
Journal of Developmental
Origins of Health and Disease

www.cambridge.org/doh

Original Article

Cite this article: Boateng D, Danquah I,
Said-Mohamed R, Smeeth L, Nicolaou M,
Meeks K, Beune E, Addo J, Bahendeka S,
Agyei-Baffour P, Mockenhaupt FP, Spranger J,
Schulze MB, Grobbee DE, Agyemang C, and
Klipstein-Grobusch K (2020) Early-life
exposures and cardiovascular disease risk
among Ghanaian migrant and home
populations: the RODAM study. Journal of
Developmental Origins of Health and Disease 11:
250–263. doi: 10.1017/S2040174419000527

Received: 16 April 2019
Revised: 11 August 2019
Accepted: 23 August 2019
First published online: 26 September 2019

Keywords:
Leg length; sitting height; cardiovascular
disease risk; Ghanaians; Pooled Cohort
Equation

Address for correspondence:
Daniel Boateng, Julius Global Health, Julius
Center for Health Sciences and Primary Care,
University Medical Center Utrecht, Utrecht
University, Universiteitsweg 100, 3584 CG
Utrecht, Huispost nr. STR 6.131, P.O. Box 85500,
The Netherlands. Tele: þ31 887568181;
Email: d.boateng-2@umcutrecht.nl

© Cambridge University Press and the
International Society for Developmental
Origins of Health and Disease 2019. This is an
Open Access article, distributed under the
terms of the Creative Commons Attribution
licence (http://creativecommons.org/licenses/
by/4.0/), which permits unrestricted re-use,
distribution, and reproduction in any medium,
provided the original work is properly cited.

Early-life exposures and cardiovascular disease
risk among Ghanaian migrant and home
populations: the RODAM study

Daniel Boateng1,2 , Ina Danquah3,4, Rihlat Said-Mohamed5, Liam Smeeth6,

Mary Nicolaou7, Karlijn Meeks7,8, Erik Beune7, Juliet Addo6, Silver Bahendeka9,

Peter Agyei-Baffour2, Frank P. Mockenhaupt10, Joachim Spranger11,

Matthias B. Schulze3, Diederick E. Grobbee1, Charles Agyemang7 and

Kerstin Klipstein-Grobusch1,12

1Julius Global Health, Julius Center for Health Sciences and Primary Care, University Medical Center Utrecht, Utrecht
University, Utrecht, The Netherlands, 2School of Public Health, Kwame Nkrumah University of Science and
Technology, Kumasi, Ghana, 3Department of Molecular Epidemiology, German Institute of Human Nutrition
Potsdam-Rehbruecke, Nuthetal, Germany, 4Charité – Universitaetsmedizin Berlin, Freie Universität Berlin,
Humboldt-Universität zu Berlin, and Berlin Institute of Health, Institute for Social Medicine, Epidemiology and
Health Economics, Berlin, Germany, 5SAMRC/WITS Developmental Pathways for Health Research Unit,
Department of Paediatrics, School of Clinical Medicine, Faculty of Health Sciences, University of the
Witwatersrand, Johannesburg, South Africa, 6Department of Non-Communicable Disease Epidemiology, London
School of Hygiene and Tropical Medicine, London, UK, 7Department of Public Health, Amsterdam UMC,
University of Amsterdam, Amsterdam Public Health research institute, Amsterdam, The Netherlands, 8Center for
Research on Genomics and Global Health, National Human Genome Research Institute, National Institutes of
Health, Bethesda, MD, USA, 9MKPGMS - Uganda Martyrs University, Kampala, Uganda, 10Charité Center for
Cardiovascular Research (CCR), Berlin, Germany, 11Institute of Tropical Medicine and International Health,
Charité – University Medicine Berlin, Germany and 12Division of Epidemiology & Biostatistics, School of Public
Health, Faculty of Health Sciences, University of the Witwatersrand, Johannesburg, South Africa

Abstract

Early-life environmental and nutritional exposures are considered to contribute to the
differences in cardiovascular disease (CVD) burden. Among sub-Saharan African populations,
the association betweenmarkers of early-life exposures such as leg length and sitting height and
CVD risk is yet to be investigated. This study assessed the association between leg length, sitting
height, and estimated 10-year atherosclerotic cardiovascular disease (ASCVD) risk among
Ghanaian-born populations in Europe and Ghana. We constructed sex-specific quintiles for
sitting height and leg length for 3250 participants aged 40–70 years (mean age 52 years;
men 39.6%; women 60.4%) in the cross-sectional multicenter Research on Diabetes and
Obesity among African Migrants study. Ten-year risk of ASCVD was estimated using the
Pooled Cohort Equations; risk ≥7.5% was defined as “elevated” CVD risk. Prevalence ratios
(PR) were estimated to determine the associations between sitting height, leg length,
and estimated 10-year ASCVD risk. For both men and women, mean sitting height and leg
length were highest in Europe and lowest in rural Ghana. Sitting height was inversely
associated with 10-year ASCVD risk among all women (PR for 1 standard deviation increase
of sitting height: 0.75; 95% confidence interval: 0.67, 0.85). Among men, an inverse association
between sitting height and 10-year ASCVD risk was significant on adjustment for study site,
adult, and parental education but attenuated when further adjusted for height. No association
was found between leg length and estimated 10-year ASCVD risk. Early-life and childhood
exposures that influence sitting height could be the important determinants of ASCVD risk
in this adult population.

Background

Cardiovascular diseases (CVDs) and their related deaths pose a major global health challenge,
currently constituting about half of deaths from non-communicable diseases,1 more than 80% of
them in low- and middle-income countries (LMICs).2,3 Recent findings from the multicentre
Research on Obesity and Diabetes among African Migrants (RODAM) study showed a higher
prevalence of diabetes and obesity4 and estimated CVD risk5 among Ghanaian populations
residing in Europe as well as urban Ghana. The causes of the higher burden of CVD among
sub-Saharan African migrant and home populations are not completely known. Dietary habits,
lifestyle factors, and psychosocial stress have not fully explained these differences.5–7

The interplay between origin, epidemiologic, and socioeconomic transitions is considered
to explain differences in disease risk and prevalence between and within populations.
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The Developmental Origins of Health and Disease paradigm has
shed light on the relationship between early-life development and
susceptibility to chronic diseases in later life.8,9 Impaired fetal
development and poor birth outcomes such as low birth weight
and preterm birth have been associated with an increased risk of
obesity, CVD, and metabolic disorders in later life, including in
LMICs.10,11 Childhood socioeconomic disadvantages, malnutri-
tion, and psychosocial stresses, for example, have been associated
with inflammation and the clustering of metabolic risk markers in
adulthood, resulting in age-related diseases such as CVDs.12–14 It is
suggested that the mismatch between the postnatal phenotype
predicted by early-life conditions and subsequent reality in
later life leads to health problems.15 Populations born in LMICs
might have had adverse early-life nutritional and environmental
exposures than their counterparts born in high-income settings,
making them more vulnerable to the negative effects of the
obesogenic environment.

The proportion of height variation explained by shared environ-
mental factors is shown to be greatest in early childhood,16 and leg
length and sitting height are widely used as objective markers of
childhood nutrition and socioeconomic status. Recently, longer
leg length has been shown to be associated with a lower risk of death
from coronary heart disease,17,18 the lower risk of diabetes,19 lower
blood pressure,20 and a more favorable cardiovascular risk pro-
file.21,22 Sitting height or trunk length is also associated with reduced
risk of circulatory diseases.18,23 These specific associations suggest
that skeletal growth may be a good indicator of early-life environ-
mental exposures and is thus an important determinant for CVD
risk in later life.18,23 Greater absolute and relative leg length is an
indicator of better living conditions, such as improved nutrition
and fewer respiratory infections during infancy and prepubertal
childhood, which might be influenced by childhood socioeconomic
status.24,25 Longer sitting height and trunk length reflect nutritional
and lifestyle influences during infancy and childhood stages and
their interactions with puberty onset.26 The associations between
early-life exposures, puberty, and health outcomes depend on the
contextual environment and could differ among rural and urban
populations particularly in LMICs.27,28

Exploring the role of early childhood exposures on CVD risk
among sub-Saharan African populations could help understand
the reasons for the differences and increased CVD burden
observed among populations from this region. This study aims
to assess whether anthropometric markers of early-life environ-
mental conditions are associated with an estimated risk of
atherosclerotic cardiovascular disease (ASCVD) in adulthood.
Using an established risk algorithm,29 we assessed the association
between absolute and relative leg length and sitting height and
10-year ASCVD risk among Ghanaian-born adults residing in
Ghana and Europe.

Methods

Study design and study population

Details of the RODAM study including the recruitment and sam-
ple size estimations have previously been described.30 In summary,
this multicenter cross-sectional study was conducted among
Ghanaian adults in rural Ghana, urban Ghana, and Europe
(Amsterdam, London, and Berlin) between July 2012 and
September 2015 (n= 6,385). For recruitment, in Ghana, census
data of 2010 were used to draw rural and urban participants in
the Ashanti Region. In Amsterdam, the Municipal Register was

used to randomly select Ghanaian migrants who have been
invited to be part of the study by postal mail and home visits.
In London and Berlin, Ghanaian organizations, church commun-
ities, and social unions served as the sampling frame for recruit-
ment. The response rates were 76% in rural Ghana and 74% in
urbanGhana. In Amsterdam, 67% replied by response card or after
a home visit. Of these, 53% agreed and participated in the study.
In London, of those individuals who were invited based on
their registration in Ghanaian organizations, 75% agreed and
participated in the study. In Berlin, this figure was 68%.

All Ghanaian-born RODAM study participants aged 40 to 70
years, without a history of clinical ASCVD and complete informa-
tion on leg length and sitting height, were included in the current
analysis. Study participants with missing data (systolic blood
pressure n= 7; total cholesterol n= 137; low-density lipoprotein
[LDL] cholesterol n= 139; high-density lipoprotein [HDL] choles-
terol n= 138; body mass index [BMI] n= 2; smoking n= 128;
hip circumference n= 9; and waist circumference n= 9) were
excluded. This resulted in a final sample size of 3250 (Fig. 1).

Measurements

Trained study personnel performed all measurements with vali-
dated devices according to standardized operating procedures
across all study sites. Fasting venous blood samples were col-
lected, manually processed, and immediately aliquoted, and then
temporarily stored at the local research location at −20°C. The
samples were then transported to the respective local laboratories
for registration and storage at −80°C and were subsequently
transported according to standardized procedures, to Berlin
(Germany) for biochemical analysis to avoid intralaboratory
variability. Total cholesterol, HDL cholesterol, and LDL choles-
terol were determined using the ABX Pentra 400 chemistry
analyzer (HORIBA ABX, Montpellier, France). Type 2 diabetes
was defined as fasting glucose ≥7.0 mmol/l or reported current
use of medication prescribed to treat diabetes or self-reported
diabetes.31 Blood pressure (BP) was measured three times using
a validated semiautomated device (The Microlife WatchBP
home) with appropriate cuffs in a sitting position after at least
5-min rest. The mean of the last two measurements was used
in the analyses. All anthropometric measurements were per-
formed twice by the same examiner and the mean of the two
measurements was used for analyses. Weight was measured twice
in light clothing and without shoes with SECA 877 scales to the
nearest 0.1 kg. Height was also measured twice without shoes
with a portable stadiometer (SECA 217) to the nearest 0.1 cm.
Waist circumference (cm) was measured at the midpoint between
the lower rib and the upper margin of the iliac crest using a
measuring tape. Hip circumference was taken around the widest
portion of the buttocks using a measuring tape.32 BMI was calcu-
lated as weight in kilograms divided by height in meters squared.
Overweight and obesity were defined as BMI ≥25 to <30 kg/m2

and ≥30 kg/m2, respectively.32 For sitting height, measurement
was taken from the floor to the top of the participant’s head,
with the participant sitting upright on the base plate on a flat
seat, and with the head in the Frankfort plane position, feet on
the floor, and with the thighs unsupported. Sitting height was
calculated as the measurement – seat height. Leg length (cm)
was calculated as standing height – sitting height.24 Relative leg
length was estimated as (leg length/height) * 100.

Questionnaire-based interviews were conducted by a trained
research assistant or self-administration of a paper questionnaire
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or digital online version depending on the preference of the
participant.30 Sociodemographic information included age, sex,
and educational level. The educational level of the participants
and their parents was recorded according to the following catego-
ries: never been to school or elementary school, lower vocational
schooling or lower secondary schooling, intermediate vocational
schooling or intermediate/higher secondary schooling, and higher
vocational schooling or university. The use of antihypertensive
medication was assessed based on a “Yes” or “No” response to
the question “Do you use any antihypertensive medication, includ-
ing combinations?”. Smoking status was assessed based on either a
“Yes,” “No, but I used to smoke” or “No, I’ve never smoked”
response to the question “Do you smoke at all?”. Age of migration
was categorized as according to <13 years (representing the mean
age at menarche among Ghanaian adolescents33), 13–22 years (the
maximum age at which most people achieve full growth34) and
≥22 years.

Estimated 10-year CVD risk

The outcome variable was predicted 10-year ASCVD risk, estimated
from the Pooled Cohort Equations (PCE) for African–American
men and women.29 The equations are derived, using pooled data
from ethnically and geographically diverse community-based
cohorts, permitting the creation of sex- and ethnic-specific equa-
tions for non-Hispanic White American and Black women and
men.29 The model combines age, sex, total cholesterol, HDL choles-
terol, systolic blood pressure, use of antihypertensive medication,
diagnosed with diabetes, and smoking to estimate the 10-year
absolute risk of ASCVD in people without pre-existing ASCVD.29

In their updated clinical practice guidelines for the treatment of
blood cholesterol to reduce aASCVD, the American College of
Cardiology and American Heart Association recommended the
PCE as a novel tool to estimate 10-year ASCVD risk.35 The guide-
lines provide a strong recommendation (Class I, Level of Evidence:A)

Fig. 1. Selection of study participants.
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for consideration of statin treatment in individuals with a 10-year
ASCVD risk ≥ 7.5% and a moderate recommendation (Class IIa,
Level of Evidence: B) in individuals with a 10-year ASCVD risk of
5% to <7.5%. CVD risk ≥ 7.5% was considered as an “elevated” risk
of CVD based on the prior work by Goff et al.29 The distribution of
estimated 10-yearASCVD risk betweenGhanaianmigrant and home
populations has been shown in previous analyses.5,36

Current guidelines for CVD risk reduction have emphasized
the need to assess all risk factors as a more effective basis to
deliver CVD prevention interventions.37 Absolute CVD risk esti-
mates, using established risk algorithms, help to determine the
probability of a cardiovascular event occurring within a specified
time horizon. Most established CVD risk algorithms do not,
however, address appropriately the ethnic and socioeconomic
differences relating to CVDs.38,39 Contextual differences in risk
factors among various ethnic groups contribute significantly to
differences in CVD,40 making ethnicity an important parameter
when estimating CVD risk. The PCE, developed and validated
among African American and European and Asian men and
women, has been shown to be comparatively accurate in estimating
CVD risk among ethnic and minority populations.41

Statistical analysis

General characteristics, CVD risk factors, and anthropometric
characteristics of the study sample are summarized as percentages
for categorical variables, mean ± standard deviation (SD) for
normally distributed continuous variables, and as median
(interquartile range) for non-normally distributed variables. We
estimated the mean or prevalence of sociodemographic character-
istics and CVD risk factors by sex-specific quintiles of absolute and
relative leg lengths and sitting height. Respective P-values for trend
were assessed using Pearson χ2 for proportions and Pearson
correlations for continuous variables. Prevalence ratios (PR) and
95% confidence intervals (95% CI) were calculated by Poisson
regression with robust variance42 to assess the associations between
the anthropometric markers of early-life exposures (per quintile)
and estimated high 10-year risk of ASCVD. In addition, the asso-
ciations with estimated high 10-year ASCVD risk were calculated
per 1 SD increase of the sitting height and leg length. Adjusted
regression models were constructed by sex. Early-life exposures
might have different effects in male and female biology, and the
influence of possible confounders such as age at menarche might
also be different for men and women.43,44 Male and female puberty
might differ in terms of behavior, hormonal factors, and changes in
body composition. Bothmen andwomen put in fat mass. But while
women tend to gain more in adiposity, men tend to gain more in
muscles and fat free mass. These might create differentials in risks
for CVDs.45–47 Model 1 was adjusted for study site (categorical,
reference=rural Ghana) and adult and parental education (cat-
egorical, reference=no education). For women, model 2 adjusted
further for age at menarche (continuous) and model 3 (which is
model 2 for men) additionally adjusted for BMI (continuous)
and waist and hip circumference (continuous). For leg length
and sitting height, a final model (models 3 and 4 for men and
women, respectively) was constructed to account for total height
(continuous). Variables included in the CVD risk score (age, smok-
ing, total cholesterol, HDL cholesterol, and use of antihyperten-
sives) were not adjusted for to avoid overadjusting. The analyses
were further stratified by current residence or study site to explore
the contextual differences in early-life exposures and their associ-
ation with CVD risk. For all statistical tests, a P-value of <0.05 was

considered statistically significant. Data were analyzed with
STATA 13 (StataCorp LLC).48

Results

Table 1 presents the results of the distribution of sociodemographic,
anthropometric measures, and CVD risk factors by study site. Adult
and parental level of education was highest in Europe and lowest in
rural Ghana for both men and women. BMI, waist circumference,
hip circumference, and sitting height were highest in Europe and
lowest in rural Ghana in bothmen and women. Among the migrant
population, none of themenmigrated to Europe before the age of 13
years and only 5.7% migrated before the age of 22 years. Among
women, 0.5% and 11.6% migrated before ages of 13 and 22 years,
respectively.

CVD risk factors and demographic data are presented
according to quintiles of the relative and absolute leg lengths
and sitting height in Table 2. Age was inversely related to sitting
height in both men and women. Among women, mean BMI and
proportion of parental education had positive gradient, whereas
mean LDL and total cholesterol, age at menarche, and 10-year
risk of ASCVD had negative gradient across quintiles of sitting
height. Systolic BP, BMI, and parental education had positive
gradient, whereas age had negative gradient across quintiles of
sitting height among men. Systolic BP and age at menarche
had positive gradient, whereas BMI had negative gradient across
quintiles of leg length in women. BMI, waist, and hip circumfer-
ence were inversely related to relative leg length in both men
and women.

The associations between sitting height and leg length and esti-
mated 10-year risk of ASCVD are presented in Table 3. Among the
total Ghanaianmen, there was an inverse association between sitting
height and 10-year ASCVD risk, which was significant on adjust-
ment for study site and adult and parental education in model 1
(PR for 1 SD of sitting height 0.94, 95% CI: 0.89, 0.99) and other
possible confounders in subsequent models. The effect attenuated
after adjusted for adult height in model 3. Absolute and relative
leg lengths were not associated with 10-year ASCVD risk.

Among women, sitting height was inversely associated with
10-year ASCVD risk. A 48% lower PR for elevated 10-year
ASCVD risk was observed in the highest quintile, as compared
with the lowest quintile of sitting height (PR 0.52, 95% CI: 0.41,
0.68 ptrend≤ 0.001). The association remained consistent after fur-
ther adjustment for possible confounders (PR for Q1 vs. Q5 0.51,
95% CI: 0.36, 0.73, Ptrend≤ 0.001, fully adjusted model). One SD
increase in sitting height was associated with a 25% (PR 0.75;
95% CI: 0.67, 0.85) lower PR of elevated 10-year ASCVD risk.
Relative leg length was positively associated with 10-year
ASCVD, but the effect was no longer significant after adjusting
for age at menarche and anthropometric characteristics. In
the analyses stratified for current residence (Supplementary
Tables S1–S3), sitting height was inversely associated with 10-year
risk of ASCVD among Ghanaian women in Europe, rural and
urban Ghana and men in urban Ghana.

Discussion

This study was conducted to investigate the association of markers
of early-life nutritional and environmental exposures with CVD
risk among Ghanaian-born populations resident in Europe and
Ghana. We found an inverse association between sitting height
and 10-year estimated risk of ASCVD among Ghanaian women
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Table 1. Mean or prevalence of anthropometric characteristics and parental
education

Variables

Europe Urban Ghana Rural Ghana

N= 847 N= 224 N= 217

Men

Age, mean ± SD 52 ± 6.7 53 ± 8.1 54 ± 8.8

Education

Never/elementary 15.2 25.4 46.5

Lower 41.7 44.2 36.4

Intermediate 23.7 19.2 12.4

Tertiary 18.4 11.2 4.6

Maternal education

Never/elementary 83.3 90.6 93.1

Lower 6.1 6.3 3.7

Intermediate 5.4 1.8 1.8

Tertiary 4.7 0.9 0.9

Father education

Never/elementary 66.6 72.8 89.9

Lower 8.4 16.1 5.5

Intermediate 15.3 7.1 2.3

Tertiary 9.6 4.0 1.4

Systolic BP
(mean ± SD)

139 ± 17.5 134 ± 21.3 126 ± 19.7

Antihypertensives 32.1 8.5 6.0

LDL cholesterol
(mean ± SD)

3.3 ± 0.9 3.5 ± 1.1 2.5 ± 0.8

HDL cholesterol
(mean ± SD)

1.3 ± 0.3 1.2 ± 0.3 1.2 ± 0.4

Total cholesterol
(mean ± SD)

5.1 ± 1.0 5.2 ± 1.2 4.2 ± 1.0

Type 2 diabetes 16.3 16.1 3.7

BMI (mean ± SD) 27.2 ± 3.9 24.5 ± 3.7 20.6 ± 2.9

Overweight 52.8 36.2 6.9

Obese 18.6 7.6 0.5

Smoking 7.5 2.2 6.9

Waist circumference
(mean ± SD)

94.2 ± 10.6 86.8 ± 10.3 77.3 ± 8.1

Hip circumference
(mean ± SD)

99.7 ± 7.7 94.6 ± 8.8 86.2 ± 7.1

Length of stay in Europe# 20.9
(12.6, 25.0)

Age at migration
(mean ± SD)

32 ± 7.7

<13 0.0

13–21 5.7

>21 94.3

Sitting height (mean ± SD) 85.1 ± 3.6 83.5 ± 3.7 82.6 ± 3.8

Leg length (mean ± SD) 86.3 ± 4.7 85.8 ± 4.8 85.0 ± 4.8

Relative leg length
(mean ± SD)

50.3 ± 1.6 50.7 ± 1.5 50.7 ± 1.4

(Continued)

Table 1. (Continued )

Variables

Europe Urban Ghana Rural Ghana

N= 847 N= 224 N= 217

Women N= 1102 N= 521 N= 339

Age (mean ± SD) 50 ± 6.7 51 ± 7.6 52 ± 8.8

Education

Never/elementary 30.3 57.4 72.3

Lower 35.2 34.0 23.9

Intermediate 23.9 6.7 2.3

Tertiary 8.5 1.9 1.5

Mother’s education

Never/elementary 81.0 90.4 96.5

Lower 7.4 7.8 2.7

Intermediate 5.6 1.3 0.6

Tertiary 6.0 0.2 0.3

Father’s education

Never/elementary 57.0 70.4 90.9

Lower 10.7 19.5 6.2

Intermediate 18.7 7.1 2.4

Tertiary 13.3 2.7 0.6

Systolic BP (mean ± SD) 136 ± 16.9 128.2 ± 17.7 127.0 ± 22.4

Antihypertensives 37.2 16.4 12.1

LDL cholesterol (mean ± SD) 3.3 ± 0.8 3.6 ± 0.9 3.1 ± 1.0

HDL cholesterol (mean ± SD) 1.5 ± 0.3 1.3 ± 0.3 1.2 ± 0.3

Total cholesterol (mean ± SD) 5.1 ± 0.9 5.5 ± 1.1 4.8 ± 1.1

Type 2 diabetes 11.3 10.3 7.7

BMI (mean ± SD) 30.8 ± 5.0 28.5 ± 5.4 23.4 ± 4.8

Overweight 37.8 36.3 24.2

Obese 52.6 36.3 8.8

Smoking 1.3 0.0 0.0

Waist circumference
(mean ± SD)

97.4 ± 11.6 92.9 ± 11.5 84.4 ± 11.6

Hip circumference
(mean ± SD)

109.0 ± 10.5 101.7 ± 10.1 92.9 ± 10.4

Length of stay in Europe# 20.4
(12.7, 25.9)

Age at migration
(mean ± SD)

30.8 ± 8.5

<13 0.5

13–21 11.6

>21 87.9

Sitting height (mean ± SD) 81.04 ± 3.3 78.5 ± 3.6 77.2 ± 3.9

Leg length (mean ± SD) 80.0 ± 4.3 79.8 ± 4.6 79.6 ± 5.0

Relative leg length
(mean ± SD)

49.7 ± 1.6 50.4.0 ± 1.8 50.7 ± 2.1

Age at menarche
(mean ± SD)

14.0 ± 3.9 15.0 ± 1.6 14.6 ± 2.3

BP, blood pressure; SD, standard deviation median (25th, 75th percentile).
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Table 2. Mean or prevalence of sociodemographic characteristics and CVD risk factors by leg length, relative leg length and sitting height

Variables

Men

P for
trend

Women

Quintiles Quintiles

Sitting height (cm)
1 (67.2–81.2)

N= 264
2 (81.3–83.5)

N= 253
3 (83.5–85.3)

N= 258
4 (85.3–87.7)

N= 256
5 (87.7–95.7)

N= 257
1 (63.3–76.7)

N= 398
2 (76.7–78.8)

N= 404
3 (78.8–80.6)

N= 383
4 (80.6–82.2)

N= 388
5 (82.8–123.8)

N= 389
P for
trend

Site <0.001 <0.001

Europe 16.6 17.8 18.4 23.7 23.4 13.6 15.6 19.1 23.7 27.9

Urban Ghana 24.1 21.4 25.4 13.8 15.2 24.1 26.9 21.5 18.2 9.2

Rural Ghana 29.5 27.6 18.4 12.9 11.5 36.0 23.6 20.4 11.8 8.3

Age (mean ± SD) 55 ± 8.4 53 ± 7.8 53 ± 7.3 50 ± 6.2 50 ± 6.4 <0.001 55 ± 8.3 52 ± 7.5 50 ± 6.8 50 ± 6.7 48 ± 5.9 <0.001

Education 0.664 0.096

Never/elementary 22.1 24.5 19.8 23.5 20.1 48.8 46.4 40.3 42.1 45.8

Lower 39.3 40.6 38.1 43.1 45.2 32.5 33.8 36.8 30.1 31.6

Intermediate 20.6 21.8 24.9 20.0 17.8 12.3 14.7 15.9 19.0 16.5

Tertiary 16.4 12.3 16.7 13.1 15.8 6.0 4.6 5.3 7.5 4.4

Systolic BP
(mean ± SD)

134 ± 20.7 135 ± 20.0 137 ± 20.3 136 ± 16.1 139 ± 18.2 0.009 132 ± 20.5 131 ± 18.2 131 ± 18.6 134 ± 17.7 134 ± 17.6 0.010

Antihypertensives 18.3 22.2 26.7 24.2 27.0 0.173 25.3 23.9 27.5 30.6 30.1 0.1456

LDL cholesterol
(mean ± SD)

3.2 ± 0.9 3.1 ± 1.0 3.1 ± 0.9 3.3 ± 1.0 3.3 ± 0.9 0.079 3.4 ± 0.9 3.3 ± 0.9 3.3 ± 0.9 3.3 ± 0.9 3.2 ± 0.9 0.026

HDL cholesterol
(mean ± SD)

1.3 ± 0.3 1.3 ± 0.3 1.2 ± 0.3 1.3 ± 0.3 1.3 ± 0.3 0.810 1.4 ± 0.3 1.4 ± 0.3 1.4 ± 0.4 1.4 ± 0.3 1.4 ± 0.3 0.043

Total cholesterol
(mean ± SD)

4.9 ± 1.1 4.9 ± 1.2 4.9 ± 1.1 5.0 ± 1.1 5.0 ± 1.1 0.068 5.3 ± 1.1 5.2 ± 1.1 5.1 ± 1.0 5.2 ± 1.1 5.1 ± 1.0 0.006

Type 2 diabetes 12.6 11.9 14.8 13.8 17.8 0.341 10.8 11.4 7.3 13.0 9.5 0.097

BMI (mean ± SD) 24.7 ± 4.5 24.9 ± 4.4 25.5 ± 4.3 26.4 ± 4.1 26.7 ± 4.6 <0.001 26.8 ± 5.7 28.2 ± 5.3 29.0 ± 5.7 29.9 ± 5.3 31.0 ± 5.7 <0.001

Overweight 41.6 37.5 41.6 47.3 43.2 <0.001 35.3 37.8 33.0 35.3 33.9 <0.001

Obese 9.2 10.7 12.8 16.5 19.3 27.5 35.3 40.6 46.9 54.0

Smoking 4.2 5.0 7.8 8.8 6.6 0.475 0.2 0.4 0.9 0.7 1.5 0.115

Waist circumference
(mean ± SD)

86.7 ± 11.8 87.8 ± 11.6 87.8 ± 11.6 92.0 ± 11.9 94.2 ± 11.9 <0.001 89.9 ± 13.1 92.6 ± 11.5 93.8 ± 12.1 96.3 ± 11.5 98.5 ± 12.8 <0.001

Hip circumference
(mean ± SD)

93.3 ± 9.7 94.4 ± 8.8 96.3 ± 8.5 98.4 ± 8.8 100.4 ± 8.6 <0.001 98.1 ± 12.1 102.1 ± 10.8 104.4 ± 11.9 107.1 ± 10.6 110.0 ± 11.4 <0.001

Length of stay in
Europe#

18 (11, 25) 20 (12, 25) 21 (12, 25) 20 (13, 24) 22 (14, 26) 0.131 22 (11, 28) 22 (12, 28) 20 (12, 26) 21(14, 26) 20 (14, 24) 0.010

Age at migration
(mean ± SD)

35 ± 8.9 33 ± 8.0 32 ± 8.2 32 ± 6.4 31 ± 7.0 <0.001 34 ± 10.1 31 ± 8.7 31 ± 8.2 30 ± 7.9 30 ± 7.7 <0.001

Father educated 15.2 25.7 26.1 31.9 32.0 0.001 26.8 29.7 32.7 40.9 37.1 <0.001

Mother educated 13.7 8.8 14.4 14.6 14.7 0.001 9.8 11.9 13.4 16.0 18.4 <0.001

10-year CVD risk ≥7.5 51.1 49.0 55.3 47.7 48.6 0.441 32.8 22.1 17.4 22.1 17.2 <0.001

Age at menarche 14.5 ± 3.0 14.5 ± 3.1 14.4 ± 2.9 14.2 ± 3.3 14.0 ± 3.7 0.044
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Table 2. (Continued)

Variables

Men

P for
trend

Women

Quintiles Quintiles

Leg length (cm)
1 (67.2–81.2)

N= 264
2 (81.3–83.5)

N= 253
3 (83.5–85.3)

N= 258
4 (85.3–87.7)

N= 256
5 (87.7–95.7)

N= 257
1 (63.3–76.7)

N= 398
2 (76.7–78.8)

N= 404
3 (78.8–80.6)

N= 383
4 (80.6–82.2)

N= 388
5 (82.8–123.8)

N= 389
P for
trend

Site 0.013 0.554

Europe 17.7 19.2 21.3 20.8 21.0 19.9 20.1 18.9 21.4 19.8

Urban Ghana 22.3 19.2 19.6 20.1 18.8 20.5 18.6 21.7 19.2 20.0

Rural Ghana 28.1 23.5 18.0 14.3 16.1 20.6 22.1 21.5 16.8 18.9

Age 53 ± 7.6 53 ± 7.4 52 ± 7.5 51 ± 7.5 51 ± 6.8 <0.001 52 ± 7.6 51 ± 7.2 51 ± 7.3 51 ± 7.5 51 ± 7.3 0.195

Education 0.026 0.467

Never/elementary 30.0 21.6 19.5 17.1 21.9 49.0 44.9 45.7 42.9 40.7

Lower 40.2 43.2 43.2 40.9 38.7 29.4 34.6 32.8 33.7 32.3

Intermediate 17.6 20.8 24.4 22.2 19.9 14.1 13.9 16.2 17.1 17.1

Tertiary 12.0 13.1 11.3 19.1 19.1 6.0 5.1 3.8 5.8 7.2

Systolic BP (mean ± SD) 135 ± 20.1 137 ± 19.0 137 ± 19.2 135 ± 20.1 136 ± 19.1 0.910 133 ± 19.1 133 ± 19.3 130 ± 17.5 132 ± 18.1 133 ± 18.9 0.900

Antihypertensives 24.9 24.7 21.1 23.0 24.6 0.712 28.4 26.8 24.2 30.9 26.9 0.312

LDL cholesterol
(mean ± SD)

3.2 ± 1.0 3.2 ± 1.0 3.2 ± 0.9 3.3 ± 1.0 3.1 ± 1.0 0.436 3.4 ± 0.9 3.3 ± 0.9 3.3 ± 0.9 3.3 ± 0.9 3.3 ± 0.9 0.122

HDL cholesterol
(mean ± SD)

1.3 ± 0.3 1.3 ± 0.3 1.3 ± 0.4 1.3 ± 0.3 1.3 ± 0.3 0.367 1.4 ± 0.3 1.4 ± 0.3 1.4 ± 0.3 1.4 ± 0.3 1.4 ± 0.3 0.335

Total cholesterol
(mean ± SD)

5.0 ± 1.2 5.0 ± 1.1 4.9 ± 1.1 5.1 ± 1.1 4.9 ± 1.1 0.758 5.2 ± 1.0 5.2 ± 1.1 5.1 ± 1.1 5.1 ± 1.0 5.1 ± 1.0 0.151

Type 2 diabetes 14.9 17.0 9.0 14.8 15.2 0.094 10.8 8.6 10.4 10.8 11.5 0.726

BMI (mean ± SD) 25.6 ± 4.8 25.8 ± 4.5 25.5 ± 4.1 25.8 ± 4.6 25.3 ± 4.1 0.528 30.0 ± 6.1 29.3 ± 5.7 28.3 ± 5.8 28.5 ± 5.4 28.2 ± 5.4 <0.001

Overweight 38.7 41.3 46.2 42.4 42.6 0.657 32.9 36.4 33.1 37.4 35.5 <0.001

Obese 15.3 15.8 11.3 14.8 11.3 48.5 43.9 38.1 38.4 34.8

Smoking 3.1 6.6 5.6 6.6 10.5 0.018 0.3 0.3 1.3 0.7 1.0 0.439

Waist circumference
(mean ± SD)

88.0 ± 12.7 89.6 ± 11.8 90.2 ± 11.6 91.1 ± 12.1 91.7 ± 11.5 <0.001 93.3 ± 12.6 93.9 ± 11.9 92.9 ± 13.7 94.6 ± 12.0 95.3 ± 12.1 0.018

Hip circumference
(mean ± SD)

93.6 ± 9.6 95.7 ± 9.0 96.8 ± 9.3 97.7 ± 8.7 99.1 ± 8.9 <0.001 103.7 ± 13.1 104.2 ± 11.4 103.0 ± 12.0 104.6 ± 11.2 106.0 ± 11.9 0.007

Age at migration
(mean ± SD)

33 ± 6.5 33 ± 8.0 33 ± 8.3 32 ± 8.0 32 ± 7.7 0.129 31.6 ± 8.9 30.5 ± 7.9 30.0 ± 8.1 31.3 ± 8.1 30.4 ± 9.6 0.443

Length of stay in
Europe#

21 (15, 25) 22 (13, 25) 19 (12, 25) 21 (12, 25) 21 (13, 26) 0.565 20 (13, 25) 21 (13, 26) 21 (12, 26) 20 (13, 26) 20 (12, 27) 0.532

Father educated 19.1 29.3 29.3 31.5 31.2 0.042 31.2 33.1 28.8 34.4 39.6 0.064

Mother educated 8.4 13.1 16.2 15.6 12.9 0.078 11.1 15.7 12.1 13.3 17.1 0.140

10-year CVD risk ≥7.5 51.7 52.9 48.9 46.7 51.6 0.622 25.1 22.0 21.5 21.4 21.7 0.683

Age at menarche 14.2 ± 3.2 14.2 ± 3.5 14.3 ± 3.3 14.4 ± 3.3 14.8 ± 2.6 0.010
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Table 2. (Continued)

Variables

Men

P for
trend

Women

Quintiles Quintiles

Relative leg length (%)
1 (67.2–81.2)

N= 264
2 (81.3–83.5)

N= 253
3 (83.5–85.3)

N= 258
4 (85.3–87.7)

N= 256
5 (87.7–95.7)

N= 257
1 (63.3–76.7)

N= 398
2 (76.7–78.8)

N= 404
3 (78.8–80.6)

N= 383
4 (80.6–82.2)

N= 388
5 (82.8–123.8)

N= 389
P for
trend

Site 0.001 <0.001

Europe 23.5 20.8 18.2 19.0 18.5 28.4 21.7 18.1 17.3 14.4

Urban Ghana 15.6 17.0 21.9 20.5 25.0 10.4 17.1 23.8 24.6 23.2

Rural Ghana 11.1 20.3 24.9 23.5 20.3 7.7 18.9 19.7 22.1 31.6

Age 52 ± 6.2 53 ± 7.3 52 ± 7.7 52 ± 7.9 53 ± 7.8 0.011 49 ± 6.5 50 ± 6.5 51 ± 7.4 52 ± 7.4 53 ± 8.3 <0.001

Education 0.177 0.185

Never/elementary 20.0 26.2 27.0 23.4 19.7 46.6 45.8 45.9 42.6 48.1

Lower 44.6 46.2 37.3 36.5 41.7 29.7 33.4 31.3 37.1 33.2

Intermediate 20.4 18.1 21.2 21.9 23.6 17.1 14.9 17.4 15.7 13.2

Tertiary 15.0 9.6 16.5 18.1 15.1 6.5 5.8 5.3 4.5 5.6

Systolic BP (mean ± SD) 140 ± 18.1 135 ± 19.0 133 ± 17.2 138 ± 20.6 135 ± 20.2 0.066 135 ± 18.4 132 ± 18.7 132 ± 18.6 131 ± 17.6 132 ± 19.7 0.062

Antihypertensives 28.8 23.1 21.9 22.7 21.6 0.278 28.9 30.4 25.3 28.5 24.1 0.227

LDL cholesterol
(mean ± SD)

3.4 ± 1.0 3.3 ± 1.0 3.1 ± 0.9 3.1 ± 1.0 3.2 ± 1.0 0.006 3.4 ± 0.9 3.3 ± 0.9 3.3 ± 0.9 3.4 ± 0.9 3.4 ± 0.9 0.381

HDL cholesterol
(mean ± SD)

1.3 ± 0.3 1.3 ± 0.3 1.3 ± 0.4 1.3 ± 0.3 1.3 ± 0.4 0.428 1.4 ± 0.3 1.4 ± 0.3 1.3 ± 0.3 1.4 ± 0.3 1.4 ± 0.3 0.119

Total cholesterol
(mean ± SD)

5.1 ± 1.1 5.0 ± 1.1 4.8 ± 1.1 4.9 ± 1.1 5.0 ± 1.1 0.038 5.2 ± 1.0 5.1 ± 1.0 5.1 ± 1.1 5.2 ± 1.0 5.2 ± 1.1 0.243

Type 2 diabetes 16.2 15.0 12.3 13.0 14.7 0.690 10.3 9.9 10.4 9.6 11.9 0.853

BMI (mean ± SD) 27.0 ± 4.5 26.1 ± 4.5 25.2 ± 4.1 25.3 ± 4.4 24.5 ± 4.2 <0.001 31.5 ± 5.6 30.0 ± 5.6 28.6 ± 5.4 28.0 ± 5.5 26.4 ± 5.6 <0.001

Overweight 46.9 43.5 39.6 42.3 39.0 <0.001 29.7 38.7 37.1 36.6 33.1 <0.001

Obese 20.0 16.5 11.5 12.7 7.7 59.2 46.8 39.1 34.6 24.1

Smoking 5.4 3.8 6.5 5.8 10.8 0.015 0.8 0.8 0.5 0.8 0.8 0.926

Waist circumference
(mean ± SD)

92.6 ± 11.9 90.9 ± 12.2 88.6 ± 12.2 89.5 ± 11.8 88.9 ± 11.5 <0.001 97.2 ± 12.9 95.1 ± 12.1 93.5 ± 12.1 92.7 ± 13.1 91.6 ± 12.0 <0.001

Hip circumference
(mean ± SD)

98.0 ± 8.5 96.9 ± 9.8 95.9 ± 9.4 96.6 ± 9.2 95.6 ± 9.1 0.005 109.0 ± 12.5 106.1 ± 11.7 103.3 ± 11.4 102.5 ± 11.9 100.5 ± 11.9 <0.001

Age at migration
(mean ± SD)

32 ± 6.5 32 ± 8.0 33 ± 8.3 33 ± 8.7 32 ± 8.4 0.258 30 ± 8.3 31 ± 7.6 31 ± 7.9 32 ± 8.5 32 ± 10.0 0.007

Length of stay in
Europe#

22 (14, 25) 22 (14, 25) 20 (11, 24) 19 (11, 25) 20 (13, 27) 0.399 20 (14, 26) 20 (13, 25) 22 (12, 26) 20 (12, 27) 20 (12, 27) 0.542

Father educated 29.6 29.5 29.6 28.1 28.2 0.019 37.0 35.9 32.6 30.6 30.9 <0.001

Mother educated 11.9 13.1 16.5 12.7 12.0 0.105 17.1 14.9 12.9 11.1 13.2 <0.001

10-year CVD risk ≥7.5 51.2 49.6 45.4 51.5 54.1 0.372 19.4 20.3 23.0 22.2 26.8 0.104

Age at menarche 14.0 ± 3.8 14.0 ± 3.5 14.6 ± 2.9 14.5 ± 3.3 14.8 ± 2.4 <0.001

BP, blood pressure; SD, standard deviation.
Responses are in percentages, unless otherwise stated; #median (25th, 75th percentiles).
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Table 3. Association between sitting height, leg length, relative leg length, and 10-year cardiovascular disease risk among Ghanaian populations

Model

PRs (95% confident intervals)

P-valueQ1 (ref.) Q2 Q3 Q4 Q5 P-value for trend
PR per 1 standard
deviation increase

Men

Sitting height PR (95% CI) PR (95% CI) PR (95% CI) PR (95% CI)

“Elevated CVD risk”/total 132/264 135/253 135/258 122/256 125/257

Crude 1.00 0.96 [0.81, 1.14] 1.08 [0.92, 1.27] 0.93 [0.78, 1.11] 0.95 [0.80, 1.13] 0.519 0.97 [0.92, 1.03] 0.304

Model 1 1.00 0.94 [0.80, 1.12] 1.03 [0.88, 1.22] 0.86 [0.72, 1.02] 0.88 [0.74, 1.04] 0.062 0.94 [0.89, 0.99] 0.033

Model 2 1.00 0.91 [0.78, 1.08] 1.00 [0.85, 1.16] 0.82 [0.69, 0.98] 0.80 [0.67, 0.95] 0.058 0.91 [0.86, 0.97] 0.002

Model 3 1.00 0.94 [0.79, 1.10] 1.04 [0.88, 1.23] 0.87 [0.73, 1.04] 0.88 [0.72, 1.08] 0.163 0.93 [0.87, 1.00] 0.057

Leg length

“Elevated CVD risk”/total 135/261 136/257 130/263 116/252 132/255

Crude 1.00 1.02 [0.87, 1.21] 0.94 [0.80, 1.12] 0.90 [0.76, 1.08] 1.00 [0.84, 1.18] 0.505 0.98 [0.93, 1.04] 0.474

Model 1 1.00 1.02 [0.87, 1.20] 0.92 [0.78, 1.09] 0.87 [0.73, 1.03] 0.97 [0.82, 1.14] 0.257 0.97 [0.92, 1.02] 0.278

Model 2 1.00 1.01 [0.86, 1.18] 0.89 [0.75, 1.06] 0.84 [0.71, 0.99] 0.91 [0.77, 1.08] 0.062 0.95 [0.90, 1.01] 0.080

Model 3 1.00 1.06 [0.90, 1.24] 0.99 [0.82, 1.20] 0.98 [0.79, 1.21] 1.12 [0.88, 1.42] 0.641 1.07 [0.98, 1.17] 0.150

Relative leg length

“Elevated CVD risk”/total 132/258 129/258 117/257 132/258 139/257

Crude 1.00 0.97 [0.82, 1.15] 0.89 [0.74, 1.06] 1.01[0.85, 1.19] 1.06 [0.90, 1.24] 0.432 1.00 [0.95, 1.06] 0.980

Model 1 1.00 1.00 [0.85, 1.19] 0.94 [0.79, 1.12] 1.07 [0.90, 1.26] 1.11 [0.94, 1.31] 0.150 1.02 [0.97, 1.07] 0.493

Model 2 1.00 1.00 [0.85, 1.19] 0.97 [0.82, 1.15] 1.09 [0.93, 1.29] 1.09 [0.93, 1.28] 0.144 1.02 [0.97, 1.07] 0.447

Women

Sitting height

“Elevated CVD risk”/total 126/398 86/404 74/383 80/388 71/389

Crude 1.00 0.67 [0.53, 0.85] 0.54 [0.42, 0.70] 0.67 [0.53, 0.85] 0.52 [0.41, 0.68] <0.001 0.80 [0.74, 0.87] <0.001

Model 1 1.00 0.67 [0.53, 0.85] 0.52 [0.40, 0.68] 0.65 [0.51, 0.82] 0.50 [0.38, 0.65] <0.001 0.77 [0.71, 0.85] <0.001

Model 2 1.00 0.67 [0.53, 0.85] 0.59 [0.46, 0.77] 0.63 [0.48, 0.81] 0.55 [0.42, 0.73] <0.001 0.77 [0.71, 0.85] <0.001

Model 3 1.00 0.67 [0.52, 0.86] 0.62 [0.47, 0.81] 0.66 [0.51, 0.87] 0.60 [0.44, 0.80] <0.001 0.79 [0.71, 0.87] <0.001

Model 4 1.00 0.67 [0.52, 0.86] 0.62 [0.47, 0.83] 0.67 [0.48, 0.92] 0.60 [0.41, 0.87] <0.001 0.75 [0.67, 0.85] <0.001

Leg length

“Elevated CVD risk”/total 99/396 86/393 84/394 84/393 84/386

Crude 1.00 0.87 [0.68, 1.12] 0.85 [0.66, 1.10] 0.85 [0.66, 1.10] 0.87 [0.67, 1.11] 0.268 0.96 [0.88, 1.05] 0.358

Model 1 1.00 0.89 [0.69, 1.14] 0.86 [0.67, 1.09] 0.86 [0.67, 1.11] 0.89 [0.69, 1.14] 0.362 0.97 [0.89, 1.05] 0.469

Model 2 1.00 0.89 [0.69, 1.14] 0.84 [0.65, 1.09] 0.85 [0.66, 1.10] 0.86 [0.66, 1.11] 0.237 0.97 [0.89, 1.05] 0.433
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at all study sites and among Ghanaian men in urban Ghana. Leg
length was not associated with 10-year estimated ASCVD risk in
this population.

In this study, we found that greater sitting height was associated
with a lower 10-year estimated ASCVD risk, especially among
women. This was independent of adult and parental education as
well as anthropometric characteristics and age at menarche. To
our knowledge, this is the first study to report on sitting height
and risk of estimated ASCVD among a sub-Saharan African
population exposed to different environmental contexts. Our find-
ings are in line with results of sitting height in relation to circulatory
disease in both men and women among 409,748 adults from the
European Prospective Investigation in Cancer and Nutrition,49

and to CVD mortality among 135,000 Chinese men and women.50

However, some studies reported no association between sitting
height and CVD.51,52

Adult anthropometric characteristics offer an alternative
avenue to study the relationship between early-life exposures
and CVD risk in adulthood when data on early-life growth and
environments are not available.26 Favorable childhood exposures
have been associated with long-term physiological changes that
decrease CVD risk, such as larger coronary vessel diameters, slower
heart rate, and a greater lung capacity among people with higher
sitting height.22,25,53 Increase in height due to sitting height reflects
accelerated growth mainly during the pubertal stage. In women,
the growth of the trunk or torso continues even after puberty when
estrogen surges to cause the cessation of leg growth.26

It is postulated that a lower relative leg length reflects the
consequences of negative environmental conditions leading to
delay in linear growth.54 We observed a positive association
between relative leg length and 10-year ASCVD risk among
women in this study. The association between relative leg length
and 10-year ASCVD risk was, however, partly explained by the
proxies of adiposity (BMI, waist, and hip circumference) and
age at menarche. Differences in relative leg length and growth
in general are found to be related to body fat.54,55 In this study,
BMI, waist, and hip circumference had negative gradient, whereas
age at menarche had positive gradient across quintiles of the relative
leg length. An inverse association between BMI, waist circumference,
and relative leg length is also reported in previous anthropometric
studies.54,56 Among growth delayed individuals or populations, inter-
related compensatory physiological adjustments such as improved
energetic efficiency and the low oxidation of fat are suggested to work
together to promote fat storage.54

The differences in early-life environmental exposures could
influence pubertal maturation and age at menarche among women
and affect growth and CVD risk in adulthood.57 Among urban and
rural South African women, age at menarche has been shown to be
positively associated with relative leg length.27 Observations from
other populations also showed an association between leg length
and age at menarche.28,58,59 A study based on the third National
Health And Nutrition Survey found that earlier menarche was
associated with shorter stature, mainly due to shorter leg length.28

The association between age at menarche and leg length, however,
depends on the contextual environment; earlier menarche predicts
taller stature among developing countries, whereas it predicts
shorter stature in developed countries.28 Earlier pubertal timing
is also predictive of greater risk of obesity60 and type 2 diabetes61

and with CVD in women.62

We found no association between absolute leg length and esti-
mated 10-year CVD risk among Ghanaian populations. Previous
analysis in this study also found no association between absolute
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and relative leg lengths and type 2 diabetes among Ghanaian
women.63 The majority of subjects involved in this study were aged
40–50 years, possibly sharing similar early-life nutritional exposures,
such as drought and hunger in Ghana especially from 1981 to 198364

and a period of economic and political instability between 1964 and
1992. None of the men and only 0.5% of the women in this study
migrated before the age of 13 years. Adverse experience across all
socioeconomic groups and in both rural and urban areas in the
prepubertal years might have resulted in lower relative leg length.
Similar observation and little variation in leg length was reported
from a study of Mozambicans exposed to Civil unrest and warfare
that characterized the late Colonial period.65 Early nutritional
exposures that influence leg length would, therefore, have been
experienced in Ghana, resulting in little variation in leg length
for RODAM study participants.

The associations between sitting height and predicted CVD
risk in this study were generally independent of adult and paren-
tal educational status. However, the association between sitting
height and ASCVD risk among men became significant, whereas
the association for rural Ghana was attenuated after adjustment
for adult and parental education. Educational attainment is found
as an important pathway for the prediction of adult CVD risk by
childhood or adolescent adversity.66 However, although parental
education could indicate childhood socioeconomic status, the
general health status and access to healthcare depend on the
physical environment, behavioral, and psychosocial stressors.
Other factors such as maternal relationships, health behaviors,
financial stress, and lack of medical care might also define parental
socioeconomic background and influence the pathway between
childhood malnutrition and risk CVD risk.66

Despite having higher sitting height among the migrant popu-
lation, previous analysis in this population showed a less beneficial
CVD risk factor profile and estimated CVD risk especially among
men in the migrants compared to the home population.4,5 Most
chronic diseases including CVDs are seen as an interaction
between environmental factors, such as diet and one’s genetic
susceptibility. Although a homogeneous African population may
have similar early-life exposures, uponmoving to an urbanized set-
ting, there is an exposure to a larger variation in lifestyle, diet, and
the entire societal context,67 which determines gene–environment
interactions and subsequent CVD developments in adulthood. The
mismatch between the early-life conditions and subsequent reality
in later life leads to health problems.15 We suggest further inves-
tigation into the different socioeconomic exposures and origins
of migration and their relation with CVD risk to get more insight
into how physiological adaptations to early-life environment may
have long-term consequences in a different environment.

Strength and limitations

The RODAM study, conducted among a sub-Saharan African
population of Ghanaians, provides a unique opportunity to assess
the association between early-life exposures and the development
of CVD in adulthood. This study provides important evidence on
the association between markers of early-life growth (tailored by
environmental exposure such as nutrition and socioeconomic
status) and CVD risk among sub-Saharan African populations
living in industrialized cities in Europe and their home country
counterparts. Given its cross-sectional nature, the correlation of
predicted ASCVD risk with incident CVD events requires confir-
mation from prospective studies as the PCE risk algorithms used in

predicting ASCVD in this study have not been yet validated for
sub-Saharan African populations.

Although well-standardized approaches for measurement
procedures were applied across all sites during recruitment of
subjects, the strategies had to be adapted to local circumstances
due to different civil registration systems in the various study
sites. Study participants might therefore be a biased subset of
the target population as they tend to overrepresent those with risk
factors but without the disease, referred to as the “worried well.”
This represents independent bias in both risk factor and disease
distribution and could produce minor to moderate errors in
CVD risk calculated in this study.68 However, a nonrespondent
analysis undertaken demonstrated a fairly similar distribution of
respondents and nonrespondents. Evidence also suggests that
most Ghanaians in Europe are affiliated with Ghanaian organi-
zations.69 This indicates that the members of these organizations
may be representative of the Ghanaian population residing in
various cities in Europe cities, thereby rendering unlikely, the bias
of CVD risk factor differences between European sites caused by
the variation in sampling strategy.

Lastly, although these analyses took into consideration the
possibility of multiple testing based on the Bonferroni70 and
Holm71 methods, the effects of multiple outcome measurements
cannot be fully precluded since we might not have exhausted all
possible methods to check for this.

Conclusions

This study contributes to the understanding of childhood influences
on CVD risk. We found an association between sitting height and
CVD risk among Ghanaian men and women. Adjustment for life-
style factors and length of stay in Europe did not alter the associa-
tion. The association in men was, however, seen for urban but not
rural Ghana. These findings suggest that childhood nutritional
exposures that influence sitting height may be important factors
involved in adult CVD risk among Ghanaian populations.
Further research in the differences in origin of migration and
early-life exposures of SSA migrants and how this influences
CVD risk in later life is recommended.
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