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Abstract

Background and Aims: Blood pressure, body mass index (BMI), and carotid intima‐

media thickness (CIMT) are well‐known independent predictors of cardiovascular

disease especially in adulthood. However, there is insufficient evidence regarding

the statistical significance of the relationship between childhood CIMT, blood

pressure and BMI. This systematic review and meta‐analysis was therefore con-

ducted to ascertain the relationship.

Methods: This systematic review and meta‐analysis was reported in accordance with

the PRISMA statement. Three electronic databases were searched, namely EMBASE,

MEDLINE and the Cochrane Library. Data were extracted independently by two

review authors. Quantitative data were analyzed using Review Manager.

Results: The meta‐analysis was conducted using a random effects model and stan-

dard mean difference. The results of the meta‐analysis indicated a statistically sig-

nificant difference in CIMT of 0.86 (95% CI: 0.41–1.31) between normotensive

versus hypertensive children. Again, overweight and moderately obese children had

higher CIMT values as compared to normal weight children with a pooled standard

mean difference of 0.72 (95% CI: 0.24–1.20) and 2.75 (95% CI: 0.73–4.77)

respectively. The pooled standard mean difference of systolic and diastolic blood

pressures was found to be 2.44 (95% CI: 1.69–3.19) and 1.28 (95% CI: 0.65–1.92)

respectively between normal weight and overweight/obese children.

Conclusion: The meta‐analysis found a significant difference in CIMT between

normotensive and hypertensive children, with overweight and moderately obese

children having higher CIMT values. Thus, conducting CIMT screening for obese or

overweight children and children with increased blood pressure can provide valuable

information about their cardiovascular disease risk.
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1 | INTRODUCTION

Cardiovascular diseases (CVDs) cause more than 18.5 million deaths

globally, making up over 31% of all deaths.1 Atherosclerosis is the

dominant form of CVD characterized by the accumulation of lipids

and inflammation in the major arteries.2,3

Childhood and adolescent health behaviors have a direct effect

on cardiovascular health in adulthood. Traditional risk factors for

CVD, including hypertension, obesity, dyslipidemia, and unhealthy

diets often stem from childhood or adolescence and subsequently

worsens with advancing age. It is reported that the CVD health

profile of most children and adolescents are not ideal.4

Therefore, it is of great public health importance to focus on

the burden and trend of CVD during childhood. Early identifica-

tion of children at risk for atherosclerosis allows for timely

management to reduce advancement. The American Heart

Association recommends eight Essentials of Life which must be

closely monitored, including four health behaviors. The four

easily measurable intermediate health factors are body mass,

blood pressure, blood lipids, and blood glucose.5 Among the four

recommended risk parameters, body mass and blood pressure are

much easier to determine because no invasive testing or blood

analysis is required. In addition, the American Heart Association

also recommends the noninvasive assessment of atherosclerosis

in children with unhealthy CVD profiles. The carotid intima media

thickness (CIMT) has been suggested as a viable tool for this

purpose.6 There is however the need for more research to ensure

standardization and availability of normative data before the

CIMT can be adopted into clinical practice.

CIMT assessment can be performed with B‐mode ultrasound

imaging as a relatively inexpensive, safe technique and is suitable for

large‐scale population studies.7 CIMT is a useful subclinical indicator

of atherosclerosis and predictive of cardiovascular events in the adult

population.8 Childhood diseases often associated with increased

CIMT include chronic kidney disease,9 type I diabetes,10 familial

hyperlipidemia,11 obesity, and hypertension,12 among others.

Obesity and hypertension are the main readily measurable,

noninvasive physically assessed risk factors of CVD that are

CIMT‐related. Yet there is insufficient evidence of a statistically

significant relationship between body mass, blood pressure and

CIMT. Day, Park and Kinra,13 conducted a systematic review on

the relationship amongst these parameters, but there was no

meta‐analysis on the statistical significance of the relationship.

Therefore, the purpose of this review is to assess the statistical

significance of the relationship between body mass, blood pres-

sure and CIMT.

2 | DESIGN AND METHODOLOGY

The systematic review and meta‐analysis was conducted and re-

ported in accordance with the Preferred Reporting Items for

Systematic Reviews and Meta‐Analyses (PRISMA) statement.14

3 | ETHICS

Being a systematic review and meta‐analysis of already existing data,

ethical approval was not required for this study. There was also no

need for informed consent.

3.1 | Data source and search strategy

Between 18th and 19th July 2023, three electronic databases were

searched for relevant articles: Cochrane Library, Embase, and Med-

line databases. A combination of Medical Subject Headings (MeSH)

and key words for carotid intima‐media thickness and blood pressure

in pediatrics were used. The chosen search phrases were merged

using Boolean operators “AND” and “OR” to identify papers. No date

restrictions were applied to the search. The data were exported to

and managed in Endnote software version 20.2 The reference lists of

the selected publications and Google scholar were searched to

identify additional articles. The PICO (Population, Intervention,

Comparator, Outcome) framework was used as a guide to develop

the systematic review question (See Table 1).

3.2 | Outcomes

The primary outcome was to ascertain whether there is significant

increase in CIMT with increasing blood pressure in children between

the ages of 9 and 16 years. The secondary outcome was to ascertain

whether there is significant increase in CIMT with increasing BMI in

children between the ages of 9 and 16 years.

3.3 | Inclusion and exclusion criteria

This review included studies on CIMT in children, blood pressure mea-

surements, demographic information, and control groups for analysis.

Exclusion criteria included carotid ultrasound studies without measure-

ments of CIMT and studies examining the relationship between CIMT

and specific pediatric diseases. The criteria also excluded papers focusing

on carotid ultrasound but not CIMT measurements. Papers not written in

the English language were also excluded.

TABLE 1 PICO plan for the review.

Population (P) Children

Intervention (I) Carotid intima‐media thickness
measurement in children with high

blood pressure.

Comparator (C) Carotid intima‐media thickness
measurement in children with normal

blood pressure.

Outcome (O) Higher carotid intima‐media
thickness values.
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3.4 | Study selection

After removal of duplicates, two review authors (BAA and YAW)

independently screened the titles and abstracts of the articles to

determine their relevance. Subsequently, the two reviewers reached

a consensus over the results of the screening process. The full texts

of articles that were identified as potentially relevant during the

abstract assessment were obtained and evaluated by the same

independent reviewers according to the predefined inclusion criteria.

Articles that did not fit the inclusion criteria were eliminated from the

analysis, and the reasons for their exclusion were appropriately jus-

tified. Any conflicts that arose between the two authors of the

review were resolved through collaborative dialogue. The procedure

of selecting review articles is further elucidated in the PRISMA flow

diagram (Figure 1).

3.5 | Data extraction

The two authors (BAA and YAW) independently extracted pertinent

data from the articles to be included in analysis. The data gathered

included the name of the author, the year of publication, the country

where the study was conducted, the study design, the number of

participants, the size of the cohort, the measurements of blood pres-

sure (both systolic and diastolic), the body mass index (BMI) as well as

the CIMT values for each cohort (mean and standard deviation).

3.6 | Quality assessment

The quality assessment was performed by BAA. The quality of the

included studies was assessed using the appropriate tool for quan-

titative studies provided by the Joanna Briggs Institute (JBI) Critical

Appraisal Checklist (cohort studies). The risk of bias in studies was set

at a cut‐off point of 60%.

3.7 | Data analysis

Meta‐analysis was employed for studies that reported quantitative

data. The meta‐analysis was performed using Review Manager ver-

sion 5.

A random‐effects meta‐analysis was used to calculate the pooled

data with 95% confidence intervals (CIs) because it allows for the

possibility that studies in the meta‐analysis have heterogeneous ef-

fects. The extracted data were utilized to compute the standard mean

difference (SMD).15 The studies incorporated in the analysis utilized a

standardized scale but different techniques to assess the outcome.

The heterogeneity among the studies was estimated using the I2

index, with values classified as: “no heterogeneity (0%)”, “low het-

erogeneity (25% to 50%)”, “moderate heterogeneity (51%–74%)”, and

“high heterogeneity (greater than or equal to 75%)”.15 Forest plots

were generated. Probability values below 0.05 were considered

statistically significant.

F IGURE 1 Prisma flow chart.
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4 | RESULTS

The electronic database searches yielded 1,406 articles. A total of 97

articles were excluded due to duplication. The titles and abstracts of

the remaining articles were screened, and 1,275 articles were ex-

cluded. The full texts of the remaining 34 articles were reviewed for

eligibility of which 6 were found to be eligible for inclusion.

The hand search also identified 30 articles of which two were

deemed relevant for inclusion. Finally, a total of 8 studies were

included in this review (See Figure 1).

4.1 | Study characteristics

The 8 studies in this review enrolled a total of 1,013 participants. The

studies were published between 2003 and 2022. All the studies were

cross‐sectional.

4.2 | Participants

The studies included in the analysis had sample sizes that varied from

3216 to 254.17 Except for one study that provided the mean age of

participants as 14.0 ± 3.3218 the remaining studies did not include

information regarding the overall mean age of participants. The

majority of studies provided reports regarding the average ages cat-

egorized by participant group.17–23 The mean ages of the population,

both as a whole and within their respective groups of normotensive

and hypertensive individuals, were not reported in a particular study.16

In general, the age range of the participants included in this review

varied from 9.8 ± 4.1 years17 to 15.8 ± 0.6 years20 for individuals with

normal blood pressure, and from 10.5 ± 4.0 years17 to 16.5 ± 1.0

years20 for individuals with high blood pressure.

4.3 | Settings

The studies included in this review were of European, Asian, and Amer-

ican origin (See Figure 2). No studies were undertaken in Africa or the

Middle East. Concerning the sample selection in the research, the

majority of the studies (n=5) obtained their sample from a specialized

clinic catering to pediatric patients with hypertension.17,19,21–23 The

remaining studies (3) relied on screening conducted within school

settings.16,18,20

The results obtained from the research included in the analysis ex-

hibited a range of outcomes. Initially, all the included studies reached a

consensus about the observation that the hypertensive cohorts exhibited

greater weight and height in comparison to the normotensive

controls.16–23 Once again, it was observed that the groups with hyper-

tension exhibited larger values of CIMT in comparison to the control

group. Two studies found that, there was no statistically significant dif-

ference in CIMT between the two groups that were examined.19,21

However, the remaining studies did not provide any commentary on

statistical significance. Instead, they simply confirmed the observation

that individuals with hypertension had higher CIMT compared to those

without hypertension.16–18,20,22,23 Table 2 below illustrates the key

findings in the included papers.

4.4 | CIMT in hypertensive and normotensive
patients

Figure 3 shows the forest plot of CIMT in hypertensive and normo-

tensive patients. Eight studies with 520 hypertensive and 495 nor-

motensive children were analyzed.16–23 The pooled standard mean

difference in CIMT between hypertensive and normotensive children

was 0.83 (95% CI: 0.47–1.19) by using a random effects model. There

was a high heterogeneity amongst the studies (I2 = 84%, p< 0.001).

F IGURE 2 Map showing the distribution of included studies.
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4.5 | BMI in hypertensive and normotensive
children

Figure 4 shows the forest plot of BMI in hypertensive and normo-

tensive children. Eight studies with 520 hypertensive and 495 nor-

motensive children were utilized.16–23 The pooled standard mean

difference in BMI between hypertensive and normotensive children

was 0.94 (95% CI: 0.64–1.24) by using a random effects model. There

was a high between study heterogeneity (I2= 78%, p< 0.001).

4.6 | Systolic blood pressure in hypertensive and
normotensive children

Figure 5 shows the forest plot of systolic blood pressure in hyper-

tensive and normotensive children. Seven studies reported on the

mean blood pressure of the two cohorts with 387 hypertensive and

374 normotensive children.16,18–23 The pooled standard mean dif-

ference in systolic blood pressure between hypertensive and nor-

motensive children was 2.44 (95% CI: 1.69–3.19) by using a random

effects model. There was a high between study heterogeneity (I2=

93%, p < 0.001).

4.7 | Diastolic blood pressure in hypertensive and
normotensive children

Figure 6 shows the forest plot of diastolic blood pressure in hypertensive

and normotensive children. Seven studies reported on the mean blood

pressure of the two cohorts with 387 hypertensive and 374 normoten-

sive children.16,18–23 The pooled standard mean difference in diastolic

blood pressure between hypertensive and normotensive children was

1.28 (95% CI: 0.65–1.92) by using a random effects model. There was a

high between study heterogeneity (I2 = 93%, p<0.001).

4.8 | CIMT in overweight and normal weight children

Figure 7 shows the forest plot of CIMT in overweight and normal

weight children. Three studies (18,20,22) reported on BMI values

F IGURE 3 Showing plot of CIMT in hypertensive and normotensive children.

F IGURE 4 Showing BMI in hypertensive and normotensive children.
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that fell within the overweight category.24 There were 264

overweight children and 207 normal weight children. The pooled

standard mean difference in CIMT for overweight and normal

weight children was 0.72 (95% CI: 0.24–1.20) by using a random

effects model. There was a high between study heterogeneity

(I2 = 83%, p = 0.003).

4.9 | CIMT in moderately obese and normal weight
children

Figure 8 shows the forest plot of CIMT in moderately obese and normal

weight children. Three studies16,21,23 reported on BMI values that fell

within the moderately obese category.24 There were 89 moderately

F IGURE 5 Showing systolic blood pressure in hypertensive and normotensive children.

F IGURE 6 Showing diastolic blood pressure in hypertensive and normotensive children.

F IGURE 7 Showing CIMT in overweight and normal‐weight children.
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obese children and 135 normal weight children. The pooled standard

mean difference in CIMT for moderately obese and normal weight chil-

dren was 2.75 (95% CI: 0.73–4.77) by using a random effects model.

There was a high between study heterogeneity (I2 = 96%, p<0.001).

4.10 | Publication bias

A funnel plot was used to assess the degree of bias in included

studies. About 50% of the included studies are captured within the

area of the funnel indicating a low level of bias (see Figure 9).

4.11 | Quality assessment

The details of the critical appraisal of the included studies are cap-

tured in Appendix 1. All the included studies were cohort studies and

attained a 63.6% score across board. Confounding factors were

identified in each of the studies and regression analysis were em-

ployed to ascertain their effect on the outcomes of interest.

5 | DISCUSSION

The present study is a systematic review and meta‐analysis to ex-

amine the associations between blood pressure, BMI, and CIMT of

children. The results of the meta‐analysis indicate a statistically sig-

nificant standard mean difference in CIMT of 0.83 (95% CI:

0.47–1.19) between normotensive and hypertensive children. The

results of the meta‐analysis indicate that children with hypertension

had a higher CIMT value compared to those without hypertension.

Six of the included articles defined hypertension in children and

adolescents as average systolic or diastolic blood pressure that is

greater than or equal to the 95th percentile for sex, age, and height

F IGURE 8 Showing CIMT in moderately obese and normal‐weight children.

F IGURE 9 Funnel plot showing degree of bias.
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on at least three separate occasions. This is per the definition of

hypertension as published in “The Fourth Report” by the National

High Blood Pressure Education Program Working Group.25 One

included article by Litwin et al.,18 defined hypertension based on data

from another study which used ambulatory blood pressure values.26

Another included study by Tae et al16 defined hypertension as sys-

tolic blood pressure ≥ 140mm/Hg and diastolic blood pressure ≥ to

90mm/Hg.

The review also showed that the BMI of children with hyper-

tension was significantly greater compared to those without hyper-

tension with a standard mean difference of 0.94 (95% CI: 0.64–1.24).

The pooled standard mean difference for systolic blood pressure was

found to be 2.44 (95% CI: 1.69–3.19). The diastolic blood pressure

exhibited a pooled standard mean difference of 1.28 (95% CI:

0.65–1.92). Again, overweight, and moderately obese children had

higher CIMT values compared to normal‐weight children with a

pooled standard mean difference of 0.72 (95% CI: 0.24–1.20) and

2.75 (95% CI: 0.73–4.77) respectively. While most of the included

studies did not specify their definitions of overweight and obesity, Liu

et al.19 defined obesity as a BMI greater than the 95th percentile for

age, sex, and height.

Apart from the apparent higher CIMT in hypertensive

children,16–18,20,22,23 Litwin et al.,18 also described the coexistence of

an increased femoral intima‐media thickness. Again, in two of the

included studies by Litwin et al.18 and Liu et al.,19 children with high

blood pressure also showed an increased incidence of left ventricular

hypertrophy compared to those without hypertension. The preva-

lence of hypertension in children with obesity was quoted by Liu

et al.19 to be more than 10 times higher than in children with normal

weight. Obese children with hypertension also had higher diastolic

blood pressures as compared to their normal‐weight counterparts.19

These findings underscore the interplay between blood pressure,

BMI, and early signs of vascular changes in children, emphasizing the

importance of monitoring these factors for cardiovascular health in

pediatric populations.

In this meta‐analysis, it was also found that children with systolic

blood pressure of 119 ± 9.9 and diastolic blood pressure of 66 ± 8.8

or above are candidates for CIMT assessment since they are at

increased risk of having higher CIMT values. However as indicated by

Touboul et al.,27 this should be performed using the protocols out-

lined in the Mannheim consensus. Due to the operator‐dependent

nature of CIMT measurement and ultrasound in general, care should

be taken to eschew biases in the analysis of derived values. Until

there are region‐specific BMI centile charts, children within the

overweight and moderately obese weight categories as defined by

Huang, Wan Mohamed Radzi and Salarzadeh Jenatabadi,24 are also

candidates for CIMT evaluation.

This systematic review underscores the need for region‐specific

and country‐specific evaluations of cardiovascular disease risk in

children using CIMT. Given the lack of literature from regions such as

Africa and the Middle East, studies should be conducted to establish

normative values for theirpediatric populations. Further investigation

is needed to determine appropriate thresholds for pediatric blood

pressure readings, as normative values may not be universally

applicable across populations.28 Additionally, there is the need to

assess the effect of other established measures of obesity such as

waist‐hip ratio and ultrasound‐measured abdominal adiposity since

the BMI does not give information on body fat distribution.29 Again,

for individuals who are found to be overweight or obese, there is the

need to conduct body composition analysis and blood tests.

Homeostatic Model assessment for insulin resistance (HOMA‐IR),

lipid profiles, uric acid, and 25‐OH vitamin D can help determine an

individual's fat burden.30

The findings of this systematic review and meta‐analysis also

make it imperative for healthcare providers to diligently monitor the

blood pressures and BMIs of pediatric patients. These should be

based on region and gender‐specific centile charts which are the

current method of diagnosis of overweight or obesity status in

pediatrics.29,31,32 It is also recommended that children presenting

with elevated blood pressure and BMI be provided with the oppor-

tunity to have a B‐mode ultrasound of the common carotid, which

can effectively measure their CIMT and evaluate their risk. Again,

further research is needed to find out if weight loss through exercise

or a healthy diet can reverse the CIMT changes seen in overweight

and obese children.

The major strength of this review is the fact that all included

studies performed their measurements in accordance with the

Mannheim and American Society of Echocardiography consensus

statements.27,33 However, the systematic review had few limitations

that should be highlighted. The included studies were mainly obser-

vational as there was no existing randomized controlled trial. It

therefore calls for future studies that are randomized controlled tri-

als. Similarly, there was also no uniformity in the methods used in

blood pressure assessment. For example, two studies used ambula-

tory blood pressure measurements (ABPM) to assess hyper-

tension,17,18 while the remaining six articles used office blood pres-

sure measurements. Also, a study conducted by Liu et al.19 employed

automated software to assess the CIMT, while the remaining relied

on manual measurements16–18,20–23

6 | CONCLUSION

There is a significant association between increased CIMT, blood

pressure and BMI in children. The evidence shows that children with

higher blood pressure and BMI have significantly thicker CIMT than

children with normal blood pressure and BMI. This suggests that

CIMT screening for overweight/obese children and children with high

blood pressure is valuable for assessing cardiovascular health. Addi-

tional research is needed to ascertain whether lifestyle modifications

such as healthy diets and exercise can lead to the reversal of CIMT in

overweight or obese children.
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