
Global prevalence of cardiovascular risk factors 
based on the Life's Essential 8 score: an overview of 
systematic reviews and meta-analysis
Rubén López-Bueno  1,2,3, Rodrigo Núñez-Cortés  4,5*, Joaquín Calatayud  2,3, 
Joaquín Salazar-Méndez6, Fanny Petermann-Rocha7,8, José Francisco López-Gil9, and 
Borja del Pozo Cruz  10,11,12

1Department of Physical Medicine and Nursing, University of Zaragoza, Zaragoza, Spain; 2Exercise Intervention for Health Research Group (EXINH-RG), Department of Physiotherapy, University of 
Valencia, Valencia, Spain; 3National Research Centre for the Working Environment, Copenhagen, Denmark; 4Department of Physical Therapy, Faculty of Medicine, University of Chile, Santiago, 
Chile; 5Physiotherapy in Motion Multispeciality Research Group (PTinMOTION), Department of Physiotherapy, University of Valencia, Valencia, Spain; 6Escuela de Kinesiología, Facultad de Salud, 
Universidad Santo Tomás, Talca, Chile; 7School of Cardiovascular and Metabolic Health, University of Glasgow, Glasgow, UK; 8Centro de Investigación Biomédica, Facultad de Medicina, Universidad 
Diego Portales, Santiago, Chile; 9One Health Research Group, Universidad de Las Américas, Quito, Ecuador; 10Faculty of Education, University of Cádiz, Cádiz, Spain; 11Biomedical Research and 
Innovation Institute of Cádiz (INiBICA) Research Unit, Puerta del Mar University Hospital, University of Cádiz, Cádiz, Spain; and 12Department of Sports Science and Clinical Biomechanics, University 
of Southern Denmark, Odense, Denmark

Received 29 August 2023; revised 25 September 2023; accepted 20 October 2023; online publish-ahead-of-print 30 November 2023

Abstract Cardiovascular health (CVH) is a critical issue for global health. However, no previous study has determined the prevalence of car
diovascular risk factors based on the American Heart Association’s (AHA) Life’s Essential 8 (LE8). Therefore, we aimed to estimate 
the global prevalence of the eight cardiovascular risk factors identified in the LE8. A systematic search of systematic reviews with 
meta-analysis on cardiovascular risk factors covering data reported between 2000 and 2019 was conducted on PubMed, 
Epistemonikos, and the Cochrane Library until 1 May 2023. After applying exclusion criteria, 79 studies remained in the final se
lection for the narrative synthesis in the systematic review, of which 33 of them were used in the meta-analysis which included 
2 555 639 participants from 104 countries. The overall pooled prevalence of cardiovascular risk factors was as follows: insufficient 
physical activity, 26.3% (95% CI 2.3%–63.4%), no adherence to a healthy diet, 34.1% (95% CI 5.8%–71.2%), nicotine exposure, 
15.4% (95% CI 10.4%–21.2%), insufficient sleep quality, 38.5% (95% CI 14.0%–66.7%), obesity, 17.3% (95% CI 6.1%–32.6%), dysli
pidemia, 34.1% (95% CI 33.8%–34.4%), diabetes, 12.0% (95% CI 7.0%–18.2%), and hypertension, 29.4% (95% CI 23.3%–35.8%). 
These results warrant prevention strategies aimed at reducing insufficient sleep quality, and no adherence to a healthy diet as lead
ing cardiovascular risk factors worldwide. The high prevalence of hypertension among children and adults is concerning and should 
also be adequately addressed through global policies.
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1. Introduction
Cardiovascular diseases (CVD), mainly ischaemic heart disease and stroke, 
remain the leading cause of death and disability across the world.1 The 
number of cases of total CVD increased from 271 million in 1990 to 
523 million in 2019, while the number of CVD deaths increased from 
12.1 million in 1990 to 18.6 million in 2019.1 Considering that years lived 
with disability also rose from 17.7 million to 34.4 million over the same per
iod,1 CVD continues to place a huge economic burden on global healthcare 
systems. In this regard, the American Heart Association (AHA) recently 
published the Life's Essential 8 score (LE8), which updates its recommen
dations for assessing cardiovascular health (CVH), including the following 
health behaviours factors and conditions: diet, physical activity, nicotine ex
posure, sleep health, body mass index, blood lipids, blood glucose, and 
blood pressure (BP).2

Investigating the global prevalence of these eight cardiovascular risk fac
tors is crucial to identify which ones have more significant impact on the 
global CVH. Early attempts have mainly focused on specific geographical 
areas, populations, and cardiovascular risk factors.3–6 Still, studies providing 
a global prevalence of the eight LE8 cardiovascular risk factors are lacking. 
One of the most complete studies on the topic examined the global preva
lence of nine modifiable cardiovascular risk factors (high systolic BP, high 

fasting plasma glucose, high low-density lipoprotein cholesterol, high 
body mass index, impaired kidney function, ambient and house air pollu
tion, smoking, poor diet, and insufficient physical activity);1 yet, these fac
tors differ from those currently recommended by AHA to monitoring 
CVH.

Recent research has identified that CVH, according to the LE8 score, is 
well below optimal in both US children and adults.7 The same study found 
an unhealthy diet, insufficient physical activity, and high body mass index as 
the major contributors to lower LE8 scores.7 Providing global estimates for 
the prevalence of cardiovascular risk factors is crucial for informing health 
policy strategies. This data may help identify groups at higher risk and en
able the allocation of appropriate resources to address this significant glo
bal public health issue effectively. This study aimed to examine the global 
prevalence of the eight cardiovascular risk factors identified in the LE8 
score during the 2000–2019 period.

2. Methods
This systematic review follows the Cochrane and the Preferred Reporting 
Items for Overviews of Reviews (PRIOR) guidelines.8,9 The protocol was 
pre-registered in the International Prospective Register of Systematic 
Reviews PROSPERO (registration number: CRD42023422913).
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2.1 Eligibility criteria
The following inclusion criteria were considered for the present overview: 
(i) systematic reviews with meta-analysis; (ii) studies reporting either the 
prevalence or the proportion of cardiovascular risk factors in humans (chil
dren aged 1–17 years and adults aged 18 years and over); (iii) studies con
ducted between 2000 and 2019 (before the COVID-19 pandemic; (iv) 
studies with representative samples. To ensure population representative
ness and comparability between estimates, a sample size of more than 307 
was necessary (calculated using the formula of Naing et al.10) We also ex
cluded studies conducted in hospitalized or institutionalized people, as well 
as studies focusing specifically on clinical populations, health conditions, 
athletes, or single-sex participants. Editorials, letters, reviews, and other 
observations or experimental studies (either in vivo or in vitro) were 
not considered.

2.2 Search strategy and study selection
A systematic search was carried out on biomedical and specialized in re
views PubMed, Epistemonikos, and the Cochrane Library databases. 
Moreover, grey literature was included using Google Scholar and Open 
Grey until 1 May 2023. Additional studies were also selected from the ref
erence lists of eligible articles and topic-related reviews. All records were 
analysed using the free web version of Rayyan (http://rayyan.qcri.org). More 
detailed information on the search strategy is presented in Supplementary 
material online, Table S1.

2.3 Data extraction
After removing duplicate studies, two authors independently extracted 
data from the selected studies (R.L.B. and R.N.C.) using a standardized 
protocol and reporting forms. We resolved disagreements by consensus 
with a third author (B.d.P.C.). From all included studies, we extracted 
the first author, year of publication of the study, data search, number of 
studies included, total sample size, country, age group, type of population, 
risk factor, definition of cardiovascular risk factor, participants with cardio
vascular risk factor, and pooled prevalence (95% CI).

If the above data were not included in the article, the corresponding 
authors of these publications were contacted by e-mail to obtain such in
formation. If information on either definition of cardiovascular risk factors 
or pooled prevalence was not provided, such studies were removed from 
the present review. For studies with more than one measurement point, 
the most recent point was used to ensure the most updated information. 
For the quantitative synthesis, we selected studies that provided data on 
the total sample population and number of participants with at least one 
cardiovascular risk factor. In addition, we included studies that allowed 
us to determine the prevalence of a cardiovascular risk factor according 
to LE8 score. When there was no information on the exact cardiovascular 
risk factor as defined by LE8 score, we used an alternative proxy for the 
cardiovascular risk factor of interest. The prevalence for each of the eight 
LE8 cardiovascular risk factors was considered as follows: (i) physical activ
ity (adults: less than 150 min a week; children: less than 60 min a day), (ii) 
diet (adults and children: healthy diet style), (iii) nicotine exposure (adults 
and children: current use of cigarettes or inhaled nicotine), (iv) sleep (chil
dren and adults: sleep health of the Pittsburgh Sleep Quality Index (PSQI)  
> 5 points), (v) obesity (adults: body mass index ≥30 kg/m2; children: body 
mass index in the 95th percentile according to their reference population), 
(vi) dyslipidemia (adults and children: one or more abnormal levels of any 
lipid profile), (vii) diabetes (adults and children: fasting blood glucose 
126 mg/dL), and (viii) hypertension (adults: systolic BP or diastolic BP 
≥140/90; children: systolic BP and/or diastolic BP according to the 95th 
percentile of their reference population), unless other prevalence out
comes stated.

2.4 Quality assessment
Quality assessment was performed independently by three reviewers 
(R.N.C., J.C., and J.S.M.), and disagreements were resolved by consensus 
with a fourth reviewer (R.L.B.). The quality of included studies was assessed 

using the AMSTAR 2, a tool to assess the methodological quality of a sys
tematic review comprising 16 items.11 The specific questions in AMSTAR 2 
are worded so that a ‘yes’ response indicates a positive outcome. If no in
formation is provided to assess an item, it should be assessed as ‘no’. In add
ition, the tool includes a ‘partial yes’ in some cases where it identifies partial 
compliance with the standard.

2.5 Data synthesis
We first conducted a narrative review to summarize the selected studies’ 
characteristics. When available, we extracted raw data on sample size and 
the number of cases with each of the examined cardiovascular risk factors 
from eligible studies. When there was no data on sample size or number of 
cases with any cardiovascular risk factor, we calculated these by either re
trieving data from original articles or multiplying the given study prevalence 
by the sample size. To avoid the risk of overlapping prevalence data from a 
country derived from two or more studies included in the quantitative ana
lyses, we removed older studies with potential repeated data or specific 
data for any country. We removed the study with a smaller sample size 
for studies from the same country and the same date for data origin.

2.6 Statistical analyses
Stata 16.1 (StataCorp, TX, USA) with the metan user command was used 
to pool data from eligible studies using the DerSimonian and Laird 
random-effects procedure.12 We also used the Clopper-Pearson method 
to determine 95% CIs for prevalence from the selected individual studies.13

We conducted a Freeman-Tukey double arcsine transformation, which has 
shown higher reliability and accuracy than other transformation proce
dures, to stabilize the variances before calculating the pooled prevalence.14

The results were displayed as forest plots. We used Higgin´s I2 statistics to 
assess heterogeneity between studies. Based on I2, heterogeneity was clas
sified as negligible (I2 = 0%−40%), moderate (I2 = 30%−60%), substantial 
(I2 = 50%−90%), or considerable (I2 = 75%−100%). To assess potential 
small-study effects due to publication bias, we used the Luis 
Furuya-Kanamori (LFK) index and the Doi plot.15

When cardiovascular risk factors were reported in three or more stud
ies, we conducted leave-one-out meta-analyses, which showed the influ
ence of each individual study on the overall prevalence estimate of the 
rest of the studies and the potential distort of the overall results. 
Thereafter, we conducted sensitivity analyses by removing the most influ
ential study of each examined cardiovascular risk factor.

3. Results
3.1 Study selection
The initial database search yielded 710 records. After removing 68 dupli
cates, 642 potentially eligible studies were identified from the initial elec
tronic searches. After screening publications by title and abstract, 113 
potentially eligible studies were retrieved for inclusion and full-text articles. 
Additionally, 14 articles were identified by citation searching using the grey 
literature. After applying exclusion criteria, 79 studies3–6,16–89 remained in 
the final selection for the narrative synthesis (see Supplementary material 
online, Figure S1). Of these, 333,4,6,17,20,22,25,27,28,30,34–36,38,39,41–43,48– 

50,54,55,57,60,61,66,68,70,71,78,82,90 studies were used in the meta-analysis of 
prevalence after removing studies due to either overlapping risk or con
taining any data before 2000. The characteristics of the included studies 
are shown in Table 1.

3.2 Study characteristics
Figure 1 illustrates the countries with available prevalence data for the car
diovascular risk factors investigated. We detected a lack of data, particular
ly in Eastern Europe, Caribbean countries, Central America, Central South 
America, Central Africa, and Central Asia. The retrieved age of participants 
ranged from less than 1 to 78 years, and the sample size of the included 
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studies ranged from 1681 to 103 138 833 participants.81,88 Meta-analyses 
included 2 555 639 participants from 104 countries.

3.3 Quality assessment
Among the included studies, an average percentage of 60.2% of the items 
from the AMSTAR 2 tool was accomplished (see Supplementary material 
online, Table S2). According to AMSTAR 2 guidelines 2.5% met the criteria 
for high quality, 10.2% met the criteria for moderate quality, 20.3% met the 
criteria for low quality, and 67.0% met the criteria for being considered as 
critically low-quality systematic reviews.

3.4 Physical activity
Six studies assessed physical activity in the qualitative synthesis.3,27,30,57,65,81

Overall, the prevalence of insufficient physical activity ranged from 4.0% 
(Australia) to 72.0% (China).30,65 For the quantitative analysis (Figure 2), 
four studies with crude data on the number of participants and cases 
were used (n = 526 705).3,27,30,57 The overall pooled estimate of the preva
lence of insufficient physical activity was 26.3% (95% CI 2.3%-63.4%). The 
subgroup of adults showed a prevalence of 7.9% (95% CI 1.5%-18.9%). 
Heterogeneity between studies was considerable (I2 = 100.0%).

3.5 Diet
Three studies examined the prevalence of no adherence to a healthy 
diet,3,41,65 although only one examined the adherence to a 
Mediterranean diet.41 Peng et al.65 reported that a specific combination 
of fruits and vegetables, fish, fibre-rich whole grains, sodium, and 
sugar-sweetened beverages consumption was met by 11.3% (95% CI 
10.6%-11.9%) of a sample of adults from 28 countries. Quantitative synthe
sis (Figure 2) included two studies (n = 195 562),3,41 which showed an 
overall prevalence of no adherence to a healthy diet of 34.1% (95% CI 
5.8%-71.2%) (I2 = 100.0%).

3.6 Nicotine exposure
Eight studies assessed current cigarette use, inhaled use, or passive expos
ure to nicotine,3,5,47,65,68,70,82,84 which ranged from 10.4% among the gen
eral population of Nigeria to 48.7% in a community population of 
China.68,84 Three studies (n = 345 948) were included in the quantitative 
synthesis (Figure 2).68,70,82 The pooled estimate of the prevalence of nico
tine exposure was 15.4% (95% CI 10.4%-21.2%) (I2 = 99.9%).

3.7 Sleep
Seven studies assessed sleep health.29,33,53,60,72,78,85 The prevalence of non- 
compliance with enough sleep quality ranged from 15.1% (China) to 53.0% 
(Ethiopia).29,60 When accounting for the risk of overlapping data, two stud
ies were used for the quantitative synthesis (n = 84 924) (Figure 2).60,78 The 
pooled estimate of the prevalence of insufficient sleep quality was 38.5% 
(95% CI 14.0%-66.7%) (I2 = 100%).

3.8 Obesity
Sixteen studies assessed the prevalence of obesity, which ranged from 5.4% 
(Ethiopia) to 49.4% (China).3,5,18,21,25,36,39,43,46,49,54,63,64,67,74,88 Seven stud
ies (n = 340 240) were included in the quantitative synthe
sis,3,25,36,39,43,49,54 providing data on pooled prevalence of children 
obesity (13.9% [95% CI 8.8%-19.9%]), adult obesity (26.1% [95% CI 
7.9%-50.1%]), and overall obesity (17.3% [95% CI 6.1%-32.6%]) 
(Figure 2). Heterogeneity between studies was considerable (I2 = 100.0%).

3.9 Dyslipidemia
Seven studies provided data on the prevalence of dyslipidemia and were 
included in the qualitative synthesis,4,5,37,50,65,75,76 which ranged from 
34.1% (Vietnam) to 41.6% (Iran).37,75 The pooled estimated prevalence 
of dyslipidemia in the two used studies (n = 120 693) for the quantitative 
synthesis4,50 was 34.1% (95% CI 33.8%-34.4%) (I2 = 17.7%) (Figure 2).
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3.10 Diabetes
Seventeen studies provided data on the prevalence of high fasting blood 
glucose or other proxy measurement diabetes melli
tus.5,16,20,21,34,44,48,56,57,63–66,77,83,86,90 Prevalence of diabetes mellitus ran
ged from 4.0% in West Africa (Cameroon and Nigeria) to 28.8% 
(China).57,66 The pooled estimate of the prevalence of diabetes was esti
mated using six studies (n = 375 914).20,34,48,57,66,90 This estimation 
showed a 12.0% (95% CI 7.0%-18.2%) prevalence of diabetes (I2= 
99.9%) (Figure 2).

3.11 Hypertension
Thirty-five studies assessed the presence of hypertension and were 
included in the qualitative synthesis.5,6,17,19,22–24,26,28,31,32,35,38,40,42,45,51,52, 

55,58,59,61–66,69,71,73,77,79,80,87,89 Prevalence of hypertension ranged from 
6.2% (Brazil) to 55.2% (older African adults).40,51 The eleventh used studies 
for the quantitative synthesis6,17,22,28,35,38,42,55,61,66,71 (n = 933 441) 
showed a pooled prevalence of hypertension of 27.0% (95% CI 
23.2%-31.0%) (I2 = 99.9%) (Figure 2). The subgroup of children showed a 
pooled prevalence of hypertension of 18.7 (95% CI 1.7%-47.7%) (I2 =  
99.7%), whereas the subgroup of adults showed a pooled prevalence of 
hypertension of 29.4% (95% CI 23.3%-35.8%) (I2 = 99.9%) (Figure 2).

3.12 Publication bias
The LFK index for the Doi plots showed no asymmetry for nicotine expos
ure (LFK = 0.80), minor asymmetry for obesity (LFK = 1.31) and dyslipide
mia (LFK = 2.00), and major asymmetry for hypertension (LFK = 2.66), 
sleep (LFK = 4.01), diabetes (LFK = −2.93), diet (LFK = −3.76), and phys
ical activity (LFK = −4.57) (see Supplementary material online, Figure S2).

3.13 Sensitivity analyses
Leave-one-out meta-analyses identified highly influential studies for body 
mass index, diabetes, and hypertension (see Supplementary material 
online, Figure S3). When removing such highly influential studies, 
meta-analyses for the four mentioned CVH factors showed slight preva
lence variations (see Supplementary material online, Figure S4).

4. Discussion
Overall, the three most prevalent cardiovascular risk factors worldwide in 
the examined period were insufficient sleep quality, dyslipidemia, and no 
adherence to a healthy diet. Hypertension was the most prevalent cardio
vascular risk factor in subgroup analyses for both children and adults. These 
findings emphasize the importance of preventing high prevalence of specific 
cardiovascular risk factors and identify insufficient sleep quality as the most 
prevalent cardiovascular risk factor worldwide when accounting for the 
whole age range of the population. Insufficient sleep quality has been in
cluded for the first time in the AHA's CVH metrics, and the present find
ings indicate a need for specific strategies aiming at reducing such high 
prevalence worldwide.

To date, prior research examining the global prevalence of cardiovascu
lar risk factors has not evaluated prevalence of insufficient sleep quality,1

probably due to the fact that the focus was put on other cardiovascular 
risk factors and that insufficient sleep quality has only been considered re
cently as a CVH factor by the AHA.2,91 Particularly, insufficient sleep qual
ity, which has shown a strong association with cardiovascular diseases, may 
require a higher attention from CVH stakeholders.92,93 Furthermore, spe
cific strategies may also focus on reducing the prevalence of hypertension 
among children and adults and insufficient levels of physical activity among 
children.

4.1 Physical activity
Importantly, our results on the overall prevalence of physical inactivity en
dorse those observed by Guthold et al. since differences between studies 
are small (i.e. 27.5% vs. 26.3%) for a similar temporal framework (i.e. 2001– 
2016),94 which gives us confidence in our estimates. In the present study, 
the prevalence of insufficient physical activity was higher for the mixed sub
group. Only one single study examining children was observed concerning 
high prevalence among this population.3 This point may also be reinforced 
owing to the fact that most of the participants included in the meta-analysis 
for the mixed subgroup, which also shows a high prevalence, mostly com
prised of children and young adults. However, we did not estimate the 
prevalence of physical inactivity among children due to the lack of system
atic reviews providing data on this age group, but estimates calculated from 

Figure 1 Countries with available data for prevalence estimates of cardiovascular disease risk factors.
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Figure 2 Estimated prevalence for CVD risk factors. (A) Physical activity. (B) Diet. (C) Nicotine exposure. (D) Sleep. (E) Obesity. (F) Dyslipidemia. 
(G) Diabetes. (H) Hypertension. Forest plot for prevalence (%) and 95% Confidence Interval of each CVD risk factor among worldwide population. Risk factors 
were the following: insufficient physical activity (adults: less than 150 min a week; children: less than 60 min a day), diet (adults and children: Mediterranean diet 
style), nicotine exposure (adults and children: current use of cigarettes or inhaled nicotine), sleep (children and adults: sleep health of PSQI > 5), obesity (adults: 
body mass index ≥30 kg/m2; children: body mass index in the 95th percentile according to their reference population), dyslipidemia (adults and children: one or 
more abnormal levels of any lipid profile), diabetes (adults and children: fasting blood glucose 126 mg/dL), and hypertension (adults: SBP or DBP ≥ 140/90; 
children: SBP and/or DBP according to the 95th percentile of their reference population). Note: The Clopper-Pearson method was used to determine 
95% CIs for prevalence from the individual studies. A Freeman-Tukey double arcsine transformation was conducted to stabilize the variances before calculating 
the pooled prevalence. Abbreviations: CI, Confidence Interval; DBP, Diastolic Blood Pressure; DL, DerSimonian and Laird, FBG, Fasting Blood Glucose; HDLC, 
High Density Lipoprotein Cholesterol; I2, Higgins´ I2; SBP, Systolic Blood Pressure. 
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Figure 2 Continued
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Figure 2 Continued

28                                                                                                                                                                                                R. López-Bueno et al.
D

ow
nloaded from

 https://academ
ic.oup.com

/cardiovascres/article/120/1/13/7455976 by Biblioteca U
niversidad de Zaragoza user on 15 M

arch 2024



other studies suggested the very high prevalence of insufficient physical ac
tivity among adolescents aged 11–17 years.95 The recommended guide
lines for physical activity among children and adolescents are more 
demanding (i.e. 60 min/wk.), which makes it more difficult to meet the goals 
for this subgroup, particularly among adolescents who tend to reduce their 
levels of physical activity.96 However, the need for engaging in higher levels 
of physical activity during childhood is supported since it has been observed 
to reduce the odds of hypertension and type 2 diabetes in later adult
hood.97 Particularly, among obese children and teenagers, the benefits of 
physical activity over CVH may be driven by mitigating other cardiovascular 
risk factors.98

4.2 Diet
The prevalence of no adherence to a healthy diet was high worldwide. 
Comparisons with other studies are difficult due to the different ways to 
measure a healthy diet. However, there are repeating patterns such as 
high-rich fibre consumption through fresh vegetables and fruits, legumes, 
nuts, whole grain, and seed-based food that feature Dietary Approaches 
to Stop Hypertension (DASH) or Mediterranean-DASH Intervention for 
Neurodegenerative Delay (MIND) diets.99 The variability for the preva
lence of no adherence to a healthy diet estimated in our study is high. 
The latter is not a surprising result since prior research has also observed 
such high variability for low fruit and vegetable consumption (i.e. five ser
vings of fruits and/or vegetables daily) mainly due to the different dietary 
patterns regarding countries, sex, age, and income.100 However, owing 
to the well-spread sample used in this study, which comprised 70 coun
tries, our estimations may provide reliable information on the status of 
this cardiovascular risk factor for children and young adults together (i.e. 
2–25 years), although the prevalence of this risk factor may be substantially 
higher for particularly older individuals from low-income countries. This is
sue has also been reported in prior research.100

4.3 Nicotine exposure
We estimated low prevalence levels of Nicotine exposure worldwide, 
which agrees with the fact that smoking levels have decreased over the 
last decades.101,102 Prior research has examined smoking levels stratified 
by sex solely, and this hampers straightforward comparisons, but our esti
mations might not be so far from those observed previously.101 Our esti
mations have also the advantage of accounting for nicotine delivery systems 
and second-hand smoking, which have been considered harmful for CVH 
along with cigarette smoking.2 This provides a wider and more accurate 
perspective of the issue. Although there have been consistent reductions 
in smoking prevalence worldwide,102 there is less knowledge on the pro
gression of second-hand smoking and, particularly, the impact of the nico
tine delivery systems, which have shown a substantial prevalence among 
adolescents.103,104 The importance of second-hand smoking and nicotine 
delivery systems in the prevalence of nicotine exposure may be attenuated 
in our study owing to the contribution of older individuals included in the 
primary studies in this analysis.

4.4 Sleep
We identified insufficient sleep quality as the most prevalent cardiovascular 
risk factor worldwide. Our estimations were mostly based on the PSQI, a 
tool that assesses several components of sleep quality and provides an 
overall score. However, prior research has usually focused on the preva
lence of several sleep patterns from specific populations. For instance, a 
study by Gordon et al.105 observed a prevalence of 30% for less than the 
recommended sleep hours (i.e.  < 7 hours/day), 13% for frequent insom
nia, 18% for frequent insomnia/poor quality sleep, and 8% potential sleep 
apnoea symptoms among community-dwelling older adults. Because these 
sleep problems can be experienced combined among older adults, and less 
than recommended sleep time is highly prevalent among children,105,106

estimations of a high overall prevalence of insufficient sleep quality, as ob
served in our study, are plausible. Even when measured by using actigraphy 
and with a very low demanding sleep time reference (i.e.  < 7 h/day), the 

prevalence of insufficient sleep time is substantial among children aged 
6 to 12 years.107

4.5 Obesity
The prevalence of obesity was not among the highest prevalence of cardio
vascular risk factors observed in the present study. However, there is still a 
relevant prevalence of obesity, particularly among adults. According to a 
study from the Global Burden of Disease on Non-Communicable Risk 
Factors group, the increase of body mass index has recently plateaued in 
many geographical areas such as northwestern Europe and the high- 
income English-speaking and Asia-Pacific regions over the last decades,108

which may partially explain that we did not observe higher prevalence 
obesity levels. By contrast, these flattened body mass index trends have 
not yet represented an overall worldwide reduction in trends of obesity 
among children and adolescents over the last decades, which have even in
creased and may represent future increases in the prevalence of obesity 
also among adults. This trend can already be observed in a densely popu
lated country such as China.108,109 A better understanding of the critical 
geographical differences in obesity prevalence may contribute to particular 
causes of obesity and promising public health strategies for the future.

4.6 Dyslipidemia
The prevalence of dyslipidemia was among the highest of the cardiovascu
lar risk factors examined in our study. However, it has to be noticed that 
we used an aged sample population in our estimations; thus, the prevalence 
of dyslipidemia among younger people may be considerably lower since 
usually increases with age.110 A similar or even higher prevalence of dysli
pidemia has also been observed among Turkish and Chinese middle- to 
older-aged adults.111,112 Variances may be driven by the different proxies 
considered to define dyslipidemia as prior research has considered any 
abnormality in total cholesterol, high-density lipoprotein cholesterol, low- 
density lipoprotein cholesterol, or triglycerides, which can be presented ei
ther solely or combined.112 Prevalence of dyslipidemia may be reduced 
with adequate cardiovascular risk management as observed in older adult 
men from the US.113

4.7 Diabetes
Our overall estimate of global diabetes prevalence was slightly higher than 
previously observed in a longer period (i.e. 1990–2018).114 Such differ
ences may be due to different geographical study populations, since our 
study focuses on regions such as Africa or the Middle East where preva
lence levels are higher than in other regions, and lacks data from regions 
with lower prevalence of diabetes such as Northern- or 
Western-Europe.115 Even though the overall prevalence of diabetes is 
not among the highest cardiovascular risk factors worldwide, future pro
jections for specific geographical areas of South America, Asia, 
Middle-East, or Africa are concerning,115 and monitorization of these 
prevalence levels to know the impact of public health policies is warranted.

4.8 Hypertension
Our overall prevalence of hypertension worldwide among adults was 
slightly lower than estimated in another study using data from 2010 
(29.4% vs. 31.1%).116 However, estimations for children and adolescents 
differ more depending on the study, although generally, we found a higher 
prevalence of hypertension among children than in other studies compris
ing either regional or overall study samples.73,117 This difference may be be
cause our study sample focused on countries with a higher prevalence of 
hypertension among children. Yet, there is also the possibility that our es
timates also reflect the growing trend in global hypertension observed 
among children over the last decades.73 Such concerning growing trends 
can be observed among adults in almost any single geographical region ex
cept for Central and Eastern Europe, which along with the fact that there is 
still an improvement in control and treatment of this condition among the 
population,118 makes this cardiovascular risk factor one of the main targets 
to address through efficient strategies.
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4.9 Strengths and limitations
This systematic review extracted data from 79 studies and retrieved data 
from 2 555 639 participants from 104 countries for meta-analyses on the 
prevalence of cardiovascular risk factors. Moreover, strict adherence to re
porting guidelines (PRIOR) and a thorough search of databases and add
itional sources were used to identify meta-analyses on cardiovascular 
risk factors. Our analyses accounted for the potential risk of overlapping 
data and were strict when including studies with data comprising the study 
period in the quantitative analyses. However, the results of the present 
study should be interpreted in the light of the following constraints: 
(i) Given that we used few studies for the quantitative analyses of three car
diovascular factors (i.e. diet, sleep, and dyslipidemia), these estimations of 
prevalence should be treated with caution. (ii) Owing to the combination 
of data from a wide range of geographical regions as well as different age 
and sex categories, the level of heterogeneity found in most of our estima
tions of the prevalence of the examined cardiovascular risk factors was 
high. However, this issue is common in studies examining the worldwide 
prevalence of cardiovascular risk factors since prevalence can widely vary 
among countries and populations with specific features.102,118 (iii) The gen
eralizability of the results is limited to the studies included in our study, in 
which high-income countries were underrepresented due to the lack of 
systematic reviews with meta-analysis on prevalence in these geographical 
regions. However, these estimates can complement those from the exist
ing literature on the topic which usually integrates less data on low-income 
countries.119 (iv) Since we included studies based on self-reported data on 
physical activity, diet, nicotine exposure, and sleep, there is a certain risk of 
recall bias that might have any influence on the results. Also, due to the lack 
of homogeneity in measuring specific cardiovascular risk factors such as 
diabetes or diet, a risk of misclassification bias exists. (v) The low quality 
of several studies may influence the prevalence estimates obtained in the 
present overview. (vi) Due to the low number of studies included in the 
meta-analyses, subgroup analyses concerning sex or geographical regions 
were not possible. However, since an important number of low-to 
middle-income countries from Asia, Africa, and South America have 
been considered in our estimates, it is likely that the present study reflects 
more accurately the global prevalence of cardiovascular risk factors than 
other studies with more geographical-restricted data use. In fact, it is par
ticularly concerning the high prevalence of physical inactivity in Brazil, the 
high prevalence of insufficient sleep quality in Ethiopia, the high prevalence 
of obesity among adults in Ecuador, and the high prevalence of hyperten
sion among children in Malaysia, which deserves further investigation.

5. Conclusions
Identifying the more prevalent cardiovascular risk factors based on the up
dated LE8 is useful for prioritizing policy strategies to improve CVH world
wide. The present findings highlight the need for prevention strategies 
aimed particularly at reducing insufficient sleep quality, the new cardiovas
cular risk factor added by AHA to the CVH metrics, dyslipidemia, and lack 
of adherence to a healthy diet. Moreover, the high prevalence of hyperten
sion among children and adults is also concerning and should be adequately 
addressed through global policies. Additionally, there is a need for informa
tion on the prevalence of any of the 8 examined cardiovascular risk factors 
in many countries from different geographical areas. In particular, data 
from Eastern Europe, Caribbean countries, Central America, Central 
South America, Central Africa, and Central Asia are lacking.
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