Results  The prevalence of MetS and its components was 
higher in men, and regardless of metabolic status, men 
exhibited higher HRQoL values. The deleterious impact 
of MetS on HRQoL was more pronounced in women, 
while the detrimental effects of MetS on men’s HRQoL 
were confined to specific subscales. These results were 
obtained through multilevel analysis, considering both 
familial and individual variation levels. Moreover, our 
investigation highlighted the positive influence of leisure-
time physical activity on both the physical and mental 
component summaries (PCS and MCS, respectively), 
regardless of gender. Education had a greater positive 
impact on PCS in both sexes. Additionally, a history of 
cardiovascular diseases was associated with a decline 
in mental and physical HRQoL, while age was linked to a 
decline in PCS and MCS, and smoking was associated with 
a decline in MCS.
Conclusion  This study revealed the significant influence 
of gender, as well as the unique characteristics and 
circumstances of individuals, on the relationship between 
MetS and HRQoL in a general population with low/middle 
income.

INTRODUCTION
Metabolic syndrome (MetS) is character-
ised by a cluster of abnormalities, including 
abdominal obesity, impaired glucose metab-
olism, elevated triglyceride (TG) levels, 
reduced high-density lipoprotein (HDL) 

levels and hypertension which was first 
described by Reaven in 1988.1 2 It is widely 
recognised that MetS plays a significant 
role in the development of numerous non-
communicable diseases, such as type 2 
diabetes and cardiovascular diseases (CVD),3 
which collectively contribute to approximately 
41 million deaths worldwide each year.4 The 
global prevalence of MetS exhibits notable 
variation depending on diverse factors such 
as genetics, biology and social determinants.5 
Over the past decade, the occurrence of MetS 
has increased among the adult population in 
both developed and developing countries.6 
Epidemiological studies in Iran indicate that 
the national prevalence of MetS rose to>30% 
in 2020.7

Several studies have demonstrated that 
individuals’ health status from oral health to 
metabolic health, and also lifestyle-related 
behaviours, including smoking, physical inac-
tivity and unhealthy dietary habits, as well as 
the emotional states, significantly contribute 
to the development and progression of 
MetS.8–10 Consequently, recent guidelines for 
MetS emphasise the importance of adopting 
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a comprehensive public health approach that focuses on 
promoting healthy behaviours and addressing psycholog-
ical factors such as health-related quality of life (HRQoL) 
in both preventing and managing MetS.11

HRQoL is a comprehensive and multidimensional 
concept that encompasses the physical, mental and social 
dimensions of an individual’s well-being. It serves as a 
valuable metric for assessing overall quality of life from 
the perspective of the individuals themselves.12 There-
fore, HRQoL has increasingly been considered in disease-
related studies. Several studies, mainly conducted in 
developed countries, have revealed that individuals with 
MetS tend to have reduced self-perception of physical 
and mental health.13 14 Furthermore, a study conducted 
within the framework of the Tehran Lipid and Glucose 
Study (TLGS) in Iran revealed a gender-specific impact 
of MetS on HRQoL, with women experiencing a more 
significant decline in their physical HRQoL compared 
with men.15

The studies indicated that individuals with the same 
MetS diagnosis can experience significant variation in 
perceived health status based on their unique charac-
teristics.16 Accordingly, several studies have highlighted 
that metabolic diseases exhibit distinct features related 
to sociodemographic and lifestyle factors, which, in turn, 
influence perceived HRQoL.17 Additionally, research 
has shown that MetS tends to cluster within families, 
suggesting that shared genetic and environmental factors 
may play a role in its development. Therefore, exam-
ining familial variations in HRQoL among individuals 
with MetS can shed light on the potential heritable and 
environmental influences on quality of life.13 18 There-
fore, adopting a holistic approach that considers various 
factors beyond individual differences is crucial for under-
standing the relationship between HRQoL and meta-
bolic disorders.19 In this regard, multilevel analysis, also 
known as hierarchical linear modelling or mixed-effects 
modelling, is employed to analyse data characterised by a 
hierarchical or nested structure, allowing researchers to 
simultaneously investigate relationships at multiple levels 
of analysis, taking into account dependencies and inter-
actions within the data.20 Multilevel models are generally 
used to draw inferences about the population of units 
at each level of the hierarchy and to understand how 
variation in outcomes at different levels is influenced by 
predictor variables.21

Despite previous studies that have investigated the link 
between HRQoL and MetS, no study has used a multilevel 
approach to explore this association beyond individual 
variations. Using a multilevel approach could reveal 
important nuances and contextual factors overlooked 
in previous studies, providing a deeper understanding 
of the complex relationship between MetS and HRQoL. 
The TLGS is the first prospective cohort study in Iran 
designed to explore associations at three levels of varia-
tion: individual, familial and healthcare centre. There-
fore, the current study was conducted to examine the 
associations between MetS and HRQoL using multilevel 

analysis among the Iranian adult population based on 
the data from the TLGS. The current study hypothesises 
that MetS is negatively associated with the HRQoL of the 
adult population, taking into consideration individual 
and other background variations.

MATERIALS AND METHODS
Study design and participants
The current study was conducted as part of the TLGS, 
which is the first large population-based cohort study in 
Iran. The TLGS was carried out in Tehran, which at the 
time was composed of 20 urban districts. District 13 was 
chosen mainly because city-wide data showed a high rate 
of residential stability in that district, and the age distri-
bution in District 13 was representative of the overall 
population in Tehran. Subsequently, a cluster random 
sampling method was applied to recruit the participants. 
In this regard, from the 20 existing healthcare centres, 
three centres were selected randomly. Then, all families 
within the selected centres were invited to participate, 
and interested families were recruited. Finally, individuals 
within each recruited family randomly participated in 
the study. The baseline assessment of the TLGS involved 
15 005 individuals aged≥3 years. The TLGS has two main 
periods: The first period was executed between February 
1999 and August 2001. The second period includes six 
follow-up phases which have been conducted from 2002 
to 2021, triennially. For more detailed information about 
the TLGS protocol and data collection process, compre-
hensive publications are available.22 23 This cross-sectional 
study used data from the seventh phase of the TLGS, 
which spanned from 2019 to 2021. Initially, a total of 
7188 adults (3286 men and 3902 women) aged≥20 years 
participated in this phase. Subsequently, the data of 10 
pregnant women and 1065 individuals with diabetes (491 
men and 574 women) due to their unique psychological 
changes, unique challenges, comorbidities and treat-
ment considerations were excluded for further analyses 
(figure 1). For the remaining participants, if there were 
any missing values for variables related to HRQoL, MetS 
and its components, as well as demographic, behavioural 
and medical history variables, appropriate missing data 
strategies were employed for imputation. Consequently, 
the final analysis included the data of 6113 participants, 
consisting of 3318 women and 2795 men.

Measurements and definitions
Data collection was conducted by trained interviewers 
using pretested questionnaires, which offered a compre-
hensive framework for assessing various aspects of the 
participants’ characteristics, including socio-demographic 
information, behavioural factors and medical records 
variables.23

Marital status was defined as married or unmarried, 
while educational level was categorised as primary, 
secondary or higher. In terms of occupation, participants 
were grouped into unemployed or employed. Regarding 
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smoking, participants were categorised as ‘yes’ for current 
cigarette smokers at the time of examination and ‘no’ for 
ex-smokers or those who had never smoked. A continuous 
dependent variable was used to assess the quantity and 
quality of an individual’s physical activity during leisure 
time, with energy consumption serving as an indicator. 
To accomplish this, the valid Iranian version of the Modi-
fiable Activity Questionnaire for adults was employed.24 
This questionnaire evaluates the duration of time spent 
engaging in 15 popular Iranian leisure activities, allowing 
for the calculation of total weekly hours allocated to each 
activity, which represents the time devoted to leisure-
time physical activity. To determine the energy expended 
during leisure-time physical activity, the obtained values 
were multiplied by metabolic equivalents. Metabolic 
equivalent task is a physiological measure used to stan-
dardise the intensity of a specific activity, irrespective of 
its duration.25 This index quantifies energy expenditure 
based on the reference metabolic rate of 3.5 mL O2/kg 
min, as per convention.

Chronic kidney disease (CKD) was defined by the 
Kidney Disease Outcome Quality Initiative guidelines.26 
It was characterised by the presence of structural or func-
tional kidney damage or a glomerular filtration rate below 
60 mL/min/1.73 m² persisting for more than 3 months. 
The history of cancer was determined based on each 

subject’s report of any diagnosed cancers by a physician. 
The history of CVD encompassed various conditions such 
as coronary heart disease, myocardial infarction, previous 
heart surgery, angioplasty, hospitalisation in the coronary 
care unit, as well as cerebrovascular attack.

Metabolic syndrome: definition and assessment
In the current study, MetS defined based on the guide-
lines outlined in the Joint Interim Statement,27 which 
included the proposed cut-off for waist circumfer-
ence (WC) in the Iranian population.28 MetS encom-
passes five components: central obesity or elevated WC, 
hypertension, hyperglycaemia, increased TG levels and 
decreased HDL levels. To diagnose MetS, three out of the 
following five criteria needed to be met: (1) Abdominal 
obesity, indicated by a WC of≥90 cm for both genders; 
(2) TG≥150 mg/dL; (3) HDL cholesterol levels≤40 mg/
dL for men or≤50 mg/dL for women, or the use of medi-
cations affecting HDL levels; (4) systolic/diastolic blood 
pressure (SBP/DBP) ≥130/85 mm Hg, or the use of anti-
hypertensive medications; (5) fasting blood sugar (FBS) 
levels≥100–125 mg/dL.

In this study, the WC was measured at the level of the 
umbilicus using a tape measure. Blood pressure was 
measured following standardised protocols. Hence, after 
a 15-min rest in the seated position, SBP and DBP were 

Figure 1  The sampling flowchart. TLGS, Tehran Lipid and Glucose Study
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measured twice at a 5-min interval on the right arm by 
qualified trained personnel via a standardised mercury 
sphygmomanometer (calibrated by the Iranian Institute 
of Standards and Industrial Researches), and the average 
value of two readings was considered as blood pressure 
values. In addition, FBS was measured using the glucose 
oxidase assay, while enzymatic methods were applied to 
measure lipid factors such as TG and HDL. All blood tests 
were conducted after an overnight fast.

Health-related quality of life
In this study, the assessment of HRQoL was conducted 
using a reliable and validated Persian version of the short-
form 12-item health survey V.2 (SF-12v2).29 This survey 
consists of two dimensions, namely physical and mental 
health. The physical subscales of the SF-12v2 encompass 
four specific subscales: physical functioning, role physical, 
bodily pain and general health. On the other hand, the 
mental subscales include vitality, social functioning, role 
emotional and mental health. Each subscale score in the 
SF-12v2 ranges from 0 (representing the poorest health 
condition) to 100 (indicating the best health condition). 
Furthermore, the SF-12v2 provides two summary scores: 
the physical component summary (PCS) and the mental 
component summary (MCS). These summary scores are 
weighted representations of the respective domains and 
provide an overall evaluation of an individual’s physical 
and mental health status.

Statistical methods
The first step in data analysis involved addressing the issue 
of missing data. The models used in this study were not 
equipped to handle missing data, so the data had to be 
imputed using statistical methods. Multiple imputation 
was one of the most popular methods used, as it allows for 
the simultaneous imputation of all missing values. After 
investigating the missing data process using diagnostic 
charts, it was determined that the process was random 
or missing at random.30 To enhance the accuracy of 
imputing missing data, three methods—Random Forest 
(RF), weighted predictive mean matching (WPMM) and 
classification and regression tree (CART)—were selected 
for imputation.31 These methods were chosen because 
they could handle both quantitative and qualitative vari-
ables in the TLGS data. After imputing missing data with 
all three methods, five data sets were generated, each with 
10 iterations. Diagnostic charts were used to evaluate the 
three methods, and it was found that the WPMM method 
had the least variation in the five data sets produced.32 
Therefore, the final method for imputing missing data 
was WPMM. The data sets produced by the WPMM 
method were then combined, and a multilevel analysis 
was conducted. One of the main reasons for using this 
model was the nested structure in the TLGS data. With 
data collected from three health centres, each containing 
multiple households with individual members, the 
multilevel analysis model proved to be suitable. The 
assumptions for multilevel models are similar to those 

of linear regression models.30 One crucial assumption 
is the normality of the response variable, with residuals 
at each level following a normal distribution. Addition-
ally, maintaining the assumption of homogeneity in the 
variance of the residuals at each level is important. On 
our examination, we found that these assumptions hold 
for our data in the multilevel models. To assess the vari-
ability at each level, Within-Variation Level Association 
Plots were created. Analysis of the graphs revealed that 
while medical centres, families and individuals were all 
considered as levels of variability in the multilevel analysis 
model, medical centres did not contribute significantly to 
the variability in the data. Ultimately, it was determined 
that the primary sources of variability in the study were 
the families and individuals.

Descriptive analysis was performed using SPSS V.26 
software. R-Studio software V.2023.06.1 was used for 
imputation and fitting the two-level model. Imputation 
was carried out using the Mice, missMDA, Amelia and 
missForest packages, while the ggplot2 package was 
used for graph creation. Finally, the two-level model was 
fitted using the tidyverse, lme4 and mlr3 packages. In the 
present study, the variables were chosen for adjustment 
based on existing literature. These variables included 
age, occupation, education, marital status, smoking, 
leisure-time physical activity, history of CVD and cancer 
and CKD. A two-sided p value of<0.05 was considered 
statistically significant.

Patient and public involvement
Patients and/or the public were not involved in the 
design, conduct, reporting or dissemination plans of this 
research.

RESULT
Level of variation
The analysis of the Within-Variation Level Association 
Plot revealed variation at two levels: family and individ-
uals, with no significant variation attributed to healthcare 
centres. The diagram illustrating the within-healthcare 
centre effect of Mets on HRQoL showed no noticeable 
differences in the slope and intercept originating from 
healthcare centres (figure  2). Furthermore, when the 
multilevel analysis model was applied to the data, and 
the healthcare centres were entered into the model as a 
random factor causing variation, it was found to have zero 
variance. Therefore, it was concluded that in both men 
and women, MCS, PCS and all dimensions of these vari-
ables did not change significantly among health centres, 
whether the individuals have metabolic syndrome or not. 
As a result, it was determined that healthcare centres 
should not be considered a source of variability.

The graph depicting the family variable showed signif-
icant changes in both the intercept and slope from the 
origin, indicating that the family level could be a key 
source of variability impacting HRQoL (figure 3). It was 
also observed that each individual contributed to the 



5Niknam M, et al. BMJ Open 2024;14:e087870. doi:10.1136/bmjopen-2024-087870

Open access

overall variability as a distinct factor. Consequently, a two-
level model incorporating family and individual levels of 
variability was selected for the subsequent data analysis. 
Figure 4 illustrates the within-individual variation level in 
men and women, based on a random sample of 50 indi-
viduals from each group. This graph highlights that, in 
addition to the family being a level of variability, each 
person can also be considered as a level of variability. 
Each person represents the innermost level of variability 
in the study.

Participants’ characteristics across sex and MetS status
The characteristics of the study participants by sex are 
presented in online supplemental table 1. The results 
revealed statistically significant differences between men 
and women, except for age, marital status and history of 
cancer. A total of 6113 adults (44.2% men) were enrolled 
in the study, with mean ages of 44.01±14.8 years for 
men and 45.234±13.2 years for women. The majority of 

participants were married, accounting for 72.8% of men 
and 74.1% of women. Most participants were educated, 
and employment rates were higher among men compared 
with women (74.8% vs 24.0%). A greater proportion of 
men were smokers, and leisure-time physical activity was 
significantly higher among them. Furthermore, a higher 
prevalence of CVD and CKD was observed among women, 
while MetS and its components were significantly more 
prevalent in men.

Table  1 presents the sociodemographic and clinical 
characteristics of the study participants, separately for 
men and women, comparing those with and without MetS. 
The results indicate that, apart from a history of cancer 
in both sexes, as well as employment status in men, all 
other variables showed statistically significant differences 
between individuals with and without metabolic disor-
ders. Individuals with MetS had a higher mean age and 
affected women had a higher mean age compared with 

Figure 2  The distribution of MCS and PCS of health-related quality of life across within-healthcare centre variation levels and 
sex. MCS, mental component summary; MetS, metabolic syndrome; PCS, physical component summary.

https://dx.doi.org/10.1136/bmjopen-2024-087870
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men with MetS. Furthermore, it was found that partici-
pants with MetS were more likely to be non-smokers and 
married. They also tended to have a sedentary lifestyle. 
In addition, they were more affected by CVD and CKD. 
Consistent with expectations, they had higher levels of all 
MetS components, except for HDL, which was lower in 
this group.

Association of metabolic syndrome with HRQoL
Table  2 presents the HRQoL scores in individuals with 
and without MetS. Overall, men had higher HRQoL 
scores compared with women. Among women, a signif-
icant decline was observed in all HRQoL scores among 
those with MetS (p<0.001). Among men, HRQoL scores 
were lower in participants with MetS. Specifically, phys-
ical HRQoL measures, except for the bodily pain dimen-
sion, were significantly deteriorated in those with MetS. 
However, no significant differences were observed in 
MCS and its subscales.

Table 3 presents the findings of the multilevel analysis 
regarding the association between MetS and HRQoL 
after adjusting for potential confounders. The results 
indicated that MetS did not have a significant effect on 
PCS and MCS (β=−0.38, p=0.120 for PCS and β=−0.07, 
p=0.851 for MCS) in men. In addition, MetS was signifi-
cantly inversely associated with general health (β=−3.38, 
p<0.001) and role emotional in men (β=−1.73, p=0.044) 
as two subscales of physical and mental HRQoL, respec-
tively. Meanwhile, the results in women showed that 
MetS has a significantly negative effect on PCS (β=−1.47, 
p<0.001) and MCS (β=−1.05, p=0.043). Furthermore, 
almost all aspects of mental and physical HRQoL were 
affected by MetS. Specifically, all physical HRQoL 
declined significantly in women with MetS compared 
with those with normal metabolic status, and all mental 
HRQoL, except for vitality (β=−0.84, p=0.364), deterio-
rated in women with MetS.

Figure 3  The distribution of MCS and PCS of health-related quality of life across within-family variation levels and sex. MCS, 
mental component summary; MetS, metabolic syndrome; PCS, physical component summary.
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Association of participants’ characteristics with PCS and MCS
The results of online supplemental table 2 indicate the 
adjusted multilevel model coefficient for the associa-
tion between the characteristics of study participants 
with PCS and MCS according to sex. The results indi-
cated that among men, PCS was inversely associated 
with age (β=−0.08, p<0.001), unemployment (β=−1.08, 
p<0.001) and history of CVD (β=−1.87, p<0.001), while 
it was directly related to higher education level (β=1.43, 
p=0.022), and leisure-time physical activity (β=0.98, 
p<0.001). Additionally, MCS was negatively related to 
smoking (β=−3.27, p<0.001) and being single (β=−1.29, 
p=0.017), and increased by leisure-time physical activity 
level (β=0.32, p=0.039). In women, our results demon-
strated an inverse association between age, and history 
of CVD with PCS (β=−0.18, p<0.001, β=−2.25, p<0.001, 
respectively), while PCS significantly improved by leisure-
time physical activity (β=−3.27, p<0.001), higher levels 
of education and being unmarried. Regarding MCS, 
the findings illustrated that it was directly related to 

leisure-time physical activity (β=1.17, p<0.001), and nega-
tively associated with smoking and history of CVD.

DISCUSSION
The study aimed to examine the associations between 
MetS and HRQoL through multilevel analysis in a large 
Iranian adult population using data from the TLGS. The 
findings revealed a higher prevalence of MetS and its 
components among men compared with women. Men 
exhibited higher scores on HRQoL assessments, indi-
cating superior overall well-being. However, the delete-
rious impact of MetS on HRQoL was more pronounced 
in women, manifesting as substantial declines across 
numerous domains encompassing mental and physical 
well-being. Conversely, the detrimental effects of MetS on 
men’s HRQoL were confined to specific subscales. These 
results were obtained through multilevel analysis, consid-
ering both familial and individual variation levels. More-
over, the investigation highlighted the positive influence 

Figure 4  Mental and physical health-related quality of life distribution considering within-individual variation level in men and 
women. MCS, mental component summary; MetS, metabolic syndrome; PCS, physical component summary.

https://dx.doi.org/10.1136/bmjopen-2024-087870
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of leisure-time physical activity on both the PCS and MCS, 
regardless of gender. Education had a greater positive 
impact on PCS in both men and women. Additionally, a 
history of CVD was associated with a decline in mental 
and physical HRQoL, while advancing age was linked to 
a decline in PCS and MCS, and smoking was associated 
with a decline in MCS.

The current study indicated that men have a higher 
likelihood of experiencing MetS and its components 
compared with women. This finding is consistent with 
other studies conducted in developed and developing 
countries.33–35 However, this is inconsistent with the result 

of a previous study in Iran which reported that the prev-
alence of MetS was almost two times higher in women 
compared with men in a bi-ethnic adult population.36 
Additionally, two studies conducted in China and India 
showed no significant difference in the prevalence of MetS 
between men and women.37 38 Interestingly, a Spanish 
study on adults aged 55–75 with MetS also found higher 
HRQoL in men, but unlike our study, did not observe a 
decline in mental HRQoL, suggesting potential moder-
ating factors like age or cultural variations.14 The dispar-
ities in results across studies may be clarified by factors 
such as population diversity, cultural behaviours, lifestyle 

Table 1  Characteristics of study participants according to the metabolic syndrome and sex

Variables

Men (n=2795) Women (n=3318)

Without metabolic 
syndrome (n=1336)

With metabolic 
syndrome (n=1459) P value

Without metabolic 
syndrome (n=2343)

With metabolic 
syndrome (n=975) P value

Age, years 41.18 (14.9) 48.17 (13.9) <0.001 41.83 (12.2) 53.45 (11.9) <0.001

Education level <0.001 <0.001

 � Primary 59 (4.4) 67 (4.6) 125 (5.3) 196 (20.1)

 � Secondary 606 (45.4) 759 (52) 1055 (45) 513 (52.6)

 � Higher 671 (50.2) 633 (43.4) 1163 (49.6) 266 (27.3)

Employment 0.177 <0.001

 � Unemployed 352 (26.3) 352 (24.1) 1682 (71.8) 841 (86.3)

 � Employed 984 (73.7) 1228 (84.2) 661 (28.2) 134 (13.7)

Marital status <0.001 <0.001

 � Unmarried 529 (39.6) 301 (20.6) 683 (29.2) 177 (18.2)

 � Married 807 (60.4) 1158 (79.4) 1660 (70.8) 798 (81.8)

Smoking status <0.001 <0.001

 � Yes 330 (24.7) 301 (20.6) 69 (2.9) 23 (2.4)

 � No 1006 (75.3) 1158 (79.4) 2274 (97.1) 952 (97.6)

Leisure-time 
physical activity

1027.06 (824.2) 833.48 (542.7) <0.001 723.62 (659.2) 586.18 (429.2) <0.001

 � CKD <0.001 <0.001

 � Yes 117 (8.8) 310 (21.2) 526 (22.4) 434 (44.5)

 � No 1219 (91.2) 1149 (78.8) 1817 (77.6) 541 (55.5)

History of CVD <0.001 <0.001

 � Yes 137 (10.3) 259 (17.8) 309 (13.2) 230 (23.6)

 � No 1199 (89.7) 1200 (82.2) 2034 (86.8) 745 (76.4)

History of cancer 0.308 0.084

 � Yes 2 (0.1) 5 (0.3) 10 (0.4) 9 (0.9)

 � No 1334 (99.9) 1457 (99.7) 2333 (99.6) 966 (99.1)

SBP, mm Hg 111.11 (11.6) 119.79 (14.6) <0.001 103.59 (11.9) 116.39 (15.6) <0.001

DBP, mm Hg 74.00 (8.8) 77.11 (15.7) <0.001 70.55 (8.21) 75.97 (10.6) <0.001

WC, cm 90.42 (10.7) 100.47 (9.1) <0.001 87.86 (10.4) 99.90 (9.4) <0.001

FBS, mg/dL 90.70 (7.5) 96.84 (9.4) <0.001 89.80 (7.6) 96.87 (9.6) <0.001

TG, mg/dL 107.49 (49.1) 195.29 (107.3) <0.001 103.19 (45.0) 174.91 (88.2) <0.001

HDL, mg/dL 47.12 (9.5) 39.23 (8.5) <0.001 53.07 (10.3) 45.97 (1.2) <0.001

Categorical and continuous variables are expressed as mean (SD) and number (%), respectively. The p value was assessed using χ2 tests for 
categorical variables and the t-test for continuous variables.
Bold values are significant.
CKD, chronic kidney disease; CVD, cardiovascular disease; DBP, diastolic blood pressure; FBS, fasting blood sugar; HDL, high-density lipoprotein; 
SBP, systolic blood pressure; TG, triglyceride; WC, waist circumference.
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habits and differing diagnostic criteria. The current 
differences between men and women in MetS preva-
lence can be attributed to physiological sex variations, 
such as higher levels of TG and abdominal fat in men, 
significant contributors to MetS.39 Moreover, behavioural 
risk factors like smoking and sedentary lifestyles, more 
common among men in many regions, could heighten 
the risk of MetS development.40 41 Additionally, variations 
in susceptibility to MetS between genders may be influ-
enced by existing sociocultural norms that impact the 
health-related behaviours of men and women differently. 
For example, traditional gender norms may encourage 
certain dietary habits or physical activity levels that differ 

between genders, leading to divergent metabolic profiles 
and susceptibility to MetS.42 43

Further results of the present study showed that 
HRQoL, both in total and its subscales were consider-
ably greater in men compared with women, regardless 
of their metabolic status. This result is consistent with 
two previous studies conducted among adults15 and the 
elderly Iranian population44 which also found poorer 
HRQoL in women. Social support systems and cultural 
norms have a big impact on people’s health-related 
habits. In this regard, the observed differences may be 
attributed to potential gender variations in the availability 
of stronger social support networks among men, as well 
as societal perceptions of masculinity.45 46 Furthermore, 
poorer HRQoL in women with and without metabolic 
disorders may be influenced by gender-specific attitudes 
and behaviours toward health. Studies have shown that 
men, unlike women, may be less prone to express health 
issues or seek support.47 On the other hand, even in the 
absence of MetS, women’s candour regarding health 
concerns may result in poorer baseline HRQoL scores. 
Accordingly, investigations have indicated that women 
are more proactive in monitoring their health, reporting 
health concerns, seeking medical help and visiting health-
care facilities.44 In addition, gender differences in health-
care utilisation and access may also be important. Women 
may seek medical attention more proactively, which 
could have an impact on reported HRQoL. Furthermore, 
research indicates that when it comes to chronic health 
concerns, men and women may use distinct coping 
strategies. Therefore, examining these potential gender 
disparities in MetS coping strategies may offer important 
new perspectives on the observed differences in HRQoL 
among men and women.48

Our study found that MetS has a more significant 
adverse effect on the HRQoL of women, leading to 
substantial declines in both mental and physical HRQoL 

Table 2  HRQoL scores across metabolic syndrome status and sex

HRQoL

Men (n=2795) Women (n=3318)

Without metabolic 
syndrome (n=1336)

With metabolic 
syndrome (n=1459) P value

Without metabolic 
syndrome (n=2343)

With metabolic 
syndrome (n=975) P value

PCS 52.93 (6.35) 51.48 (6.78) <0.001 50.79 (8.01) 46.18 (9.28) <0.001

 � Physical function 94.29 (15.16) 92.08 (17.83) <0.001 88.71 (21.15) 76.61 (28.82) <0.001

 � Role physical 92.47 (15.62) 91.08 (17.00) 0.025 85.08 (21.33) 76.87 (25.79) <0.001

 � Bodily pain 88.47 (21.08) 88.02 (21.09) 0.573 82.14 (24.06) 73.15 (28.50) <0.001

 � General health 57.27 (23.67) 50.06 (22.06) <0.001 52.35 (23.11) 40.00 (20.54) <0.001

MCS 49.68 (10.04) 50.07 (10.00) 0.303 47.51 (10.39) 46.45 (10.95) <0.001

 � Vitality 68.46 (22.06) 67.08 (22.94) 0.104 62.46 (22.53) 57.97 (23.65) <0.001

 � Physical function 87.38 (23.48) 87.44 (24.02) 0.954 84.31 (25.45) 77.28 (31.13) <0.001

 � Role emotional 81.44 (22.88) 81.00 (23.45) 0.616 75.33 (24.56) 71.78 (26.12) <0.001

 � Mental health 73.48 (20.82) 74.75 (20.23) 0.103 68.66 (20.92) 64.65 (22.28) <0.001

Variables are expressed as mean (SD). The p value was assessed using t-test.
Bold values are significant.
HRQoL, health-related quality of life; MCS, mental component summary; PCS, physical component summary.

Table 3  The association between metabolic syndrome with 
HRQoL according to sex using a multilevel model

HRQoL

Men (n=2795) Women (n=3318)

β P value β P value

PCS −0.38 0.120 −1.47 <0.001

 � Physical function 0.07 0.909 −3.48 <0.001

 � Role physical −0.56 0.382 −2.47 0.007

 � Bodily pain 0.06 0.942 −4.68 <0.001

 � General health −3.38 <0.001 −4.02 <0.001

MCS −0.07 0.851 −1.05 0.043

 � Vitality −0.67 0.441 −0.84 0.364

 � Physical function 0.46 0.222 −3.93 <0.001

 � Role emotional −1.73 0.044 −2.56 0.013

 � Mental health 1.02 0.210 −1.98 0.039

Models are adjusted for age, occupation, education, marital status, 
smoking, leisure-time physical activity, history of cardiovascular 
disease, chronic kidney disease and history of cancer. β represents 
the increase in mean response per unit increase in each independent 
variable after adjusting for the effects of other variables.
HRQoL, health-related quality of life; MCS, mental component 
summary; PCS, physical component summary.
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across multiple domains. In contrast, the detrimental 
effects of MetS on men’s HRQoL were limited to the 
general health and role emotional dimensions, repre-
senting physical and mental HRQoL, respectively. These 
findings are consistent with other studies showing a 
significant decline in women’s HRQoL due to metabolic 
disorders.15 49 However, some studies have not found a 
significant association between MetS and HRQoL after 
adjusting for confounding factors.50 51 While our study 
identified a decline in women’s mental HRQoL with 
MetS, a Taiwanese study found a negative change in 
mental HRQoL for both genders with persistent MetS 
over 8 years, suggesting potential long-term effects.14 
The lack of association between physical HRQoL and 
MetS in men may be related to gender differences in 
reporting physical symptoms, as several studies have indi-
cated that men generally have lower sensitivity to painful 
stimuli and fewer issues about their physical problems.52 
Additionally, there may be gender-specific physiological 
differences, such as hormone fluctuations, that affect 
how MetS impacts mental and physical HRQoL.53 In this 
regard, the protective effects of oestrogen on blood vessel 
function may explain the detrimental effects of MetS on 
women’s physical health-related quality of life.54 Gender 
differences also exist in the way fat is deposited in the 
body. Women often have more subcutaneous fat, which 
is kept just below the skin’s surface, while men typically 
have more visceral fat, which is found around internal 
organs.55 Social and cultural factors, such as gender roles 
and societal expectations, may also influence people’s 
experiences and perceptions of health and well-being.56 57 
Moreover, gender differences in coping strategies and 
unequal access to healthcare may be associated with varia-
tions in HRQoL results among men and women.58 There 
may be differences in how men and women experience 
and manage long-term medical issues. Due to social stan-
dards surrounding masculinity, men may under-report 
symptoms or minimise the effect of MetS on their well-
being, which might have an impact on their reported 
HRQoL ratings.59 Disparities in socioeconomic status may 
also be relevant. MetS can worsen the poor impacts on 
HRQoL, and women may be more likely to experience 
economic difficulties, restricted access to good dietary 
alternatives and hazardous surroundings. She may also 
prioritise family members’ health over her own, some-
times at her own expense.60

This study suggests that healthcare centres did not 
have a significant impact on HRQoL outcomes, with the 
primary variations being related to familial and individual 
factors.61 62 These findings align with a study conducted 
in the general Hong Kong population, which found a 
strong association between higher family satisfaction and 
HRQoL.18 This implies that while institutional factors 
may not directly influence HRQoL outcomes, individual 
and family dynamics play a significant role in determining 
overall well-being.63 This observation may be attributed to 
the fact that the study population belonged to a similar 
district of the city (District 13) and received similar service 

delivery within healthcare centres.64 Furthermore, the 
study emphasises the importance of addressing individual 
differences in HRQoL studies, especially in the context 
of metabolic disorders. It highlights the complexity of 
individual elements such as coping strategies, psycholog-
ical characteristics, health practices and living situations, 
and suggests that these factors need to be considered in 
public health studies.

The present study provides evidence of the positive 
impact of leisure-time physical activity on both the PCS 
and MCS scores for both men and women. This finding 
is consistent with the result of a previous study which 
indicated leisure-time physical activity improves cardio-
vascular health, physical work capacity and QoL in the 
sample of the Nigerian mid-life population.65 In addition, 
other studies have consistently shown that engaging in 
leisure-time physical activity is associated with improved 
physical health outcomes, including cardiovascular 
health, musculoskeletal strength and weight manage-
ment.66–68 Additionally, exercise has been found to have 
a beneficial effect on mental health, reducing levels of 
stress, anxiety and depression, thereby contributing to 
higher MCS scores.69–71 Furthermore, the study results 
indicate that education has a greater favourable influence 
on PCS scores for both men and women. This finding can 
be attributed to the fact that higher levels of education 
are often associated with increased access to resources 
such as knowledge of healthy lifestyle choices, healthcare 
services and socioeconomic opportunities. These factors 
can contribute to improved physical health outcomes.72 73 
These findings underscore the importance of promoting 
physical activity and education as integral components of 
public health programmes aimed at enhancing HRQoL 
across diverse demographic groups.

According to our findings, there was a significant link 
between a history of CVD and a decline in both the 
mental and physical aspects of HRQoL. This discovery 
aligns with a recent systematic review that suggested long-
term illnesses such as CVD harm the mental and physical 
components of HRQoL.74 Additionally, smoking was asso-
ciated with a decrease in MCS in our study. This outcome 
emphasises the importance of implementing targeted 
smoking cessation programmes to improve the overall 
well-being of individuals with MetS.10 All of these findings 
indicate the complex interactions between various vari-
ables, including age-related changes, lifestyle choices and 
chronic health issues, that influence HRQoL outcomes in 
individuals with MetS.

This research has implications for clinical practice and 
public health policy. First of all, the correlation that exists 
between physical activity and HRQoL emphasises how 
crucial it is to encourage regular exercise among Iranians 
of all ages and genders. Policymakers may use these results 
to support programmes that promote physical education 
in schools, provide access to reasonably priced fitness 
centres and develop walkable neighbourhoods.75 Second, 
the gender differences in how MetS affects HRQoL that 
have been noted underscore the need for individualised 
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treatment strategies. When evaluating HRQoL, clinicians 
should exercise more caution, especially when dealing 
with women who have MetS. They should also think 
about implementing gender-specific therapies that target 
mental and physical health.76

The current study has both strengths and limitations. 
As a large population-based study conducted in a Middle 
Eastern country, it provided a unique opportunity to 
investigate the associations between MetS and HRQoL 
among the Iranian adult population. Furthermore, this 
study was the first attempt to examine the mentioned 
association beyond individual variations using a multi-
level approach. However, the cross-sectional nature of 
the present study limits the ability to make causal argu-
ments. While acknowledging the cross-sectional design’s 
limitations, future research could employ longitudinal 
approaches to strengthen causal inferences. This may 
involve following participants over time in a prospective 
cohort study or collecting retrospective data through a 
nested case–control design. Additionally, the general-
isability of the results is restricted to communities with 
similar cultural and socioeconomic characteristics.

CONCLUSION
The present study employed a multilevel analysis and 
considered individual and familial disparities, revealing 
the significant influence of gender, as well as the unique 
characteristics and circumstances of individuals, on the 
relationship between MetS and HRQoL in a general 
population with low/middle income. These findings 
can inform public health policies promoting physical 
activity and education, while also prompting health-
care professionals to consider the gendered impact of 
MetS on HRQoL and tailor interventions accordingly. 
It also underscores the importance of adopting tailored 
approaches to address the specific needs and challenges 
faced by individuals affected by MetS and emphasises 
that such considerations are crucial when assessing and 
promoting HRQoL.
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