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The metabolic disorders have been reported to account for 

death in a greater than half of the population suffering from 

COVID-19 [1]. Metabolic syndrome (MetS) is associated with 

obesity, deranged lipid metabolism, elevated blood 

pressure, hyperglycemia and insulin resistance. A study 

reported a greater than 35% increase in MetS in US adult 

population during covid era [2]. Metabolic syndrome is 

more prevalent in adults as compared to young adults. In 

the US, in adults of age 18 years and above, metabolic 

syndrome prevalence was found to rise from 25.3% to 

34.2% during the year 1999 to 2012. This metabolic 

syndrome prevalence almost doubled in the United States 

as declared in NHANES data [3]. The criteria of the 
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were ful�lled by 6.1% of the undergraduate students in 

urban areas of Pakistan [4]. Obesity and overweight among 

young adults in developing countries are alarmingly high 

ranging from 2.3 to 12 %, and 28.8 % respectively [5]. World 

obesity foundation has published a report on childhood 

obesity that ranked Pakistan at position number 9 and 

predicted that by the end of 2030, more than one million 

school-aged children and youth will suffer from obesity. 

Obesity has more severe adverse effects on the younger 

population than the older ones [6]. Youth aged between 15 

and 33 years contributes around 63% of the population of 

Pakistan [7]. The implications of COVID-19 constraints 

Metabolic Syndrome Trend in Young Adults

I N T R O D U C T I O N

COVID-19 pandemic imposed sudden changes in lifestyle with consequent altered metabolic 

status. Metabolic Syndrome is described as an altered metabolic pro�le of insulin resistance, 

dyslipidemia, hypertension, and central obesity which raises type 2 Diabetes Mellitus and 

cardiovascular disease danger at an early age. Objective: To analyze COVID-19 era status of 

obesity, hypertension, impaired glucose tolerance, dyslipidemia and metabolic syndrome in 

young adults. Methods: This was a cross-sectional study. 245 university students of either 

gender with ages 19–25 years were included. The lipid pro�le, fasting blood sugar and serum 

insulin was performed by kit method. The insulin resistance was determined by calculating the 

ratio of fasting glucose to insulin. SPSS version number 24.0 was used to analyze the data. 

Results:  Metabolic syndrome's prevalence in overweight and obese subjects was found to be 

36%. The most prevalent risk factor of Metabolic syndrome was raised blood pressure (60%) 

followed by insulin resistance (57%) and dyslipidemia (40%). The positive coe�cient 

correlations were found for all Metabolic syndrome risk factors in general except HDL. The 

multivariate regression analysis evidenced that the BMI and WHR were the signi�cant 

predictors of Metabolic syndrome risk factors. Conclusion: The COVID-19 restrictions 

consequences call for an urgency to effectively address the metabolic syndrome and related 

problems, especially among young individuals. 

A R T I C L E I N F O A B S T R A C T

How to Cite: 
Aziz, Z. ., Sohail , A. ., Soban , M. ., Shah , S. M. H. ., 

Fatima, F. ., & Haque, Z. . (2023). Exploring the 

Metabolic Syndrome Trend in Young Adults in COVID-

19 ERA: Metabolic Syndrome Trend in Young Adults. 

Pakistan Journal of Health Sciences, 4(01).

https://doi.org/10.54393/pjhs.v4i01.493

Key Words: 

Young Adults, Obesity, Metabolic Syndrome, COVID-

19

*Corresponding Author: 

Fasiha Fatima

Department of Biochemistry, Karachi Institute of 

Medical Sciences, Karachi, Pakistan

fasiha.fatima@gmail.com

Received Date: 11th January, 2023

Acceptance Date: 29th January, 2023

Published Date: 31st January, 2023

 PAKISTAN JOURNAL OF HEALTH SCIENCES
https://thejas.com.pk/index.php/pjhs

Volume 4, Issue 1 (January 2023)

54
PJHS VOL. 4 Issue. 1 January 2023 Copyright © 2023. PJHS, Published by Crosslinks International Publishers



Aziz Z et al.,

buttocks was taken to measure the hip circumference. 

Blood pressure was recorded using an automated blood 

pressure monitor Benemed (Hong Kong) Industry Co., 

Limited Model NO.: BP-05). While measuring B.P, it was 

made sure that cuffs level was same as the level of heart. 

The systolic and diastolic blood pressure readings were 

noted after switching it on. The next day participants were 

called after a minimum 12-h fast, 5 cc blood samples were 

drawn by a phlebotomist after taking all aseptic measures. 

The blood samples were collected in the gel-barrier tube 

and transported for biochemical analysis within 4 hours. 

The samples were centrifuged. An enzymatic colorimetric 

(GOD-PAP) method was used to determine the serum 

glucose levels. The standard enzymatic colorimetric 

method determined the serum triglycerides, serum LDL- 

cholesterol, serum HDL-cholesterol, and serum total 

cholesterol. The serum insulin was evaluated by using 

ELISA according to the given directions by (R & D Systems, 

Inc., USA). Insulin sensitivity was computed as a glucose-

to-insulin ratio. New International Diabetes Federation 

criteria were used to de�ne MetS in this study [13]. SPSS 

version 24.0 (by IBM Corp, Armonk, NY) was used to assess 

the data. The quantitative variables were evaluated for 

normality and reported as mean ± SD. One-factor ANOVA 

and the Bonferroni post hoc test were used for comparing 

means of continuous variables by categories of BMI 

according to Asian criteria. The Pearson correlation 

coe�cients used between BMI and WHR for each 

metabolic component were calculated. The multivariate 

linear regression analyses were performed to �nd out the 

in�uence of BMI and WHR on each metabolic component in 

all participants.

Metabolic Syndrome Trend in Young Adults

M E T H O D S

might step up the pre-existing prevalence of overweight or 

obesity in young adults. The pathologies associated with 

metabolic syndrome are correlated with obesity and high-

calorie intake. The risk of developing metabolic syndrome 

is already on the rise in university students as its 

components are being reported at an early age [8]. The 

COVID-19 lockdown has negatively affected physical 

activity and diet quality, and a greater frequency of 

overeating speci�cally among university students. This 

could further predispose university students to obesity and 

other metabolic risk factors [9]. Few basic lifestyle 

changes and an early diagnosis and treatment are key to 

stop the symptoms from progressing in metabolic 

syndrome. These interventions will decrease the global 

load of type II diabetes, cardiovascular diseases and 

mortality linked with MetS [10]. There is a lack of data 

assessing the burden of MetS in general as well as in the 

overweight and obese young adult individuals in Pakistan. 

There is an urgent need to update data and information on 

the frequency and prevalence of metabolic disorder 

related to health impacts of COVID-19 and to assess the 

post-pandemic MetS among young adults as they remain a 

scarcely studied group in Pakistan. The study objectives 

are to evaluate the metabolic syndrome, its components, 

frequency and association with BMI in young adults (19-25 

years).

This study was conducted at Dow University of Health 

S c i e n c e s  a f te r  a p p r ova l  f r o m  I R B - 2 3 6 4 / D U H S / 

Approval/2022/739. It was a cross-sectional study. Sample 

size of 245 was calculated by Open Epi software for public 

health, (version 3.01). The following assumptions were 

made while calculating the sample size. MetS prevalence of 

6.1% among young adults with 3% margin of error and 95% 

con�dence level [11]. The students of either gender of ages 

between 19 to 25 years with BMI >23 kg/m2 as per the Asian 

criteria consented for the study were included through 

non-probability consecutive sampling [12]. A structured 

q u e st i o n n a i re  wa s  a d m i n i ste re d  to  ex t ra c t  t h e 

demographic details of the participants including age, 

gender, socioeconomic and family history. The physical 

measurements were taken and recorded by a trained 

nurse. The height was recorded on Seca Rod 220 

stadiometer in centimeters at the exact point to the 

nearest mm. The weight was measured by a TANITA 

weighing scale with one foot of the participant on each side 

of the scale. The waist was measured by Gulick tape 

measure at the end of exhalation over light clothing; with 

relaxed arms at both sides; at the top of the iliac crest (hip 

bone) and midpoint between the lower margin of the last 

palpable rib. The maximum circumference over the 

R E S U L T S 

The mean values of physical, clinical, and biochemical 

variables of young adults are presented in Table 1. The BMI 

and waist-hip ratio was 28.15 kg/m2 and 0.84 respectively. 

The systolic BP was 120.4 mmHg and diastolic BP was 81.3 

mmHg. The serum concentrations of fasting glucose (FBG), 

insulin, cholesterol and triacylglycerol (TGs) were 89.3 g/dL, 

21.70 mU/L, 174.6 mg/dL and 80.8 mg/dL respectively. The 

LDL and HDL level was 98.43 mg/dL and 45.05 mg/dL. 

Variables Mean ± SD

Height (meters)

Weight (kg)

BMI (kg/m2)

Hip (cm)

Waist (cm)

Waist hip ratio

1.61 ± 0.14

75.36 ± 22.14

28.15 ± 4.94

100.01 ± 12.18

84.95 ± 12.32

0.84 ± 0.06

Physical variables
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variables of young adults by BMI category (n245)
* **Values are given in mean ± S.E.M; p<0.05;  p<0.001 when 

¥ compared with normal weight subjects; p<0.05 when compared 
§ £with overweight subjects; p<0.05,  p<0.001 when compared with 

overweight and normal weight subjects

Systolic blood pressure (mmHg)

Diastolic blood pressure (mmHg)

120.42 ± 9.68

81.36 ± 11.14

Clinical variables

Fasting blood glucose (mg/dL)

Triacylglycerol (mg/dL)

LDL (mg/dL)

HDL (mg/dL)

Total cholesterol (mg/dL)

Insulin (mU/L)

89.31 ± 2.52

80.79 ± 23.78

98.43 ± 9.13

45.05 ± 9.24

174.68 ± 37.73

21.70 ± 13.13

Biochemical variables

Table 1: Descriptive analysis of physical, clinical and biochemical 

variables of young adults (n=245)

Table 2 presents the mean BMI of overweight patients was 

higher than the participants with normal weight (p≤0.05). 

The obese subjects reported higher BMI than the normal as 

well as overweight subjects (p≤0.05). However, the waist-

hip ratio was only notably high in obese than the normal 

weight subjects. The overweight subjects had higher 

average systolic and diastolic blood pressure when 

compared to normal (p≤0.05) while the obese subjects 

showed higher values than normal and overweight subjects 

as well (p≤0.05) The serum FBG and insulin concentrations 

were increased in the overweight (p≤0.05) but the obese 

subjects showed higher concentrations than the 

overweight in comparison to normal-weight subjects 

(p≤0.001). Accordingly, the serum total cholesterol, LDL, 

and HDL concentrations were raised in the overweight and 

obese than in the normal weight subjects (p≤0.05). The 

Serum TGs conc was more in the overweight than the 

normal (p≤0.05) while in the obese it was higher than the 

overweight subjects as well (p≤0.05). 	

Variables

Height (meters)

Weight (kg)

BMI (kg/m2)

Waist hip ratio

Normal weight
(BMI 18.5-22.9 
kg/m2) n=85

Overweight
(BMI 23–24.9 
kg/m2) n=80

Pre-obese/Obese
(BMI≥25 kg/m2)

n=80

Physical variables

1.55 ± 0.02

57.5 ± 2.1

22.98 ± 0.28

0.8 ± 0.009

1.60 ± 0.02

72.9* ± 0.02

28.1** ± 0.22

0.81 ± 0.008

¥1.67**  ± 0.02

95.6* ± 3.5
£33.43  ± 0.61

0.9* ± 0.006

 Fasting blood 
glucose (mg/dL)

Triacylglycerol 
(mg/dL)

LDL (mg/dL)

HDL (mg/dL)

Insulin (mU/L)

Biochemical variables

87.94 ± 0.44

48.14 ± 0.60

88.94 ± 0.40

56.31 ± 1.00

10.07 ± 0.13

89.22* ± 0.39

94.62** ± 0.97

98.48** ± 0.40

40.00** ± 0.23

15.76** ± 0.39

¥90.77**  ± 0.29

99.60£ ± 0.85

100.88** ± 0.48

198.74** ± 3.03

Total cholesterol
(mg/dL) 128.82 ± 3.84 196.48** ± 2.76 198.74** ± 3.03

39.28£ ± 0.89

Systolic blood 
pressure 

(mm of Hg)

Diastolic blood 
pressure 

(mm of Hg)

Clinical variables

114.0 ± 1.7

77.5 ± 1.6

**§ 122.0 ± 1.18

*2.8  ± 1.2

**¥125  ± 1.35

§ 85.0 ± 1.1

Table 2: Comparison of physical, clinical and biochemical 

Correlations between BMI and waist-to-hip ratio & MetS 

risk factors in young adults are shown in Table 3. Notable 

(except HDL) correlations were found in all MetS risk 

factors in general. Signi�cant and positive correlations for 

serum FBG, TGs, and insulin with BMI and WHR were 

observed in obese subjects in comparison to normal-

weight subjects. The serum FBG and TGs showed higher 

c o r r e l a t i o n  c o e � c i e n t s  w i t h  W H R  t h a n  BM I  i n 

overweight/obese subjects.  

Metabolic syndrome 
risk factors

Systolic blood 
pressure (mmHg)

Diastolic blood 
pressure (mmHg)

Fasting blood 
glucose (mg/dL)

Triacylglycerol 
(mg/dL)

HDL (mg/dL)

Insulin (mU/L)

All subjects
(n245)

BMI(kg/m2)

WHR

BMI(kg/m2)

WHR

BMI(kg/m2)

WHR

BMI(kg/m2)

WHR

BMI(kg/m2)

WHR

BMI(kg/m2)

WHR

Pearson's correlation ( r )

Normal 
weight (n80)

Overweight/ pre-
obese/Obese 

(n160)

0.46**

0.18

0.25**

0.34**

0.42**

0.39**

0.77**

0.37**

-0.67**

-0.29**

0.80**

0.57**

0.31

-0.12

-0.09

0.36*

0.08

0.21

0.21

-0.16

-0.002

0.03

0.02

-0.02

0.11

0.11

0.20

0.26*

0.26*

0.36**

0.34*

0.42**

-0.23

-0.07

0.67**

0.60**

Table 3: Correlations between BMI, waist hip ratio (WHR) and 

metabolic syndrome risk factors in young adults (n245)

*p<0.05; ** p<0.001; WHR= Waist hip ratio

Figure 1 shows a 36% metabolic syndrome (MetS) 

prevalence in the overweight and obese subjects. The most 

marked risk factor of MetS was raised blood pressure (60%) 

followed by insulin resistance (57%) and dyslipidemia 

(40%).
70%

60%

50%

40%

30%

20%

10%

0%

B.P>130/85mmHg Dyslipidemia Insulin resistance
Metabolic
syndrome

60%

40%

57%

36%

Figure 1: Prevalence of metabolic syndrome and its risk factors in 

overweight/obese young adults

Multivariate regression analysis showed that the BMI and 

WHR were the signi�cant predictors of MetS risk factors 

(Table 4). The main effect model including BMI and WHR 

explained a high percentage of the variability of insulin 

67.9%; TGs 59.3%; HDL 45.2 %; followed by FBG 22·2 %; 

systolic BP 21.7 % and diastolic BP 12·6 %. In this model, BMI 
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D I S C U S S I O N

was associated with systolic BP and WHR with diastolic BP 

(p<0.001), while serum insulin and FBG were associated 

with BMI and WHR (p<0.05). In addition, BMI was positively 

linked with TGs (p<0.001), and inversely linked with HDL 

(p<0.001).

insulin levels, and hyperglycemia. The researchers at 

Johns Hopkins documented that obesity in young adults 

might increase the COVID-19 complications in this age 

group [19]. The metabolic dysfunction and obesity are 

characterized by upregulation of IL-6 and TNF-alpha that 

led to a pro-in�ammatory state resulting in insulin signaling 

dysfunction and may progress to insulin resistance. The 

SARS-CoV-2 infection further deteriorates insulin 

resistance which can lead to new-onset diabetes thus 

adding to the burden [20]. Furthermore, BMI is also 

associated with increased levels of fasting triglycerides 

and reduced HDL in the present study.  Azizi et al., study 

have linked the modi�ed plasma fasting TGs and HDL and 

reduced physical activity in overweight and obese [21]. The 

COVID-19 restrictions have severely reduced physical 

activity for all age groups which tends to accelerate BMI 

gain [22, 23]. 

The metabolic syndrome frequency in the present cross-

sectional study conducted in young adults in the COVID-19 

era is 36%. The most frequent MetS component is blood 

pressure ≥130/85 mmHg being 60% followed by 57% insulin 

resistance and 40% dyslipidemia. The metabolic syndrome 

components are found to be notably high in obese/ 

overweight participants when compared to normal-weight 

subjects. This study shows BMI and WHR are signi�cantly 

correlated with each MetS component in all young adults 

but the correlations are changed in overweight/obese 

participants for plasma concentrations of fasting blood 

sugar, triglycerides, and insulin. The plasma FBS, TGs, and 

insulin levels were better correlated with BMI and WHR in 

overweight or obese whereas this correlation was not 

present in normal-weight students. These results suggest 

that the risk of metabolic syndrome increases with 

increasing BMI in young adults which was in agreement 

with Liu et al., 2021 in a study conducted on young adults in 

China [14]. The COVID-19 pandemic restrictions have 

further reduced physical activity and overeating in young 

adults with pre-existing overweight and obesity [15]. In 

addition, a stronger correlation between WHR and the MetS 

components was observed than BMI which was in line with 

many studies [16,17]. High visceral adipose tissue in obese 

young adults lowers insulin sensitivity than in those with 

lower amount [18]. Therefore, waist circumference is an 

independent predictor of blood pressure, lipid levels and 

insulin resistance.  The multivariate regression analysis of 

the present study shows that the BMI and WHR were 

positively associated with increased blood pressure, 

Independent 
variable

Intercept

BMI (kg/m2)

Waist hip ratio

Adjusted R2

Metabolic syndrome risk factors

Systolic BP
 (mmHg)
β (95% CI)

Diastolic 
BP (mmHg)
β (95% CI)

Fasting blood 
glucose 
(mg/dL)

β (95% CI)

Triacylglycerol
(mg/dL)

β (95% CI)

HDL 
(mg/dL)

β (95% CI)

Insulin 
(mU/L)

β (95% CI)

101.9**

(78.20-12
5.65)

0.97**

(0.57-1.36)

-10.43

(-42.6-2
1.80)

0.217

29.75*

(0.90-58.59)

0.25

(-0.22-0.73)

52.89**

(13.62-92.01)

0.126

76.25**

(70.08-82.42)

0.15**

(0.05-0.25)

10.47*

(2.08-18.86)

0.222

-22.20

(-64.23-19.82)

3.71**

(3.02-4.40)

-1.81

(–58.93-55.30)

0.593

75.27**

(56.32-9
4.22)

-1.30**

(-1.61 - 
-0.98)

7.59

(-18.16-33
.34)

0.452

-71.35**

(-91.97-50.
74)

1.82**

(1.48-2.16)

49.54**

(21.52-77.
55)

0.679

Table 4: Association of BMI, Waist hip ratio and metabolic 

syndrome risk factors in multivariate analysis in young adults 

(n245)
* **p<0.05;  p<0.001; All values are expressed as regression 

coe�cient β (95% con�dence interval)

C O N C L U S I O N S

COVID-19 restrictions consequences call for an urgency to 

combat the problem and complications of metabolic 

syndrome, especially in young adults. Alleviation strategies 

may utilize ways to promote physical activity in young 

adults along with healthy dietary habits and interventions 

to modify those with Metabolic Syndrome. The reason is 

even before the onset of a pandemic of COVID-19, the 

metabolic syndrome and its components were common 

worldwide, especially among under-resourced and 

disorganized healthcare systems. 

C o n  i c t s o f I n t e r e s t

The authors declare no con�ict of interest

S o u r c e o f F u n d i n g

The authors received no �nancial support for the research, 

authorship and/or publication of this article

R E F E R E N C E S

Yanai H. Metabolic syndrome and COVID-19. 

Cardiology Research. 2020 Dec; 11(6): 360-365. doi: 

10.14740/cr1181

Tune JD, Goodwill AG, Sassoon DJ, Mather KJ. 

Cardiovascular consequences of metabolic 

syndrome. Translational Research. 2017 May; 183: 57-

70. doi: 10.1016/j.trsl.2017.01.001

Stierman B, Ogden CL, Yanovski JA, Martin CB, 

Sarafrazi N, Hales CM. Changes in adiposity among 

children and adolescents in the United States, 

1999–2006 to 2011–2018. The American Journal of 

Clinical Nutrition. 2021 Oct; 114(4): 1495-504. doi: 

10.1093/ajcn/nqab237

Malik MS, Malik M, Sukhera AB, Khalid MA, Waqas A, 

Qayyum W, et al. Metabolic syndrome and related 

in�ammation, prevalence, and predictive value of c-

[1]

[2]

[3]

[4]

DOI: https://doi.org/10.54393/pjhs.v4i01.493

57
PJHS VOL. 4 Issue. 1 January 2023 Copyright © 2023. PJHS, Published by Crosslinks International Publishers



Aziz Z et al.,
Metabolic Syndrome Trend in Young Adults

Cholesterol Education Program Adults Treatment 

Panel III, and World Health Organization de�nitions. 

Journal of Gastrointestinal Oncology. 2018 Aug; 9(4): 

650-663. doi: 10.21037/jgo.2018.04.01

Liu B, Li Y, Guo J, Fan Y, Li L, Li P. Body mass index and 

its change from adolescence to adulthood are closely 

related to the risk of adult metabolic syndrome in 

China. International Journal of Endocrinology. 2021 

Feb; 2021: 1-7. doi: 10.1155/2021/8888862

Melamed OC, Selby P, Taylor VH. Mental Health and 

Obesity During the COVID-19 Pandemic. Current 

Obesity Reports. 2022 Mar; 11:1-9. doi: 10.1007/ 

s13679-021-00466-6

Perona JS, Schmidt Rio‐Valle J, Ramírez‐Vélez R, 

Correa‐Rodríguez M, Fernández‐Aparicio Á, 

González‐Jiménez E. Waist circumference and 

abdominal  volume index are the strongest 

anthropometric discriminators of metabolic 

syndrome in Spanish adolescents. European Journal 

of Clinical Investigation. 2019 Mar; 49(3): e13060. doi: 

10.1111/eci.13060

Mili N, Paschou SA, Goulis DG, Dimopoulos MA, 

Lambrinoudaki I, Psaltopoulou T. Obesity, metabolic 

syndrome, and cancer: pathophysiological and 

therapeutic associations. Endocrine. 2021 Dec; 

74(3): 478-97. doi: 10.1007/s12020-021-02884-x

Stefan N. Causes, consequences, and treatment of 

metabolically unhealthy fat distribution. The lancet 

Diabetes & Endocrinology. 2020 Jul; 8(7): 616-27. doi: 

10.1016/S2213-8587(20)30110-8

White A, Liburd LC, Coronado F. Peer Reviewed: 

Addressing Racial and Ethnic Disparities in COVID-19 

Among School-Aged Children: Are We Doing 

Enough?. Preventing Chronic Disease. 2021Jun; 18: 1-

55. doi: 10.5888/pcd18.210084

Sathish T, Tapp RJ, Cooper ME, Zimmet P. Potential 

metabolic and in�ammatory pathways between 

COVID-19 and new-onset diabetes. Diabetes and 

Metabolism. 2021 Mar; 47(2): 101204. doi: 10.1016/j. 

diabet.2020.10.002

Azizi F, Salehi P, Etemadi A, Zahedi-Asl S. Prevalence 

of metabolic syndrome in an urban population: 

Tehran Lipid and Glucose Study. Diabetes Research 

and Clinical Practice. 2003 Jul; 61(1): 29-37. doi: 

10.1016/S0168-8227(03)00066-4

Tsenoli M, Smith JE, Khan MA. A community 

perspective of COVID-19 and obesity in children: 

causes and consequences. Obesity Medicine. 2021 

Mar; 22: 100327. doi: 10.1016/j.obmed.2021.100327

Flaherty GT, Hession P, Liew CH, Lim BC, Leong TK, 

Lim V, et al. COVID-19 in adult patients with pre-

existing chronic cardiac, respiratory and metabolic 

reactive protein in south asian youths. Metabolic 

Syndrome and Related Disorders. 2021 Nov; 19(9): 

483-90. doi: 10.1089/met.2021.0016

Tekalegn Y. Determinants of Overweight or Obesity 

among Men Aged 20–59 Years: A Case-Control Study 

Based on the 2016 Ethiopian Demographic and Health 

Survey. Journal of Obesity. 2021 Apr; 2021: 1-7. doi: 

10.1155/2021/6627328

Breda J, Farrugia Sant'Angelo V, Duleva V, Galeone D, 

H e i n e n  M M ,  K e l l e h e r  C C ,  e t  a l .  M o b i l i z i n g 

governments and society to combat obesity: 

Re�ections on how data from the WHO European 

Childhood Obesity Surveillance Initiative are helping 

to drive policy progress. Obesity Reviews. 2021 Nov; 

22(S6): e13217. doi: 10.1111/obr.13217

Dimitrova R, Fernandes D, Malik S, Suryani A, Musso P, 

Wiium N. The 7Cs and developmental assets models 

of positive youth development in India, Indonesia and 

P a k i s t a n .  I n H a n d b o o k  o f  P o s i t i v e  Yo u t h 

Development. Springer, Cham. 2021: 17-33. doi: 10. 

1007/978-3-030-70262-5_2

Manca R, Bombillar F, Glomski C, Pica A. Obesity and 

immune system impairment: A global problem during 

the COVID-19 pandemic. International Journal of Risk 

& Safety in Medicine. 2022 Feb (Preprint): 1-6. doi: 

10.3233/JRS-227007

Pérez-Rodrigo C, Gianzo Citores M, Hervás Bárbara G, 

Ruiz-Litago F, Casis Sáenz L, Ar�a V, et al. Patterns of 

change in dietary habits and physical activity during 

lockdown in Spain due to the COVID-19 pandemic. 

Nutrients. 2021 Jan; 13(2): 300. doi: 10.3390/nu 

13020300

Wang HH, Lee DK, Liu M, Portincasa P, Wang DQ. 

N ove l  i n s i g h t s  i n to  t h e  p a t h o g e n e s i s  a n d 

management of the metabolic syndrome. Pediatric 

Gastroenterology, Hepatology & Nutrition. 2020 May; 

23(3): 189-230. doi: 10.5223/pghn.2020.23.3.189

Malik MS, Qayyum W, Farooq A, Waqas A, Sukhera AB, 

Khalid MA, et al. Dietary patterns, exercise, and the 

metabolic syndrome among young people in Urban 

Pakistan (Lahore). Metabolic Syndrome and Related 

Disorders. 2020 Feb; 18(1): 56-64. doi: 10.1089/ 

met.2019.0021

Hao-Wei Xu MD, Hao Chen MD, Shu-Bao Zhang MD, 

Yu-Yang Yi MD, Xin-Yue Fang MD. Association 

Between Abdominal Obesity and Subsequent 

Vertebral Fracture Risk. Pain Physician. 2022 May; 

25: E457-68.

Ulaganathan V, Kandiah M, Shariff ZM. A case-control 

study of the association between metabolic 

syndrome and colorectal cancer: a comparison of 

International Diabetes Federation, National 

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

DOI: https://doi.org/10.54393/pjhs.v4i01.493

58
PJHS VOL. 4 Issue. 1 January 2023 Copyright © 2023. PJHS, Published by Crosslinks International Publishers



Aziz Z et al.,
Metabolic Syndrome Trend in Young Adults

disease: a critical literature review with clinical 

recommendations. Tropical Diseases, Travel 

Medicine and Vaccines. 2020 Dec; 6(1): 1-3. doi: 

10.1186/s40794-020-00118-y

DOI: https://doi.org/10.54393/pjhs.v4i01.493

59
PJHS VOL. 4 Issue. 1 January 2023 Copyright © 2023. PJHS, Published by Crosslinks International Publishers


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6

