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Risk of obesity at 4 to 6 years of age  
among overweight or obese 18-month-olds
Community-based cohort study

Jesse J. Wheeler MD CCFP

Abstract
Objective To determine whether high weight for length at the 18-month well-baby visit is predictive of overweight or 
obese body mass index (BMI) at the 4- to 6-year well-child visit.

Design Retrospective cohort study using objective electronic medical record measurements.

Setting Eighteen family practices forming a community family health organization in Peterborough, Ont.

Participants All children from the family health organization practices with at least 1 set of weight and length or 
height measurements at age 17 to 19 months and age 4 to 6 years (N = 126).

Main outcome measure Relative risk (RR) of overweight BMI and RR of obese BMI at 4 to 6 years of age for normal 
versus overweight or obese 18-month-olds.

Results Children who were either overweight or obese at their 18-month visits (n = 37) were more than twice as 
likely to be obese at age 4 to 6 years than children who had healthy weights at 18 months were (n = 89; RR = 2.71, 95% 
CI 1.13 to 6.47). The subgroup of obese 18-month-olds (n = 13) were at more than 3 times the risk of being obese at 
age 4 to 6 years than their healthy-weight-for-length counterparts (RR = 3.42, 95% CI 1.20 to 9.78). Thirty-one percent 
of obese 18-month-olds were obese at 4 to 6 years and a further 31% were overweight.

Conclusion High weight for length at 18 months substantially increased a child’s risk of being overweight or obese 
at 4 to 6 years of age. Most overweight and obese 18-month-olds in this study did not achieve healthy BMIs by 4 to 6 
years of age. A brief glance at the 18-month weight-for-length chart can easily help identify these high-risk toddlers.

Editor’s key points
• In this study, children with weight for 
length above the 85th percentile at 18 
months were at more than twice the risk of 
being overweight or obese at 4 to 6 years 
than their healthy-weight counterparts 
were, and those with weight for length 
above the 97th percentile were at more 
than triple the risk. 

• Most children who were overweight or 
obese at 18 months did not attain healthy 
weights over time, and this could have 
profound long-term mental and physical 
health implications.

• These findings also highlight the 
importance of obtaining and reviewing 
accurate measurements at every well-
child visit.
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Risque de présenter de l’obésité entre 4 et 6 ans 
chez les bébés qui présentent un surpoids ou de 
l’obésité à 18 mois 
Une étude de cohorte au sein d’une communauté

Jesse J. Wheeler MD CCFP

Résumé
Objectif Déterminer si l’enfant qui a un rapport poids : taille élevé lors de l’examen de santé de 18 mois risque 
d’avoir un indice de masse corporelle (IMC) indiquant un surpoids ou une obésité à l’examen de santé entre 4 et 6 
ans.

Type d’étude  Étude de cohorte rétrospective à l’aide de mesures objectives provenant de dossiers médicaux 
électroniques.

Contexte  Dix-huit cliniques de médecine familiale faisant partie d’une organisation communautaire de santé 
familiale à Peterborough, Ontario.

Participants Tous les enfants des cliniques de l’organisation de santé familiale ayant eu au moins une série de 
mesures de la taille et du poids entre 17 et 19 mois, et entre 4 et 6 ans (n = 126).

Principaux paramètres à l’étude Risque relatif (RR) d’avoir un IMC de surpoids et RR d’avoir un IMC d’obésité 
entre 4 et 6 ans chez les enfants de 18 mois de poids normal par rapport à ceux présentant un surpoids ou de 
l’obésité.

Résultats  Par rapport aux enfants qui avaient un poids santé à la visite de 18 mois, ceux qui présentaient un 
surpoids ou de l’obésité (n = 37) étaient plus de 2 fois plus susceptibles d’être obèses entre 4 et 6 ans (n = 89; RR = 2,71, 
IC à 95 % 1,13 à 6,47). Ceux qui faisaient partie du sous-groupe des obèses 
à 18 mois (n = 13) étaient 3 fois plus à risque d’être obèses entre 4 et 6 ans 
par rapport à ceux qui avaient un rapport poids : taille santé (RR = 3,42, IC 
à 95 % 1,20 à 9,78). Parmi ceux qui étaient obèses à 18 mois, 31 % de plus 
étaient obèses entre 4 et 6 ans et 31 % avaient un surpoids.

Conclusion Un rapport poids : taille élevé à 18 mois augmente de façon 
importante le risque de présenter un surpoids ou de l’obésité entre 4 et 6 
ans. Dans cette étude, la plupart de ceux qui présentaient un surpoids ou 
de l’obésité à 18 mois n’atteignaient pas un IMC santé entre 4 et 6 ans. Un 
simple coup d’œil au tableau des valeurs poids : taille à l’âge de 18 mois 
permet d’identifier les bambins à haut risque.

Points de repère du rédacteur
• Dans cette étude, les enfants qui, à 18 
mois, avaient un rapport poids : taille 
supérieur au 85e percentile avaient un 
risque de présenter un surpoids ou de 
l’obésité entre 4 et 6 ans plus de 2 fois plus 
grand que ceux qui avaient un poids santé, 
alors que pour ceux qui avaient un rapport 
au-dessus du 97e percentile, le risque était 
3 fois plus grand.

• La plupart des enfants qui présentaient 
un surpoids ou de l’obésité à 18 mois n’ont 
pas atteint un poids santé avec le temps, 
ce qui, à long terme, pourrait avoir des 
conséquences majeures sur le plan de la 
santé physique et mentale.

• Ces observations soulignent aussi 
l’importance de faire des mesures précises 
et de les répéter à chaque visite.

Cet article a fait l’objet d’une révision par des pairs. 
Can Fam Physician 2013;59:e202-8 
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The past decade has seen escalating global concern 
regarding the rising prevalence of being over-
weight or obese in childhood. In Canada, from 

1978 and 1979 to 2004, the prevalence of overweight 
children aged 2 to 17 increased from 15% to 26%, and 
the prevalence of obese children almost tripled, from 
3% to 8%.1 This epidemic has important implications 
for Canadian children. Obese children often become 
obese adults,2,3 and the myriad complications of obe-
sity are well documented.4,5 However, the psycho-
logical toll of obesity on children is often overlooked. 
Being an overweight or obese child is associated with 
significantly lower self-esteem, as reported by parents 
(P ≤ .001),6 as well as decreased physical, social, and 
psychological function.7 Moreover, being a severely 
obese child or adolescent is comparable to having a 
diagnosis of cancer in terms of its effect on health-
related quality of life.7 Thus, considerable damage 
can be done even if weight normalizes by adulthood.

Given the above complications, emphasis on early 
obesity prediction, recognition, and intervention has 
increased dramatically. This interest has produced 
a growing understanding of the factors that place a 
child at increased risk of being overweight or obese 

(Table 1).1,4,8-17 In addition, these factors often clus-
ter together to form particularly unhealthy circum-
stances.8,18,19 Unfortunately, these clusters can be 
identified in children as young as 2 years of age.18 
Despite this, most studies on childhood obesity are 
conducted well beyond the preschool years. By this 
time, behaviour and attitudes are more ingrained, and 
psychological damage might have already been done. 
Among the studies that did examine obesity during the 
preschool years, one showed that 60% of overweight 
2- to 3-year-olds remained overweight at the age of 
12.20 Another demonstrated a significant increase in 
the risk of adult obesity among overweight children as 
young as 3 years of age (odds ratio 4.1, 95% CI 2.5-6.7), 
although not among 1- to 2-year-olds. In that study, 
overweight 6-year-olds had a 50% chance of becoming 
overweight adults.21

Beyond the above studies, very few published stud-
ies exist on the relationship between weight in infancy 
and weight in early childhood or adulthood, partic-
ularly for children younger than 2 years of age. The 
purpose of this study was to use objective family prac-
tice data to determine if high weight for length at the 
18-month well-baby visit increases a child’s risk of 

Table 1. Summary of risk factors and protective factors for overweight and obese BMI in childhood
CharacteristicS     Risk Factors     Protective Factors

Sociodemographic4,8-10 • Rural residence
• Member of a minority group

• Parental university-level education
• Parental income > $60 000
• Neighbourhood income in middle or 

highest one-third

Dietary4,8-14 • Not eating breakfast
• Buying lunch at school (vs bringing lunch or going home)
• Dinner in front of television more than 5 d per wk
• Increased consumption of sugar-sweetened drinks
• Low personal inhibitory control
• Restrictive parental feeding patterns

• Family dinners more than 3 times 
per wk

• Breastfeeding (some conflicting 
evidence)

Physical 
activity1,8-10,14,15

• Sedentary activity > 1 h per d
• Increased screen time
• Presence of television in child’s bedroom

• Daily physical activity
• School-based physical education 

classes 2 or more times per wk

Genetic4,16 • Specific single-gene mutations and genetic syndromes
• Some minority groups
• Likely multigenetic inheritance (evidence from twin studies)

• NA

Prenatal4,9,10,14,17 • Prepregnancy maternal obesity
• Gestational diabetes
• Greater weight gain during pregnancy
• High birth weight (> 4000 g) and possibly low birth weight

• NA

Other4 • Endocrine conditions (eg, growth hormone conditions, thyroid 
conditions, Cushing syndrome)*

• Central nervous system factors (injury, tumour, radiation)
• Medications (glucocorticoid, antipsychotic)

• NA

BMI—body mass index, NA—not applicable.
*Endocrine conditions do not typically cause obesity in the absence of other manifestations; routine screening is not recommended.
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being overweight or obese at the 4- to 6-year well-
child visit. It was predicted that weight for length above 
the 85th percentile at 18 months would substantially 
increase the risk of a child being overweight or obese 
at 4 to 6 years of age, and that weight for length above 
the 97th percentile at 18 months would place a child at 
even greater risk.

METHODs

This was a retrospective cohort study using objective 
measurements extracted from an electronic medical 
record (EMR) system that included 18 family prac-
tices forming a community family health organiza-
tion in Peterborough, Ont. This study was approved by 
the Queen’s University and Affiliated Hospitals Health 
Science Research Ethics Board.

Chart selection
Electronic charts of rostered children were reviewed if, 
based on the child’s date of birth, the chart potentially 
included visits at 17 to 19 months and 4 to 6 years of 
age. Charts of children who were 17 to 19 months of 
age before the adoption of the EMR in early 2006 and 
those of children who had not yet reached their fourth 
birthdays were excluded. There were no additional 
exclusion criteria. Each potentially eligible electronic 
chart was reviewed, and was included in the final data 
set if the chart contained at least 1 set of weight and 
length measurements at both 17 to 19 months of age 
and 4 to 6 years of age. To help maintain patient ano-
nymity, and because this study was intended to dem-
onstrate the utility of electronic growth chart review, 
no paper chart data were reviewed.

Outcome measurements
Age, sex, weight, and length or height were extracted 
retrospectively from the EMR. If more than 1 set of mea-
surements was recorded in the 17- to 19-month and 
4- to 6-year time frames, the sets closest to 18 months 
and 6 years were used. Each child was classified as 
healthy weight, overweight, or obese at each age using 
age- and sex-adjusted percentiles for weight for length 
(17- to 19-month visit) and body mass index (BMI) (4- to 
6-year visit). Consistent with standard Canadian prac-
tice, weight-for-length and BMI percentiles were based 
on the 2006 World Health Organization (WHO) growth 
standards. To maintain consistency for the purpose of 
this study, obesity was defined as weight for length or 
BMI above the 97th percentile at each age, and over-
weight was defined as weight for length or BMI above the 
85th percentile for age and sex. Both of these percen-
tiles are identified by lines on the WHO growth curves, 
facilitating rapid, visual interpretation of measurements 

in day-to-day family practice. Notably, these definitions 
differ somewhat from the traditional WHO definitions of 
overweight and obese, which vary for children aged 0 to 
2 years, 2 to 5 years, and 5 to 19 years. For this study, a 
consistent definition of overweight and obese across age 
groups was necessary to make data analysis and inter-
pretation practical.

Statistical testing
Relative risk (RR) ratios and 95% CIs were calculated 
to determine the extent to which being overweight 
or obese at the 18-month visit predicted overweight 
or obese BMI at the 4- to 6-year visit. The follow-
ing comparisons were conducted: RR of obesity at 
4 to 6 years of age among healthy-weight versus 
combined overweight and obese 18-month-olds; 
RR of being overweight or obese at 4 to 6 years of 
age among healthy-weight versus combined over-
weight and obese 18-month-olds; and RR of obesity 
at 4 to 6 years among obese versus healthy-weight 
18-month-olds.

RESULTS

Final sample
Based solely on patient date of birth, a total of 720 
potentially eligible electronic charts were reviewed. 
Among these charts, matched measurements at 17 
to 19 months and 4 to 6 years of age were available 
for 126 children, including 64 females and 62 males. 
The mean age at the 4- to 6-year visit was 4 years, 9 
months. Table 2 explains the reasons for missing data 
in the charts that were potentially eligible but that were 
eventually excluded. In most cases, this was because 
the child had joined the clinic after 19 months of age 
(31%) or because the child had other measurements in 
the chart but none during the target time frames (45%). 
In about 18% of cases, measurements were either 
incomplete or absent entirely.

The prevalence of healthy weight, overweight, and 
obese weight for length at the 18-month visits and 
BMI at the 4- to 6-year visits is shown in Table 3. 
More than 1 in 4 children in this study (29%) was clas-
sified as overweight or obese at 18 months, and 1 in 
3 (32%) was classified as overweight or obese at 4 to 
6 years.

Predicting overweight and obese  
BMI at 4 to 6 years of age
Figure 1 illustrates the difference in BMI at 4 to 6 
years of age between children who were at healthy 
weights at their 18-month well-baby visits (n = 89) 
compared with those who were overweight (n = 24) 
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or obese (n = 13) at their 18-month well-baby vis-
its. Children who were overweight or obese at 18 
months were more than twice as likely to be over-
weight or obese at 4 to 6 years than children who 
had healthy weights at 18 months (RR = 2.53, 95% CI 
1.57 to 4.07 for being at least overweight at 4 to 6 
years; RR = 2.71, 95% CI 1.13 to 6.47 for being obese 
at 4 to 6 years). Among those who were overweight 
or obese at 18 months, 57% were still overweight or 
obese at 4 to 6 years.

The effect of high weight for length is even more 
notable for the subgroup of 18-month-olds with weight 
for length above the 97th percentile. Compared with 
18-month-olds with weight for length at or below the 
85th percentile, the obese 18-month-olds were at more 
than 3 times the risk of being obese at 4 to 6 years 
(RR = 3.42, 95% CI 1.20 to 9.78). In fact, 31% of obese 
18-month-olds remained obese at 4 to 6 years and a fur-
ther 31% continued to be overweight; only a minority of 
obese 18-month-olds (38%) achieved healthy weights. 
Overall, looking across the healthy-weight, overweight, 
and obese groups of 18-month-olds, the risk of obesity 
at age 4 to 6 progressively increased from 9% to 21% to 
31%, and the chances of being at a healthy weight at 4 
to 6 years progressively decreased from 78% to 46% to 
38%, respectively.

DISCUSSION

Early childhood is a key period in the development of 
both nutritional and behavioural habits.18 Thus, the pur-
pose of this study was to determine whether children 
with high weight for length as early as the 18-month 
well-baby visit are at increased risk of obesity in later 
childhood. Using objective EMR data, it was determined 
that children in this study with weight for length above 
the 85th percentile at 18 months were at more than 
twice the risk of being overweight or obese at 4 to 6 
years than their healthy-weight counterparts, and those 
with weight for length above the 97th percentile were at 
more than triple the risk. In all, 62% of obese 18-month-
olds were overweight or obese at 4 to 6 years. In other 
words, most overweight or obese 18-month-olds in this 
study did not outgrow this condition.

These findings have important implications for fam-
ily practice. They suggest that children who are at risk 
of childhood obesity, and likely adult obesity, can and 
should be identified even earlier than previously sug-
gested. Previous evidence has suggested that 60% of 
overweight preschoolers remained overweight as 
12-year-olds,20 and that overweight 3-year-olds are at an 
increased risk of adult obesity.21 Taken with the findings 
of the present study, it is plausible that obese 18-month-
olds might be at a higher risk of adult obesity.

A recent study has also suggested that obesity 
in childhood significantly increases the risk of later 
cardiovascular disease (P ≤ .002) if weight does not 
normalize by adulthood.22 Similarly, the profound psy-
chological effects of obesity on children6,7 cannot be 
ignored. Thus, the finding that obese 18-month-olds 
tend to become overweight or obese 4- to 6-year-olds 
provides us with an opportunity to intervene at a very 
early stage in the hope of preventing these physical 
and psychological complications.

Table 2. Reasons for missing data among children 
within the target age group: N = 594; some missing 
measurements for some practices might have been 
present on older paper charts.
Reason N (%)

Measurements in EMR at other ages, but no 
measurements in target age ranges

• No measurements at 17-19 mo 105 (18)

• No measurements at 4-6 y   77 (13)

• Neither set of measurements   88 (15)

No length or height recorded for 1 or both visits

• No length for visit at 17-19 mo   23 (4)

• No height for visit at 4-6 y   12 (2)

• No height at either visit     2 (< 1)

Missing 3 of 4 measurement parameters

• Only 18-mo weight recorded   20 (3)

• Only 4- to 6-y weight recorded   13 (2)

• Only 18-mo length recorded     1 (< 1)

Visits but no measurements in EMR at any time   35 (6)

Joined clinic after age 17-19 mo 184 (31)

No longer a clinic patient    20 (3)

Age 17-19 mo before implementation of EMR in 
specific practice

   10 (2)

Invalid measurements (eg, height of 10 m)     4 (1)

EMR—electronic medical record.

Table 3. Prevalence of healthy, overweight, and obese 
weight for length at 18-month well-baby visits 
and BMI at 4- to 6-year well-child visits: N = 126; 
overweight defined as 18-month weight for length or 4- 
to 6-year BMI above the 85th percentile for age and sex; 
obesity defined as 18-month weight for length or 4- to 
6-year BMI above the 97th percentile for age and sex.
Category At 18 mo, N (%) at 4-6 Y,* N (%)

Healthy weight 89 (71) 85 (67)

Overweight 24 (19) 24 (19)

Obese 13 (10) 17 (13)

BMI—body mass index.
*As a result of rounding, percentages do not equal 100%.
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These findings also highlight the importance of 
obtaining and reviewing accurate measurements at 
every well-child visit. Unfortunately, more than 1 in 
6 electronic charts reviewed for this study contained 
incomplete measurements or no measurements at all. 
Further, a study of family physicians in the United States 
revealed that, based on self-report, nearly 1 in 10 never 
used the weight-for-length chart, and only approx-
imately 50% routinely calculated childhood BMI.23 In 
the era of EMRs, viewing these measurements requires 
only a glance at an electronic growth chart. Overall, a 
brief review of weight for length at all 18-month visits 
appears appropriate to rapidly and objectively identify 
toddlers whose risk of later obesity could be double or 
triple that of their peers.

This study has several key strengths that make it appli-
cable to daily family practice. All children were patients 

of community family practices, as opposed to specialty 
pediatric, referral, or self-selected samples of children. 
The measurements used are already a part of routine 
well-child care, and the weight-for-length and BMI cut-
offs used to identify children as overweight or obese are 
easily identifiable as important percentile lines on the 
Canadian WHO growth charts. As such, family physicians 
can see at a glance which category a child falls into, and 
counsel families appropriately. Finally, matched, objec-
tive height and weight measurements eliminate potential 
problems with self-reported and case-control data.

Limitations
The final sample of 126 children was derived through 
review of more than 700 charts. The prevalence of 
unhealthy weight in children in the final study sample 
was higher than that in the Canadian population as of 

Figure 1. Body mass index (BMI) at age 4 to 6 years among children with weight for length at or below the 
85th percentile (left) and above the 85th percentile (right) at 18 months: Overweight is de�ned as 18-month 
weight for length or 4- to 6-year BMI above the 85th percentile for age and sex; obese is de�ned as 18-month 
weight for length or 4- to 6-year BMI above the 97th percentile for age and sex; and as a result of rounding, 
percentages do not equal 100%.
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2004.1 Ours was also a relatively small sample and it 
might not be representative of the Canadian population. 
Future studies, including several that are in progress, 
will track larger samples of children for longer periods 
of time, ideally into adulthood. Studies should also work 
to determine whether family physician counseling at 
the 18-month visit can ultimately change toddlers’ out-
comes. Finally, it is important to note that high weight 
for length is only one of many risk factors (Table 1), and 
that any proposed treatment plan must clearly be multi-
factorial and centred on appropriate family nutrition and 
physical activity.

Conclusion 
For the toddlers in this study, weight for length above 
the 85th percentile, especially above the 97th percentile, 
by 18 months of age was a red flag suggesting a sub-
stantially increased risk of being overweight or obese 
at 4 to 6 years of age. Most children who were over-
weight or obese at 18 months did not attain healthy 
weights over time, and this could have profound long-
term mental and physical health implications for them. 
A brief glance at the 18-month weight-for-length chart 
could provide family physicians with valuable risk strat-
ification information within the time limits of routine 
well-child care. 
Dr Wheeler is a family physician in Peterborough, Ont, and was a resident in 
the Department of Family Medicine at Queen’s University at the Peterborough-
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