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Prevalence of toddler, child and adolescent overweight
and obesity derived from primary care electronic medical
records: an observational study

Suzanne Biro MPH, Dave Barber MD, Tyler Williamson PhD, Rachael Morkem MSc,
Shahriar Khan MSc, Ian Janssen PhD

Background: Population monitoring and surveillance of objectively measured child weight data in Canada is limited to national sur-
veys with poor regional applicability, and no healthy weight data are available for children less than 2 years of age. We aimed to
determine the prevalence of childhood overweight and obesity using objective measures derived from primary care electronic medi-
cal records.

Methods: Observational data included all height and weight records for children less than 20 years of age, between 2004 and 2013,
from 3 Ontario primary care research networks. We calculated body mass index (BMI)-for-age and weight-for-length using the World
Health Organization Growth Standards and Reference to assign growth status indicator categories by age group. Descriptive data
and prevalence estimates were generated for 2013. We also compared weight-for-length for children less than 2 years of age with a
corresponding billing code for known well-child visits.

Results: Our study included 8261 children with a corresponding growth status indicator, a sample close to 4 times larger than the
national survey sample. In 2013, 28.4% of children aged 5-19 years, and 6% of children aged 0-5 years, were categorized as over-
weight or obese. Between 2008 and 2013, the total number of 18-month well baby visit billing codes was 1152; 6.9% of this group
were categorized as overweight or obese; 19.2% were categorized as having risk of overweight.

Interpretation: Primary care electronic medical records show good potential for ongoing population monitoring of overweight and
obesity, particularly for very young children for whom early intervention is likely to show the greatest positive health impact.

ccording to national survey data, one-third of Cana-

dian children and adolescents aged 5 to 17 years are

overweight or obese.! Children with obesity have
higher risk for both short-term health consequences’” and
long-term persistence of obesity into adulthood.*® Evidence
shows that early childhood is a critical time for obesity pre-
vention strategies and that early markers of obesity could be
targeted for universal and individual intervention strategies
to show positive, long-term, health benefits.””!! In Canada,
child and adolescent population health monitoring is lim-
ited. There are a few national surveys, such as the Canadian
Community Health Survey (CCHS) (ages = 12 yr), the
Health Behaviour in School-Aged Children Survey (ages
11-15 yr) and the National Longitudinal Study of Children
and Youth that provide population-level surveillance
data.!?** In 2004 and 2005 the CCHS included representa-
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tive subsamples in which height and weight were measured.
Measured heights and weights are also obtained as part of
the Canadian Health Measures Survey (CHMS) (aged 3-79
yr)."” However, data on 3-5 year olds represents about 500
children from across Canada. The absence of data for chil-
dren less than 3 years of age is a critical gap, given that early
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life trajectories in growth and development are of great
importance in determining lifelong health and well-being. In
addition, the lack of objectively measured data at regional
levels severely limits design and evaluation efforts of a
“whole system” public health approach to the prevention of
childhood obesity.'¢

We conducted this study to determine the prevalence of
overweight and obesity, using measured heights and weights
for toddlers, children and adolescents aged less than 20 years,
derived from a sample of primary care electronic medical
records (EMRs) from the Canadian Primary Care Sentinel
Surveillance Network (CPCSSN) chronic disease data-
base.!7!8 In particular, to fill the known data gap, we examined
height and weight data for toddlers less than 2 years of age
and assessed them in relation to a known well-child visit, the
enhanced 18-month well-baby visit.

Setting and sources of data

The CPCSSN database contains standardized, deidentified
EMR data, from multiple EMR platforms, from 10 primary
care practice-based research networks across Canada. For
this study, data were extracted from EMRs on all patients
from 3 Ontario networks of the CPCSSN (the Eastern
Ontario Network, the University of Toronto Practice Based
Research Network and London’s Deliver Primary Health-
care Information Project). Extracted data from EMRs
included all patients who had an encounter with a CPCSSN
primary care provider before Mar. 31, 2014. Duplicate
patient records were removed, and remaining EMR data
were standardized using established CPCSSN algorithmic
coding processes. For example, each height and weight
value was cleaned and converted into standard units (kilo-
grams, centimetres). Following standardization, the EMR
data were uploaded into the CPCSSN database. For this
study, additional eligible patients were excluded if key mea-
surement variables were missing: height (length), weight,
date of height taken, date of weight taken, year of birth and
month of birth.

Data for this observational study included all height and
weight records for children under 20 years of age, between
Jan. 1, 2004 and Dec. 31, 2013, to produce a sample for cross-
sectional research. Data from 2013 were selected to report
growth status indicators because this year provided the largest
sample set. In addition, we obtained the encounter date (clinic
visit date), the child’s month and year of birth, and the child’s
sex. The A002 and A002A fee codes corresponding to the
enhanced 18-month well-baby visit were also extracted.”
Because a toddler’s primary care clinic encounter could be
associated with either a wellness or illness visit, the fee code
was used to assess weight classification against a known “well
toddler” visit. To provide a larger data set for this compari-
son, toddler visits with length and height measurements col-
lected on the same date were taken from Jan. 1, 2008, to Dec.
31, 2013. If a toddler had weight-for-length values available,
the latest one was used.
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Measures

The World Health Organization (WHO) Growth Standards
(birth to age 5 yr) and Reference (ages 5-19 yr) were used to
assign growth status indicators.?*?! Body mass index (BMI) was
calculated from height and weight measurements that were
collected on the same date for children and adolescents aged
5-19 years. If a child or adolescent had multiple BMI values
available in 2013, the latest one was used. BMI-for-age was
used as the growth status indicator, classified into 4 categories:
“wasting,” “normal weight,” “overweight” and “obesity.” The
BMI-for-age cut-off point for “overweight” was greater than
the 85th percentile and the cut-off point for “obesity” was
greater than the 97th percentile for these age groups.

As per recommendations outlined in the Canadian collab-
orative statement, using the new WHO growth charts, weight-
for-length was used as the growth status indicator for children
from birth to 2 years of age (toddlers).?! Weight-for-length
was calculated from length and weight measurements that
were collected on the same date. If a toddler had multiple
weight-for-length values available between 2008 and 2013, the
latest one was used. Similarly, for preschool-aged children 2-5
yr), BMI-for-age was used as the growth status indicator. Tod-
dler and preschool-aged children were classified into 5 growth
status indicator categories as “wasting,” “normal weight,” “risk
of overweight,” “overweight” and “obesity.” The cut-off point
for these age groups differ from older children and adoles-
cents: the cut-off point for “risk of overweight” was greater
than the 85th percentile, the cut-off point for “overweight”
was greater than the 97th percentile, and the cut-off point for
“obesity” was greater than the 99th percentile.

Statistical analysis

We calculated prevalence estimates for growth indicator vari-
ables and expressed the results in terms of percentage and cor-
responding 95% confidence intervals (Cls) by sex and age (as
of the date for height or length and weight measurement). In
addition, we compared the proportion of toddlers with the
18-month enhanced well-baby visit fee code to those without
a fee code. Significant differences between prevalence esti-
mates within variable categories were assessed using ¥ tests.
Alpha was set a priori at 0.05. Variable classifications and all
statistical analyses were performed in 2015 using SAS, version
9.3 (SAS Institute, Cary, NC).

Ethics approval
This study was approved by the Health Sciences Research
Ethics Board at Queen’s University.

In total, 349 613 patient records were extracted from source
EMRs. Duplicate records (5915) were identified and removed,
and the remaining 343 698 records were uploaded to the
CPCSSN database. Patient records with a missing month of
birth (118 139), a missing or invalid height or weight measure-
ment or weight measurement without a height measurement
taken on the same date (100 986) were excluded. Records for
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patients aged 20 years and older were removed from the data
set (97 070). A further 4651 weight and height records in the
remaining data set were removed because the measurements
were taken outside of the study period. The final child and
adolescent sample of children with weight and height records
(with the same measurement date) taken between Jan. 1, 2008,
and Dec. 31, 2013, was 22 852. See Figure 1 for a flow dia-
gram of the study sample inclusion process.

In 2013, there was a total of 5310 school-aged children,
aged 5-19 years, with BMI-for-age calculated from height and
weight measurements that were collected on the same date.
There was a total of 1842 preschool-aged children, 2-5 years
of age, with BMI-for-age and a total of 1127 toddlers (aged
0-2 yr) with a weight-for-length calculated from length and
weight measurements that were collected on the same date in
2013. This represents a total of 8279 children, from birth to

Data extracted from EMR on all patients who have had
an encounter with a CPCSSN primary care provider
prior to Mar. 31, 2014 (date EMR data were extracted)
n =349 613

\4

Excluded n =124 054

* Duplicate records n = 5915

* Month of birth not recorded in EMR or not
extracted from EMR and uploaded into
CPCSSN database n =118 139

Patients with month and year of birth
in CPCSSN database
n =225 559

A

4

—— Excluded n =100 986

* Missing height or weight measurement

¢ Invalid height or weight measurement

* Weight measurement with no corresponding
height measured on the same day

Patients with a recorded height and
weight measured on the same day

n =124 573
Excluded n =97 070
* Weight and height records taken
v after 19 years of age

Patients X 20 yr of age at time of
weight and height record

n =27 503
Excluded n = 4651
* Weight and height records taken
outside of study period
Y
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Patients with weight and height records taken between

Ja. 1, 2008, and Dec. 31, 2013 (study period). Only the

last weight and height record per patient was included.
n =22 852

A

2013 cross-section: children with height and weight
recorded on the same day in 2013
n = 8279
(5310 school-aged children
and 2969 preschool-aged children)

Figure 1: Selection of study sample. CPCSSN = Canadian Primary Care Sentinel Surveillance Network, EMR = electronic

medical record.
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19 years of age, with a growth status indicator derived from
objectively measured height (length) and weight.
BMI-for-age for school-aged children (aged 5-19 yr)
derived from the last height and weight measurements taken
from encounters in 2013 are presented in Table 1. The over-
all prevalence of overweight and obesity was 28.4%. Boys and
girls were equally represented (48.1% and 51.8%, respec-
tively). Significantly more boys aged 12-19 years were classi-
fied as overweight and obese compared with girls in the same
age group. For boys 5-11 years of age, significantly more
were classified as obese compared with girls in the same age
group. It follows that girls were significantly more likely to be
classified as normal weight compared with boys. There were
no significant differences across age groups within BMI-for-
age categories for children and adolescents aged 5-19 years.
The percentage distribution of toddler (aged 0-2 yr) and
preschool children (aged 2-5 yr) by growth status indicator,
weight-for-length and BMI-for-age are presented in Table 2.
Overall, 6.0% of toddlers and preschool-aged children were
classified as overweight or obese in 2013; 18.1% were classi-
fied as having risk of overweight. Although we recognize that
different growth indicators for these 2 age groups may pro-
hibit comparison of growth between age groups, there
appeared to be significantly more toddlers classified as wasting
(6.8%) compared with preschool-aged children (2.7%) (and
consequently, preschool-aged children were more likely to be
classified as having normal weight). Both toddler and pre-
school-aged girls were significantly more likely to be classified
as normal weight compared with boys in the same age groups.
Between 2008 and 2013, toddlers who had physician
encounters without an 18-month enhanced well-baby visit fee
code assigned were significantly more likely to be classified as
wasting compared with toddlers with well-baby visits (9.1% v.
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3.3%, respectively) (Table 3). Significantly more boys than
girls in the wasting category (10.9% v. 7.1%, respectively) vis-
ited their physician for reasons other than a well-baby visit.
The overall percentage of toddlers who were classified as
overweight and obese between 2008 and 2013 was 6.7%;
17.5% were classified as having risk of overweight.

Our results suggest that 6.7% of toddlers aged less than 2
years are already overweight or obese and that 18.0% of tod-
dlers are at risk of overweight. For school-aged children and
adolescents (aged 5-19 yr), population estimates of over-
weight and obesity in our study are slightly lower than esti-
mates derived from the CHMS (2009 to 2011) for children
aged 5-17 years? (28.4% v. 31.5%, respectively). This lower
estimate is likely due to more “unwell” child visits with pri-
mary care providers in our study population compared with a
general population. Similarities across weight-for-length
classifications for normal, risk of overweight, overweight and
obesity for toddlers less than 2 years of age with and without a
“well-child visit” code suggest that weight-for-length mea-
sures derived from primary care EMRs can provide good
proxy population risk of overweight, overweight and obesity
estimates for this younger age group. The discrepancy
between groups for the wasting category supports the inher-
ent population bias in our study: it is likely that children with
poor weight gain during infancy or who are unwell at a
younger age visit primary care providers more often.

Our study includes height (length) and weight measure-
ments for a large number of children and adolescents less than
20 years of age and population assessment measures for tod-
dlers and preschool-aged children less than 3 years of age.

Table 1: Percentage distribution of school-aged children and adolescents, by BMI-for-age category in 2013

Percentage (95% ClI)

Age group, yr

No. of children

Wasting

Normal weight

Overweight*

Obesityt

All children and adolescents

5-11 2649 2.6 (1910 3.2)

12-19 2661 1.5 (1.1 t0 2.0)

5-19 5310 2.1 (1.7t02.4)
Boys

5-11 1356 3.3(2.3t104.3)

12-19 1201 1.8 (1.0 t0 2.6)

5-19 2557 2.6 (2.0t03.3)
Girls

5-11 1293 1.8 (1.0 to0 2.5)

12-19 1460 1.3 (0.7 to 1.9)

5-19 2753 1.5 (1.0 t0 2.0)

69.5 (67.7 to 71.2)
69.6 (67.8 to 71.4)
69.5 (68.3 to 70.8)

65.7 (63.1 to 68.3)
64.2 (61.4 to 66.9)
65.0 (63.1 t0 66.9)

73.41 (70.9 to 75.8)
74.0% (71.8 t0 76.3)
73.7f (72.1 10 75.4)

18.1 (16.6 to 19.6)
18.0 (16.5 to 19.5)
18.0 (170 to 19.1)

19.4 (173 t0 21.5)
20.8 (18.5 t0 23.2)
20.1 (18.5 to 21.6)

16.7 (14.6 to 18.8)
15.71 (13.8 to 176)
16.2f (14.8 to 176)

9.9 (8.7 to 11.0)
10.9 (9.7 to 12.1)
10.4 (9.5 to 11.2)

11.6 (9.8 to 13.3)
13.2 (1.2 to 15.1)
12.3 (11.0 to 13.6)

8.11 (6.6 0 9.6)
9.0% (75 to 10.5)
8.61 (75 10 9.6)

*Cut-off > 85th percentile.
TCut-off > 97th percentile.

Note: BMI = Body Mass Index, Cl = confidence interval.

}Significantly different from boys within the same age group (p < 0.05).
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Our study sample was almost 4 times larger than the national
survey sample from the second cycle of the CHMS.?> More-
over, indicator variables were derived from objectively mea-

sured length, height and weight records in a clinical setting.
Parent-reported measures of child heights and weights are
consistently underestimated.”® It is commonly agreed that the

Table 2: Percentage distribution of toddler and preschool-aged children, by growth status indicator* category in 2013

Percentage (95% Cl)

gr%eup, yr c’r\lli(l)c.Jroefn Wasting Normal weight Risk of overweightt Overweightt Obesity§
All children
0-2 1127 6.8 (5.3108.3) 68.5 (65.7 to 71.3) 18.0 (15.7 t0 20.3) 5.5 (4.11t06.9) 1.2 (0.5t0 1.8)
2-5 1842 2.7 (1.9 to 3.4)1 73.5 (71.4 to 75.5) 18.2 (16.4 t0 20.0) 4.0 (3.0104.9) 1.7 (1.1 t0 2.4)
0-5 2969 4.2 (3.5t05.0) 71.6 (69.9 to 73.2) 18.1 (16.7 to 19.5) 4.5(3.8t105.3) 1.5 (1.1 t0 2.0)
Boys
0-2 566 8.1 (5.8 to 10.5) 63.8 (59.7 to 67.8) 20.1 (16.7 to 23.5) 6.7 (4.6 t0 8.9) 12 (0.2t02.2)
2-5 918 3.7 (2.4 10 5.0) 70.2 (67.1 10 73.2) 19.5 (16.9 to 22.1) 4.4 (3.0t05.7) 2.3 (1.3103.3)
0-5 1484 5.4 (4.2106.6) 677 (65.3 t0 70.1) 19.7 (17.7 t0 21.8) 5.3 (4.1t06.4) 1.9 (1.2t0 2.6)
Girls
0-2 561 5.5 (3.5t0 7.5) 73.3 (69.5to 77.0)** 15.9 (12.8 to 19.0) 4.3 (2.5t06.0) 1.1 (0.1 t0 2.0)
2-5 924 1.6 (0.8 0 2.5) 76.7 (74.0 to 79.5)** 16.9 (14.4 t0 19.4) 3.6 (2.3104.8) 1.2 (0.4 to 1.9)
0-5 1485 3.1 (2.2t0 4.0)** 75.4 (73.2t0 77.6)** 16.5 (14.6 to 18.4) 3.8 (2.8104.8) 1.1 (0.6 to 1.7)

Note: Cl = confidence interval.
*For children birth to 2 years of age, weight-for-length was used as the growth status indicator; for children 2 to 5 years of age, BMI-for-age was used as the growth status
indicator. Cut-off points are the same for each indicator.

tCut-off > 85th percentile.
1Cut-off > 97th percentile.
§Cut-off > 99.9th percentile.
{ISignificantly different from toddlers (p < 0.05).
**Significantly different from boys within the same age group (p < 0.05).

Table 3: Percentage distribution of toddlers less than 2 years of age, by weight-for-length category, with and without the 18-month
enhanced well baby visit fee code (2008—2013)

Percentage (95% Cl)

No. of Risk of
Group children Wasting Normal weight overweight* Overweightt Obesityt
All toddlers
18-month fee code 1154 33(22t04.4) 70.6(68.0t073.3) 19.2(16.9t021.6) 6.1 (4.61075) 0.8 (0.2 t0 1.3)
Without fee code 2000 9.1 (7810 10.3)§ 68.1(66.0t070.2) 16.5(14.8t018.2) 5.3(4.3106.3) 1.1 (0.6 to 1.5)
All aged < 2 yr 3154 6.9 (6.0 to 7.8) 69.0 (6741t070.7) 175(16.2t018.8) 5.6 (4.8t06.4) 1.0 (0.6 to 1.3)
Boys
18-month fee code 560 38(2.1t05.4) 682(64.31072.2) 20.9(174t024.3) 6.1 (4.0t08.1) 1.1 (0.1 10 2.0)
Without fee code 1032 10.9(89t0 12.8) 65.9(63.0t068.8) 16.7(14.3t019.0) 5.7 (4.3t07.2) 0.9 (0.3t0 1.5)
All boys aged < 2 yr 1592 8.4 (7.0t09.7) 66.7 (64.41t069.1) 18.2(16.2t020.1) 5.8 (4.7 to 7.0) 0.9 (0.4 to 1.4)
Girls
18-month fee code 594 29(14t043) 729(69.2t076.6) 177 (145t20.8) 6.1 (4.1t08.1) 0.5(-0.1t01.2)
Without fee code 968 71 (5.5 10 8.8) 70.5(675t073.4) 16.3(13.9t1018.7) 4.9(3.4t06.3) 1.2 (0.5t0 2.0)
All girls aged < 2 yr 1562 5.5(4.3t06.7) 714 (69.1t073.7) 16.8(1491t018.7) 5.3 (4.2106.5) 1.0 (0.4 to 1.5)

Note: Cl = confidence interval.
*Cut-off > 85th percentile.
tCut-off > 97th percentile.
FCut-off > 99.9th percentile.

§Significantly different from toddlers with the 18-month enhanced well baby visit code (p < 0.05).
{ISignificantly different from boys within the same fee code category (p < 0.05).
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best place for measuring length, height and weight is in pri-
mary care settings during routine wellness visits; this setting
minimizes concerns about unintended negative consequences
related to growth monitoring in other settings (e.g., schools)
such as stigmatization; it ensures appropriate equipment is
used; it provides ongoing staff training; and it follows mea-
surement protocols.?*26

Limitations

Our results depend on the quality of data that we were able to
extract. The recording of primary care EMR data continues
to suffer entry error and can be absent or unavailable for
use.”’”?? Missing measurements for length, height and weight
and data standardization are variable across clinics and EMRs,
as well as within the same EMR.?03!

Our study population was limited to patients who visit
their primary care providers. In a study investigating the rep-
resentativeness of patients in CPCSSN, network patients
were reasonably representative of patients in Canadian pri-
mary care practices and only somewhat representative of the
Canadian general population.’? Ontario had the highest pro-
portion of patients in CPCSSN; provincial-level comparison
was reasonable.?

Our data were derived from records from physicians who
participate as sentinels with the CPCSSN, limiting data
extraction to include only providers who use EMRs. Although
the number of primary care physicians using EMRs in Canada
(77.6%) has more than doubled since 2006, there may be
practice differences between providers who use or do not use
EMRs.33* Because our study population comprised toddlers,
children and adolescents who visit their primary care pro-
vider, the children may represent a population with shifting
growth indicator measures due to medical reasons, biasing our
prevalence estimates.*

For toddlers less than 2 years of age, length is most often
measured lying down as opposed to standing. There are
inherent practical challenges to providing accurate measure-
ment of length for infants and toddlers, despite standardized
techniques and equipment.?! For example, it is difficult for
toddlers to lie still and to capture a measurement with full
extension of the legs. Similarly, height measurements for
older children may be biased by measurement variability.
Despite measures taken by trained care providers in primary
care settings, it is possible that growth indicator classifica-
tions may not be accurately derived given the measurement
difficulty.

Finally, it is important to note that weight-for-length
and BMI-for-age growth indicators represent only some of
many risk factors,”!!*¢ and that any prevention or treatment
strategy, whether targeted or universal, must clearly
account for the complexity of factors that influence healthy
growth and development.

Conclusion

Evidence clearly indicates the need to assess weight status in
children and adolescents, particularly for toddlers and pre-
schoolers less than 3 years of age.” Our study shows that
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EMR data are a valuable source for this information. These
results provide a foundation upon which to build an ongoing,
regionally specific, longitudinal monitoring system for popu-
lation healthy weight status of Canadian toddlers, children
and adolescents, especially toddlers, against which prevention
measures may be designed, implemented and evaluated.
Although primary care could become an improved source for
healthy weight surveillance, a whole system population health
approach to prevention is necessary.!®*” Our study shows
the first steps toward improving our knowledge so that, col-
lectively, clinical and community partners know how, when
and where to focus and scale successful health promotion pro-
gramming and policies.
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