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Objective To determine whether lifestyle habits and dietary factors at age 8-10 years predict the development of
metabolically unhealthy obesity 2 years later among children who were previously metabolically healthy obese.
Study design The QUebec Adipose and Lifestyle InvesTigation in Youth cohort comprises 630 youth with a pa-
rental history of obesity. Metabolically healthy obesity and metabolically unhealthy obesity were defined using cut-
offs for the components of pediatric metabolic syndrome. Dietary factors, physical activity, fithess, sedentary behavior,
screen time, and sleep duration were measured. Multivariable logistic regressions were used to examine associations.
Results At baseline, 48 participants with metabolically healthy obesity were identified; 2 years later, 19 became
metabolically unhealthy obese and 29 remained metabolically healthy obese. Every additional daily portion of fruits
and vegetables decreased the risk of converting to metabolically unhealthy obesity by 39% (OR 0.61, 95% CI 0.40-
0.94). Cumulating more hours of screen time and diets high in saturated fat and sugar-sweetened beverages and
low in protein were associated with a tendency to develop metabolically unhealthy obesity.

Conclusions Fruit and vegetable intake and possibly screen time, saturated fat, sugar-sweetened beverages,
and protein intake may be important targets for the prevention of cardiometabolic complications in obese children.
(J Pediatr 2019;204:46-52).

Trial registration ClinicalTrials.gov: NCT03356262.

besity in youth is linked to multiple comorbidities affecting all organ systems and is linked to increased mortality in
adults."” However, not all individuals who are obese have the same risk phenotype. Whereas some have an unfavor-
able cardiometabolic phenotype (known as “metabolically unhealthy obese”), others have a more favorable cardiometabolic
phenotype (known as “metabolically healthy obese”). Children with metabolically unhealthy obesity usually are defined as obese
children with at least 1 cardiometabolic risk factor; children with metabolically healthy obesity have no cardiometabolic risk
factors.’ The prevalence of the metabolically healthy obese phenotype in youth is uncertain, given the absence of a standard
definition,” with estimates ranging from 6 to 74%.°
Current recommendations for the management and treatment of obesity in youth do not consider the metabolically healthy
obese and metabolically unhealthy obese phenotypes.'® Because most strategies to address obesity in youth have shown limited
effectiveness at best,” including both home-*' and community-based* youth obesity prevention programs, some authors have
proposed that achieving or maintaining the metabolically healthy obese phenotype may be a goal that is easier to achieve
compared with weight loss per se for some obese youth.** Little is known with regard to modifiable determinants of the meta-
bolically healthy obese and metabolically unhealthy obese phenotypes, and findings are often conflicting. Although some cross-
sectional studies have shown that physical activity, screen time,**" and dietary intake® were not related to the metabolically
healthy obese phenotype, others have shown that metabolically healthy obesity youth consumed healthier diets,” had longer sleep
duration,’ and participated in more moderate-to-vigorous physical activity (MVPA)
compared with children with the metabolically unhealthy obese phenotype.'?
However, these studies were cross-sectional and differed substantially in terms of
definitions used for the metabolically healthy obese phenotype'*" and in terms
of population characteristics.”*'»"” Studies examining prospective associations From the Centre de fiheibeivepi i
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We hypothesize that fitness, lifestyle habits (MVPA, seden-
tary behavior, and sleep) and dietary factors are determi-
nants of transition from metabolically healthy obesity to
metabolically unhealthy obesity in youth and examine whether
these factors in childhood predict the development of the meta-
bolically unhealthy obese phenotype in early adolescence among
previously metabolically healthy but obese children.

Data were from the baseline evaluation (2005-2008) and first
follow-up assessment (2007-2011) of the QUALITY (QUebec
Adipose and Lifestyle InvesTigation in Youth) study, an ongoing
longitudinal investigation of the natural history of obesity and
cardiovascular risk in youth (Clinical Trials.gov: NCT03356262).
Participants were recruited in schools located within 75 km of
3 metropolitan areas in Québec, Canada. White children, aged
8-10 years, with at least 1 obese biological parent were eli-
gible. A total of 630 children completed the baseline evalua-
tion, and 564 completed a follow-up visit 2 years later. A detailed
description of the study design and methods is available
elsewhere.” All participants and their parents provided written
informed assent and consent, respectively. The study was ap-
proved by the ethics boards of the Centre Hospitalier
Universitaire Sainte-Justine and the Québec Heart and Lung
Institute.

Children underwent a physical examination by a trained
nurse. Weight, height, and waist circumference were mea-
sured according to standardized protocols.” Body mass index
(BMI) percentiles were computed using age- and sex-specific
BMI reference values from the World Health Organization.”
Waist circumference was converted to age- and sex-specific per-
centiles using British reference values.” Body composition,
expressed as total body percent fat mass, was assessed using
dual-energy radiograph absorptiometry (DF+14664; GE Lunar
Corporation, Madison, Wisconsin). Pubertal development was
determined according to nurse-assessed Tanner stages.”*

Systolic and diastolic blood pressure were measured using
an appropriately sized cuff and an automated oscillometric
blood pressure monitor, doing 5 repeat measures at 1-minute
intervals (Dinamap model CR9340; Critikon Co, Tampa,
Florida). Participants were seated and at rest for 5 minutes
before the measurements. The average of the last 3 measures
was computed and transformed to age-, sex-, and height-
specific z scores.™

Participants underwent a 2-hour oral glucose tolerance test
after a 12-hour overnight fast. An oral glucose dose of 1.75 g/
kg of body weight (up to a maximum of 75 g) was ingested,
after which blood samples were collected at 0, 30, 60, 90, and
120 minutes. Plasma insulin was measured using an
ultrasensitive Access immunoassay system (Beckman Coulter
Inc, Brea, California). The glucose oxidase method was used
to compute the plasma glucose concentrations on the Beckman
Coulter Synchron LX20 automat. Insulin sensitivity was mea-
sured with the Matsuda insulin sensitivity index.” Insulin se-
cretion was measured by the ratio of the area under the curve
of insulin to glucose over the first 30 minutes and 120 minutes.”
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Lipids (triglycerides and high-density lipoprotein [HDL] cho-
lesterol) were determined enzymatically on a Synchron LX20
(Beckman Coulter) with Beckman Instruments reagents.

We defined metabolically unhealthy obesity as children with
a BMI >97th percentile and at least 1 of the following risk factors
based on the cut-offs from Cook et al for components of pe-
diatric metabolic syndrome: triglycerides >1.24 mmol/L, fasting
glucose 6.1 mmol/L, HDL cholesterol <1.03 mmol/L, and blood
pressure > 90th percentile.”* The metabolically healthy obese
phenotype was defined as a BMI 297th percentile and the
absence of any components of the metabolic syndrome. Our
primary outcome was the development of metabolically un-
healthy obesity at age 10-12 years in previously metabolically
healthy but obese children at age 8-10 years.

Dietary intake data were obtained using the average of three
24-hour diet recalls administered by a nutritionist over the tele-
phone within 4-6 weeks of the baseline visit, including 2 week
days and 1 weekend day, using the US Department of Agri-
culture’s Automated Multiple Pass Method.” Participants re-
ceived a small, disposable kit of food portion models and a
short training session at the clinic visit to prepare them for sub-
sequent recalls. Foods reported on the recalls were entered into
the CANDAT research system (Godin and Associates, London,
Ontario, Canada) and converted to macronutrients using the
2007 Canadian Nutrient File. Carbohydrate, total fat, satu-
rated fat, and protein intake were calculated as a percentage of
total daily kilocalorie intake and fiber intake as grams per day.
Daily servings of fruits and vegetables were based on the portion
sizes from the 2007 Canada’s Food Guide.”® Sugar-sweetened
beverage intake, which excluded 100% fruit juices, was mea-
sured as the average number of 100-mL portions per day.

Physical activity was assessed using 7-day accelerometry
(Actigraph LS 7164 activity monitor; Actigraph, Pensacola,
Florida) in the week following the baseline clinic visit. An epoch
length of 1 minute was applied. Standardized quality control
and data reduction procedures were also undertaken.”” Valid
days required a minimum of 10 hours of wear time,” and only
participants with a minimum of 4 valid days were retained for
analyses.” Total minutes spent daily in MVPA was derived using
validated cut-points for pediatric populations and an average
daily MVPA over the total number of valid days of wear was
computed.” Nonwear time was defined as any period of 0
counts that lasted at least 60 minutes, accepting 1-2 consecu-
tive minutes where count values were between 1 and 100,
inclusively.”® Children were instructed to remove the acceler-
ometer when going to bed and to put it back on after awak-
ening. Sleep duration was thus defined as the mean nightly
nonwear time over the past 7 days. Sedentary behavior was
defined using (1) sedentary time by accelerometry data based
on the average minutes per day at an activity count of <100
counts/minute™ and (2) self-reported daily hours of screen time,
including TV viewing, computer use, and video games.

Fitness, by means of peak oxygen consumption, was mea-
sured during an adapted standard incremental exercise test*'
on an electromagnetic bicycle to volitional exhaustion with in-
direct calorimetry measurements throughout the test. The
measure was considered as a true maximum value if a
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respiratory exchange ratio greater than 1.0 was attained and/
or a heart rate of 2185 beats/min was reached.* Peak oxygen
consumption was expressed as a function of lean body mass.

Statistical Analyses

Means and proportions of baseline attributes were com-
pared between youth with metabolically healthy obesity and
metabolically unhealthy obesity at follow-up using indepen-
dent samples ¢ tests for continuous variables and x* tests for
categorical variables. Multivariable logistic regression analy-
sis was then used to estimate the risk of developing the meta-
bolically unhealthy obese phenotype at age 10-12 years for each
lifestyle/dietary factor measured at age 8-10 years. Given the
small sample size, model stability was assessed by examining
changes in beta coefficients and SEs following the addition of
covariates one at the time. All models were minimally ad-
justed for sex, age at follow-up, and MVPA at baseline. Because
preliminary analyses revealed no significant changes when
Tanner stage or season of physical activity assessment were ad-
justed for, they were excluded from subsequent analyses for
statistical parsimony. Models examining the associations of fiber,
sugar-sweetened beverages, and fruit and vegetable intake ad-
ditionally were adjusted for total kilocalorie intake. We ac-
counted for missing data using multiple imputation via chained
equations (PROC MI) in 20 imputed data sets.” All statisti-
cal analyses were performed using SAS, version 9.4 (SAS In-
stitutes Inc, Cary, North Carolina).

Of the 630 QUALITY participants at baseline, 181 were obese.
Most of these children who were obese were metabolically un-
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healthy obese at baseline and remained metabolically un-
healthy obese at follow-up (Figure). A total of 69 participants
were identified as metabolically healthy obese at baseline; of
these, 21 were excluded from the current analysis because they
were no longer obese at follow-up (n = 15), were lost to follow-
up (n=5), or had missing outcome data at follow-up (n=1).
The final sample thus included 48 participants (36 boys and
12 girls) who were obese at baseline and follow-up but oth-
erwise metabolically healthy at baseline. At follow-up, 19
(39.6%) of these were newly categorized as being metaboli-
cally unhealthy obese (Figure). As shown in Table I, partici-
pants with metabolically unhealthy obesity were older, engaged
in more screen time, and had a lower Matsuda insulin sensi-
tivity index at baseline compared with participants who re-
mained metabolically healthy obese. No differences in pubertal
development or percent fat mass were found.

Of the 19 participants who developed the metabolically un-
healthy obese phenotype at age 10-12 years, 13 (68%) had de-
veloped 1 metabolic risk factor and 6 (32%) had developed 2
metabolic risk factors. The most common risk factor was low
HDL cholesterol (Table II).

Using multivariable logistic regression models, we exam-
ined associations between the metabolically unhealthy obese
phenotype and baseline fitness, lifestyle habits, and dietary
factors (Table III). In case-complete analyses, we found that
every additional serving of fruits and vegetables per day
decreased the odds of converting to the metabolically un-
healthy obese phenotype by 39% (OR 0.61, 95% CI 0.40-
0.94). Other predictors were associated with a borderline
increased odds of becoming metabolically unhealthy obese,
namely screen time (OR 1.40, 95% CI 0.95-2.07), saturated fat
intake (OR 1.41, 95% CI 0.98-2.04), and sugar-sweetened bev-
erages intake (OR 1.80, 95% CI 0.93-3.47), or a borderline

630 QUALITY participants
at baseline
5 449 non-obese
v at baseline
181 obese 112 metabolically unhealthy obese
at baseline at baseline (16 no longer obese at

\4

L | 62remain metabolically unhealthy

follow-up;

obese at follow-up;

- 13 revert to metabolically healthy
69 metabolically healthy obese obese at follow-up;
at baseline 21 lost to follow-up)
—— | 15 no longer obese at follow-up
v 5 lost to follow-up
48 eligible 1 with no blood draw at follow-up
for current analysis

—

19 become metabolically
unhealthy obese at follow-up

29 remain metabolically healthy|
obese at follow-up

Figure. Flowchart of study participants.

48

Roberge et al



January 2019

(Table I. Comparison of lifestyle habits, dietary factors,1
and insulin dynamics at age 8-10 years in relation to
metabolically healthy obese and metabolically unhealthy
obese phenotypes at age 10-12 years in participants with
no risk factors at baseline (QUALITY cohort)

Metabolically Metabolically
healthy unhealthy
obesity obesity
Characteristics (n=29) (n=19) Pvalue
Age, y, mean (SD) 9.2 (1.0) 9.9 (0.8) .01
Sex, % male 65.5 89.5 .06
Pubertal, % 13.8 211 .51
Percent fat mass, mean (SD) 37.2 (6.7) 37.3 (5.8) .98
MVPA, min/d, mean (SD) 48.8 (22.9) 42.4 (22.8) .39
Accelerometer measured 369.5 (68.9) 393.9 (110.1) 43
sedentary behavior,
min/d, mean (SD)
Screen time, h/d, mean (SD) 2.3 (2.0 4.1 (2.0) .005
Sleep duration, h/d, mean (SD) 10.4 (0.8) 10.4 (1.0) .95
Peak oxygen consumption, 59.8 (6.9) 57.9 (4.0) .29

mL/min/kg of LBM
Total kilocalorie intake,
kcal/d, mean (SD)

1684.6 (452.9) 1844.0 (339.7) .20

Carbohydrate, %, mean (SD) 52.1 (6.7) 52.3 (5.3) .90

Fat intake, %, mean (SD) 32.8 (5.6) 32.7 (4.9) .99

Saturated fat intake, %, 10.7 (2.5) 12.2 (2.9) .07
mean (SD)

Protein intake, %, mean (SD) 16.7 (3.8) 16.1 (3.1) .58

Fiber intake, g/d, mean (SD) 13.6 (3.9) 13.9 (3.4) .81

Sugar-sweetened beverages, 107.2 (114.9)  198.9 (208.5) .09
mL/d, mean (SD)

Fruit and vegetable portions, 5.0 (2.3 3.9 (1) 10
mean (SD)

Matsuda ISI, mean (SD) 7.9 (2.6) 6.2 (2.7) .03

AUC 1/Gsp min, mean (SD) 34.6 (15.9) 40.6 (14.4) .20

\AUC /G120 min, mean (SD) 33.8(13.2) 41.2 (11.5) .06 )

AUC I/G3y min, area under the curve of insulin to glucose over the first 30 minutes; AUC I/Gi2o
min, area under the curve of insulin to glucose over the first and 120 minutes; /S/, insulin sen-
sitivity index; LBM, lean body mass.

The P value indicates the statistical significance of a ¢ test comparing mean values between
metabolically healthy obesity and metabolically unhealthy obesity for continuous variables. The
x? test was used for categorical variables.

Values in bold indicate statistical significance with P less than .05 and italic indicate P less
than .10.

decreased odds of becoming metabolically unhealthy obese with
greater protein intake (OR 0.73, 95% CI 0.51-1.02). Esti-
mates were largely similar when imputed data sets were used,
albeit with an attenuation toward the null, particularly for as-
sociations with dietary factors. For screen time, the associa-
tion was strengthened when imputed data were used: every
additional hour of screen time increased the odds of convert-

( )
Table II. Prevalence of adverse risk factors defining par-
ticipants as metabolically unhealthy obese at 10-12 years

(n=19)

Risk factors % (n)
HDL cholesterol <1.03 mmol/L 26 (5)
Triglycerides >1.24 mmol/L 5(1)
SBP >90th percentile for age, sex, and height 89 (17)
Fasting glucose >6.1 mmol/L 11 (2
L DBP >90th percentile for age, sex, and height 0(0)

DBP, diastolic blood pressure; SBP, systolic blood pressure.
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ing to the metabolically unhealthy obese phenotype by 50%
(OR 1.50; 95% CI 1.02-2.20).

Using a prospective longitudinal design, our study showed
that metabolically healthy obese children who ate fewer daily
portions of fruits and vegetables were more likely to become
metabolically unhealthy obese two years later. The QUALITY
study includes a small number of children who were meta-
bolically healthy obese at baseline, of which the majority
(60%) remained metabolically healthy obese two years later.
Indeed, most of the obese children in the QUALITY study
were metabolically unhealthy obese at baseline (112 out of
181), as reported by others.” Given the small sample size of
this study, findings should be replicated using a larger sample
of participants followed over time.

Comparing our findings with those of previous studies is
challenging, given that they have relied on cross-sectional
designs and differ substantially in terms of definitions for the
metabolically unhealthy obese and metabolically healthy obese
phenotypes and in methods used to measure lifestyle habits.”®"
Our findings regarding diet as a modifiable predictor of the
cardiometabolic phenotype shed new light on the current body
of evidence.”** We observed that children who are metaboli-
cally healthy obese and who ate fewer portions of fruits and
vegetables were more likely to develop the metabolically un-
healthy obese phenotype 2 years later. This finding differs from
previous cross-sectional studies in youth””'” and in adults**°
but is in keeping with other cross-sectional studies in adults.
Specifically, among women who are obese and aged 19-44 years,
those with the metabolically healthy obese phenotype were
found to eat more whole fruits compared with those with the
metabolically unhealthy obese phenotype.” Two additional
studies found an association between the metabolically healthy
obese phenotype in adults with specific eating patterns char-
acterized by a high fruit consumption.*”**

In line with our findings, Prince et al reported intake of
saturated fat to be associated with the metabolically un-
healthy obese profile in youth.'* Others have reported opposite
findings: total fat intake, saturated fat intake, mono- and
polyunsaturated fat intake, as well as dairy products have
been shown to be cross-sectionally associated with the meta-
bolically healthy obese profile.”* However, these associations
may be due to reverse causation by which youth with the
metabolically unhealthy obese profile may be currently eating
better to address their unfavorable cardiometabolic phenotype.®
With its prospective design, our study clarifies the direction-
ality of the associations between dietary intake and the
metabolically unhealthy obese and metabolically healthy obese
phenotypes.

We also found that lower protein intake at age 8-10 years
was associated with a tendency to develop metabolically un-
healthy obese phenotype at age 10-12 years. Prince et al showed
statistically but not clinically significant associations between
protein intake among youth who were overweight and
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Table III. Lifestyle habits and dietary factors at 8-10 years of age and prediction of metabolically unhealthy obesity at
age 10-12 years in participants with no risk factors at baseline (QUALITY cohort)

Complete case data Imputed data

Predictors at 8-10y OR (95% CI) Pvalue OR (95% CI) Pvalue
Sleep duration, h/d 1.93 (0.72-5.17) 19 1.92 (0.72-5.11) 19
MVPA, min/d 0.82 (0.60-1.13) 22 0.84 (0.62-1.14) 27
Accelerometer measured sedentary behavior, 10 min/d 0.99 (0.91-1.10) .89 1.00 (0.91-1.10) .98
Peak oxygen consumption, mL/min/kg of LBM 0.84 (0.68-1.03) 10 0.95 (0.82-1.10) 46
Screen time, h/d 1.40 (0.95-2.07) .09 1.50 (1.02-2.20) .04
Carbohydrates intake, % 1.11 (0.93-1.23) .35 1.09 (0.96-1.24) 18
Fat intake, % 1.02 (0.87-1.19) .85 0.95 (0.84-1.09) 49
Saturated fat intake, % 1.41 (0.98-2.04) .06 1.14 (0.87-1.51) 34
Protein intake, % 0.73 (0.51-1.02) .06 0.81 (0.62-1.05) Bh
Fiber intake, 10 g/d* 0.33 (0.02-5.04) 42 0.96 (0.10-9.28) .97
Sugar sweetened beverages intake, 100 mL/d 1.80 (0.93-3.47) .08 1.46 (0.83-2.55) 19

L Fruits and vegetables, portions/d* 0.61 (0.40-0.94) .04 0.76 (0.54-1.06) 1 )

Each predictor examined in a separate model while adjusting for age, sex, and MVPA.
*Denotes models additionally adjusted for total kilocalorie intake.

Values in bold indicate statistical significance with P less than .05 and italic indicate P less than .10.

obese and the metabolically healthy obese status according to
2 different definitions." Different sources of dietary protein
may be differently associated with the cardiometabolic phe-
notype. The consumption of meat was shown to be a strong
independent predictor of the metabolically healthy obese phe-
notype in Chinese children and adolescents who were obese
in a study by Li et al.” In the adult literature, Matta et al found
that a diet with a high intake of chicken, fish, and meat and a
low intake of high-fat dairy products was not associated with
the metabolically healthy obese phenotype.*® In contrast,
Hankinson et al found a greater intake of protein from veg-
etable sources in women with metabolically healthy obesity
compared with metabolically unhealthy obesity, an associa-
tion that became nonsignificant after adjusting for multiple
comparisons.”

Results from studies looking at specific dietary compo-
nents are conflicting likely because of difficulties related to
accurately measuring diet’”” and due to the limitations inher-
ent to interventional studies with short periods of exposure
to specific diets. Nonetheless, there is some evidence suggest-
ing that participants with metabolically healthy obesity have
a better compliance with the dietary pyramid recommenda-
tions in both the pediatric’ and adult* populations. The ob-
servation that fruit and vegetable intake was no longer
associated with the development of the metabolically un-
healthy obese phenotype when using imputed data in the
present study might relate to the fact that dietary intake is dif-
ficult to measure.” Multiple imputation on data that are mea-
sured with some degree of nondifferential misclassification error
could lead to further imprecision in measurements and bias
associations towards the null.

Our findings suggest that screen time in children who are
obese may be predictive of the metabolically unhealthy obese
phenotype in early adolescence. This association is in line
with Ekelund et al, who showed that TV viewing is associ-
ated with cardiovascular risk factors in adolescents.”® Our
group has previously found that a greater screen time is
associated with deleterious insulin sensitivity over time in
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children as they enter puberty.”’ In contrast, Camhi et al did
not find an association between screen time and the meta-
bolically healthy obese or metabolically unhealthy obese
phenotype in adolescents.® In our study, time spent in seden-
tary behavior measured by accelerometry was not associated
with the cardiometabolic phenotype 2 years later. This sug-
gests that screen time, as a specific type of sedentary behavior,
may have deleterious cardiometabolic effects that differ from
those of other types of sedentary behaviors. In keeping with
this, our group and others have previously reported on the
distinction between screen time, other forms of sedentary
behavior, and physical activity in pediatric***** and adult>>>
populations.

We observed no association between physical activity and
the metabolically unhealthy obese or metabolically healthy obese
phenotype. Other than the study of Prince et al,'” cross-
sectional studies have reported findings similar to ours.*®
Overall, results from both cross-sectional*** and longitudinal®>®
studies looking at associations between physical activity and
the metabolic syndrome in obese adults are conflicting.

The major strength of this study is its prospective longitu-
dinal design. Another strength is the fact that the QUALITY
cohort used a population-based sampling strategy for recruit-
ment as opposed to sampling in clinics.” The participants are
hence more representative of obese children from the general
population. Several limitations should be noted. First, the
sample was small (n = 48); consequently, we likely had power
only to detect strong associations. Given this, we discuss some
of the potential exposures associated with a tendency to develop
the metabolically unhealthy obese phenotype over time, even
if the associations did not reach our prespecified P value for
statistical significance (.05). Second, the generalizability of our
study is restricted to white children with obesity. Similarly, chil-
dren from the QUALITY cohort have been shown to be of
higher socioeconomic status compared with a representative
sample of Québec children of similar age.”” This might have
underestimated the predictive effects of the factors we studied.
Third, to minimize confounding bias, models were adjusted
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for multiple confounders. This may have resulted in an
overspecification of models, thus making findings less gener-
alizable to other populations. Fourth, measurement error of
dietary intake is a limitation. Having both the child and the
parents interviewed during these recalls may have limited
under-reporting.” Future longitudinal and interventional
studies with larger, more diverse sample sizes are needed to
replicate our findings and to explore the effect of modifying
these lifestyle habits on the prevention of metabolic
complications.

We acknowledge the contributions of Dr Marie Lambert, who initi-
ated the QUALITY cohort. The cohort integrates members of TEAM
PRODIGY, an interuniversity research team including Université de
Montréal, Concordia University, Centre INRS - Institut Armand-Frappier,
Université Laval, and McGill University. The research team is grateful
to all the children and their families who took part in this study, as well
as the technicians, research assistants, and coordinators involved in the
QUALITY cohort project.
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