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ABSTRACT
The study aims to describe anthropometric data of Greenlandic preschool children, blood 
pressure (BP) measures and effects of maternal smoking during pregnancy in a follow-up of 
the ACCEPT birth cohort. The study included 102 children (55 boys and 47 girls) aged 3.5– 
5.5 years. Anthropometric measures included weight, height, head circumference (HC), body 
mass index (BMI), waist and hip circumference, ratio for height/weight, waist/height, waist/hip 
and BP measurements. Overweight and obesity-prevalence was determined using the interna-
tional obesity task force BMI references for children. Significant increases in anthropometrics from 
3.5 to 5.5 years included weight, height, HC and hip circumference, whereas ratio for height/ 
weight, waist/hip and waist/height decreased. Boys had significantly larger HC than girls. The 
prevalence of overweight and obesity was similar (35.1%) between genders. Mean systolic and 
diastolic BP were 104 and 68 mmHg, respectively. Children of mothers smoking during pregnancy 
had higher hip circumference, lower waist/hip ratio and higher diastolic BP. The study present 
updated anthropometric data and BP of Greenlandic preschool children and effects of maternal 
smoking during pregnancy. The prevalence of overweight and obesity was higher than previously 
reported and maternal smoking during pregnancy affected the child data.
Abbreviations ACCEPT: Adaptation to Climate Change, Environmental Pollution and dietary 
Transition; BMI: Body Mass Index; BP: Blood Pressure; Circ: Circumference; DBP: Diastolic Blood 
Pressure; FFH: Fisher-Freeman-Halton exact test; HC: Head Circumference; H: Height; HDL: high- 
density lipoprotein; HiC: Hip Circumference; IOTF International Obesity Task Force, Max: max-
imum, Min: minimum, P25: 25th percentile, P75: 75th percentile, SBP: Systolic Blood Pressure, SD: 
Standard Deviation; VDLD: very-low-density lipoprotein; WaC: Waist Circumference, W: Weight, 
WHO: World Health Organization.
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Introduction

In less than a century, the growth and development of 
Greenlandic children have undergone significant changes 
[1–4], and the stunted growth pattern [low height (H) for 
age, evaluated using Center for Disease Control [4] or the 
World Health Organization (WHO) [3] cut-off values] of 
Greenlandic children found in the middle of the 20th- 
century is no longer present [3,4]. During the last century, 
the Greenlandic people went through a transition from the 
traditional marine diet and active lifestyle, characteristic for 
hunters, to a more inactive western lifestyle and a diet rich 
in carbohydrates and saturated fats [5]. Consequently, 
there has been an increase in overweight and obesity in 
both children and adults [5–7]. Most of the literature has 
focused on Greenlandic schoolchildren and adults, and few 

data are available on preschool children [3,4]. A report 
show that overweight and obesity of Greenlandic children 
at school-entry increase the risk of overweight and obese 
throughout the school years [8].

The growing obesity epidemic is a major source of 
increasing health costs, morbidity and mortality 
because of hypertension, type 2 diabetes mellitus, dys-
lipidemia, certain cancers and cardiovascular diseases 
[9]. There is a positive relationship between overweight 
or obesity and blood pressure (BP) and risk for hyper-
tension [10]. Similar to obesity, hypertension is a key 
unfavourable health metric that has negative health 
implications, and reports indicate a link between obe-
sity and hypertension, which again consequently 
increases cardiovascular diseases [9]. Studies show 
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a link between obesity in mothers and the risk of 
obesity in offspring [11]. The mother’s pre-conceptual 
weight (W) status is a marker of both environmental 
and genetic risk for the child, and genetic traits from 
the family can influence obesity risk [11]. Hence, it is 
important to consider the risk factors early in life con-
sidering the age when the problems arise.

Categorising Greenlandic children and adults as over-
weight and obese has been based on anthropometric 
measures, which has been argued not to take into account 
the body proportions and composition of the Inuit popula-
tion [3,12,13], especially when comparing body mass index 
(BMI) to the international references [3,12].

The WHO Child Growth Standards were derived from an 
international sample of healthy breastfed infants and 
young children raised in environments that do not con-
strain growth and can be used to assess children every-
where, regardless of ethnicity, socio-economic status and 
type of feeding [14]. The Box-Cox power exponential 
(BCPE) method, with curve smoothing by cubic splines, 
was used to construct the growth curves. Percentiles and 
z-score curves for boys and girls aged 0–60 month were 
generated for weight-for-age, length/height-for-age, 
weight-for-length/height (45 to 110 cm and 65 to 120 cm, 
respectively) and BMI-for-age.

Over the past decade, the WHO growth curves have 
been adopted by more than 100 countries, including 
Denmark [15]. However, Danish and Swedish growth 
charts are commonly used in Greenland. Compared to 
European national references, the WHO growth stan-
dards and references have lower means and lower 
normal ranges or cut-offs that typically define abnormal 
growth [3,16–20].

Kløvgaard et al. [3] compared the growth of Greenlandic 
children aged 6–10 years (2012) with WHO growth charts 
and Danish references. They found that 21–28% of the 
children aged 0–1 years exceeded the WHO growth chart 
for length by more than two standard deviations (SDs). For 
W and head circumference (HC), 9–16% of the children 
aged 0–10 years and 9–11% of the children from 0 to 
2 years exceeded the WHO charts by more than two SDs. 
The Danish references were exceeded to a lesser degree. 
Z-scores in Greenlandic children generally exceeded the 
WHO and Danish growth charts significantly at age 
3–5 years for length/height with −0.01 SDs and −0.31 
SDs, W with +0.73 and +0.51 SDs, BMI with +1.03 and 
+0.97 SDs and HC with +0.96 and +0.45 SDs, respec-
tively [3].

At present, it is not clear at what age the body 
proportions of Greenlandic children deviate from the 
international references, and new reference values are 
under consideration, necessitating data on growth in 
preschool children.

Inuit adult populations from Alaska, Canada, and 
Greenland, elicited BP ranking intermediate on a global 
scale but low in comparison with most European popula-
tions [21]. The observed regional differences might involve 
factors such as the traditional diet, a rural life with a low 
level of psychosocial stress, and genetics [21]. Another 
study on adults showed that Greenlanders have a lower 
24-h diastolic blood pressure (DBP) than Danes, and the 
authors suggest that genetic factors are mainly responsible 
for the lower BP level among Greenlanders [22]. A study 
compared the metabolic profiles in Greenlandic Inuit chil-
dren (aged 5.7–17.1 years) and Danish children 
(Copenhagen; aged 8.5–16.1 years) [23]. Both Inuit children 
living in Nuuk and the northern villages had significantly 
higher glucose, total cholesterol, Apolipoprotein A1 levels, 
and DBP compared with Danish children after adjustment 
for differences in adiposity and aerobic fitness levels. 
Moreover, the Inuit children living in Nuuk had significantly 
higher BMI, body fat percentage, Haemoglobin A1C, and 
significantly lower aerobic fitness and Apolipoprotein A1 
levels than northern living Inuit children [23].

As a part of the ACCEPT birth cohort (Adaptation to 
Climate Change, Environmental Pollution and dietary 
Transition) [24], the aim of this study is to describe 
i. anthropometric and BP measures of Greenlandic pre-
school children, ii. how these parameters change between 
the ages of 3.5 and 5.5 years and iii. the effect of maternal 
smoking during pregnancy. To our knowledge, there is no 
previous report on BP measurements in Greenlandic pre-
school children. With comparison to earlier studies, this 
study will contribute to the sparse data on growth patterns 
of Greenlandic preschool children, elucidating the under-
lying causes of the inter-generational changes in growth, 
overweight and obesity.

Methods and materials

Study population

This study is based on the ACCEPT birth cohort, estab-
lished in 2010–2015, in Greenland, with the overall aim 
of exploring health and dietary changes during a period 
of lifestyle transition and climate change [24]. This 
study is a follow-up on 102 Greenlandic ACCEPT chil-
dren (3.5–5.5 years of age) with data collection from 
May 2019 to January 2020. To elucidate the growth and 
developmental changes of Greenlandic pre-school chil-
dren during 3.5 to 5.5 years of age, the children were 
divided into four age groups, and further by gender, to 
compare the developmental patterns of boys and girls.

In total, 614 pregnant women were recruited to the 
ACCEPT birth cohort, 504 fulfilled the inclusion criteria 
(≥18 years of age at inclusion, lived ≥50% of their lives 
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in Greenland, and had ≥1 Inuit parent). Among them, 
478 completed the pregnancy and gave birth to a live 
born singleton with birth outcome available. At the 
time of follow-up, 295 live born singleton children 
were in the relevant age of 3–5 years (children of 
mothers recruited in 2013–2015). Of these, 150 fulfilled 
the follow-up criteria (mothers had lived longest in the 
ACCEPT defined regions, West or Disko Bay, and cur-
rently lived in Nuuk, Sisimiut, and/or Ilulissat). We con-
tacted 133 ACCEPT mothers, and 102 agreed to 
participate (Figure 1). In total, 102 children (55 boys 
and 47 girls), 101 mothers, and 76 fathers ended up 
participating in the follow-up (one family participated 
with two children from independent pregnancies). The 
participation rate at follow-up was 76.6%, and those 
who did not accept to participate mainly gave lack of 
time as the reason.

The participants received a detailed description of 
the study, and the parent(s) gave informed consent 

concomitantly with the hand out of the questionnaires. 
The study was following the Helsinki convention II and 
approved by the Commission for Scientific 
Investigations in Greenland.

Questionnaire data

To evaluate lifestyle characteristics of the Greenlandic 
children, mothers and fathers, and the growth para-
meters of the children, questionnaires were available 
in both Danish and Greenlandic. The parental question-
naires included questions about lifestyle, diet, sociode-
mographic factors and reproductive factors. The child 
questionnaire included several standardised parts, such 
as the “The Strength and Difficulties Questionnaire” 
(SDQ) and “Ages & Stages Questionnaires” (ASQ). The 
child questionnaires were based on the Ages & Stages 
Questionnaires®. ASQ-3; the third edition of the inter-
nationally recognised questionnaire system for babies 

Figure 1. Flowchart showing the process of inclusion and exclusion of mother-child dyads for the ACCEPT follow-up study.
*: one family participated with two children from independent pregnancies.
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and toddlers, which was further customised in colla-
boration with the Aarhus Birth Cohort [25] and the 
Greenlandic INUENDO project [26], which used similar 
questionnaires for Danish and Greenlandic children. The 
questionnaires included questions about lifestyle, diet, 
sociodemographic factors, child-growth parameters, 
disease, housing conditions, and mental and physical 
development. The ACCEPT-child’s parent(s) completed 
the questionnaires in cooperation with a health nurse, 
in the child home, between May 2019 and 
January 2020. Questionnaire data were entered twice 
into the Epidata (version 3.1) program. For statistical 
analysis, data was exported from Epidata into SPSS 
(version 26).

The following measured anthropometric and BP 
parameters from the children’s questionnaires were 
analysed: W (kg), H (cm), HC (cm), BMI (kg/m2), waist 
circumference (WaC; cm), hip circumference (HiC; cm), 
height/weight ratio (cm/kg), waist/height ratio (cm/cm), 
waist/hip ratio (cm/cm), systolic blood pressure (SBP; 
mmHg) and DBP (mmHg). SBP and DBP were the aver-
age of three measurements. A health nurse measured 
the child-growth parameters, at the date the question-
naires were completed. The health nurse measured the 
BP using a child cuff. The BP were measured three 
times, while the child were sitting. For some children, 
it was only possible to measure the BP once as the 
children got sad/upset and refused to have further 
measurements, which we respected. Reproducibility 
and variation of inter- and intra-observer measure-
ments, and the accuracy of the equipment used was 
not available. Of the eleven parameters analysed, only 
WaC, HiC and the waist/hip ratio had no missing 
answers, whereas 13–50% of answers were missing for 
the rest parameters (Table 2).

The children’s age were set as the difference 
between the date when the questionnaire was com-
pleted and the date of birth. For the statistical analysis, 
the children were divided into four age groups: i. >3.5 
and ≤4.0 years including up to 23 children (12 boys and 
11 girls; one boy of 3.3 years was included in this 
group); ii. >4.0 and ≤4.5 years including 27 children 
(16 boys and 11 girls); iii. >4.5 and ≤5.0 years including 
28 children (16 boys and 12 girls); iv. >5.0 to approxi-
mately 5.5 years including up to 24 children (11 boys 
and 13 girls; two boys and one girl between 5.5 and 
5.6 years were included in this group).

Assessment of the prevalence of overweight and 
obesity was based on age and gender-specific BMI cut- 
off values (Figure S1). The International obesity task-
force (IOTF) published the cut-off method with the 
purpose of linking adult BMI cut-off points (25 kg/m2 

for overweight and 30 kg/m2 for obesity) to BMI centiles 

for children to provide age and gender-specific child 
cut-off points [27]. Centile curves for BMI dataset by sex, 
obtained using the LMS method, which summarises the 
data in terms of three smooth age-specific curves called 
L (lambda), M (mu), and S (sigma). The M and S curves 
correspond to the median and coefficient of variation of 
BMI at each age whereas the L curve allows for the 
substantial age-dependent skewness in the distribution 
of BMI. The assumption underlying the LMS method is 
that after Box-Cox power transformation the data at 
each age are normally distributed. The points on each 
centile curve are defined in terms of the formula M(1 
+ LSz)1/L: where L, M, and S are values of the fitted 
curves at each age, and z indicates the z score for the 
required centile, for example, z = 1.33 for the 91st 
centile [27]. Cut-off reference points for overweight 
and obesity were included at the ages of 36, 42, 48, 
54, 60, 66 and 72 months, and reference-points were 
connected to cover the age in-between (Figure S1).

Cotinine measurements

Cotinine (a metabolite of nicotine, used as a biomarker 
for recent exposure to tobacco smoke) was measured in 
maternal plasma-samples (ng/ml) during pregnancy, 
using the Calbiotech Cotinine Direct ELISA Kit 
(Calbiotech Inc., CA, USA), at the Centre of Arctic 
Health and Molecular Epidemiology, Aarhus University, 
Denmark. The detection limit was 1 ng/ml, and concen-
trations below this limit was set as 0.5 ng/ml.

Statistical analysis

The normality of the data was evaluated using QQ- 
plots, histograms and the Shapiro–Wilk test, and all 
variables were normally distributed. Homogeneity of 
variance was tested using Levene’s test for equal var-
iances. For the study population characteristics, inde-
pendent samples t-test and Pearson’s chi2 test were 
used to test for gender differences of the continuous 
and categorical variables, respectively. Statistically sig-
nificant differences in anthropometric measures and BP 
parameters between genders, age groups, and between 
genders in each age group, were determined using 
two-way ANOVA. Significant differences detected by 
ANOVA were elaborated using Tukey’s post hoc test 
for multiple comparison of age group means. 
Differences in anthropometric measures and BP 
between children of non-smoking and smoking 
mothers during pregnancy were analysed using inde-
pendent samples t-test. Differences in plasma cotinine 
levels between non-smoking and smoking mothers dur-
ing pregnancy, in each children age group, were 
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detected using independent samples Mann–Whitney 
U test, as the plasma-cotinine distribution was non- 
normal. Associations between maternal plasma- 
cotinine and growth parameters and BP in the different 
age groups were tested using Spearman’s rank-order 
correlation. Differences in prevalence of overweight and 
obesity between genders and age groups were tested 
using Pearson’s chi2 test and the Fisher-Freeman-Halton 
exact test (when expected cell counts <5 for >20% of 
cells). Statistical tests were carried out in SPSS version 
26–27. Statistical significance was determined at 
a p-value ≤0.050, and due to small sample size 
a borderline statistical significance at a p-value ≤0.080.

Results

Table 1 shows maternal characteristics during preg-
nancy and child characteristics at birth. At the time of 
follow-up, 67.6% (n = 69) of the families lived in Nuuk, 
while 21.6% (n = 22) and 10.8% (n = 11) lived in Sisimiut 
and Ilulissat, respectively. None of the maternal charac-
teristics differed between the offspring genders. The 
women had a median age at delivery of 29.2 years, 
a pre-pregnancy BMI of 24.1 kg/m2 and 20.6% smoked 
during pregnancy (Table 1). None of the women 
reported drinking alcohol during pregnancy (not 
shown). The maternal educational level at pregnancy 
was 20.8% of primary school, 12.9% of secondary 
school, 37.6% of technical college and 28.7% of univer-
sity. The median gestational age was 40 weeks for both 
genders. At birth, the boys had a higher W (p = 0.014), 
a higher H (p = 0.003) and a larger HC (p = 0.019) than 
the girls. At follow up the children had a median age at 
of 4.51 years (Table 1).

The growth and developmental changes of 
Greenlandic pre-school children during 3.5 to 5.5 years 
of age were assessed for the four age groups and 
genders.

Table 2 shows measures of anthropometric growth 
parameters and BP of the 102 Greenlandic children, 
which are further depicted as dot-plots and boxplots 
in Figures 2–4, to visually present the range of values, 
and patterns of change with age.

Differences between age groups

Significant differences were observed among age 
groups for W (p < 0.001), H (p < 0.001), HC 
(p = 0.007), HiC (p = 0.011), height/weight ratio 
(p = 0.031), waist/height ratio (p < 0.001) and waist/ 
hip ratio (p = 0.013), but no differences were observed 
for BMI (p = 0.534), WaC (p = 0.451), SBP (p = 0.352) and 
DBP (p = 0.362) (Table 2, Figures 2–4). Table 2 reports 

significant differences between age group when using 
the Tukey’s post hoc test for multiple comparison (indi-
cated by capital letters, see legend). As expected, the 
pair-wise comparison between age groups showed that 
W was significantly higher in the age group 4.5– 
5.0 years compared to 3.5–4.0 years (p = 0.036), for 
5.0–5.5 years compared to 3.5–4.0 years (p < 0.001), 
and for 5.0–5.5 years compared to 4.0–4.5 years 
(p = 0.001). Weight was not significantly different 
between the other age groups (Table 2). Figures 2(a,e) 
show the pattern of increasing W with age.

We found the expected significant increase in 
H between all age group years comparisons (Table 2) 
as follows: between 3.5 - 4.0 and 4.0–4.5 (p = 0.002), 
3.5–4.0 and 4.5–5.0 (p < 0.001), 3.5–4.0 and 5.0–5.5 
(p < 0.001), 4.0–4.5 and 4.5–5.0 (p = 0.006), 4.0–4.5 
and 5.0–5.5 (p < 0.001), and 4.5–5.0 and 5.0–5.5 
(p = 0.001). See Figures 2(b,f) for the pattern of increas-
ing H with age.

Compared to age group 3.5–4.0, the HC increased 
significantly for the age group 4.5–5.0 (p = 0.010) and 
5.0–5.5 (p = 0.022). No other age-group HC compari-
sons were significant (Table 2). Figures 2(c,g) show the 
increasing pattern of HC from 3.5–4.0 years to 4.0– 
4.5 years and a subsequent stabilisation at ages above 
4.0 years.

HiC increased significantly comparing age group 
3.5–4.0 years to age group 5.0–5.5 years (p = 0.010). 
The data showed no other age group differences for 
HiC (Table 2). Figures 3(b,g) shows the increasing HiC 
with age.

In accordance with the proportionally larger 
increase in W than H, the height/weight ratio 
decreased significantly between the age groups of 
4.0–4.5 and 5.0–5.5 years (p = 0.050), and the differ-
ence between age group 3.5–4.0 and 5.0–5.5 was 
borderline significant (p = 0.054). No significant differ-
ences were found between any other age groups 
(Table 2). Figures 3(c,h) show the change in height/ 
weight ratio with age, showing decreasing ratios at 
ages above 4.5 years.

As H increased with age, while no change in WaC, 
the waist/height ratio was significantly higher in the 
3.5–4.0 year group compared to 4.0–4.5 (p = 0.037), 
4.5–5.0 (p = 0.009) and 5.0–5.5 (p < 0.001), whereas 
no other significant differences were found. Figure 3 
(d,i) show the decreasing pattern of the waist/height 
ratio with age.

Following the increase in HiC, concomitantly with no 
detectable change in WaC, the waist/hip ratio 
decreased significantly between age group 3.5–4.0 
and 4.5–5.0 (p = 0.025) and between 3.5–4.0 and 5.0– 
5.5 (p = 0.015). The data showed no other age group 
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differences for the waist/hip ratio (Table 2). Figures 3(e, 
j) show the decreasing pattern of the waist/hip ratio, 
which is most prominent up to the age of 4.5 years.

Differences between genders
The comparison of growth parameters and BP between 
genders showed that boys had a significantly larger HC 

Table 1. Maternal and child characteristics of the study population.
All children (N = 102) Boys (N = 55) Girls (N = 47) p-valuea

Current living town 
Nuuk 
Sisimiutb 

Ilulissat

n (%) 69 (67.6%) 40 (72.7%) 29 (61.7%) 0.398 χ2

n (%) 22 (21.6%) 11 (20.0%) 11 (23.4%)
n (%) 11 (10.8%) 4 (7.3%) 7 (14.9%)
Missing n (%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Maternal characteristics
Age at delivery (years)

Mean ± SD 29.3 ± 4.6 29.5 ± 4.4 29.0 ± 4.7 0.577 τ
Median (P25–P75) 29.2 (25.7–32.9) 29.5 (26.2–32.9) 28.8 (25.3–32.9)
Min-Max 20.1–41.5 20.1–40.2 20.5–41.5
Missing n (%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Pre-pregnancy BMI (kg/m2)
Mean ± SD 25.6 ± 4.8 25.3 ± 4.2 25.8 ± 5.4 0.682 τ
Median (P25–P75) 24.1 (22.6–27.1) 23.9 (22.6–26.9) 24.2 (22.6–27.5)
Min-Max 18.7–43.1 19.7–37.8 18.7–43.1
Missing n (%) 2 (2.0%) 2 (3.6%) 0 (0.0%)

Parity at inclusion 
0 
1–2 
≥3

n (%) 43 (44.3%) 21 (41.2%) 22 (47.8%) 0.690 χ2

n (%) 45 (46.4%) 26 (51.0%) 19 (41.3%)
n (%) 9 (9.3%) 4 (7.8%) 5 (10.9%)
Missing n (%) 5 (4.9%) 4 (7.3%) 1 (2.1%)

Smoking during pregnancy 
No 
Yes

n (%) 81 (79.4%) 45 (81.8%) 36 (76.6%) 0.625 χ2

n (%) 21 (20.6%) 10 (18.2%) 11 (23.4%)
Missing n (%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Alcohol intake before pregnancy 
Less than 1 time/month 
1 time/month 
2–3 times/month 
≥1 time/week

n (%) 51 (54.8%) 26 (51.0%) 25 (59.5%) 0.150 χ2

n (%) 19 (20.4%) 10 (19.6%) 9 (21.4%)
n (%) 17 (18.3%) 9 (17.6%) 8 (19.0%)
n (%) 6 (6.5%) 6 (11.8%) 0 (0.0%)
Missing n (%) 9 (8.8%) 4 (7.3%) 5 (10.6%)

Education at time of pregnancy 
Primary school 
Secondary school 
Technical college 
University

n (%) 21 (20.8%) 11 (20.4%) 10 (21.3%) 0.967 χ2

n (%) 13 (12.9%) 6 (11.1%) 7 (14.9%)
n (%) 28 (37.6%) 21 (38.9%) 17 (36.2%)
n (%) 29 (28.7%) 16 (29.9%) 13 (27.7%)
Missing n (%) 1 (1.0%) 1 (1.8%) 0 (0.0%)

Child characteristics
Gestational age at birth (weeks)

Mean ± SD 39.5 ± 1.4 39.7 ± 1.4 39.3 ± 1.5 0.244 τ
Median (P25–P75) 40.0 (38.0–41.0) 40.0 (39.0–41.0) 40.0 (38.0–41.0)
Min-Max 35.0–42.0 37.0–42.0 35.0–42.0
Missing n (%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Birth weight (W)(gram)
Mean ± SD 3671 ± 518 3785 ± 491 3538 ± 522 0.014 τ
Median (P25–P75) 3675 (3294–4081) 3730 (3466–4135) 3560 (3235–3825)
Min-Max 2220–4920 3810–4920 2220–4602
Missing n (%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Birth length (cm)
Mean ± SD 51.6 ± 2.3 52.2 ± 1.9 50.9 ± 2.5 0.003 τ
Median (P25–P75) 52.0 (50.0–53.0) 52.0 (51.0–53.0) 51.0 (49.0–52.0)
Min-Max 46.0–57.0 48.0–57.0 46.0–57.0
Missing n (%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Birth head circumference (HC)(cm)
Mean ± SD 35.0 ± 1.5 35.3 ± 1.5 34.6 ± 1.5 0.019 τ
Median (P25–P75) 35.0 (34.0–36.0) 35.0 (34.5–36.0) 34.8 (34.0–35.1)
Min-Max 31.0–38.5 32.0–38.5 31.0–38.0
Missing n (%) 1 (1.0%) 0 (0.0%) 1 (2.1%)

Age at follow-up (years)
Mean ± SD 4.51 ± 0.59 4.49 ± 0.58 4.54 ± 0.60 0.715 τ
Median (P25–P75) 4.51 (4.03–4.97) 4.47 (4.03–4.94) 4.54 (4.03–5.09)
Min-Max 3.33–5.56 3.33–5.56 3.55–5.54
Missing n (%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

a: P-value for statistical test between boys and girls, b:One family lived in Kangerlussuaq but were included in Sisimiut, χ2: Pearson’s Chi-square test, τ: 
Students t-test, SD: Standard Deviation, P25-P75: 25th percentile – 75th percentile, Min: minimum, Max: maximum 
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(p = 0.012) (Table 2). None of the other parameters 
showed significant differences between genders 
(Table 2).

Differences between genders in each age group

The data showed no significant differences between 
genders within each age group for any parameters 
(Table 2). Figures S2-S3 show boxplots of age groups 
separated by gender and Table S1 the corresponding 
measures.

Prevalence of overweight and obesity

The overall prevalence of overweight and obesity, 
according to the IOTF BMI cut-off (Figure S1), was 
35.1% with no significant differences were between 
genders (p = 0.153) or among age groups (p = 0.600) 
(Table 3). However, comparison of the IOTF BMI cut-off 
values for overweight and obesity showed for girls 
32.3% overweight and 9.7% obese, respectively. 
Whereas, compared to girls, boys had a lower preva-
lence of overweight but a higher prevalence of obesity, 
being 14.0% and 16.3%, respectively (Table 3; 
Figure S1).

Effect of maternal smoking status and cotinine 
levels

As shown in Table 4, significantly higher cotinine level 
were found in mothers that smoked during pregnancy 

compared with non-smokers, for all child age groups 
(p < 0.001). Children of mothers that smoked during 
pregnancy had a higher HiC (p = 0.005) and lower 
waist/hip ratio (p = 0.013). The differences were only 
significant in the pooled age groups (Table 4), but with 
similar tendencies in the separate age groups. The HiC 
at 3.5–4.0 years (p = 0.075), the waist/hip ratio at 4.0– 
4.5 years (p = 0.076) and 4.5–5.0 years (p = 0.058), and 
DBP at 3.5–4.0 years (p = 0.063) were borderline sig-
nificant (p ≤ 0.080), but no other significant differences 
could be detected (Table 4). The maternal cotinine 
levels significantly correlated with HiC (rs = 0.271, 
p = 0.006, age groups pooled), the waist/hip ratio (rs 

= −0.251, p = 0.011, age groups pooled) and DBP (rs 

= 0.542, p = 0.024, 3.5–4.0 years). No other correlations 
were significant (Table 4), although borderline signifi-
cant correlations were found between maternal coti-
nine level and HiC at 4.0–4.5 years (rs = 0.354, 
p = 0.070) and the waist/hip ratio at 4.5–5.0 years (rs 

= −0.339, p = 0.077).

Discussion

In this study, we present updated anthropometric data 
and BP measurements of preschool Greenlandic chil-
dren in the age group of 3.5–5.5 years. As expected, 
with increased age, we found significant increases in H, 
W, HC and HiC, and significant decreases in height/ 
weight ratio, waist/hip ratio and waist/height ratio. 
Compared to some previous reports, the prevalence of 
overweight and obesity was relatively high in the 

Figure 2. Weight (a, e), height (b, f), head circumference (c, g) and BMI (d, h) of Greenlandic children aged 3.5–5.5 years. Linear fits 
of dot-plots, and β-values (linear slope), for each gender, are included to show the direction of change. Age groups of boxplots does 
not include the lower value. 3.5–4.0* Includes a boy of 3.3 years and 5.0–5.5** Includes two boys and one girl between 5.5 and 
5.6 years. In the boxplot, the boxes display the 25th and 75th centiles, the line inside the boxes represents the median value, and 
the whiskers display the lower and upper values within 1.5 IQRs (Inter Quartile Ranges). Outliers are shown by dots, and defined to 
be 1.5–3.0 IQRs below the 25th centile, and/or 1.5–3.0 IQRs above the 75th centile. P-values are shown for significant differences 
between age groups.
***: Significant differences between all age groups.
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present study [4,6,28]. Furthermore, boys had a larger 
HC than girls. Children of mothers that smoked during 
pregnancy had a higher HiC, lower waist/hip ratio, and 
higher DBP.

Children’s height, weight and BMI

During the last century, Greenlandic children were char-
acterised by stunted growth patterns compared to 
Caucasian references [1], but this pattern is no longer 
prominent [3,4]. In the current study, we found similar 
H, W and BMI of Greenlandic children at 3.5–5.5 years of 
age compared to a recent Greenlandic child-cohort- 
study by Kløvgaard et al. [3]. Kløvgaard et al. presented 
growth data on children between 0 and 10 years of age, 
based on 279 healthy children from Nuuk and Ilulissat, 
being 6–10 years of age in 2012 [3]. The approximate 
growth chart by Kløvgaard et al. showed at the age 3.5 
to 5.5 years, a median H increase from 100 cm to 

114 cm in boys and 98 cm to 113 cm in girls. The 
median W increase from 17 kg to 21 kg in boys and 
from 16 kg to 21 kg in girls and median BMI decrease 
from 16.8 to 16.5 for both boys and girls [3]. The data of 
Kløvgaard et al. [3] are approximately 11 years older 
compared to the data presented in the current study, 
but as the anthropometric measures corresponded well 
between the two studies, the reference charts could be 
a good representation of Greenlandic children. In sup-
port to this, a child-cohort-study published by Galloway 
and colleagues [4] considered anthropometrics of 
Greenlandic children aged 3–5 years (86 living in Nuuk 
and 572 living outside Nuuk) between 2001 and 2010 
[4]. Galloway et al. [4] showed data on H and BMI of 
children living outside Nuuk (H: 107.3–109.2 cm; BMI: 
17.2–17.3) and in Nuuk (H:117.2–118.3 cm; BMI: 16.7– 
16.8). The data from children living outside Nuuk were 
comparable to the present study, whereas children 
from Nuuk had a higher H, with similar BMI. Any 

Figure 3. Waist circumference (a, f), hip circumference (b, g), height/weight ratio (c, h), waist/height ratio (d, i) and waist/hip ratio 
(e, j) of Greenlandic children aged 3.5–5.5 years. Linear fits of dot-plots, and β-values (linear slope), for each gender, are included to 
show the direction of change. Age groups of boxplots does not include the lower value. 3.5–4.0* Includes a boy of 3.3 years and 
5.0–5.5** Includes two boys and one girl between 5.5 and 5.6 years. In the boxplot, the boxes display the 25th and 75th centiles, 
the line inside the boxes represents the median value, and the whiskers display the lower and upper values within 1.5 IQRs (Inter 
Quartile Ranges). Outliers are shown by dots, and defined to be 1.5–3.0 IQRs below the 25th centile, and/or 1.5–3.0 IQRs above the 
75th centile. Extreme values are shown by triangles, and defined to be below or above 3.0 IQRs from the 25th or 75th centile 
respectively. P-values are shown for significant differences between age groups.

Table 3. Prevalence of overweight and obesity in Greenlandic boys and girls according to the international obesity taskforce gender 
and age specific BMI cut-offs.

Gender Age groups

AllBoys Girls 3.5–4.0* 4.0–4.5 4.5–5.0 5.0–5.5**

n % n % n % n % n % n % n %

NormalIOTF 30 69.8% 18 58.1% 10 50.0% 16 80.0% 13 65.0% 9 64.3% 48 64.9%
OverweightIOTF 6 14.0% 10 32.3% 7 35.0% 2 10.0% 4 20.0% 3 21.4% 16 21.6%
ObeseIOTF 7 16.3% 3 9.7% 3 15.0% 2 10.0% 3 15.0% 2 14.3% 10 13.5%
Total 43 100% 31 100% 20 100% 20 100% 20 100% 14 100% 74 100%
P-value 0.153 χ2 0.600 FFH - -

IOTF: Evaluation of normal weight, overweight and obesity was based on gender and age-specific BMI cut-offs (Figure S1) published by the International Obesity 
Taskforce (IOTF) [27]. χ2: Pearson’s Chi-square test. FFH: Fisher-Freeman-Halton exact test (expected cell counts <5 for >20% of cells). 3.5–4.0* Includes a boy 
of 3.3 years and 5.0–5.5** Includes two boys and one girl between 5.5 and 5.6 years. 
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discrepancies might result from the small population 
sizes in Greenland, as there is a possibility of pro-
nounced yearly fluctuations in H, W and BMI.

In recent decades, there has been a tendency of 
increasing BMI and prevalence of overweight and obe-
sity in young Greenlandic children [4,7]. In the present 
study, we found BMI to be similar between the age 
groups, resulting in a prevalence of overweight and 
obesity of 35.1% (based on IOTF cut-off values 
(Figure S1) [27],), which is higher than previously 
shown. There are several studies on BMI and prevalence 
of overweight and obesity in Greenlandic children from 
Nuuk, using the IOTF cut-off reference [4,6,28]. From 
1980 to 2004, the prevalence of overweight and obesity 
in children at school-entry increased from 7.5% to 
21.7% [6]. From 2003 to 2007, in children aged 
3–5 years, the prevalence of overweight and obesity 
was 31.4% [4]; whereas from 2005 to 2011, for children 
at school entry (aged 5.4 to 7.6 years), the proportion 

decreased from 21.2% to 14.6%, although with pro-
nounced yearly fluctuations, especially between gen-
ders [28].

The somewhat higher prevalence of overweight and 
obesity detected in the current study for 3.5–5.5 years 
of age, compared to other studies on children from 
Nuuk using the same BMI cut-offs, is likely caused by 
a still ongoing increasing trend in BMI, earlier onset of 
overweight [7], as well as yearly fluctuations, which can 
be as high as 20% [28]. Overweight and obesity in 
children have been shown to be higher outside Nuuk 
[4,28], but for the 74 children with measures of BMI in 
the present study, only five lived outside Nuuk; thus, 
regional variation is an unlikely explanation. As in ear-
lier studies, we found a higher prevalence of combined 
overweight and obesity in girls, whereas a higher per-
centage of boys were obese [7,28].

In average, it has been estimated that 20% (10–36%) 
of all 10-year-olds in Europe are overweight [29]. 

Figure 4. Diastolic and systolic blood pressure (a-c) of Greenlandic children aged 3.5–5.5 years. Linear fits of dot-plots, and β-values 
(linear slope), for each gender, are included to show the direction of change. Age groups of boxplots does not include the lower 
value. 5.0–5.5** includes one boys and one girl between 5.5 and 5.6 years. In the boxplot, the boxes display the 25th and 75th 
centiles, the line inside the boxes represents the median value, and the whiskers display the lower and upper values within 1.5 IQRs 
(Inter Quartile Ranges). Outliers are shown by dots, and defined to be 1.5–3.0 IQRs below the 25th centile, and/or 1.5–3.0 IQRs 
above the 75th centile.
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Genetic factor has been suggested to play a role in 
approximately one-third of all cases of obesity [30], 
however, since the human genetic has not changed 
during the past 20 years it cannot explain the increase. 
Changes in lifestyle and diet and lower physical activity 
are assumed to contribute to the overweight increase 
[29]. Further evaluation of H, W and BMI of pre-school 
children is an important step in preventive healthcare, 
as overweight and obese children at school-entry are at 
high risk of staying overweight and obese in adoles-
cence [8].

Although the BMI of Greenlanders has increased 
over the last decades [5,7,28], the BMI cut-off points 
for determining overweight and obesity have been 
argued to overestimate the prevalence in the 
Greenlandic Inuit population [12,31]. BMI reference 
charts and cut-off values are based on data from few 
ethnic populations and do not include Arctic circumpo-
lar populations [3,27]. Greenlanders have been shown 
to have higher sitting heights and shorter legs com-
pared to other populations, fitting with the higher W in 
relation to H [2,31], although comparative data on sit-
ting height in preschool children is not available.

In addition to differences in body proportion, 
abdominal visceral and subcutaneous adiposity differs 
between ethnicities. Comparisons of adult Danes and 
Greenlanders by the use of ultrasonography have 
shown that for a given measure of BMI, WaC, waist/ 
hip ratio and waist/height ratio, Greenlanders have less 
visceral and subcutaneous fat [13]. In line with this, 
metabolic risk factors have also shown to differ 
between Danes and Greenlanders [32]. In adult Inuit, 
marine diet was reported positively associated with 
serum high-density lipoprotein (HDL) and blood glu-
cose and inversely with very-low-density lipoprotein 
(VLDL) and triglyceride [33]. Compared to Danes, for 
a given measure of BMI and WaC, metabolic risk factors 
such as 2-hour glucose, insulin, triglycerides and BP 
were shown to be lower in Greenlanders, whereas 
HDL were higher [32]. This further supports that inter-
national BMI and WaC references might not be accurate 
predictors of overweight and obesity and the related 
metabolic risk factors in Greenlandic adults. Whether 
these differences are present in Greenlandic children 
and at what age children start to deviate from the 
Caucasian body proportions is currently unknown, and 
needs further studies.

Children’s abdominal adiposity

Due to the uncertainties using international BMI cut- 
offs, evaluation of overweight and obesity in children 
should include other measurements that reflect 

subcutaneous and visceral abdominal adiposity [13]. 
High WaC, high waist/hip ratio and/or high waist/height 
ratio, reflect abdominal adiposity irrespective of W, and 
relate to high levels of metabolic risk factors [13,34,35]. 
The waist/height ratio is especially interesting, as this 
has enabled detection of children of normal W, with 
abdominal adiposity, at cardio-metabolic risk; and to 
detect overweight/obese children, with no abdominal 
adiposity, which are at lower risk than those with 
abdominal adiposity [36]. Although some earlier studies 
have used a waist/height ratio cut-off point of 0.5 as an 
indicator of abdominal obesity in children [26,36], 
recent studies have shown that waist/height ratio 
depends on age, especially in the preschool period 
[37,38], and gender [38]. The waist/height ratio has 
been shown to decrease during the preschool years 
[37]. A former study on Greenlandic children, with 
a median age of 8.3 years (2010–2012), showed 
a slightly lower waist/height ratio [26] than in the pre-
sent study, which supports a decreasing waist/height 
ratio in Greenlandic children during the preschool and 
early school years. Thus, as for BMI, a one-size fits all 
solution for evaluation of abdominal adiposity in chil-
dren is likely unreliable, and age and gender-dependent 
references should be developed for BMI and waist/ 
height ratio alike.

Children’s head circumference

Head circumference is a good indication for child health 
and nutritional status, for example, protein energy mal-
nutrition [39–41]. To our knowledge, there is no 
reported data on HC in Inuit children at 3.5–5.5 years 
of age; thus, evaluation of proper development is 
dependent on international references. In the present 
study, we found the median HC of Greenlandic children, 
from 3.5 to 5.5 years of age, to be from 52.0 cm to 
53.0 cm in boys and 49.8 cm to 52.0 cm in girls, which is 
higher than the WHO references [42]. The WHO refer-
ence charts show that the median HC, from 3.5 to 
5 years of age (5 years being the upper limit), increases 
from 49.9 cm to 50.7 cm in boys and 49.0 cm to 49.9 cm 
in girls [42]. The higher HC in Greenlandic children, 
aged 3–5 years, compared to the WHO reference, has 
also been shown in Greenlandic children aged 
0–2 years [3], and in children aged 2 years from several 
other countries [16]. The HC at birth, and at follow-up, 
was significantly larger for boys than girls. This has also 
been shown before in Greenlandic children at 0–2 years 
of age [3], and it is likely, that Greenlandic boys have 
a larger HC from birth through the preschool years, 
a tendency also shown in other countries [42]. Thus, 
there is a need for gender-specific Greenlandic 
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reference charts for HC, and care should be taken when 
using the WHO international references, as this might 
result in underestimation of microcephaly and overes-
timation of macrocephaly in the population.

Children’s BP

The BP measurements included in this study, is, to our 
knowledge, the first published data for Greenlandic and 
Inuit preschool children. In Europe, evaluation of hyper-
tension in children is based on age-specific BP percen-
tiles for a given H percentile of the population [16,43], 
but corresponding references for Greenlandic children 
are not available [3]. In the current study, the SBP and 
the DBP were similar among Greenlandic children of 
3.5 − 5.5 years and did not differ between genders. In 
other populations, BP is found to increase slightly with 
age in preschool children [44,45], and the relatively 
short age range in the current study may explain the 
non-significant changes seen between the ages. 
However, in boys we see a tendency to increase in 
DBP and SBP with age. BP has been measured in 
Greenlandic children at ages 5.7–17.1 years, living in 
Nuuk and Thule, with estimates of SBP ranging from 
109 to 112 mmHg and DBP ranging from 65 to 
67 mmHg [23]. The higher SBP compared to the current 
study, might result from age-differences, as BP 
increases with child-age in non-Greenlandic children 
[43]. Comparison with 11-year old Inuit children from 
Nunavik (a northern region of Quebec, Canada), 
showed a comparable SBP of 105 mmHg, although 
with a lower DBP of 59 mmHg [46]. In the adult 
Greenlandic population, BP is lower, despite higher 
BMI’s, compared to European countries [21]. Whether 
this pattern is present in children needs further studies.

Effects of maternal smoking on child growth and 
BP

The smoking among pregnant women in Greenland is 
relatively high although a tendency to a slight decrease 
[47]. In the ACCEPT study related to the current study, 
29% of the mothers smoked during pregnancy [24]. In 
this sub-study of ACCEPT 20.6% of the mothers smoked 
during pregnancy. We found that children of mothers 
that smoked during pregnancy had higher HiC and 
correspondingly lower waist/hip ratio. Accordingly, 
maternal cotinine levels positively correlated with HiC, 
and negatively correlated with the waist/hip ratio. 
Literature on the effects of maternal smoking during 
pregnancy and HiC and the waist/hip ratio in children is 
lacking, but the waist/hip ratio have been found to be 
higher in 21 year olds, which had mothers that smoked 

during their pregnancy [48]. Thus, whether the effects 
of maternal smoking on the waist/hip ratio differ 
between preschool children and young adults, and 
whether ethnic differences or chance findings are invol-
ving factors remains to be determined.

Previous reports describe the influence of maternal 
smoking during pregnancy on BP of children and young 
adults [48,49]. SBP was higher in children of mothers 
that smoked during pregnancy, whereas DBP was unaf-
fected [49]. No effects have been found in young adults 
[48]. Even though we found an effect of maternal smok-
ing on DBP in 3.5–4.0 year group, only five mothers in 
this group had cotinine-levels above the detection limit, 
and the other age groups showed inconsistent results. 
Despite not finding an influence of smoking status on 
SBP, there is a trend of higher SBP in children of smok-
ing mothers, except for the 4.0–4.5 year group, 
although correlations with cotinine were inconsistent. 
Thus, whether maternal smoking during pregnancy 
affect BP in Greenlandic preschool children is inconclu-
sive, and needs to be further studied.

Despite the maternal smoking status during preg-
nancy elicited limited effects on other anthropometric 
data of the children in our study, there is a tendency for 
higher BMI in children of mothers that smoked during 
pregnancy. A recent meta-analysis has shown that 
maternal smoking during pregnancy puts the child at 
higher risk of becoming overweight and obese, which 
also was the case when the analysis was limited to 
studies using the IOTF cut-offs for overweight and obe-
sity [50]. Furthermore, maternal smoking during preg-
nancy was shown to increase the risk of overweight and 
obesity in young adults [48].

The limitations of the study

The population size in the current study was small, 
although with a relatively high participation rate, 
reflecting the small Greenlandic population. We are 
aware about the limitations, especially when dividing 
the study population into age and gender groups. 
Therefore, we decided to present the data for all ages 
including both genders together, but for further data 
insight also giving the data for the four age groups and 
boys and girls separately. There might be regional dif-
ferences and care should be taken, when comparing 
our data with other Greenlandic towns and cities, espe-
cially comparing west to the north, south and east 
(economic reasons did not permit inclusion of these 
regions), as these are dispersed over a large geographic 
area. However, 50% of the Greenlandic population lives 
in Nuuk, Sisimiut and Ilulissat [51], and the proportion 
of children from Nuuk, Sisimiut and Ilulissat in the 
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current study, reflects the population sizes in these 
cities/towns, being 64%, 20% and 16%, respectively 
[51]. The missing values for some parameters were 
relatively high and therefore the percentage of missing 
data are given in the study tables for clarification. It is 
important to note that the number of data points for 
each analysed parameter differed between cities/towns 
as given in the result section and Table 1.

We considered maternal smoking status, verified by 
cotinine measurements, due to the relatively high 
smoking frequency among pregnant Greenlandic 
women. However, we did not include analyses of 
other parameters that could influence child growth, 
for example maternal age, pre-pregnancy BMI, nutrition 
and passive exposure to tobacco smoke early in life. 
Most studies focus on maternal parameters influencing 
foetal growth. Our study aim was to focus on the miss-
ing anthropometric growth data of Greenlandic pre-
school children and compare to other studies on 
Greenlandic children. Moreover, due to the low number 
of participants, multiple statistical adjustments can 
affect the statistical power.

In general, completion of questionnaires were with 
assistance of the health nurse that followed the child in 
the initial 2 years after birth, which would have bene-
fitted the child measures, especially for BP. 
Furthermore, evaluating methodological discrepancies, 
such as inter-observer and intra-observer variation, 
between studies was difficult because of the lack of 
information on equipment and procedures, which was 
not available to us and often omitted in other stu-
dies [3,4].

We plan to follow-up on the ACCEPT children at 
school age and the presented study data can then be 
a part of a Greenlandic child growth curve – for com-
parison to other ethnic groups.

Conclusion

In this follow-up study of the ACCEPT birth cohort, we 
present anthropometric data and BP measures of 
Greenlandic pre-school children, aged 3.5–5.5 years. 
We found comparable measurements of H and W to 
previous studies, although BMI and the prevalence of 
overweight and obesity was higher. Height, W, HC and 
HiC increased significantly from 3.5 to 5.5 years, 
whereas height/weight ratio, waist/hip ratio and waist/ 
height ratio decreased. The only gender-difference 
found was for HC, which was significantly larger in 
boys. Children of mothers that smoked during preg-
nancy had higher HiC, lower waist/hip ratio and 
a higher DBP. As in the adult population, estimating 
the extent of overweight and obesity in pre-school 

children necessitates a better understanding of specific 
growth patterns, body proportions, fat deposition and 
the levels of metabolic risk factors.
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