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Abstract
Objective: Waist-to-height ratio has been shown to be an important indicator of
cardiometabolic risk. There are few studies evaluating this measure against existing
measures of adiposity and cardiometabolic markers in early childhood. The objec-
tives were: (i) to determine in young children the ability of waist-to-height ratio,
BMI z-score, weight for length, and sum of skin fold thickness to predict cardio-
metabolic risk and (ii) to examine this association at ages 1, 3 and 5 years.
Design: Prospective cohort study.
Setting: A university hospital in Toronto, Ontario.
Participants: Infants at 1 (n 406), 3 (n 112) and 5 years of age (n 94) born to moth-
ers with and without gestational diabetes mellitus.
Results:Weight for length and BMI z-score demonstrated the strongest correlations
with biochemical measures compared to waist-to-height ratio, including leptin (at
5 years, weight for length z-score: ρ= 0·65, P < 0·001; BMI z-score: ρ= 0·67,
P< 0·001) and measures of insulin resistance (at 3 years, weight for length z-score:
ρ= 0·25, P = 0·02; BMI z-score: ρ= 0·24, P= 0·02). The magnitude of associations
between anthropometric measures and biochemical measures strengthened over
time. Weight for length and BMI z-scores were moderately correlated with overall
measures of fat mass as measured by dual-energy X-ray absorptiometry (ρ= 0·65,
P= 0·00; ρ= 0·61, P= 0·01).
Conclusions:Waist-to-height ratiowas not superior to existingmeasures in predict-
ing cardiometabolic risk in young children. BMI z-score is a preferred measure of
adiposity between birth and 5 years of age.
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Health initiatives that target children at risk for cardiometa-
bolic disease have demonstrated a modest impact on
weight-related outcomes and quality of life(1,2). Accurate
identification of ‘at risk’ youth in early childhood is, there-
fore, fundamental to healthmeasures. Body composition in
early childhood is important in determining future risk of
cardiometabolic disease(3), and monitoring of height and
weight is a foundational aspect of paediatric care, which
allows for the recognition of concerning weight trajectories
prior to the onset of serious health consequences(4,5).

Measurement of adiposity in children can be accom-
plished using a variety of methods. Measurements such as
weight for length and BMI z-scores are some of the most

commonly used clinical techniques. Dual-energy X-ray
absorptiometry (DXA), skin fold thickness measurements,
air displacement plethysmography and bioelectrical imped-
ance analysis aremeasures often used in a research setting to
estimate adiposity. While providing a more comprehensive
assessment of body composition, these measures can be
technically challenging, expensive and not feasible to imple-
ment in routine care. Clinical measurements of adiposity
should be simple, non-invasive, fast and inexpensive, while
also offering diagnostic accuracy and precision. The mea-
sured parameter should also be associated with long-term
cardiometabolic health. Currently, weight for length is the
growth standard used to evaluate adiposity in children from
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birth to 2 years of age(5–7). However, there is increasing evi-
dence to potentially support the utility of BMI in this age
group(8,9). For children >2 years old, BMI z-score is the rec-
ommended measurement to assess for obesity and nutri-
tional status(10,11). However, both these measures have
several inherent limitations as they do not specifically
capture the amount of body fat or take into account its
distribution(12–14).

Waist-to-height ratio is another anthropometric tool that
may help stratify obese individuals at an increased risk of
health sequelae(15). Since the presence of visceral fat is
strongly associated with cardiometabolic risk in adults, a
measure that captures body fat distribution has additional
discriminatory value(16). Compared to waist circumference,
waist-to-height ratio has additional advantage accounting
for the impact of height and relative body proportion on
obesity-related risk. In adults, a waist-to-height ratio >0·5
is associated with an increased risk of CVD and metabolic
syndrome across different ethnicities(17). Studies evaluating
waist-to-height ratio in the paediatric age range are largely
limited to older children and adolescents, with very few
studies exploring the use of waist-to-height ratio in pre-
school-aged children. Some studies in children aged
3–7 years have shown that this measure may help identify
those with risk factors for metabolic syndrome, such as insu-
lin resistance, and is also associated with important indices
of body composition such as body fat percentage(18–20).
However, other studies in this same age group have demon-
strated that it is inferior to other clinicalmeasures of adiposity
and cardiometabolic health(21–23). To our knowledge, there
are no studies comparing waist-to-height ratio with existing
measures of adiposity in children under 3 years of age.
Accordingly, the objectives of this study were: (i) to deter-
mine in young children the ability of waist-to-height ratio,
BMI z-score, weight for length, and sum of skin fold thick-
ness to predict cardiometabolic risk and (ii) to examine this
association at ages 1, 3 and 5 years.

Methods

We included children from an ongoing cohort of mother–
infant dyads in Toronto, Canada. The study design and pro-
tocol have been previously described in detail(24). The
study cohort consists of mother–infant dyads with and
without a history of maternal gestational diabetes mellitus
(GDM). Study participants were recruited at the time of
their antepartum screening for GDM at the Mount Sinai
Hospital outpatient laboratory. All subjects who presented
for screening were approached. According to routine prac-
tice, pregnant women are universally screened during the
second trimester with 50 g glucose challenge test (GCT).
Any abnormalities identified during this initial screening
(defined as a 1-h plasma glucose ≥7·8 mmol/l) are sub-
sequently referred for a formal oral glucose tolerance test
(3 h 100 g). All participants were recruited before or after

the GCT, and underwent a diagnostic glucose tolerance test
for the determination of GDM status, irrespective of the
GCT outcome. This was done to enrich the study popula-
tion for offspring ofwomenwith GDMand cardiometabolic
risk. Baseline maternal and paternal data were collected at
the time of study recruitment and included demographic
data from an established questionnaire. Parental ethnicity
was self-reported, and the ethnicity of the offspring was
determined by considering both maternal and paternal eth-
nicity. As the number of participants in each ethnic group
was small, participants were classified as either ‘Caucasian/
White/European’ and ‘Other’ for the analysis.

Participants and their offspring were followed during
pregnancy and postpartum period, evaluating maternal
markers of glucose metabolism and adiposity, as well as
metabolic changes in the offspring, including growth, adi-
posity and insulin resistance.

In this analysis, the offspring had their anthropometry
measured at 1, 3 and 5 years of age. Subjects were excluded
if theywere a product of twin pregnancy, if theywere deliv-
ered prematurely (defined as <32 weeks gestation), if they
were low birth weight (defined as a birth weight <2500 g)
or if they had a known diagnosis impacting growth.
Measurements of adiposity were not collected at birth
and, therefore, were not included in the analysis.

Anthropometry
Offspring anthropometry, including waist-to-height ratio,
sum of skin fold thickness, BMI z-score and weight for
length z-score, was obtained at 1, 3 and 5 years of age.
All measurements were obtained in triplicate by trained
research staff following standardised procedures(25). A dig-
ital paediatric scale was used to obtain weight, rounded to
the nearest gram. Up until 2 years of age, recumbent length
was obtained using a digital board, rounded to the nearest
0·5 mm. After 2 years of age, standing height was measured
using a stadiometer, rounded to the nearest 0·5 mm. Waist
circumference was estimated by measuring the circumfer-
ential distance between the lowest rib and the top of the
lilac crest. Skin fold thicknessmeasurements were obtained
in triplicate using a Harpenden Caliper(26) at the triceps,
biceps, supra-iliac and subscapular regions. A sum of skin
fold thickness was calculated to provide an aggregate
measure of adiposity(27). These measurements have been
shown to correlate well with estimates of body fat, as deter-
mined byDXA(27,28). Supra-iliac and subscapular regions, in
particular, are thought to act as a proxy for central
adiposity.

Cardiometabolic function
A fasting blood samplewas collected from the infants at 1, 3
and 5 years. Fasting duration was defined as the typical
length of time the child normally passes overnight without
eating. Ideally, this would be a period of 10 h, but a mini-
mum of 4 h was required(29). Subjects were offered the
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option of a topical anaesthetic cream tominimise any poten-
tial pain associated with the procedure. The following mea-
surements were included: insulin (Roche Diagnostics, Laval,
Canada; electrochemiluminescence immunoassay range
21–118 pmol/l); glucose (enzymatic reference method with
hexokinase); leptin (Millipore, Linco, St Charles, MO; ELISA
range 0·5–100 ng/ml); lipids (cholesterol, TAG, HDL, LDL
[derived, not measured directly]; Roche, Indianapolis, IN;
fluorometric assay).

Insulin resistancewas determined using the Homeostasis
Model Assessment of Insulin Resistance (HOMA-IR).
HOMA-IR is a surrogate measure of insulin resistance that
has been validated against gold-standard clamp procedures
in non-diabetic young children under 5 years(30). It is calcu-
lated using the following formula: (fasting plasma glucose
[mmol/l] × fasting plasma insulin [mU/l])/22·5(31).

Dual-energy X-ray absorptiometry
DXA scans were used to determine fat mass, fat-free mass
and percent body fat at the age of 3 years. A Lunar Prodigy
whole-body scanner (GE Medical Systems, Madison, WI)
was used in conjunction with Encore 2002 software.
Results from all scans were interpreted by a trained radiolo-
gist. Subjects did not require any preparation prior to the
scan, and caregiverswere present during the study for com-
fort. Each scan lasted approximately 3 min, during which
time the subject lay supine. DXA scans provided estimates
of percent body fat, percent truncal fat and overall fat mass
(<1 % CV).

Statistical analysis
Descriptive statistics were used to characterise the study
participants at birth and at different measurement intervals.
Data are presented as means and standard deviations for
continuous variables, and percentages for categorical var-
iables. Continuous variables were assessed for normality of
distribution. Natural log transformation was performed for
skewed variables when required. Not all subjects were the
exact same age at the time of study measurements; and
given the age-related variation in anthropometric and bio-
chemical variables, adjustment for age at study visit was
performed. When age adjustment was performed, means
and standard errors were reported. z-Scores were calcu-
lated for weight for length and BMI using the WHO
calculator(32). P values <0·05 (two-tailed) were considered
statistically significant. The prevalence of obesity was
determined in the overall cohort and was defined by the
WHO classification criteria(33).

To assess the relationship between different anthropo-
metric measures, body composition indices and fasting
biochemical measures of cardiometabolic risk, Pearson
correlation coefficients were used. Log transformation
was performed for skewed variables, and Spearman corre-
lation was also performed for variables that remained
skewed after transformation. As there were no differences

between GDM and non-GDM offspring with respect to
waist-to-height ratio, a further stratified analysis was not
performed. Coefficient values of 0·0–0·3, 0·3–0·5, 0·5–0·7,
0·7–0·9 represented negligible, weak, moderately strong
and strong correlations, respectively(34). All statistical analy-
sis was performed with SAS, version 9·4.

Results

Cohort characteristics
A total of 406 subjects had measurements at 1 year; 112 had
measurements at 3 years; and 94 had measurements at
5 years of age (Tables 1 and 2). Offspring in the cohort
were born at an average of 39 ± 1·3 weeks, with a mean
birth weight of 3416 ± 432 g. The offspring cohort was eth-
nically diverse, with 55·6% identifying as ‘White/European/
Caucasian’ and the remaining 44·4% as ‘Other’. ‘Other’
encompassed multiple ethnic groups, including South
Asian, Asian, Black, Filipino, Latin American and Arab.
Over time, the relative percentage of GDM offspring within
the cohort fluctuated between 29·1 % at 1 year to 39·2% at
3 years and 31·9% at 5 years as the sample size changed
over time.

The averagewaist-to-height ratio (estimate and standard
error), adjusted for age, was 0·59 ± 0·00, 0·52 ± 0·00 and
0·47 ± 0·00 at 1, 3 and 5 years, respectively. The average
BMI z-scores were 0·28 ± 1·06, 0·29 ± 1·05 and 0·15 ± 0·98

Table 1 Cohort characteristics

n
%

GDM Mean SD

Gestational age (weeks) 406 29% 39 1·3
Birth weight (g) 406 29% 3416 423
Gender (% male) 406 29% 51·5%
Breastfed exclusively at
3months

406 29% 52·0%

Age of introduction of solids
(months)

406 29% 5·51 1·2

Ethnicity
Caucasian/White/European 406 29% 55·6%
Other 44·4%

Weight for length z-score
1 year 406 29% 0·30 1·01
3 years 112 39% 0·25 1·08
5 years 94 32% 0·05 0·97

BMI z-score
1 year 406 29% 0·28 1·06
3 years 112 39% 0·29 1·05
5 years 94 32% 0·15 0·98

Waist-to-height ratio*
1 year 394 29% 0·59 0·00
3 years 105 39% 0·52 0·00
5 years 94 32% 0·47 0·01

Sum of skin fold thickness*
1 year 391 29% 28·96 0·36
3 years 96 39% 27·28 0·85
5 years 90 32% 27·31 1·28

GDM, gestational diabetes mellitus.
*Values are expressed as mean and standard deviation or as estimate ± standard
error if age-adjusted.
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at 1, 3 and 5 years, respectively. The average weight for
length z-scores were 0·30± 1·01, 0·25 ± 1·08 and 0·05± 0·97
at 1, 3 and 5 years, respectively. The prevalence of obesity in
the overall cohortwas determinedusing theWHOcriteria(33)

and defined as BMI z-score >3 SD. The proportion of chil-
dren with obesity was 1·5 % at 1 year and 2·1 % at 5 years.
The prevalence of overweight was 3·0 % at 1 year and
3·1 % at 5 years.

Correlation between anthropometric measures
and biochemical cardiometabolic markers
The correlations of anthropometric measures with contem-
poraneous fasting biochemical measures of cardiometa-
bolic risk are shown in Table 3. Weight for length and
BMI z-score demonstrated correlations with the greatest

magnitude. They were also most consistently associated
with biochemical measures of cardiometabolic risk at each
time point. At 3 years of age, BMI z-score and weight for
length were positively associated with leptin (ρ= 0·52,
P < 0·0001; ρ= 0·51, P < 0·0001) and HOMA-IR (ρ= 0·24,
P = 0·02; ρ= 0·25, P= 0·02), and both measures were also
positively correlated with fasting insulin and leptin at 3 and
5 years. Only weight for length was positively associated
with fasting insulin at 1 year of age (ρ= 0·18, P= 0·02).
Conversely, waist-to-height ratio was only moderately pos-
itively associated with leptin. The correlation coefficients
for leptin and waist-to-height ratio increased in strength
from 1 to 5 years (ρ= 0·42, P < 0·0001 at 1 year; ρ= 0·51,
P < 0·0001 at 3 years; ρ= 0·65, P < 0·0001 at 5 years). In
general, the associations between all of the anthropometric
measures and biochemistry were greater over time; how-
ever, as a result of subject attrition and ongoing study
follow-up, the groups at different time points did not com-
prise the same population. None of the anthropometric
measures were consistently associated with serum lipids.

Correlation between anthropometric measures
and body composition
Correlation between anthropometric measures and fat
mass at 3 years of age, as estimated by DXA, was deter-
mined (Table 4). Waist-to-height ratio was only weakly
positively correlated with overall fat mass (ρ= 0·41,
P = 0·03). Sum of skin fold thickness, weight for length

Table 2 Prevalence of weight classes

Obesity Overweight
Risk of

overweight

BMI
z-score
> 3 SD

3 SD> BMI
z-score > 2

SD

2 SD >BMI
z-score > 1

SD

1 year (n 406) 1·48% 6 2·96% 12 18·22% 74
3 years (n 112) 0·90% 1 4·47% 5 16·96% 19
5 years (n 94) 2·13% 2 3·19% 3 8·51% 8

Values are expressed as number of subjects (percentage); definition for weight
status based on WHO classification(35).

Table 3 Pearson correlation between anthropometrics and biochemical markers of metabolic risk at 1, 3 and 5 years

1 year 3 years 5 years

ρ P value ρ P value ρ P value

Waist-to-height ratio
Insulin (pmol/l) 0·08 0·30 0·10 0·36 0·21 0·07
Glucose (mmol/l) −0·14 0·06 −0·07 0·53 0·06 0·61
HOMA-IR 0·03 0·68 0·08 0·48 0·17 0·16
Leptin (ng/ml) 0·37 <0·0001 0·36 0·003 0·64 <0·0001
TAG (mmol/l) 0·14 0·06 0·20 0·06 0·15 0·22

Sum of skin fold thickness
Insulin (pmol/l) 0·07 0·38 −0·08 0·46 0·30 0·01
Glucose (mmol/l) 0·0009 1·0 −0·08 0·50 0·02 0·85
HOMA-IR 0·03 0·68 −0·09 0·41 0·11 0·39
Leptin (ng/ml) 0·39 <0·0001 0·29* 0·02 0·88 <0·0001
TAG (mmol/l) 0·15 0·048 0·02 0·84 0·21 0·08

BMI z-score
Insulin (pmol/l) −0·04 0·63 0·25 0·01 0·26 0·03
Glucose (mmol/l) −0·08 0·28 0·07 0·50 0·02 0·88
HOMA-IR 0·10 0·18 0·24 0·02 0·20 0·09
Leptin (ng/ml) 0·43 <0·0001 0·52 <0·0001 0·67 <0·001
TAG (mmol/l) 0·07 0·33 0·15 0·16 0·09 0·43

Weight for length z-score
Insulin (pmol/l) 0·18 0·02 0·27 0·01 0·27 0·02
Glucose (mmol/l) −0·02 0·76 0·09 0·41 0·009 0·94
HOMA-IR 0·14 0·06 0·25 0·02 0·19 0·10
Leptin (ng/ml) 0·42 <0·0001 0·51 <0·0001 0·65 <0·0001
TAG (mmol/l) 0·07 0·35 0·14 0·19 0·11 0·36

HOMA-IR, Homeostatic Model Assessment of Insulin Resistance; TAG, triacylglycerides.
*Correlations are adjusted for age at the time of visit.
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z-score and BMI z-score were weakly or moderately pos-
itively correlated with all three measures of adiposity,
including percent body fat, percent truncal fat and overall
fat mass. All measures were most strongly positively corre-
lated with overall fat mass and not truncal measures of
adiposity.

Correlation between anthropometric measures at 1
year and BMI at 5 years
The relationships between measures of adiposity at 1 year
and BMI z-score at 5 years of age were evaluated to deter-
mine the correlation between early childhood anthropo-
metrics and future weight status (Fig. 1). BMI z-score and
weight for length z-score measured at 1 year were most
strongly predictive of future weight status at 5 years
(ρ = 0·53, P< 0·0001; ρ= 0·56, P< 0·0001). Waist-to-height
ratio and sum of skin fold thickness were less strongly asso-
ciated with BMI z-score at 5 years (ρ= 0·28, P < 0·007;
ρ= 0·34, P< 0·0001).

Discussion

This study was the first to compare existing measures of
adiposity with waist-to-height ratio in young children
within a large longitudinal cohort. Importantly, our study
illustrates that, unlike in adolescents and adults, waist-to-
height ratio, a measure of central adiposity(35), has aweaker
association with biochemical metabolic risks and indices of
adiposity compared to BMI z-score or weight for length
z-score. Secondly, our study lends further support to the
use of weight for length and BMI z-score in early child-
hood. It adds to the growing literature that endorses the
use of BMI z-score as an anthropometric measure for pre-
dicting future obesity and cardiometabolic risk, which can
be used continuously throughout early childhood(36). In a
cross-sectional study, Anderson et al. also described a sig-
nificant relationship between BMI z-score and biochemical
measures of traditional cardiometabolic risk, including
leptin and insulin(37). However, they did not evaluate

BMI z-score against other alternative anthropometric mea-
sures such as waist-to-height ratio and sum of skin fold
thickness. Furthermore, our study analysed fasting blood
samples, which more accurately reflects insulin sensitivity
compared to random insulin and glucose levels.

While there are several studies that have shown some
utility of waist-to-height ratio in predicting metabolic risk
among younger school-aged children (3–7 years)(19,20,38),
our findings are in line with other studies that found no
superiority compared to other measures. A study of 439
healthy children by Whitrow et al. sought to determine
the association between waist-to-height ratio and systolic
blood pressure. They demonstrated that this measure of
central adiposity is not predictive of hypertension(21).
Similarly, Corvalan et al. found a statistically significant cor-
relation between waist-to-height ratio and other indices of
body fat in 4-year-olds; however, it was only weakly
associated with biochemical cardiometabolic markers(22).
Finally, Taylor et al. reported that waist-to-height ratio is
correlated with trunk fat mass as measured by DXA in
301 children aged 3–5 years; however, waist circumference
was overall more strongly correlated(23).

Waist-to-height ratio may not offer the same predictive
utility in young children as in adolescents or adults, for sev-
eral reasons. There are significant changes in body propor-
tion that occur between birth and the first few years of life,
related to differential growth of different body segments. As
a result, rapid growth and significant changes in height may
invalidate the relationship between waist circumference
and length. In contrast, in adults and adolescents, height
is a more stable measure by which to standardise changes
in waist circumference. Other studies in neonates have
demonstrated that waist circumference is not strongly cor-
related with measures of truncal and overall adiposity(39).
This may be, in part, due to the technical difficulties that
accompany this measurement, including movement, varia-
tions in feeding status, and accurate landmarking of the ribs
and iliac crest. Furthermore, signs of metabolic dysfunction
in early childhood are subtle. While abnormalities in pat-
terns of insulin resistance have been identified in early
infancy(40,41), accumulation of central adiposity that occurs

Table 4 Pearson correlation between anthropometrics and body composition assessed by dual-energy X-ray
absorptiometry

Percent body fat Percent truncal fat Overall fat mass (g)

ρ P value ρ P value ρ P value

At 3 years
Waist-to-height ratio (n 28) 0·23 0·24 0·35 0·72 0·41 0·03
Sum of skin fold thickness (n 24) 0·44 0·03 0·42 0·04 0·53 0·008
Weight for length z-score (n 28) 0·42 0·03 0·52 0·005 0·65 <0·0001
BMI z-score (n 28) 0·40 0·03 0·51 <0·006 0·61 0·001
At 3 years, adjusted for age
Waist-to-height ratio (n 28) 0·23 0·23 0·34 0·09 0·41 0·04
Sum of skin fold thickness (n 24) 0·44 0·04 0·42 0·04 0·53 0·01
Weight for length z-score (n 28) 0·42 0·04 0·52 0·006 0·65 <0·0001
BMI z-score (n 28) 0·40 0·04 0·51 0·008 0·61 0·01
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in adolescents and adults may not have had time to develop.
This may reduce the relevance of waist-to-height ratio as a
predictor of cardiometabolic risk in early childhood.

One of the challenges of obesity prevention efforts
stems from the fact that there is no consensus regarding
the optimal way to define obesity in early childhood. At
present, weight for length is the recommended anthropo-
metric measure for the evaluation of growth in young chil-
dren under 2 years of age(42). However, recent evidence
suggests that BMI z-score may be more predictive of future
obesity risk(36). In our study, both indices demonstrated

comparable associations between fasting biochemical
measures and fat mass as measured by DXA. The use of
BMI z-score is advantageous, as it would simplify growth
monitoring for clinicians, allowing for a consistent measure
of adiposity throughout childhood.

Interestingly, at 1 year of age, weight for length demon-
strated a negligible association with fasting insulin and a
weak association with leptin, while BMI z-score was only
weakly associated with leptin. As the cohort grew older,
both BMI z-score and weight for length showed a correla-
tionwith either fasting insulin or HOMA-IR as well as leptin.

(a)

(b)

r (P value)

Waist to height ratio at 1 year with BMI z-score at 5 years
(n 90)

0·28, P < 0·007

Sum of skin fold thickness at 1 year with BMI z-score at 5 years
(n 89)

0·34, P < 0·0001

Weight for length z-score at 1 year with BMI z-score at 5 years
(n 91)

0·56, P < 0·0001

BMI z-score at 1 year with BMI z-score at 5 years
(n 91)

0·53, P < 0·0001
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Cardiometabolic risk in early childhood 2105

https://doi.org/10.1017/S1368980019004749 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980019004749


This suggests that weight for length may begin to correlate
with insulin resistance at an earlier age compared to BMI
z-score However, at 1 year, both measures were equally
correlated with future BMI z-score at 5 years. While the
sum of skin fold thickness has consistently shown an asso-
ciation with leptin, the cumbersome technique required to
obtain this measurement limits its use in practice. These
findings also serve to highlight that alterations in leptin
and insulin resistancemay be the earliest signs of cardiome-
tabolic dysfunction in young children.

This study has several strengths. It is the first to evaluate
waist-to-height ratio in children under the age of 3 years in
a prospective and longitudinal design. This measure has
been primarily studied in school-aged children with little
focus on younger children. The analysis also included
multiplemeasures of anthropometric and fasting cardiome-
tabolic outcomes in very young children. One of the pri-
mary limitations of this longitudinal study relates to
subject attrition in our cohort, resulting in a smaller number
of measurements over time. In the overall study, the drop-
out rate remained higher from birth to 1 year, with relatively
stable rates of attrition after this time. Many of the mother–
infant dyads in this cohort are first-time parents with other-
wise healthy children. The childbirth period represents a
difficult time for parents and families, rendering follow-
up visits more challenging. Furthermore, parents of healthy
children may not be as motivated to participate in follow-
up visits. Importantly, there was no differential attrition in
the proportion of GDM and non-GDM offspring.

Secondly, due to the relatively smaller numbers present
at 3 and 5 years, we were unable to analyse the results
based on ethnicity, which may have moderated the
strength of association between waist-to-height ratio and
cardiometabolic outcomes. In this study, 55·6 % of the
cohort were classified as ‘White/European/Caucasian’.
The remaining 44·4 % were classified as ‘Other’, which
encompassed multiple ethnic groups, including South
Asian, Asian, Black, Filipino, Latin American and Arab.
Importantly, the cohort’s ethnic composition was similar
to that of the city of Toronto, with 47·7 % of the city’s pop-
ulation identifying as Caucasian(43). The generalisability of
study results to other multicultural cities is hence possible,
but may not be universally relevant.

Finally, the rates of overweight and obesity were
comparable to other cohorts recruited from the same geo-
graphic area(44), but are lower compared to cohorts from
previous studies(19,22,23). The studied measures are likely
to be more accurate among children with excess fat mass,
as there may be less variation from changes in lean mass
with greater adiposity. Enriching our study population with
a higher proportion of overweight and obesity would have
likely strengthened the relationship between anthropomet-
ric and cardiometabolic measures. Our cohort was, how-
ever, enriched for the offspring of GDM mothers. While
in utero exposure to GDM may be a risk factor for meta-
bolic dysfunction later in adult life, most studies have not

found significant differences in anthropometric or meta-
bolic profiles until later adolescence and adulthood(45,46).
This is consistent with our study in that we found no
differences between GDM and non-GDM offspring with
respect to waist-to-height ratio (data not shown).

Taken together, these results demonstrate that in early
childhood, BMI z-score and weight for length z-score are
superior anthropometric measures in terms of their associ-
ation with both adiposity and cardiometabolic markers
compared to waist-to-height ratio and sum of skin fold
thickness. Conversely, waist-to-height ratio is a less useful
measure of cardiometabolic health in young children. As
BMI z-score may be used as a consistent measure through-
out a child’s life time, this further supports its use as a proxy
for cardiometabolic health and future weight status in early
childhood. Future direction should focus on the relation-
ship between these two measures in early childhood and
longer-term cardiometabolic outcomes in adulthood.
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