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Objectives To characterize the children who were referred, determine the proportion of referred children who
enrolled, and examine factors associated with enrollment in multidisciplinary clinical care for pediatric weight management.
Study design This cross-sectional study included the population of children (2-17 years of age; body mass index
of ≥85th percentile) referred to 1 of 3 hospital-based multidisciplinary weight management clinics in Alberta, Canada,
from April 2013 to April 2016. Referral and enrollment data were obtained from Alberta Health Services data-
bases. Bivariate and multivariable logistic regression models were used to determine the independent and com-
bined effects of predictors of enrollment.
Results Of the 2014 children (51.8% male; mean body mass index z-score: 3.42 ± 0.03) referred to multidisci-
plinary clinical care, 757 (37.6%) enrolled in care. Most referred children had severe obesity and were referred by
physicians. Several factors independently predicted enrollment; however, in our most parsimonious multivariable
model, only the time gap (OR, 0.94; 95% CI, 0.88-0.99; P = .03) between the attendance date of the orientation
session and the booking date of initial appointment predicted enrollment for all children. Body mass index z-score
(OR, 0.81; 95% CI, 0.67-0.98; P = .03) and time gap (OR, 0.92; 95% CI, 0.85-0.99; P = .02) predicted enrollment
in children with severe obesity exclusively.
Conclusions Fewer than 40% of referred children enrolled in multidisciplinary clinical care. Reducing the dura-
tion of enrollment and providing additional support for treatment initiation to children with severe obesity may enhance
treatment uptake for pediatric weight management. (J Pediatr 2018;■■:■■-■■).

C ross-sectional data suggest that enrollment in weight management interventions is poor.1 Limited and inconsistent
evidence currently exist on predictors of enrollment in pediatric weight management (PWM). For example, child sex
and weight status, parent education, and family income have been associated with enrollment in some,1,2 but not all,

studies.3-5 Efforts to understand enrollment have primarily focused on research- and community-based settings, which may differ
from interventions delivered in clinical settings. Additionally, not much is known about factors associated with enrollment among
children with severe obesity.

Owing to the range of interventions for PWM, data on specific types of interventions are needed to inform evidence-based
enrollment strategies. Optimizing the use and performance of multidisciplinary
interventions is essential because they are the most resource-intensive therapeu-
tic options for clinicians, families, and health care systems. Shaffer et al have ex-
amined children’s enrollment in multidisciplinary clinical care (MCC),1 which is
delivered in clinical settings by a team of specialists (eg, physician, nurse, psy-
chologist, dietitian) in PWM. However, this US-based study included data from
only 1 clinic and did not examine procedural predictors of enrollment, which may
influence the uptake of health services.6

Thus, our objectives were to characterize the children who were referred to
MCC for PWM in Alberta from April 2013 to April 2016, determine the propor-
tion of referred children who enrolled in care, and examine demographic,
anthropometric, procedural, and contextual factors associated with treatment
enrollment.

AHS Alberta Health Services
BMI Body mass index
MCC Multidisciplinary clinical care
PWM Pediatric weight management
SES Socioeconomic status
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Methods

Participants in this retrospective, cross-sectional study in-
cluded all the children referred (2-17 years of age; body mass
index [BMI] of ≥85th percentile) by physicians or nurse prac-
titioners to 1 of 3 clinics (2 in Edmonton and 1 in Calgary,
Alberta, Canada) between April 2013 and April 2016. All clinics
offered multidisciplinary assessments and interventions for
PWM that were provided at no cost to families by Alberta
Health Services (AHS), the provincial health care system.

Referred families enrolled in MCC for PWM through a mul-
tistep process. After referrals were received and processed cen-
trally within the AHS, families were contacted by telephone
to book an orientation session at their preferred clinic site. Fami-
lies who booked this session, during which they were in-
formed about the services that each clinic offered, may have
chosen not to attend the orientation. Similarly, those who at-
tended an orientation session may not have booked an initial
clinical appointment and those who booked an initial clini-
cal appointment may not have attended their appointment.
Orientation sessions were similar across the 3 clinics; all ses-
sions were offered by clinic staff in group-based settings on a
monthly basis, included similar content, lasted 60-90 minutes,
and provided families with educational resources and infor-
mation regarding the multidisciplinary health services avail-
able for managing pediatric obesity. All families who scheduled
an orientation session and a first clinical appointment re-
ceived a reminder phone call and either one or both were re-
scheduled if they did not attend.

Baseline data, including children’s sex, date of birth, mea-
sured height (in cm), weight (in kg), postal code, referral date,
and type of referral provider, were retrieved from standard-
ized referral forms. Potential predictors of enrollment were
grouped into demographic, anthropometric, procedural, and
contextual factors. Parents’ sociodemographic characteristics
were not available because they were not required fields on the
referral form. Attendance data, including name and postal code
of treatment clinics, booked and attended orientation session
dates, and booked and attended initial appointment dates were
obtained from electronic databases maintained by AHS. All
booking and attendance data were collected up to October 2016,
which allowed us to track the enrollment of all patients re-
ferred up to April 2016. Research ethics and operational ap-
provals were obtained from the Human Research Ethics Board
of the University of Alberta and AHS, respectively.

Using 2011 census data from Statistics Canada and the postal
codes of referred families, a regional version of the depriva-
tion index was used to determine the deprivation status (ma-
terial and social) of their areas of residence.7 Material
deprivation includes factors such as employment, education,
and income whereas social deprivation considers marital status
and family structure. Areas where families resided were clas-
sified in population-weighted quintiles ranging from the least
deprived (first quintile) to the most deprived (fifth quintile).

Children’s BMI z-scores were calculated using World Health
Organization criteria and based on objective measurements of

height and weight.8 Weight status was classified as over-
weight (BMI z-score ≥1 and <2), obese (BMI z-score ≥2 and
<3), or severely obese (BMI z-score ≥3). National health or-
ganizations in Canada recommend applying the World Health
Organization criteria to measure and monitor the growth of
Canadian children.9

The duration of the enrollment process was defined as the
time (in months) between the referral date and the booking
date of the initial clinical appointment; this period included
the intermediate time gap between the attendance data of the
orientation session and the booking date of the initial clini-
cal appointment, which was calculated separately. Residen-
tial postal codes were geocoded using CanMap in ArcGIS
Desktop 10.5 software.10,11 Geocoded postal codes and the
Network Analyst extension were then used to determine the
network distance between families’ residences and the clinic
site where the orientation session was booked.12 Based on the
first 3 digits from families’ postal codes, the geographical areas
in which children lived were classified as either urban (popu-
lation of ≥100 000) or nonurban (population of ≤99 999).13

Using locally derived definitions, seasons were classified as
spring (March to May), summer (June to August), fall (Sep-
tember to November), and winter (December to February) as
surrogates of weather,14 which we identified previously as a per-
ceived barrier to treatment enrollment.15 Season was calcu-
lated based on the date of the orientation session for those who
booked or attended this session and on the date of the initial
clinical appointment for those who booked or attended this
appointment.

Statistical Analyses
The proportion of patients who booked and attended the ori-
entation session and of those who booked and attended their
initial clinical appointment were calculated in relation to the
total number of unique patients referred. Measures of central
tendency and proportions were calculated for continuous and
categorical variables, respectively. We used c2 tests for cat-
egorical variables and independent samples t tests for con-
tinuous variables to compare children who did or did not enroll
in MCC.

Two steps were undertaken to determine the predictors of
enrollment. In step 1, generalized linear mixed models with
binary outcomes and maximum likelihood estimates, were used
to account for the nested data structure (eg, patients within
treatment clinics; likelihood ratio test P < .0001). The inde-
pendent associations between the likelihood of enrollment and
each of the demographic, anthropometric, procedural, and con-
textual factors considered in the study were assessed in bivari-
ate models and adjusted for treatment clinic. In these models,
the effect of age, sex, material and social deprivation, BMI
z-score, geographical area, and type of referral provider were
evaluated for all referred children. The effect of distance and
season variables were evaluated only for those who booked an
orientation session, whereas the duration of enrollment and
time gap between the attendance date of the orientation session
and the booking date of the initial clinical appointment were
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evaluated only for those who booked an initial clinical ap-
pointment. In step 2, those factors that independently pre-
dicted enrollment (at P < .05) in the bivariate models were
entered into generalized linear mixed models adjusted for treat-
ment clinic to examine their combined effect on the likeli-
hood of enrollment. Backward stepwise selection was also used
to develop the most parsimonious model. Descriptive analy-
ses were calculated using SPSS 24.0 (SPSS Inc, Chicago, Illi-
nois) and regression models were generated using SAS v9.4 (SAS
Institute Inc, Cary, North Carolina). Statistical significance was
set at P < .05.

Results

Of the 2014 unique children referred to MCC in Alberta
between April 2013 and April 2016 (Figure), 980 (44.2%) did
not book or attend an orientation session and of the 1124 who
attended an orientation session, 360 (32.6%) did not book or
attend an initial clinical appointment. Overall, only 757 (37.6%)
of the referred children enrolled in treatment.

As shown in Table I, 1922 children (95.4%) were referred
by physicians, 1273 (63.2%) were 2-12 years old, 1056 (53.4%)
met the criteria for severe obesity, and 1643 (81.6%) lived in
urban areas. Similar proportions of boys (51.8%) and girls
(48.2%) were referred and differences between children who
enrolled and those who did not were observed regarding ma-
terial deprivation (P < .001) and geographical area (P < .001).

As shown in Table II, material deprivation was inversely as-
sociated with enrollment. For example, children living in the
most materially deprived areas (fifth quintile) were 216% less
likely to enroll (OR, 2.16; 95% CI, 1.47-3.17; P = .002) than
their peers in the least materially deprived areas (first quintile).
BMI z-score was also inversely associated with enrollment, es-
pecially among children with severe obesity (OR, 0.87; 95%
CI, 0.79-0.97; P = .009). Children with severe obesity were 12.7%
less likely to enroll with every 1.0 unit increase in BMI z-score.
The duration of enrollment was also inversely associated with
enrollment, especially time gap between the attendance date
of the orientation session and the booking date of the initial
appointment (OR, 0.93; 95% CI, 0.88-0.99; P = .02). Specifi-
cally, with each additional month of delay, children were 6.5%
less likely to enroll during this time gap. No other demo-
graphic, procedural, or contextual factors were associated with
enrollment (all P > .05).

All the factors that independently predicted enrollment were
entered into a general multivariable model, which was ad-
justed for clinic. Our analyses revealed collinearity between the
total duration of enrollment and time gap. Total duration of
enrollment was excluded because time gap was more strongly
related to enrollment in our bivariate analyses. Further, this
time gap represents the longest waiting time within the total
duration of enrollment and it is more likely to be influenced
by organizational factors (eg, availability of clinicians) than the
time gap between the referral date and the attendance date of
the orientation session. Material deprivation was also ex-
cluded using backward stepwise selection because it had a high
P value (P = .12) and was an indirect measure of families’ so-
cioeconomic status (SES). Thus, in our most parsimonious
model (Table III, Model 1), time gap emerged as a signifi-
cant predictor of enrollment across all weight categories (OR,
0.94; 95% CI, 0.88-0.99; P = .03); that is, for every 1-month
increase in time gap, there was a corresponding 6% decrease
in the likelihood of enrollment. However, among children with
severe obesity exclusively (stratified analysis), both BMI z-score
(OR, 0.81; 95% CI, 0.67-0.98; P = .03) and time gap (OR, 0.92;
95% CI, 0.85-0.99; P = .02) inversely predicted enrollment
(Table III, Model 2). Specifically, for every 1-unit increase in
BMI z-score and every 1 month increase in time gap, the like-
lihood of enrollment decreased by 19% and 8%, respectively.

Discussion

Our findings were consistent with previous Canadian and US-
based reports that showed most children referred to MCC have
severe obesity.16,17 Thus, poor enrollment in MCC among chil-
dren with overweight and obesity may result from primary care
providers not referring these children to MCC or families

Figure. Referral of children to and enrollment in MCC for PWM
in Alberta, Canada (2013-2016). Note: For consistency, all pro-
portions were calculated based on the total number of chil-
dren referred (n = 2014).
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deciding to not follow through with their referrals. Low re-
ferral levels have been attributed to several factors, including
a lack of weight management services as well as physicians’ lack
of skill to discuss weight-related issues with families and fami-
lies’ lack of awareness or concern about their children’s excess
weight.18-20 Additionally, children may not be referred in a timely
manner,21 which is concerning because the duration of obesity
can lower the likelihood of achieving weight management
success.22

Most children in our study did not enroll in treatment despite
the structured enrollment processes in place in our provin-
cial health care system. Similar and higher proportions of en-
rollment (40%-60%) have been reported by clinical programs
with less structured processes.1,5 Collectively, these findings
suggest that complex enrollment processes may not be supe-
rior to simpler processes, because the latter may decrease the
burden of initiating treatment for PWM and the challenges
of navigating heath care systems. Aveyard et al demonstrated
that a brief (30-second) opportunistic intervention, in which
primary care providers discussed the need for weight man-
agement with adult patients and scheduled their first clinical
appointment for the referred care, was effective at enhancing
enrollment in specialized services for weight management.23

Currently, empirical evidence is needed to design effective en-

rollment processes for children with obesity and their fami-
lies, although short and theoretically informed processes like
the one described herein may hold promise.

Our findings extend previous reports on predictors of en-
rollment in PWM. Similar to Cheng et al, child sex did not
predict enrollment in our study, which may be due to the large
proportions of younger (<12 years old) children in both of our
studies.5 It is plausible that sex differences regarding weight-
related norms are less influential in younger vs older chil-
dren. Consistent with Shaffer et al, our analyses showed that
child age and distance between families’ homes and treat-
ment clinics did not predict enrollment.1 Conversely, we found
that children who lived in areas with higher median incomes
and higher proportions of parental high school completion
(data included in the measurement of material deprivation)
predicted enrollment in our bivariate analyses, but not in the
final multivariable model. This discrepancy may be due to how
SES was measured in each study or to real differences in SES
between the populations under consideration. Research is war-
ranted to examine the relationship between enrollment and
SES factors at individual level.

Although BMI z-score did not remain as a significant pre-
dictor of enrollment across weight categories in our multi-
variable model (Table III; Model 1), this variable predicted

Table I. Comparison between characteristics of enrolled vs not enrolled children referred to MCC

Total* Enrolled Not enrolled P value†

Sex .09
Male 1035 (51.8) 373 (18.7) 662 (33.1)
Female 963 (48.2) 383 (19.2) 580 (29.0)

Age (y) 11.4 ± 0.1 11.5 ± 3.5 11.3 ± 3.7 .41
≤12 1273 (63.2) 485 (24.1) 788 (39.1)
>12 741 (36.8) 272 (13.5) 469 (23.3)

Material deprivation‡ .0003
Q1 318 (16.5) 143 (7.4) 175 (9.1)
Q2 403 (20.9) 162 (8.4) 241 (12.5)
Q3 388 (20.1) 149 (7.7) 239 (12.4)
Q4 377 (19.6) 150 (7.8) 227 (11.8)
Q5 440 (22.8) 130 (6.8) 310 (16.1)

Social deprivation‡ .37
Q1 363 (18.8) 130 (6.8) 233 (12.1)
Q2 360 (18.7) 137 (7.1) 223 (11.6)
Q3 405 (21.0) 166 (8.6) 239 (12.4)
Q4 426 (22.1) 151 (7.8) 275 (14.3)
Q5 372 (19.3) 150 (7.8) 222 (11.5)

Height (cm) 147.4 ± 25.4 149.2 ± 24.1 147.6 ± 24.2 .55
Weight (kg) 70.8 ± 30.5 72.0 ± 29.4 70.3 ± 30.2 .40
BMI (kg/m2) 30.6 ± 8.0 30.7 ± 7.30 30.5 ± 8.3 .60
BMI z-score 3.43 ± 0.03 3.39 ± 1.35 3.45 ± 1.51 .43

Overweight (≥1 and <2) 132 (6.7) 50 (2.5) 82 (4.1)
Obesity (≥2 and <3) 791 (40.0) 281 (14.2) 510 (25.8)
Severe obesity (≥3) 1056 (53.4) 413 (20.9) 643 (32.5)

BMI percentile 99.4 ± 1.6 99.4 ± 1.4 99.4 ± 1.7 .46
Referral providers 1922 (95.4) 720 (35.8) 1202 (59.8) .99

Physicians 88 (4.4) 33 (1.6) 55 (2.7)
Nurse practitioners

Geographical area .002
Urban (population >100 000) 1643 (81.6) 644 (32.0) 999 (49.6)
Nonurban (population ≤99 999) 371 (18.4) 113 (5.6) 258 (12.8)

Values are n (%) or mean ± SD.
*Sample sizes for each variable differed slightly depending on the completeness of referral and enrollment (attendance) data. Denominators of calculated proportions reflect the sample size of
each variable.
†c2 tests and independent samples t tests were used to determine the P values of categorical and continuous variables, respectively.
‡Increasing quartile numbers represent greater levels of deprivation.
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enrollment in the multivariable model that included chil-
dren with severe obesity exclusively (Table III; Model 2). Several
factors may explain this relationship. First, compared with their
leaner counterparts, children with severe obesity are more likely
to experience weight-related comorbidities,24,25 which has been
associated with lower treatment initiation and retention.26,27

Second, parents may give higher priority to other health prob-
lems (eg, type 2 diabetes) or perceive excess weight as a barrier
to making healthy lifestyle changes.27 Third, based on previ-
ous experiences, children (and perhaps families) with severe
obesity may feel less confident in managing weight through
lifestyle changes or avoid repeated failures to achieve success
in weight management. Last, severe obesity is more common
among low-income children compared with their more afflu-
ent counterparts,28 which has been linked with lower

treatment initiation.1,2 Consequently, the subjective and evalu-
ated (eg, by a healthcare provider) need for MCC may not be
enough for referred children with severe obesity to enroll in
treatment because additional health issues and logistic factors
may also act as enrollment barriers.

Our data regarding the inverse relationship between the du-
ration of enrollment and treatment initiation, especially the
time gap between the attendance date of the orientation session
and the booking date of the initial clinical appointment, suggest
that shortening the duration of the enrollment process may
enhance treatment uptake. For instance, one US-based study
found that a shorter wait time between referral to initial clinic
attendance improved the enrollment of families into hospital-
based clinics for managing pediatric obesity.6

Currently, there is insufficient evidence on effective strat-
egies to simplify enrollment processes, including duration. Ad-
ditionally, strategies to decrease wait times need to be tailored
to contextual factors (eg, availability of specialists and allied
health professionals). For example, helping families to sched-
ule their first clinic appointment as part of the referral process
may be feasible and effective in some contexts. However, data
are needed to examine whether this strategy is superior to a
group-based information session in which referred children
and families learn about clinic procedures and available ser-
vices before attending a clinic appointment. Also, it remains
to be elucidated whether the main issue is the duration of
enrollment per se vs how enrollment is structured. Indeed,

Table II. Factors independently associated with the likelihood of enrollment adjusted for clinic

OR* 95% CI P value

Demographics
Sex (boys vs girls; n = 1632) 1.201 (0.779-1.852) .21
Age (y; n = 1642) 1.013 (0.985-1.041) .37
Material deprivation† (n = 1585) – – .01

Q1 vs Q5 2.156 1.467-3.167 .002
Q2 vs Q5 1.814 1.263-2.605 .005
Q3 vs Q5 1.671 1.152-2.422 .013
Q4 vs Q5 1.729 1.194-2.503 .009

Social deprivation† (n = 1585) – – .35
Q1 vs Q5 0.989 0.672-1.454 .95
Q2 vs Q5 0.967 0.662-1.412 .84
Q3 vs Q5 1.156 0.800-1.671 .39
Q4 vs Q5 0.814 0.566-1.172 .23

Anthropometry
BMI z-score (n = 1621) 0.928 (0.863-0.999) .046

BMI z-score; overweight (≥1 and <2) 1.853 (0.425-8.078) .41
BMI z-score; obesity (≥2 and <3) 0.964 (0.564-1.649) .89
BMI z-score; severe obesity (≥3) 0.873 (0.788-0.967) .009

Procedural
Referral providers (physicians vs nurse practitioners; n = 1640) 0.902 (0.311-2.613) .72
Duration of enrollment (mo; n = 771) 0.938 (0.882-0.998) .044
Time gap (mo; n = 771) 0.935 (0.882-0.991) .024

Contextual
Distance (km; n = 1379) 1.001 (0.9996-1.002) .19
Geographical area (urban vs nonurban; n = 1644) 0.750 (0.414-1.360) .17
Season (n = 1642) – – .12

Summer vs fall 1.087 (0.763-1.548) .58
Summer vs winter 1.043 (0.715-1.523) .79
Summer vs spring 1.434 (1.020-2.016) .04

ICA, Initial clinical appointment; OS, orientation session.
*Estimated OR and 95% CI for the likelihood of enrollment from generalized linear mixed models, adjusted for treatment clinic.
†Increasing quartile numbers represent greater levels of deprivation.

Table III. Parsimonious multivariable models of pre-
dictors of the likelihood of enrollment adjusted for clinic

OR 95% CI P value

Model 1 (all weight categories; n = 759)
BMI z-score (units) 0.89 (0.74-1.06) .17
Time gap (mo)* 0.94 (0.88-0.99) .03

Model 2 (severe obesity category only; n = 418)
BMI z-score (units) 0.81 (0.67-0.98) .03
Time gap (mo)* 0.92 (0.85-0.99) .02

*Time period between dates of the orientation session attended and the initial appointment.
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although preclinic orientation sessions can increase the du-
ration of enrollment, attending an orientation session has been
associated with retention in weight management programs.29

Ultimately, identifying best practices and wait time targets
related to patient enrollment in PWM are important to ensure
that families have access to the best available services in a timely
manner.

The lack of an association between enrollment and contex-
tual barriers (eg, season, distance) suggested that the influ-
ence of these barriers on initial attendance might differ from
their influence on continued attendance. For example, some
families may be willing to endure the challenges of attending
an initial appointment, but not for attending repeated
appointments.1 Over time, the cumulative burden of ongoing
appointments for families may explain why contextual barri-
ers are often reported as reasons for leaving care for PWM
prematurely.30 Also, individuals are more likely to act accord-
ing to their subjective as opposed to their objective assess-
ments of barriers and their ability to overcome them. For
example, qualitative evidence shows that misperceiving the in-
fluence of objective barriers (eg, transportation, parking, fi-
nancial costs) can lead families to at least attend their first
clinical appointment.31

Our findings are not without limitations. We were con-
strained by the referral and enrollment data collected by our
provincial health care system, so other possible predictors of
enrollment (eg, parents’ education and treatment motiva-
tion) were either not examined or examined only indirectly.
Additionally, we were unable to assess the proportion of eli-
gible children with excess weight who were not referred because
there were no contemporary, province-level data on the preva-
lence of overweight and obesity; these data would have offered
a more complete view of the recruitment and uptake stages
of the enrollment process.

Decreasing the duration of enrollment and providing ad-
ditional support for enrollment to children with severe obesity
may enhance treatment initiation among children referred to
MCC. Further, support for treatment uptake should be pro-
vided to eligible children, regardless of their age and sex, because
these characteristics may not reliably predict enrollment in
MCC for PWM. ■
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