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Abstract 

Background The Developmental Origins of Health and Disease (DOHaD) paradigm emphasizes the significance 
of early life factors for the prevention of chronic health conditions, like type 2 diabetes (T2DM) and obesity, which dis-
proportionately affect First Nations communities in Canada. Despite increasing DOHaD research related to maternal 
health during pregnancy, early childhood growth patterns, and infant feeding practices with many populations, data 
from First Nations communities in Canada are limited. In partnership with Sandy Lake First Nation, the aims of this pro-
ject were to characterize birthweights and growth patterns of First Nations infants/children over the first 6 years of life 
and to study the impact of maternal and infant social and behavioral factors on birthweight and growth trajectories.

Methods We recruited 194 families through community announcements and clinic visits. Infant/child length/height 
and weight were measured at 1 and 2 weeks; 1, 2, 6, 12, and 18 months; and 2, 3, 4, 5 and 6 years. Maternal and infant/
child questionnaires captured data about health, nutrition, and social support. Weight-for-Age z-score (WAZ), Height-
for-Age z-score (HAZ), and BMI-for-Age z-score (BAZ) were calculated using WHO reference standards and trajectories 
were analyzed using generalized additive models. Generalized estimating equations and logistic regression were used 
to determine associations between exposures and outcomes.

Results WAZ and BAZ were above the WHO mean and increased with age until age 6 years. Generalized estimat-
ing equations indicated that WAZ was positively associated with age (0.152; 95% CI 0.014, 0.29), HAZ was positively 
associated with birthweight (0.155; 95% CI 0.035, 0.275), and BAZ was positively associated with caregiver’s BMI (0.049; 
95% CI 0.004, 0.090). There was an increased odds of rapid weight gain (RWG) with exposure to gestational diabetes 
(OR: 7.47, 95% CI 1.68, 46.22). Almost 70% of parents initiated breastfeeding, and breastfeeding initiation was modestly 
associated with lower WAZ (-0.18; 95% CI -0.64, 0.28) and BAZ (-0.23; 95% CI -0.79, 0.34).

Conclusions This work highlights early life factors that may contribute to T2DM etiology and can be used to support 
community and Indigenous-led prevention strategies.
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Background
The Developmental Origins of Health and Disease 
(DOHaD) concept was initially proposed by Barker and 
Bagby [1], who identified connections between low birth-
weight and increased chronic disease risk many years 
later; however, the idea that chronic disease is related to 
experiences in infancy was introduced much earlier [2, 
3]. DOHaD has emerged as an important area of study 
given the potential for mitigating disease risk through 
interventions implemented before birth and in the ear-
liest years of life [4]. There is now substantial evidence 
indicating that fetal and infant development and associ-
ated phenotypic phenomena are connected to health out-
comes later in life [1, 5].

Indigenous communities in Canada, which include 
First Nations, Inuit, and Métis Peoples with several 
unique cultures therein, have long understood health as 
strongly connected to kinship and relationships. Inter-
generational health refers to health shared across a gen-
eration (eg. parent and child) and is an important cultural 
perspective for many Indigenous communities with con-
sideration of health impacts on future generations. The 
Haudenosaunee Seventh Generation Principle refers to 
the need to consider the impact on the next seven genera-
tions in all decision-making [6]. In addition, the National 
Collaborating Centre for Indigenous Health describes the 
integrated life course as an important framework when 
considering the social determinants of health where all 
life stages and age groups are included [7]. In light of this 
context, DOHaD research aligns well with many Indig-
enous health knowledge frameworks and therefore may 
contribute meaningful information for Indigenous com-
munities and future generations.

Negative health outcomes and mortality are often 
increased for First Nations compared to non-First 
Nations in Canada [8–10], which is strongly connected, 
directly and indirectly, to colonial legacies and racism in 
Canada, often enacted through a lack of cultural safety 
and access to medical care within the healthcare system 
[11]. Prenatal exposures, birthweight, and other factors 
occurring in early life, including maternal nutrition and 
gestational diabetes (GDM), may influence long-term 
risk of T2DM and obesity, in part through detrimental 
effects on infant growth [5]. Previous studies have dem-
onstrated a relationship between GDM and T2DM expo-
sure in utero and risk of diabetes and overweight/obesity 
for the child later in life [12, 13]. In addition, it is known 
that birthweight is associated with risk for T2DM [5, 
14]. Dyck et al. [14] demonstrated that for First Nations 
women who themselves had high-birthweight, the risk 
for GDM and T2DM is significantly elevated. Infant 
and childhood growth trajectories may also have a sig-
nificant relationship with the incidence of early onset of 

T2DM and overweight and obesity in adolescence and 
adulthood. Geserick et  al. [15] conducted a prospective 
analysis that demonstrated that 90% of children who 
had obesity at three years of age, had overweight or obe-
sity in adolescence and the greatest acceleration of BMI 
occurred between two and six years of age, indicating that 
rapid weight gain (RWG) among preschoolers (aged 2–6) 
may contribute to future overweight and obesity. Previ-
ous studies have considered infant growth trajectories 
and associations with birthweight, T2DM, overweight/
obesity, blood pressure, and infant feeding [16–20]; how-
ever, few have considered Indigenous growth trajectories, 
with only one known published study in Canada [21]. 
Given documented high birthweights and higher preva-
lence rates of T2DM, overweight/obesity, cardiovascular 
disease, maternal smoking, GDM, and low breastfeed-
ing rates for Indigenous populations in Canada [22–24], 
it is imperative that growth trajectories of Indigenous 
peoples be characterized and analyzed to explore possi-
ble associations that are unique to Indigenous communi-
ties. This information will inform culturally appropriate 
and relevant health promotion policies and interventions 
to support optimal growth. Further, this information will 
fill a significant gap in the literature and aligns with com-
munity perspectives of intergenerational health and well-
being where health and wellbeing are shared across life 
stages.

On this background, the objectives of the current study 
were 1) to characterize birthweights and growth patterns 
of Indigenous infants and children during the first six 
years of life, and 2) to study the impact of maternal and 
infant factors (e.g. GDM and breastfeeding) on growth 
patterns during this period. We hypothesized that growth 
patterns would be characterized by mean z-scores above 
the WHO mean, with a faster growth rate, and that RWG 
and early childhood overweight/obesity will be associ-
ated with caregiver BMI, GDM and infant feeding prac-
tices (breastfeeding compared to not).

Study design and participants
Neh gaaw saga’igan (Sandy Lake) is a remote Anishi-
nabeck (Oji-Cree) community located in Northwest-
ern Ontario, with a population of approximately 2000 
people [25]. Building on a long-standing relation-
ship between the University of Toronto and Sandy 
Lake First Nation, and previous research [26, 27], we 
collaborated with the Sandy Lake Health and Diabe-
tes Project (SLHDP) to identify the impact of social, 
environmental, and behavioral risk factors on infant 
growth trajectories with a specific focus on maternal 
and infant/child nutrition and diabetes risk. This pro-
ject followed the principles of OCAP® with guidance 
from Sandy Lake First Nation leadership, emphasizing 
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a need to explore relationships between childhood and 
diabetes risk to protect future generations [27].

Families with infants between birth and six years 
of age were eligible and invited to participate in this 
study from July 1, 2013 to June 30, 2019. Families not 
planning to reside in Sandy Lake for the duration of 
the project and pregnant women not permanently 
residing in the community were excluded, as follow-
up visits required families to be in the community for 
the duration of the study. Additional exclusion cri-
teria were not incorporated at enrollment to ensure 
that the cohort would be as representative as pos-
sible; however, there were 17 children born prior to 
37  weeks gestation who were excluded from analysis, 
since premature infants may have growth differences 
that would impact the overall population growth tra-
jectory [28]. In response to recruitment challenges, we 
enrolled children under 6 years of age; however, most 
initial assessments were completed when the child was 
under 2 years old. At recruitment interviews, the study 
was described in detail, questions answered, and writ-
ten informed consent obtained. Ethical approval was 
provided through the University of Toronto Research 
Ethics Board and the Sandy Lake First Nation Chief 
and Council. To enhance recruitment, this study was 
promoted through radio announcements and adver-
tisements in high traffic areas of the community (ie. 
Nursing Station, band office, stores).

All pregnant women in Sandy Lake travel by air 
to Sioux Lookout, Thunder Bay, or Winnipeg at 
36–37  weeks of gestation for hospital delivery, which 
is standard clinical practice in this region. Healthy 
mothers and babies are discharged and return to 
Sandy Lake by plane two to three days postpartum; 
however, longer stays in hospital are required with 
pregnancy and/or neonatal complications. Once in 
the community, standard neonatal and post-natal 
care are provided by the Public Health Nurse’s office 
and Nishtum (Early Childhood Centre) and includes 
well baby checks and immunizations at the following 
ages: one and two weeks; one, two, four, six, nine, 12, 
15 and 18  months; and two, three, four, five, and six 
years (Rourke guidelines) [29]. Initially, we planned to 
coordinate assessments with the Public Health Nurse’s 
office to maximize convenience for participants; how-
ever, participants felt that the frequency and num-
ber of assessments was cumbersome. For this reason, 
research assessments were adjusted to one and two 
weeks; one, two, six, 12, 18  months; and two, three, 
four, five, and six years. The study team identified 
improved adherence to the follow-up schedule and 
satisfaction from participants with this modification.

Data collection
Anthropometric measurements
The Sandy Lake research team received training on 
infant and toddler anthropometric measurement tech-
niques with pediatric co-investigators at the Hospital 
for Sick Children in Toronto, Canada. Infant/child and 
caregiver weight was measured using a calibrated elec-
tronic scale appropriate for age (infants were measured 
using a digital pediatric tray scale; older children and 
adults with a mechanical floor scale). Children older 
than two years and adults wore light indoor clothing 
and removed shoes. Recumbent length was measured 
for children under two years old using a length board. 
Standing heights were collected for children older than 
two years and adults using a stadiometer. Measure-
ments were completed twice, and the average used in 
the analysis. For all equipment, a regular schedule of 
equipment maintenance and calibration was followed.

Questionnaires
Maternal and infant/child socio-ecological, behavio-
ral, and metabolic determinants were collected using 
standardized, interviewer-administered questionnaires. 
The questionnaires were modified from the TARGet 
Kids! Nutritional Health Questionnaire [30], a detailed 
questionnaire adapted from the Canadian Community 
Health Survey (CCHS) and Canadian Health Measures 
Survey (CHMS); questions previously used with the 
SLHDP were also included [27].

Questions specific to infant and child nutrition 
included exclusivity and duration of breastfeeding, bot-
tle use, introduction and volume of cow’s milk / for-
mula, solid foods, and consumption of sweet drinks. 
Childhood health conditions were also recorded. Par-
ent-reported health factors included biological parent 
history of chronic disease (including family history of 
diabetes), pre-pregnancy weight and T2DM, pregnancy 
complications such as GDM and preeclampsia, alcohol 
and drug use during pregnancy, and cigarette smoking 
during pregnancy or in the home. Questions specific to 
socioeconomic status included information about fam-
ily and social support, education, and food insecurity. 
In Spring 2012, the proposed instruments were pilot 
tested in Sandy Lake to ensure cultural relevance, suita-
bility, and clarity for the Sandy Lake community. Ques-
tionnaires were modified based on feedback from key 
community informants and pilot study participants. 
Questionnaires were administered at initial enrollment 
and at each follow-up visit.
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Statistical analysis
All statistical analyses were conducted using R Soft-
ware [31]. HAZ, WAZ, and BAZ were calculated using 
WHO reference data [32, 33]. Z-scores were included 
as continuous variables in statistical analysis and 
growth trajectories were plotted using WHO reference 
data [34–36]. Descriptive statistics were conducted to 
provide a summary of the sample.

Generalized additive models (GAMs), an extension 
of generalized linear models that can accommodate 
non-linearity using smooth functions [37], were used to 
characterize growth trajectories. The model equation 
is  Yi = βo + ∑sj(xji) + єi,, where Y represents the outcome 
(eg. WAZ) of the ith individual, x equals the predictor 
variable for the ith child at time j, ∑sj is the sum of the 
smooth functions, and є is the error term. Splines use 
basis functions to account for the amount of smooth-
ness in the data and can be adapted for model fit [37]. We 
used nine basis functions in our analysis as this provided 
balanced smoothness to help avoid over and underfitting 
the model.

Cross-sectional analyses using logistic regression 
models evaluated exposures associated with high birth-
weight, GDM, and RWG as dichotomous outcome vari-
ables. High birthweight was defined as > 4000  g [38]. 
RWG is generally defined as > 0.67 SD increase in z-score 
between two measurements in the first two years of life 
[39]; however, other studies have defined extreme RWG 
as > 1.28 SD increase [40]. These changes in z-scores cor-
respond to crossing one and two centile bands respec-
tively. As preliminary analysis identified substantial RWG 
in our sample, we defined a third category of RWG as an 
increase > 2 SD ("extreme RWG") as a sensitivity analy-
sis. Exposures of interest included maternal factors (e.g. 
GDM, social factors) and infant health and nutrition 
(e.g. birthweight, breastfeeding initiation). Potential con-
founders were identified based on prior literature, bio-
logical considerations, and possible influence on sample 
characteristics.

Longitudinal associations (e.g. associations over time) 
were assessed using generalized estimating equations 
(GEE). Outcomes of interest included weight-for-age, 
height-for-age, and BMI-for-age z-scores. Exposures of 
interest included breastfeeding initiation, bottle feeding 
initiation, birthweight, child’s age, caregiver BMI at each 
visit, diabetes during pregnancy, RWG, maternal weight 
change (pre and post pregnancy), and alcohol, ciga-
rettes, and other drugs during pregnancy. Models were 
adjusted for confounders determined a priori based on 
the literature.

GEE models are similar to regular regression mod-
els, although they allow for the use of repeated meas-
ures within the same individual. GEE models also allow 

varying numbers of observations per person and varying 
timing of those observations among individuals; there-
fore, missed observations and mis-timed visits are not 
as problematic as in other types of analyses [41]. This is 
particularly important to consider for this modified birth 
cohort as there were missing data from incomplete or 
missed visits with health assessments in the community 
for various socio-ecological reasons.

Our sample size of 150 infants and children allowed us 
to detect odds ratios (ORs) in logistic regression mod-
els of 1.5 and 1.7 with a statistical power of 57 and 80% 
(p = 0.05), respectively, per SD increase in continuously 
distributed exposures.

Results
This cohort included 194 children; however, after data 
cleaning for pre-term births and child’s age, we included 
150 children in the analyses with initial and repeated 
measurements from birth to six years old. Most children 
were brought into research visits with their parent; how-
ever, other caregivers were also involved. Most moth-
ers reported being between 20 and 35 years old (77.2%) 
(Table 1). There were slightly more girls (53.3%) involved 
in this study compared to boys (46.7%).

Approximately 98% of deliveries occurred in hospi-
tals outside of Sandy Lake and almost 70% of mothers 
reported initiating breastfeeding. Within this group, 51% 
were born in large population centers (Winnipeg and 
Thunder Bay), 45% in a small population center (Sioux 
Lookout), and 4% in rural areas, including Sandy Lake 
and surrounding communities. Over 20% of mothers 
reported having GDM and over 10% and 25% of moth-
ers had hypertension and anemia during pregnancy, 
respectively.

Most mothers consumed the recommended sup-
plements throughout pregnancy, and 66% of mothers 
reported smoking during pregnancy. Figure  1 shows 
average z-scores for four age categories. It is important 
to note that all of these average z-scores were above the 
WHO mean (0) and WAZ and BAZ indicated a positive 
trend with increasing age category. Only 1–1.5% of meas-
urements were classified within the underweight and 
wasted category and only 3% were stunted, and no child 
consistently had measurements within these categories 
over repeated follow-up visits.

We constructed logistic regression models with GDM, 
high birthweight, and RWG as the outcome variables 
(Tables 2, 3, and 4). GDM was positively associated with 
maternal age (OR: 1.19; CI: 1.07–1.35) (Table  2). We 
considered RWG in 3 distinct models as an increase in 
z-score > 0.67, 1.28, and 2 SD, respectively, between two 
measurements from birth to six years of age. The logistic 
regression results of these models are shown in Table 4. 
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Table 1 Baseline descriptive infant/child and maternal characteristics

The total n in this study after data cleaning was 150. Therefore, n = 150 signifies 100% participation in the questionnaire
a Bottle feeding initiation includes any bottle feeding, irrespective of breastfeeding status

Infant/Child Characteristics Prevalence (n (%))

Sex (n = 150) Female 80 (53.3%)

Male 70 (46.7%)

Birthweight (n = 144)  < 2500 g 2 (1.4%)

 ≥ 2500 ≤ 4000 g 117 (81.2%)

 > 4000 g 25 (17.4%)

Breastfeeding Initiation (n = 150) Yes 103 (68.7%)

No 47 (31.3%)

Breastfeeding Duration (n = 31)  < 2 months 5 (16.1%)

 > 2 months and < 6 months 10 (32.3%)

 > 6 months 16 (51.6%)

Bottle feeding  Initiationa(n = 67) Yes 56 (83.6%)

No 11 (16.4%)

Maternal Age (n = 136)  < 20 years 19 (14.0%)

20-35 years 105 (77.2%)

 > 35 years 12 (8.8%)

Paternal Age (n = 115)  < 20 years 10 (8.7%)

20-35 years 84 (73.0%)

 > 35 years 21 (18.3%)

Maternal Employment (n = 125) Employed or on social assistance 17 (13.6)

Unemployed 108 (86.4%)

Paternal Employment (n = 112) Employed or on social assistance 44 (39.3%)

Unemployed 68 (60.7%)

Cigarette Smoking at home (n = 68) Yes 58 (85.3%)

No 10 (14.7%)

Child’s Birthplace (n = 149) Sandy Lake 3 (2%)

Sioux Lookout 69 (46.3%)

Thunder Bay 7 (4.7%)

Winnipeg 67 (45%)

Other 3 (2%)

Maternal Exposure Prevalence (n (%))

Anemia during pregnancy (n = 144) Yes 36 (25.0%)

No 97 (67.4%)

Unknown 11 (7.6%)

High Blood Pressure during pregnancy (n = 146) Yes 15 (10.3%)

No 123 (84.2%)

Unknown 8 (5.5%)

Gestational Diabetes (n = 147) Yes 31 (21.1%)

No 116 (78.9%)

Supplements during pregnancy (n = 150) Yes 135 (90.0%)

No 15 (10.0%)

Unprescribed Meds during pregnancy (n = 144) Yes 42 (29.2%)

No 102 (70.8%)

Cigarette Smoking during pregnancy (n = 144) Yes 95 (66.0%)

No 49 (34.0%)

Alcohol during pregnancy (n = 142) Yes 11 (7.7%)

No 131 (92.3%)

Caregiver BMI (n = 70) Overweight/Obese 52 (74.3%)

Target 18 (25.7%)
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Fig. 1 Mean Z-scores (height-for-age, weight-for-age, and BMI-for-age) at specific age ranges

Table 2 aLogistic regression of factors associated with GDM

a Variables included in the multivariate models are those listed in the table, including maternal age, pregnancy weight gain (pre-pregnancy weight compared to 1 year 
post-pregnancy), child’s sex, cigarette smoking during pregnancy, and parity

Dependent: Gestational
Diabetes (GDM)

No GDM GDM OR (univariable) OR (multivariable)

Maternal Age Mean (SD) 24.9 (5.6) 31.0 (7.0) 1.17 (1.10–1.27) 1.19 (1.07–1.35)

Pregnancy Weight Gain Less than 10% gain 52 (71.2) 21 (28.8) - -

More than 10% gain 56 (81.2) 13 (18.8) 0.57 (0.26–1.25) 0.81 (0.19–3.37)

Sex Boys 52 (74.3) 18 (25.7) - -

Girls 67 (79.8) 17 (20.2) 0.73 (0.34–1.56) 2.11 (0.49–10.57)

Cigarette Smoking during 
Pregnancy

Non-smoker 44 (81.5) 10 (18.5) - -

Smoker 69 (73.4) 25 (26.6) 1.59 (0.71–3.78) 0.92 (0.21–4.44)

Parity Only Child 14 (73.7) 5 (26.3) - -

Other Children 36 (75.0) 12 (25.0) 0.93 (0.29–3.37) 0.69 (0.10–4.57)

Table 3 aLogistic regression with odds ratios for high birthweight (> 4000 g)

a Variables included in the multivariate models are those listed in the table, including maternal age, sex, GDM, cigarettes during pregnancy, and pregnancy weight 
change

Dependent: Birthweight Birthweight < 4000 g 
and > 2500 g

High 
Birthweight 
(> 4000 g)

OR (univariable) OR (multivariable)

Maternal Age Mean (SD) 26.0 (6.3) 25.9 (6.8) 1.00 (0.93–1.07) 0.99 (0.91–1.07)

Sex Boys 58 (84.1) 11 (15.9) - -

Girls 62 (84.1) 16 (20.5) 1.36 (0.59–3.25) 1.43 (0.51–4.20)

GDM No GDM 95 (84.1) 18 (15.9) - -

GDM 23 (71.9) 9 (28.1) 2.07 (0.80–5.12) 2.89 (0.84–9.94)

Cigarettes during pregnancy Non-smoker 37 (74.0) 13 (26.0) - -

Smoker 80 (87.0) 12 (13.0) 0.43 (0.18–1.03) 0.49 (0.17–1.40)

Pregnancy weight change Less than 10% change 60 (83.3) 12 (16.7) - -

More than 10% weight gain 52 (80.0) 13 (20.0) 1.25 (0.52–3.01) 1.63 (0.57–4.93)
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There was an almost ten fold higher odds of RWG (> 2SD) 
if the child was exposed to GDM in utero (OR: 9.93; CI: 
2.18–53.50) and a lower odds of RWG with higher birth-
weight per 1 lb (OR: 0.52; CI: 0.29–0.86) (Table 4).

Generalized additive models
We completed generalized additive models using WAZ, 
HAZ, and BAZ as the dependent variables and age as 
the time/independent variable. These overall models 
are shown in Fig. 2. Z-score trajectories were above the 
WHO mean (0) from birth to six years with an increase 
in weight-for-age and BMI-for-age z-scores with increas-
ing age. Height-for-age z-score trajectories mirror the 
WHO population; however, Sandy Lake infants and 
children were approximately 0.5 SD taller. In addition to 
considering the overall growth trajectories for this popu-
lation, we also completed separate models for boys and 
girls (Fig. 3).

Differences were observed between GAMs for boys 
and girls. For WAZ and BAZ trajectories, boys grew 
more quickly and had a greater increase in z-scores with 
increasing age up to age six. Girls’ WAZ and BAZ also 
increased with time, but plateaued around age three, 
although girls also had fewer data available at older ages, 
which may have contributed to imprecise results at these 
ages. Models for HAZ were linear, with the effective 

degrees of freedom in both models being close to one. 
This indicates that the pattern of HAZ growth was very 
similar to the WHO reference population, albeit approxi-
mately 0.5 SD higher for both boys and girls.

Longitudinal associations of z‑scores with health and social 
factors
Generalized estimating equations were used to evaluate 
longitudinal associations between markers of growth (eg. 
WAZ, BAZ and HAZ) and factors determined through 
health questionnaires (Figs.  4, 5). WAZ was positively 
associated with child’s age in both the unadjusted (β: 
0.145; CI: 0.056–0.23) and adjusted (β: 0.15; CI: 0.013–
0.29) models, which was consistent with the GAM results 
which illustrated an increasing WAZ with increasing age 
(Fig. 3). In the adjusted model, WAZ was also negatively 
associated with alcohol during pregnancy (β: -0.67; CI: 
-1.28-(-0.06)) and having someone who smoked ciga-
rettes in the home (β: -0.65; CI: -1.28-(-0.03). Similar to 
WAZ, BAZ was positively associated with child’s age in 
both the unadjusted (β: 0.20; CI: 0.04–0.36) and adjusted 
(β: 0.19; CI: 0.02–0.36) models, also consistent with the 
GAM analysis shown earlier in Fig.  3. BAZ was also 
positively associated with caregiver BMI (β: 0.049; CI: 
0.004–0.093), and negatively associated with alcohol dur-
ing pregnancy (β: -0.82; CI: -1.48-(-0.16)) in the adjusted 

Table 4 aMultivariate logistic regression for rapid weight gain (> 0.67 SD gain, > 1.28 SD gain, and > 2 SD gain) from birth to 6 years

a Variables included in the multivariate analyses were maternal age, sex, gestational diabetes, and birthweight with rapid weight gain (RWG), defined in three different 
ways (> 0.67 SD, > 1.28 SD, > 2 SD) in the three models, as the dichotomous outcome

Dependent: Rapid 
Weight Gain

No RWG RWG > 0.67 SD OR (univariable) OR (multivariable)

Maternal Age Mean (SD) 26.7 (6.5) 24.9 (6.8) 0.96 (0.90–1.02) 0.92 (0.85–1.00)

Child’s Sex Boys 18 (38.3) 29 (61.7) - -

Girls 26 (48.1) 28 (51.9) 0.67 (0.30–1.47) 0.55 (0.21–1.35)

GDM No GDM 37 (46.8) 42 (53.2) - -

GDM 6 (30.0) 14 (70.0) 2.06 (0.74–6.31) 7.47 (1.68–46.22)

Birthweight Mean (SD) 7.9 (1.1) 7.5 (1.2) 0.75 (0.52–1.06) 0.69 (0.45–1.02)

No RWG RWG > 1.28 SD OR (univariable) OR (multivariable)
Maternal Age Mean (SD) 26.2 (6.2) 24.8 (7.5) 0.97 (0.91–1.03) 0.93 (0.85–1.00)

Child’s Sex Boys 24 (51.1) 23 (48.9) - -

Girls 39 (72.2) 15 (27.8) 0.40 (0.17–0.91) 0.35 (0.13–0.87)

GDM No GDM 53 (67.1) 26 (32.9) - -

GDM 9 (45.0) 11 (55.0) 2.49 (0.92–6.92) 6.02 (1.57–27.66)

Birthweight Mean (SD) 7.8 (1.1) 7.6 (1.3) 0.87 (0.61–1.23) 0.85 (0.57–1.26)

No RWG RWG > 2 SD OR (univariable) OR (multivariable)
Maternal Age Mean (SD) 25.5 (6.4) 26.3 (8.0) 1.02 (0.94–1.10) 0.95 (0.85–1.04)

Child’s Sex Boys 35 (74.5) 12 (25.5) - -

Girls 46 (85.2) 8 (14.8) 0.51 (0.18–1.36) 0.37 (0.10–1.24)

GDM No GDM 68 (86.1) 11 (13.9) - -

GDM 11 (55.0) 9 (45.0) 5.06 (1.70–15.28) 9.93 (2.18–53.50)

Birthweight Mean (SD) 7.8 (1.1) 7.1 (1.3) 0.59 (0.36–0.93) 0.52 (0.29–0.86)
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model. HAZ was positively associated with birthweight in 
both the adjusted (β: 0.17; CI: 0.06–0.27) and unadjusted 
(β: 0.17; CI: 0.08–0.27) models and negatively with RWG 
in the unadjusted model (β: -0.58; CI: -1.21-(-0.04)).

Discussion
This growth project is part of a larger research initia-
tive on diabetes prevention within Sandy Lake, Ontario, 
and aligns with clinical and public health concerns and 
community priorities related to childhood risk fac-
tors. Sandy Lake infants and children who participated 
in this study were taller and heavier than infants and 
children within the WHO reference population. Par-
ticipants’ WAZ and BAZ increased with increasing age, 
indicating an increasing gap between the WHO mean 
and Sandy Lake children over time. Canadian popula-
tion data from the Canadian Community Health Survey 
(2004–05) and the Canadian Health Measures Survey 
(2009–2013) also showed higher BAZ compared to the 
WHO reference population, although the mean z-score 
for this Sandy Lake cohort was still more than 1 SD 
above the Canadian population data [42]. Data from the 
2002/03 First Nations Regional Health Survey in Canada 
also noted a high prevalence of overweight and obesity in 
early years, with high prevalence also noted throughout 
the life span [43]. Although Sandy Lake infants gener-
ally start with higher birthweights compared with non-
Indigenous groups, greater weight differences are seen 
as children grow over time, indicating that other early 
life factors may be contributing to faster growth. The 
prevalence of GDM in Sandy Lake (21.1%) falls within 
prevalence recorded by other Canadian studies showing 
rates among First Nations communities ranging from 
8.5% to 27% [44]; however, these rates are higher than 
the general Ontario population (5.6%) [45]. Similarly, 
prevalence rates for hypertension, anemia, and smoking 
during pregnancy are consistent with other data among 
First Nations women living in Canada [46]. Despite the 

similar prevalence findings for cigarette smoking during 
pregnancy, these rates are markedly above the prevalence 
reported for non-Indigenous groups in Canada and pose 
a health risk to infants and mothers [46]. Studies high-
light that cigarette smoking during pregnancy can result 
in low birthweight; however, data is mixed on subsequent 
child adiposity [5]. Our study did not find an association 
between smoking during pregnancy and birthweight; 
however, cigarette smoking in the home was negatively 
associated with WAZ and BAZ.

While this study emphasizes the impact of overnu-
trition on this population, undernutrition is a primary 
concern impacting infant and child growth within other 
Indigenous populations globally [47]; however, this 
study identified only 1–1.5% of measurements as clas-
sified within the underweight and wasted category and 
only 3% as stunted, and no children had measurements 
consistently within these categories over repeated fol-
low-up visits. This observation highlights that children’s 
energy and other macronutrient needs are being met 
despite documented challenges within the community, 
including high food prices, a changing climate that can 
limit access to traditional foods, unemployment, health 
provider turnover, and distance from services [24, 25]. 
For many Indigenous communities, colonization has 
resulted in a high burden of chronic disease, limited 
access to quality health services, food insecurity and a 
lack of food sovereignty, unemployment, poverty, and 
culturally unsafe experiences [11, 24, 43, 48, 49]. This 
is reflected in the high unemployment rate within this 
cohort, as well as a high prevalence of maternal health 
concerns, like GDM. Although we had limited data to 
precisely document the impact of these factors, it will 
be important for future research projects to evaluate in 
more detail the impact of these phenomena.

Previous studies have noted sex differences in growth 
patterns in infancy and early childhood [50]; however, 
these differences vary by population. Tumilowicz et al. 

Fig. 2 Overall Generalized Additive Models (GAMs) for Weight-for-age, BMI-for-age, and Height-for-age Z-scores
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Fig. 3 Generalized Additive Models (GAMs) for Weight-for-age, BMI-for-age, and Height-for-age z-scores for both boys and girls ages 0 to 6 years 
in Sandy Lake
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[51] followed growth among Indigenous infants and 
young children living in Guatemala and identified that 
girls were bigger and that mothers perceived boys as 
requiring more nutrition to meet needs. In contrast, a 
US cohort followed non-Indigenous children from 1 to 
10 years of age and identified that boys had higher BMI 
for age at 15  months, but had more extreme decline 
and rebound growth thereafter up to ten years [18]. 

In the current study, we observed that boys had more 
rapid growth from birth to two years of age, followed 
by another increase in WAZ and BAZ from four to 
six years; whereas although girls also had an increase 
in WAZ and BAZ in the early years, this incline slowly 
continued until age three, followed by no further 
growth velocity differences compared to the WHO 
population. Our data suggest that boys may have higher 
WAZ and BAZ leading into childhood; however, further 

Fig. 4 Generalized estimating equation estimates for early life health factors (% maternal weight change, bottle feeding, cigarettes in the home, 
other drugs during pregnancy, alcohol during pregnancy, cigarettes during pregnancy, birthweight, breastfeeding initiation, gestational diabetes, 
child’s age, and caregiver BMI) with a) WAZ as the outcome in separate unadjusted models b) BAZ as the outcome in separate unadjusted models 
and c) HAZ as the outcome in separate unadjusted models

Fig. 5 Generalized estimating equation estimates for early life health factors (% maternal weight change, bottle feeding, cigarettes in the home, 
other drugs during pregnancy, alcohol during pregnancy, cigarettes during pregnancy, birthweight, breastfeeding initiation, gestational diabetes, 
child’s age, and caregiver BMI) adjusted for maternal age, sex, employment status, child’s age, birthweight, diabetes in pregnancy, and breastfeeding 
status with a) WAZ as the outcome b) BAZ as the outcome and c) HAZ as the outcome
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work is needed that considers growth throughout child-
hood and into adolescence. In consideration of the sig-
nificant burden of diabetes on First Nations women, we 
might expect that girls would have early signs of higher 
risk (higher WAZ and BAZ); however, this is not what 
we observed and highlights a need to better understand 
the role of paternal health intergenerationally. HAZ 
was very similar between boys and girls with similar 
trajectory to the WHO population, although girls were 
longer in the first two years and appear to enter child-
hood as taller; however, we observed a wider confi-
dence interval at this time related to fewer data points 
from 5–6 years for girls, which resulted in an imprecise 
estimate for the trajectory for this interval.

Limitations
The Canadian Paediatric Society recommends that Indig-
enous groups follow the same growth monitoring as is 
recommended for all Canadian children and BMI is sup-
ported as a growth measure given the risk for overweight 
and obesity [52]. However, scholars have raised concerns 
about the use of BMI as a reliable growth measure [53], 
particularly for Indigenous groups, as there is a lack of 
population-relevant reference values and Indigenous 
children were not included in the WHO growth stand-
ards. In this study, we used WHO z-scores, which are 
based on data of healthy infants and children from six 
countries. Willows et  al. [21] noted differences between 
CDC and IOTF references for Cree children, questioning 
the use of these measures for this population; therefore, 
we chose to use the WHO references, but it is not yet 
clear whether these references are appropriate for Indig-
enous groups. Further work is needed to consider raw 
growth data for Indigenous groups recognizing that these 
data have not been included in current growth standards 
and comparison between growth references would help 
to clarify which and if these references are appropriate.

It is also important to highlight that despite significant 
effort for community recruitment in this study, our sam-
ple size is limited. Although we had 194 children enrolled 
in this study, values were missing for a variety of vari-
ables and repeat growth measurements. This influenced 
the type of analyses that were feasible for this study and 
limited sub-analysis. In addition, this study is commu-
nity-specific, and results may differ for other Indigenous 
groups. Further community-led research that considers 
early life factors and growth trajectories is needed within 
Indigenous groups in Canada to better understand and 
address intergenerational health.

Conclusion
This study fills an important gap in the literature, adding 
to the one study published to date on growth trajectories 
in an Indigenous community in Canada [21], and provid-
ing an example of Indigenous growth trajectories; the 
current results build on this work with further discus-
sion of factors influencing growth. Despite a challenging 
socio-ecological environment, caregivers in Sandy Lake 
are working hard to ensure healthy growth of infants and 
children. There is a need for more community support, 
including interventions and policies that address root 
causes of overweight and diabetes. Ongoing work by the 
SLHDP is focused on community- driven initiatives that 
involve children and youth and consider maternal and 
infant health and nutrition [27]. Indigenous methodolo-
gies, including a focus on intergenerational health and 
access to traditional food and medicine, must drive key 
research priorities in this area and ensure culturally safe 
research and healthcare.
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