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Review

Key Points

What is already known on this topic?
This research is focused on providing an updated review of 
the evidence on metabolic syndrome for primary care clini-
cians by exploring the diagnosis and treatment options for 
metabolic syndrome.

What this study adds?
Treating individual components of metabolic syndrome can 
reduce atherosclerotic cardiovascular disease risk while 
treatment of the syndrome as a whole has unclear outcomes. 
Intensive lifestyle change based behavioral interventions are 
effective for ≥5% weight loss and diabetes prevention 
aspects of metabolic syndrome management (SORT level 
B). Medications and surgeries are effective for weight loss 
≥5% to 20% and diabetes prevention in patients with meta-
bolic syndrome (SORT Level B).

How this study might affect research, practice, or 
policy?
This research may help improve the management of patients 
with metabolic syndrome in primary care settings.
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Abstract
Objective: Metabolic syndrome is a cluster of cardiovascular risk factors (central obesity, hypertension, dyslipidemia, 
and insulin resistance) that affects between 12.5% and 31.4% of adults worldwide. It correlates with increased risks of 
cardiovascular disease, diabetes, cancer, and overall mortality in a dose-dependent fashion. This review aims to provide 
primary care clinicians an updated review of the evidence on metabolic syndrome, with a focus on treatment. Design: 
Scoping evidence review. Eligibility Criteria: English-language studies of evidence Level I or II that focused on defining, 
diagnosing, and treating metabolic syndrome or its components. Information Sources: PubMed and Cochrane Database 
of Systematic Reviews. Results: Though evidence is still lacking for improved outcomes with treating the syndrome per se, 
addressing its individual components reduces risks. Lifestyle changes like weight loss and increased physical activity are first 
line. Surgical options assist with weight loss for certain patients. Pharmacotherapies like glucagon-like peptide-1 receptor 
agonists, sodium-glucose cotransporter-2 inhibitors, statins, and antihypertensives also have efficacy. Conclusions: Metabolic 
syndrome is an independent risk factor for many poor health outcomes. Its individual components should be treated with 
medication and behavioral changes to reduce cardiovascular risk and prevent diabetes and its complications. More research 
is needed on how to treat the syndrome itself. A diagnosis of metabolic syndrome may be useful for motivating patients 
toward lifestyle changes, though more research is needed on how to treat the syndrome versus its components.
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Introduction

Metabolic syndrome is a group of health conditions that 
occur together and increase the risk of developing serious 
health problems. Global metabolic syndrome prevalence 
ranges from 12.5% to 31.4%.1 One in 20 adolescents world-
wide had metabolic syndrome in 2020, as well as about 3% 
of children2; it is more common in the US (34.5 ± 0.9%)3 
and Canada (19.1%).4 Metabolic syndrome correlates with 
cardiovascular disease (CVD), nonalcoholic fatty liver dis-
ease (NAFLD), inflammation, cancer risks, chronic kidney 
disease (CKD), dyslipidemia, type 2 diabetes (T2DM) and 
insulin resistance, childhood obesity, and overall mortality. 
However, primary care providers can treat this syndrome 
with a combination of effective behavioral techniques, 
growing medical management options, and surgical 
interventions.

Primary care clinicians frequently manage patients with 
risk factors and/or a diagnosis of metabolic syndrome. This 
article offers an updated review of the evidence about the 
prevalence, pathophysiology, associated conditions, assess-
ment tools, and treatment of metabolic syndrome.

Methods

The prevalence of metabolic syndrome makes it a fre-
quently studied condition, so high-level evidence was avail-
able for review. A total of 340 articles found through 
searches of the PubMed and Cochrane databases were 
reviewed by the authors May to September 2023. Keywords 
included metabolic syndrome, MetS, ASCVD, blood pres-
sure, lipid, Homa-IR, Waist circumference, A1c, and their 
equivalents/abbreviations/pluralities. Date range of articles 
was 2002 to 2023. These 2 databases were chosen for their 
broad reaching scope, and no others were included due to 
time limitations of the team. The title and abstract screening 
was performed by 1 author. A total of 69 articles were 
excluded based on abstract being irrelevant. A detailed 
annotated bibliography was performed for 271 articles with 
abstracts in Microsoft Word. There were 2 articles on A1c 
and MetS, 2 on ASCVD and MetS, 60 on Blood pressure 
and MetS, 212 on lipids and MetS, 49 on Homa-IR and 
Mets (or 30 on fasting glucose and Met S), and 15 on Waist 
circumference (or BMI) and Met S. No efforts were able to 
be made to pursue acquiring the 31 articles for which the 
team did not have access. About 72 English-language stud-
ies with Level I or Level II quality of evidence underwent 
full text review by 1 author, with 2 authors reviewing. No 
interrater review calculations were performed, but the 
authors all agreed on the final annotated bibliography and 
which articles to include in drafts. The reasons that articles 
were excluded were lack of Level I-II evidence, inability to 
access the full study, irrelevance to this study, or lack of 
space in final document (definitions, pathophysiology, 

assessment tools were excluded post-hoc during revision 
process to focus on clinically relevant treatment data). Data 
items included primary outcomes: metabolic syndrome risk 
factors, diagnosis, and treatment. The focus of the review 
was narrowed to metabolic syndrome treatment to accom-
modate the 50-citation limit for this journal. Studies only 
describing the definitions and studies focused on a specific 
risk factor without assessing treatment were subsequently 
excluded (n = 22, Table 1; Figure 1). Although there was no 
age cut off for studies’ inclusion, the final draft focused on 
adult metabolic syndrome, excepting a few pediatric studies 
that focus on projecting future adult metabolic syndrome. A 
narrative synthesis approach was used to compare effects 
with various measures reported, including odds ratios, haz-
ard ratios, and risk ratios. This review was not registered, 
nor was it a protocol published previously. This study was 
not funded.

Results

Defining Metabolic Syndrome

The 5 main components of metabolic syndrome are abdom-
inal/central obesity, high blood pressure, impaired glucose 
metabolism (high blood sugar), and triglyceride dysfunc-
tion (elevated levels of triglycerides, low levels of high-
density lipoprotein cholesterol [HDL-C]), with or without 
renal dysfunction. A person is diagnosed with metabolic 
syndrome if they have 3 of these 5 components, depending 
on which definition is used.3

The Importance of Treating Metabolic 
Syndrome

There remains a lack of evidence to show improved patient 
related outcomes with treatment of the syndrome as a 
whole. However, there is substantial evidence to report on 
both disease related outcomes and patient related outcomes 
for treatment of the syndrome’s individual components. The 
primary clinical outcome with the biggest impact is ASCVD 
risk reduction. (Table 2).

1. Cardiovascular disease (CVD): CVD, including 
stroke and myocardial infarction (MI), are tangible out-
comes that many patients and their families experience. 
Metabolic syndrome z score is a tool that can help pre-
dict CVD, 25-year coronary heart disease (CHD), and 
all-cause mortality.5,7,8

2. Diabetes: The Princeton Lipid Research cohort study 
found that elevated insulin levels and metabolic syn-
drome z score in adults were each independently associ-
ated with increased likelihood of developing diabetes 
and CVD in the subsequent 11.2 years.10 An increase of 
1 unit in the logarithm of insulin was associated with an 
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8-fold higher likelihood of developing T2DM (P < .001), 
and a 3-fold higher likelihood of developing CVD 
(P < .001).10 The metabolic syndrome z score showed a 
significant association with both future T2DM and 
CVD, with OR of 5.6 (P < .001) and 3.5 (P < .001), 
respectively.10

3. Associated Conditions: Metabolic syndrome corre-
lated with several other health conditions beyond CVD 
and T2DM, including NAFLD, CKD, cancers, and cog-
nitive decline, as well as several markers of systemic 
inflammation.
4. Childhood Metabolic Syndrome: The severity of 
metabolic syndrome in childhood (ages 6-19, 
mean = 12.9 years) is associated with the incidence of 
adult T2DM, and the degree of increase in this severity 
predicts future T2DM, according to the Princeton Lipid 
Research Cohort Study.11 The risk for childhood meta-
bolic syndrome or any of its components is higher for 
those with the following characteristics: male, parental 
obesity (especially paternal), low body mass at birth, and 
omitting breakfast or dinner.12 It is critical to prevent 
metabolic syndrome in families before children reach 
adulthood. For each unit increase in childhood metabolic 
syndrome z score, the OR of developing T2DM was 2.7 
and 2.8 by age 38.5 and 49.6 years, respectively.11 When 
examining the change of metabolic syndrome z score 
from childhood to mid-adulthood, developing T2DM by 
age 49.6 years became 7.3 times more likely with every 
1-unit increase in metabolic syndrome z score.11 Also, 
metabolic syndrome has an interplay with adolescents’ 
menstrual cycles; polycystic ovarian syndrome has been 
shown to be an independent risk factor for metabolic 
syndrome in adolescents.13

Treatment of Metabolic Syndrome

A combination of pharmacologic options; a plant-based, 
whole foods diet; and exercise can decrease the severity of 
metabolic syndrome components, hence, reducing the risk 
of morbidity and mortality associated with metabolic 
syndrome.

Therapeutic lifestyle changes.  In children, a weight-mainte-
nance approach during growth with a focus on healthy hab-
its is generally preferred as opposed to weight loss as a goal. 
Address the 5210 model (5 daily fruits/vegetables, <2 h 
screen time, 1 h exercise, and 0 sodas) at well-child checks, 
and ask whether the child’s parents encourage regular fam-
ily movement activities.22 The 5210 model has been vali-
dated and shown to increase children’s fruit and vegetable 
intake from 18% to 23% (P < .001) over 4 years.22

In adults, enacting changes toward a healthier lifestyle 
and a weight loss of 5% to 10% of initial body weight are 
generally recommended to treat metabolic syndrome. 
Lifestyle changes including moderate/vigorous physical 
activity are necessary for treating metabolic syndrome and 
its components and are more effective than metformin or 
placebo, but the question of how to effect these changes 
remains complex and the subject of public health 
research.23-26

In the primary care setting, behavioral weight loss inter-
ventions in groups such as the US National Diabetes 
Prevention Program have been shown to be superior to self-
directed weight loss for patients with metabolic syndrome.27 
Quarterly primary care visits for lifestyle counselling for 
patients with 2 or more metabolic syndrome components 
over 2 years showed at least a 5% weight loss for about 21% 

Table 1.  Studies of Risk Factors Associated With Metabolic Syndrome.

Risk factor Study design Hazard ratio (95% CI)

Cardiovascular disease Comparing subjects with >75th percentile metabolic 
syndrome z score vs those <25th percentile metabolic 
syndrome z score, 2006-20185

2.05 (1.86-2.25)

Atherosclerotic 
cardiovascular disease

Risk in men vs women in the period of 7 years follow-up, 
using structural equation modeling scoring system of 
metabolic syndrome6

Men: 1.39 (1.15-1.67)
Women: 1.31 (1.12-1.52)

Coronary heart disease 25-year risk of atherosclerosis among Black and White adults 
aged 45-64 years with or without diabetes7

1.64 (1.49-1.80)

All-cause mortality Comparing subjects with metabolic syndrome z score >75th 
percentile vs those <25th percentile8

1.45 (1.35-1.56)

Myocardial infarction Over 4 years 2010-2013, for a metabolic syndrome 
component exposure score, (range: 0-20) of 20 vs 08

5.27 (4.20-6.62)

Stroke Over 4 years 2010-2013, for a metabolic syndrome 
component exposure score, (range: 0-20) of 20 vs 08

3.90 (3.09-4.93)

90-day recurrent stroke Patients with metabolic syndrome (using IDF diagnosis 
criteria) and diabetes9

2.53 (1.89-3.37)

Abbreviations: CI, confidence interval; IDF, International Diabetes Foundation.
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a

Figure 1.  PRISMA flow diagram.
aConsider, if feasible to do so, reporting the number of records identified from each database or register searched (rather than the total number 
across all databases/registers).
Source: Page MJ, et al. BMJ 2021;372:n71. doi: 10.1136/bmj.n71.
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of patients.28 Items such as weight goals, weight history, 
and risk factors of metabolic syndrome may be useful topics 
for lifestyle discussion. Telehealth weight loss interventions 
are beginning to be explored for patients with metabolic 
syndrome as well.29

Any sustained behavior change that involves increased 
physical activity may be helpful to treat metabolic syn-
drome. Exercise programs ranging from moderate continu-
ous and high-intensity interval training to yoga and Tai Chi 
can improve metabolic profiles and reduce metabolic syn-
drome severity.30-33

Adherence to specific diets, such as the Mediterranean-
type diet, Dietary Approaches to Stop Hypertension 
(DASH) diet, and diets low in processed and inflammatory 
foods and high in lean fish and colorful vegetables, also can 
improve metabolic profiles and reduce the risk of metabolic 
syndrome.34-44 The Mediterranean diet has been shown to 
lower overall and cardiovascular mortality for patients with 
metabolic syndrome.45

Pharmacotherapy.  There are multiple pharmacologic 
options with evidence of improving metabolic syndrome 
components.

Only 27% of people who followed diet and exercise 
alone were able to lose 5% of body weight. However, sema-
glutide (number needed to treat [NNT] = 2) and liraglutide 
(NNT = 4) can help people lose at least 10% body weight 
loss in conjunction with diet and exercise and help achieve 
HbA1C <7%.15,19 Phentermine combined with topiramate 
(NNT = 2) supports 5% weight loss and decreasing HbA1C.21 
Naltrexone combined with bupropion demonstrates 5% 
weight loss (NNT = 4) when compared with placebo.16 
Metabolic syndrome remission was shown with dapa-
gliflozin plus metformin as compared with metformin alone 
(NNT = 5).14 In addition, appropriate use of statins, antihy-
pertensives (eg, angiotensin-converting enzyme inhibitors 
[ACEIs]), medications for lowering glucose (eg, glucagon-
like peptide-1 receptor agonists [GLP1s], metformin, 
sodium-glucose cotransporter-2 inhibitors) can treat com-
ponents of metabolic syndrome, including diabetes, 

hypertension, dyslipidemia, and complications of metabolic 
syndrome such as fatty liver disease.17

Weight loss options according to the most recent United 
States Preventive Service Task Force (USPSTF) systematic 
review46 include GLP1s (eg, liraglutide and semaglutide), 
combination naltrexone and bupropion, orlistat, and combi-
nation phentermine and topiramate. GLP1s have directly 
been shown to decrease the severity of metabolic syndrome 
itself, primarily through weight loss.15,19,21,47 Taking liraglu-
tide for 13 months also has been shown to be associated 
with lower risk of incident diabetes.20

Surgical options have been shown to be more effective 
for weight loss than medical management in certain 
patients.18 (Table 2) Bariatric surgeries can be recommended 
in patients with body mass index (BMI) >35 kg/m2 or those 
with a BMI >30 kg/m2 and a weight-related comorbidity.48

Conclusion

Fifteen years after a landmark review of metabolic syn-
drome,49 there is still a lack of evidence to show improved 
patient-related outcomes with treatment of the metabolic 
syndrome as opposed to its respective components (Table 
3). Metabolic syndrome is still an independent risk factor 
for many poor health outcomes including all-cause mor-
tality, MI, stroke, CVD, CKD, CHD, heart failure, 
NAFLD, T2DM, cervical cancer, colorectal cancer, and 
esophageal cancer. Patients should be counselled on these 
risks as incentive to commit to treatment of metabolic syn-
drome.50 Many studies recommend prevention and treat-
ment for metabolic syndrome components through a 
combination of medication, surgery, and behavioral inter-
ventions including diet and exercise. Treating individual 
components of metabolic syndrome can reduce overall 
ASCVD risk, prevent diabetes and its complications, and 
facilitate significant weight loss. More research is needed 
to compare treatment of metabolic syndrome as a whole 
versus the sum of its parts and to further system-level 
changes that facilitate and incentivize healthier lifestyles 
for families.
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Table 3.  Metabolic Syndrome Scoping Review References.

Authors Year Countries Target population Sample sizea Sex/age distributionb

Noubiap et al. 2022 Global General adult population 663 studies
28 193  768

18 years or older

Noubiap et al. 2022 Global Children and adolescents 169 studies 550 405 0%-64.9%M; Median/mean age 
7-18 years

Ford ES 2005 U.S. Adults 3601 1776F (49.3%); Age range 20-
70 years—evenly distributed

Riediger & Clara 2011 Canada Adults 1800 representative sample aged 
18-79 years

Chen et al. 2017 U.S. Minor ischemic stroke/TIA patients with 
metabolic syndrome/diabetes

3044 1017F (33.4%); Median age 
62.2 years (IQR 54.7-71.2)

DeBoer et al. 2017 U.S. NHANES (1999-2010), a complex, 
multistage probability sample of the US 
population + Jackson Heart Study (JHS) 
participants were African American men 
and women

13 141 64%F; Mean age 53.8 years 
(ARIC), 48.5 years (JHS)

Kakadiaris et al. 2018 U.S. MESA (the Multi-Ethnic Study of 
Atherosclerosis) study; participants 
who were atherosclerotic CVD-free at 
baseline

6459 Men and women 45-84 years

DeBoer et al. 2020 U.S. ARiC study participants 8555 44%M; Mean age 53.8 years 
(5.6)

Viitasalo et al. 2014 Finland Children and adults 3560 491 children, 1900 middle-
aged men, 614 older women 
and 555 older men

DeBoer et al. 2016 U.S. Princeton Lipid Research Cohort 711 Mean age 39.5 years
DeBoer et al. 2015 U.S. Cincinnati Clinic of the National Heart 

Lung and Blood Institute Lipid Research 
Clinic (LRC) Prevalence Program 
Princeton Follow-up Study (PFS, 1998-
2003)

629 43.7%M; Mean age 12.9 years 
(3.3)

Jankowska et al. 2021 Poland Obese children 591 46.5%F; Age range 10-12 years
Fu et al. 2023 Global Adolescents with PCOS 12 studies included Age range 10-20 years
Rogers et al. 2013 U.S. Parents who had children under 18 years 

living at home
800 67%F; 50% under 45 years; 

Children mean age 
11.3 years (4.7)

Marseglia et al. 2021 Sweden Gothenburg H70 Birth Cohort Study-
Birth cohort—70-year-old adults 
without dementia

1131 53.3%F; Age 70 year

DeBoer et al. 2018 U.S. Prediabetics 2476 31.1%M; 14.5% <45 years, 
35.4% 45-49 years, 30.5% 50-
59 years, 21.7% >60 years

Carson et al. 2019 U.S. Resident civilian noninstitutionalized 
United States population

2544 48.9%F; Median age 11.2 years 
(IQR 8.1-14.1)

Thabit et al. 2013 Ireland Construction workers Health Trust 
screening study

983 100%M; Mean age 36.3 years 
(10.5)

Ma et al. 2013 U.S. Overweight or obese adults who are 
primary care patients

241 47%F; Mean age 52.9 years 
(10.6)

Wadden et al. 2011 U.S. Obese primary care practice patients 
21 years +

390 79.7%F; Mean age 51.5 years 
(11.5)

Luley et al. 2014 Germany Patients with metabolic syndrome 70 57%F intervention, 46%F 
control; Mean age 57 years 
(9) intervention, 58 years (7) 
control

Heiston et al. 2020 U.S. Overweight or obese adults with 
prediabetes

28 50%F; Mean age 60.9 years 
(8.4)

Peyer et al. 2017 U.S. Obese individuals in the Ames 72 60.2%F; Mean age 38.6 years 
(14.6)

 (continued)
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Authors Year Countries Target population Sample sizea Sex/age distributionb

Mendoza-Núñez 
et al.

2018 Mexico Older adults with metabolic syndrome 110 Mean age 68.2 years (6.6) 
control, 67.4 years (4.7) 
intervention

Lau et al. 2015 Hong Kong Chinese adults with/without metabolic 
syndrome

173 60.9%F control, 65.1%F yoga; 
Mean age 52.0 years (7.4)

Grosso et al. 2015 Poland Urban Polish adults 8821 51.4%F; Age range 45-69 years
Ren et al. 2018 China Urban Chinese adults 1712 66%F; Mean age 50.4 years 

(17.4)
Ghorabi et al. 2020 Iran Adults 18 years and older 404 37.6%F; Mean age 38.2 years 

(9.6)
Tørris et al. 2017 Norway Norwegian Tromsø Study 4 and 6 

participants, age 26-69 years
23 907 48%M; Mean age 44.1 years 

(11.5)
Farhadnejad et al. 2021 Iran Iranian adults Tehran Lipid and Glucose 

Study
1625 45.8%M; Mean age 37.5 years 

(13.4)
Bian et al. 2013 China Chinese adults 258 41.8%F; Mean age 54.0 years 

(10.4) case, 53.7 years (9.7) 
control

van der Haar 
et al.

2021 Netherlands Motivated individuals at risk of MetS age 
≥40 years

37 74%F; Mean age 61 years (8.2)

Mohammadpour 
et al.

2020 Iranian Iranian adults, 18-75 years old 836 69%F; Mean age 47.7 years 
(10.7)

Lin et al. 2018 Taiwan Taiwanese adults aged 20-64 years 212 48.5%M; Mean age 41.9 years 
(12.5)

Konieczna et al. 2022 Spain Older adults with metabolic syndrome 
from PREDIMED-Plus trial

5867 47.8%F; Mean age 65.0 years 
(4.9)

Koochakpoor 
et al.

2016 Iran Adults aged ≥18 years 1158 Mean age 43 years (12)

Fan et al. 2023 U.S. NHANES 2007-2018 participants with 
metabolic syndrome per IDF

8301 55.1%F; Median age 56.7 years 
(95% CI 56.2-57.3)

Cheng et al. 2021 China Patients with metabolic syndrome 248 52.8%M; Mean age 52 years
Davies et al. 2017 U.S. Patients with type 2 diabetes 632 62.7%M; Mean age 57.1 years 

(10.6)
Hollander et al. 2013 U.S. Overweight/obese patients with type 2 

diabetes
505 54%F; Mean age 54 years

Kim et al. 2023 Korea Patients with type 2 diabetes and 
metabolic syndrome (≥ 30 years)

65 586 Mean age 55.0 years

Seki et al. 2022 Japan Mildly obese patients with type 2 diabetes 316 85%M; Mean age 47.7 years 
(9.9) surgery, 50.7 years (7.0) 
medical

Rubino et al. 2022 U.S. Adults with overweight/obesity without 
diabetes

338 78.4%F; Mean age 49 years 
(13)

Pi-Sunyer et al. 2015 U.S. Adults with overweight with 
comorbidities or obesity without DM2

3731 78.5%F; Mean age 45.1 years 
(12.0)

Allison et al. 2012 U.S. Adults with class II or III obesity 1267 83%F; Mean age 42.7 years
LeBlanc et al. 2018 Global Adults undergoing weight loss via 

behavioral change
122 RCTs with 62 533 

participants + 2 
observational 
studies with 209 993 
participants

variable

Sandsdal et al. 2023 Denmark Adults 18-65 years of age living with 
obesity, without diabetes or serious 
illness

195 63%F; Mean age 42 years (12)

Eisenberg et al. 2023 U.S. n/a n/a n/a
Kahn et al. 2005 Global n/a n/a n/a
Lin et al. 2014 Persons with cardiovascular risk factors 74 included studies variable

aParticipants unless otherwise specified.
bif available.

Table 3.  (continued)
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