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The primary objective of this study was to examine the relationships between
vegetarian diet and growth, micronutrient stores, and serum lipids among healthy children.
Secondary objectives included exploring whether cow’s milk consumption or age modified
these relationships.

OBJECTIVES:

abstract

A longitudinal cohort study of children aged 6 months to 8 years who participated in
the TARGet Kids! cohort study. Linear mixed-effect modeling was used to evaluate the
relationships between vegetarian diet and BMI z-score (zBMI), height-for-age z-score, serum
ferritin, 25-hydroxyvitamin D, and serum lipids. Generalized estimating equation modeling
was used to explore weight status categories. Possible effect modification by age and cow’s
milk consumption was examined.

METHODS:

A total of 8907 children, including 248 vegetarian at baseline, participated. Mean age
at baseline was 2.2 years (SD 1.5). There was no evidence of an association between
vegetarian diet and zBMI, height-for-age z-score, serum ferritin, 25-hydroxyvitamin D, or
serum lipids. Children with vegetarian diet had higher odds of underweight (zBMI < 2)
(odds ratio 1.87, 95% confidence interval 1.19 to 2.96; P 5 .007) but no association with
overweight or obesity was found. Cow’s milk consumption was associated with higher
nonhigh-density lipoprotein cholesterol (P 5 .03), total cholesterol (P 5 .04), and low-density
lipoprotein cholesterol (P 5 .02) among children with vegetarian diet. However, children with
and without vegetarian diet who consumed the recommended 2 cups of cow’s milk per day
had similar serum lipids.

RESULTS:

Evidence of clinically meaningful differences in growth or biochemical measures of
nutrition for children with vegetarian diet was not found. However, vegetarian diet was
associated with higher odds of underweight.

CONCLUSIONS:
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WHAT’S KNOWN ON THE SUBJECT: International guidelines
about vegetarian diet in infancy and childhood have differing
recommendations. Studies which have evaluated the
relationship between vegetarian diet and childhood growth
and nutritional status have had conﬂicting ﬁndings.
WHAT THIS STUDY ADDS: In this study, children with
vegetarian diet had similar mean BMI z-score, height-for-age
z-score, serum ferritin, 25-hydroxyvitamin D, and serum lipid
measures. However, vegetarian diet was associated with
higher odds of underweight.
To cite: Elliott LJ, Keown-Stoneman CD.G, Birken CS, et al.
Vegetarian Diet, Growth, and Nutrition in Early Childhood:
A Longitudinal Cohort Study. Pediatrics.
2022;149(6):e2021052598

ARTICLE

Vegetarian diets are becoming
increasingly popular for adults and
children.1–3 The 2007–2010
National Health and Nutrition
Examination Surveys found that
2.1% of American adults followed a
vegetarian diet.4 Vegetarian diet has
been defined as a dietary pattern
that excludes meat, whereas a vegan
diet excludes meat- and animalderived products such as dairy, egg,
and honey.5,6 Recent dietary
guidelines support increasing
consumption of plant-based proteins
and reducing saturated fat intake.7
Although vegetarian diet is
presumed to be healthy for
children,8 few studies have
evaluated the impact of vegetarian
diet on childhood growth and
nutritional status.
A 2017 systematic review of
vegetarian diets for children found
conflicting evidence on growth and
biochemical measures of nutrition.5
The authors concluded that
recommendations could not be
made on the benefits or risks of
present-day vegetarian diets with
respect to the nutritional status of
children.5 Studies which identified
positive growth and nutritional
outcomes involved children from
Seventh-Day Adventist (SDA)
families who may have different
lifestyles than typical North
American families.5,9 The few small
observational studies which
evaluated vegetarian diet in nonSDA children had conflicting
findings.10–15 Limited evidence has
led to differing health professional
guidelines. North American
guidelines suggest well-planned
vegetarian and vegan diets are safe
for people of all ages.6,8 However,
the Canadian Pediatric Society notes
a vegetarian diet can be
nutritionally adequate when milk
and egg products are provided.16
Some European guidelines do not
recommend vegan diet for children
because of the risk of nutrient

insufficiency without appropriate
clinical follow-up, serum monitoring,
and supplement use.17–19 The
2020–2025 Dietary Guidelines for
Americans includes a healthy
vegetarian eating pattern for
children aged 12 to 23 months.
These guidelines also call for
clinician involvement for monitoring
the adequacy of vegetarian diet in
childhood.20
We hypothesized that vegetarian
diet in childhood would be
associated with lower growth, iron
and vitamin D stores because of
lower total caloric intake, lower
heme-iron intake from animal-based
foods, and reduced vitamin D from
fortified cow’s milk. However,
because of lower intake of saturated
fat from animal foods, we also
hypothesized that children with
vegetarian diet would have lower
serum lipids.
The primary objective of this study
was to evaluate the relationship
between vegetarian diet and growth,
including weight status and height
among children aged 6 months to
8 years. Secondary objectives
included evaluating the relationship
between vegetarian diet and iron
stores, vitamin D stores, and serum
lipids. In addition, because of the
commonness of cow’s milk
consumption in childhood and the
heterogeneity of vegetarian diets,
we planned to explore whether
cow’s milk intake or age modified
the associations between vegetarian
diet and BMI z-score (zBMI), heightfor-age z-score (zHeight),
micronutrient stores, and serum
lipids.

METHODS
Setting and Participants
This was a longitudinal cohort study
which involved repeated measures
in children aged 6 months to 8 years
who participated in the TARGet
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Kids! cohort study between 2008
and 2019. TARGet Kids! is a primary
care, practice-based research
network and cohort study in
Toronto, Canada.21 Trained research
assistants recruited children from
13 pediatric or family medicine
clinics during regularly scheduled
health supervision visits. Baseline
demographic information, exposure,
and outcome data were collected by
trained research assistants at health
supervision visits using a
standardized questionnaire.21
Children with health conditions
affecting growth, chronic conditions
(except for asthma), or baseline
developmental impairment were
excluded.

Exposure Variable
The primary exposure was parentreported vegetarian diet (yes/no)
for their child. Similar to the
National Health and Nutrition
Examination Survey in the United
States, vegetarian diet was
determined by response to the
question: “Please specify your child’s
diet.”22,23 Those who checked
“Vegetarian diet” or “Vegan diet”
were classified as vegetarian.
Parents were asked to describe their
child’s diet (vegetarian or
nonvegetarian) at each health
supervision visit.

Outcome Variables
The primary outcome was zBMI.
Secondary outcomes included weight
status category, zHeight, serum
ferritin, 25-hydroxyvitamin D
(25[OH]D), nonhigh-density
lipoprotein (HDL) cholesterol
(calculated as total cholesterol minus
HDL), total cholesterol, low-density
lipoprotein (LDL), HDL, and
triglycerides. Anthropometric
measures were obtained by trained
research assistants during each health
supervision visit. Weight was
measured using a precision digital
scale to 2 decimal places (Seca,
Hamburg, Germany). Height was
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measured using a length board for
participants #2 years and a calibrated
stadiometer for those >2 years (Seca,
Hamburg, Germany). Weight in
kilograms was divided by height in
meters squared to determine BMI.
zBMI and zHeight were calculated on
the basis of World Health Organization
(WHO) growth standards, which are
standardized by child sex and age, and
are believed to represent optimal
growth.24–26 Nonfasting samples were
offered by trained phlebotomists
during each health supervision visit
and sent daily to Mount Sinai Services
laboratory in Toronto
(mountsinaiservices.com). Previous
studies have shown fasting has little
impact on serum lipid tests in
children.27,28 Serum ferritin, 25(OH)D,
and serum lipids were quantified
using a Roche Modular platform
(Roche Diagnostics, http://www.roche.
com/diagnostics). LDL was calculated
using the Friedewald equation.29

Other Variables
Potential confounders were
determined a priori from a
literature review. These included
child age, calendar date, sex, birth
weight,30 breastfeeding duration,30
sugar-containing beverage intake,31
cow’s milk intake, mother’s age at
birth,31 maternal ethnicity (selfreported),31 self-reported family
income,30 maternal BMI,31 maternal
height (for zHeight),32 C-reactive
protein (CRP) (for serum ferritin),33
iron supplementation (for serum
ferritin),6 vitamin D
supplementation (for 25[OH]D),6
and zBMI (for serum ferritin,34
25[OH]D,35 and serum lipids36).
Covariates were collected at each
health care visit, along with
exposure and outcome measures.
Calendar date and child age were
included because children were
recruited over the course of many
years. See Supplemental Information
for measurement details.

Statistical Analysis
Descriptive statistics were obtained
for the primary exposure, outcomes,
and covariates. Baseline was defined
as the first clinic visit after 6 months
of age.
For the primary analysis, linear
mixed-effects modeling was used to
determine the relationship between
vegetarian diet and mean zBMI.37
The model was adjusted for
covariates listed above. Restricted
cubic splines with 5 knots were
chosen a priori to test potential
nonlinear effects.38 Recommended
locations for the 5 knots were used
and include the following quantile
locations of age: 0.05, 0.275, 0.5,
0.725, and 0.95.38 Subject specific
random intercepts were included.
For the secondary analyses, similar
linear mixed-effects models were used
to evaluate the relationship between
vegetarian diet and mean zHeight,
serum ferritin, 25(OH)D, and serum
lipids. Serum ferritin and triglyceride
data were positively skewed and were
log-transformed. The populationaveraged association between
vegetarian diet and weight status
categories, using WHO zBMI cutpoints, was assessed using
multinomial generalized estimating
equation models.39 Mutually exclusive
weight categories were defined as:
underweight (zBMI < 2), normal
weight ( 2 #zBMI #1), overweight
(1<zBMI #2), and obese (zBMI >2).40
WHO cutoffs were chosen to allow for
evaluation of growth continuously
from birth to 8 years of age. Using
established cut-points,41–43
biochemical outcomes were also
evaluated using generalized estimating
equation models.39 Likelihood ratio
tests were used to explore possible
effect-modification by age and cow’s
milk intake in the primary and
secondary analyses. Effect modification
by age was used to examine changes
in growth rate between vegetarians
and nonvegetarians. The interaction
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term was included in the final model if
the likelihood ratio test was P <.30.38
Observations with missing report of
diet type were excluded from the
analysis (54 observations, 0.6%).
Observations with missing
anthropometric or biochemical
outcome measures were excluded
from the analysis (Fig 1). Potentially
implausible zBMI and zHeight
measures were identified and excluded
according to WHO-recommended cutpoints of < 5.0 and >15.0 SD units
and < 6.0 and >16.0 SD units,
respectively.24,44 Observations with
25(OH)D >250 nmol/L were excluded
from analyses involving 25(OH)D.
Observations with CRP >5 mg/L or
a missing CRP measurement were
excluded from analysis involving
serum ferritin because CRP is a
marker of inflammation and serum
ferritin can be falsely elevated in
states of acute inflammation.45 In
addition, observations with serum
ferritin >200 mg/L were removed.45
All covariates had <15% missing data.
For all other variables, multiple
imputation by chained equations on
15 imputed data sets was used and
line parameter estimates were pooled
using Rubin’s Rules (R: mice
package).46,47 The variance inflation
factor was <5 for all covariates.
Statistical analyses were conducted
using R version 3.6.2.48 Parents
provided written consent for their
child. Ethics approval was granted
through the research ethics boards of
the Hospital for Sick Children and St.
Michael’s Hospital.

RESULTS
There were 8907 children, including
248 who were vegetarian at
baseline (25 vegan) and 338 who
ever reported vegetarian diet
between 6 months and 8 years of
age. Sixty-nine percent (6175 of
8907) of participants had 2 or more
measures. Growth measures were
available on 8794 children who
were included in the growth
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FIGURE 1
Flowchart of participants recruited and exclusion criteria.

analysis and venous blood was
obtained on 4673 children who
were included in the biochemical
analysis. The mean age of children
at baseline was 2.2 years (SD 1.5),
and 52.4% were male. Children
were followed for an average of
2.8 years (SD 1.7). Children with
vegetarian diet had longer
breastfeeding duration (12.6 months
[SD 9.5] vs 10.0 months [SD 7.0])
and were more likely to have Asian
ethnicity (33.8% vs 19.0%).
Otherwise, children with and
without vegetarian diet seemed
similar at baseline (Table 1).
Children with and without
laboratory testing also appeared
similar (Supplemental Table 3).
For the primary analysis, there was
no evidence of an association
between vegetarian diet and mean
zBMI (adjusted mean difference
0.01, 95% confidence interval
[CI]: 0.07 to 0.09; P 5 .84) (Table 2).
Additionally, there was no evidence
of effect modification by age
(P 5 .97) or cow’s milk consumption
(P 5 .69) (Supplemental Table 4).
Therefore, we did not find evidence
of differences in mean zBMI or zBMI
growth rates between children with
vegetarian diet and nonvegetarian
diet. From the adjusted multinomial
model, there was evidence that vegetarian diet was associated with
higher odds of underweight (odds

ratio [OR] 1.87, 95% CI: 1.19 to 2.96;
P 5 .007), but there was no evidence
of an association with overweight
(OR 1.13, 95% CI: 0.87 to 1.48; P 5
.36) or obesity (OR 0.69, 95% CI:
0.39 to 1.22; P 5 .20)
(Table 2 and Fig 2) relative to children with normal weight. Exploratory analysis revealed that
underweight children with and without vegetarian diets appeared similar; however, they were younger (2.9
years [SD 2.6] vs 3.8 years [SD 2.5])
and more likely to have Asian ethnicity (29.9% vs 18.0%).
For the secondary analysis, the
adjusted model identified weak
evidence of an association between
vegetarian diet and zHeight
(adjusted mean difference 0.08,
95% CI: 0.17 to 0.001; P 5 .054).
On average, children with vegetarian
diet had 0.8 lower zHeight, which is
equivalent to 0.3 cm for a 3-year-old
child. There was no evidence of an
association between vegetarian diet
and serum ferritin, 25(OH)D, or
serum lipids in the unadjusted or
adjusted models (Table 2).
Likelihood ratio tests provided
evidence that cow’s milk intake
modified the association between
vegetarian diet and serum lipids.
Cow’s milk intake modified the
association between vegetarian diet
and mean non-HDL cholesterol
(P 5 .03), mean total cholesterol
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(P 5 .04), and mean LDL cholesterol
(P 5 .02) (Supplemental Tables 4
and 5). Children with vegetarian diet
who consumed little to no cow’s
milk had lower serum lipids than
children with nonvegetarian diet.
However, children with and without
vegetarian diet who consumed the
recommended 2 cups of cow’s milk
per day had similar serum lipids
(Fig 3).49,50 When evaluated categorically, there was no evidence of an
association between vegetarian diet
and serum ferritin, 25(OH)D, or
serum lipids (Table 2). There was
no evidence of an interaction by age
in any of the models (Supplemental
Table 4).

DISCUSSION
In this longitudinal cohort study,
associations were not identified
between vegetarian and
nonvegetarian diets and child zBMI,
zHeight, serum ferritin, 25(OH)D,
and serum lipids. There was a weak
association between vegetarian diet
and lower mean zHeight. However,
the magnitude was small (0.3 cm for
a 3-year-old child) and unlikely to
be clinically meaningful. When
evaluated categorically, vegetarian
diet was associated with higher
odds of underweight. Cow’s milk
consumption was associated with
higher serum lipids for children
with vegetarian diet; however,
serum lipids among children with
and without vegetarian diet who
consumed the recommended volume
of cow’s milk per day (2 cups) were
similar.49,50
Among SDA populations, positive
growth outcomes among children
with vegetarian diet have been
identified. In a cross-sectional study
of 2272 children (n 5 1090
vegetarian) aged 6 to 17 years,
males with vegetarian diet were, on
average, 1.6 cm taller (P <.01) and
females had 0.43 lower BMI
(P 5 .01) when compared with
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TABLE 1 Participant Baseline Characteristics
Nonvegetarian
(n 5 8659)
Characteristics
Age, y, mean (SD)
Age, y, n (%)
<1
1–2
3–4
>4
Sex, male, n (%)
Birth weight, kg, mean (SD)
Breastfeeding duration, mo, mean (SD)
Daily cow’s milk intake (cups/d), mean (SD)
Sugar sweetened beverage intake (mL/d), n (%)
0
1–249
250–499
500–749
Iron supplement, yes, n (%)
Vitamin D supplement, yes, n (%)
Maternal BMI, mean (SD)
Maternal height, mean (SD)
Maternal age at birth, mean (SD)
Ethnicity, n (%)
European
Asianb
Mixed ethnicity
Other
Family income, CAD $, n (%)
<30 000
30 000–79 999
80 000–49 999
>150 000
Vegan diet, yes, n (%)
zBMI, mean (SD)
zHeight, mean (SD)
Weight status, n (%)
Underweight (zBMI < 2)
Normal ($ 2 zBMI #1)
Overweight (>1 zBMI <2)
Obese (zBMI >2)
Serum ferritin ng/mL, mean (SD)
Median
25(OH)D ng/mL, mean (SD)
Non-HDL cholesterol mg/dL, mean (SD)
Total cholesterol mg/dL, mean (SD)
LDL cholesterol mg/dL, mean (SD)
HDL cholesterol mg/dL, mean (SD)
Triglycerides mg/dL, mean (SD)
Median

2.2 (1.5)

Vegetarian
(n 5 248)
2.3 (1.5)

All participants
(n 5 8907)a
2.2 (1.5)

1757
4119
989
1794
4528
3.3
10.0
1.4

(20.3)
(47.6)
(11.4)
(20.7)
(52.4)
(0.6)
(7.0)
(1.3)

40
125
29
54
137
3.2
12.6
1.2

(16.1)
(50.4)
(11.7)
(21.8)
(55.2)
(0.7)
(9.5)
(1.2)

1797
4244
1018
1848
4665
3.3
10.0
1.4

(20.2)
(47.6)
(11.4)
(20.7)
(52.4)
(0.6)
(7.1)
(1.3)

4253
1233
1255
1210
479
3578
25.0
163.8
33.3

(53.4)
(15.5)
(15.8)
(15.3)
(5.6)
(41.9)
(5.0)
(7.2)
(4.7)

127
33
38
28
26
122
24.0
163.5
32.8

(56.2)
(14.6)
(16.8)
(12.4)
(10.6)
(49.6)
(4.2)
(8.5)
(4.4)

4361
1266
1293
1238
505
3700
25.0
163.8
33.3

(53.5)
(15.5)
(15.8)
(15.2)
(5.8)
(42.1)
(5.0)
(7.3)
(4.7)

4985
1494
471
929

(63.3)
(19.0)
(6.0)
(11.8)

126
77
16
9

(55.3)
(33.8)
(7.0)
(3.9)

5111
1571
487
938

(63.0)
(19.4)
(6.0)
(11.6)

560
1350
2339
3194
0
0.04
0.32

(7.5)
(18.1)
(31.4)
(42.9)
(0)
(1.1)
(1.2)

20
46
88
58
25
0.11
0.18

(9.4)
(21.7)
(41.5)
(27.4)
(10.1)
(1.2)
(1.3)

580
1396
2427
3252
25
0.04
0.31

(7.6)
(18.2)
(31.7)
(42.5)
(0.3)
(1.1)
(1.2)

274
6600
1169
353
32.6
27.0
35.3
108.1
158.3
84.9
50.2
115.0
97.4

(3.3)
(78.6)
(13.9)
(4.2)
(22.9)

15
192
26
8
31.6
26.0
34.9
104.3
154.4
81.1
46.3
115.0
97.4

(6.2)
(79.7)
(10.8)
(3.3)
(20.3)

289
6792
1195
360
32.6
27.0
35.3
108.1
154.4
84.9
50.2
115.0
97.4

(3.3)
(78.6)
(13.8)
(4.2)
(22.8)

(12.4)
(27.0)
(27.0)
(27.0)
(11.6)
(70.8)

(12.2)
(27.0)
(27.0)
(23.2)
(11.6)
(70.8)

(12.4)
(27.0)
(27.0)
(27.0)
(11.6)
(70.8)

To convert mg/dL to SI units (mmol/L), divide results by 38.6 for non-HDL, total cholesterol, LDL, and HDL, and 88.6 for triglycerides. To convert 25(OH)D ng/mL to nmol/L, multiply
by 2.496. One ng/mL serum ferritin is equivalent to 1 mg/L. CAD, Canadian dollars.
a
Includes all cases meeting the inclusion criteria of having a measure of diet. Cases were removed from individual analyses if outcome measure of interest was missing.
b
Asian ethnicity included parent-report of West Asian, South Asian, East Asian, and Southeast Asian.

children with nonvegetarian diet.51
In another cross-sectional study of
1765 children (n 5 870 SDA) aged
7 to 18 years, Sabate et al52 found
those following a vegetarian diet
were, on average, 2.5 and 2.0 cm

taller for males and females,
respectively. Few studies have
evaluated the relationship between
vegetarian diet and childhood
growth and nutrition among nonSDA populations. Consistent with
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the results of the current study, 1
cross-sectional study of 430 children
(n 5 127 vegetarian) aged 1 to
3 years, which also used WHO
z-scores to assess growth, did not
identify associations between
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TABLE 2 Relationship Between Vegetarian Diet, Growth, and Biochemical Measures of Nutrition
Exposure Variable: Vegetarian, yes

Outcome Variablesa,b

Unadjusted
Estimate (95% CI; P)
Continuous outcomes
zBMIc,d
zHeightc,e
25(OH)D (ng/mL)d,f
Non-HDL cholesterol (mg/dL)d,g
Total cholesterol (mg/dL)d,g
LDL (mg/dL)d,g
HDL (mg/dL)d,g
Back transformed results
Triglycerides (mg/dL)d,g,h
Ferritin (ng/mL)d,h,i
Categorical outcomes
Weight status categoriesd
Underweight (< 2)
Overweight (>1–<2)
Obese (>2)
Serum ferritin <14 ng/mLd,i
25(OH)D <20 ng/mLd,f
Non-HDL cholesterol $ 145 mg/dLd,g
Total cholesterol $ 200 md/dLd,g
LDL $ 130 mg/dLd,g
HDL # 40 mg/dLd,g
Triglycerides $ 100 mg/dLd,g

0.01
0.10
0.82
2.70
3.09
2.32
0.39

(
(
(
(
(
(
(

0.09
0.19
2.57
6.56
7.34
5.79
2.70

to
to
to
to
to
to
to

0.07; .79)
0.02; .02)
0.93; .36)
1.16; .15)
0.77; .11)
1.54; .23)
1.16; .47)

Adjusted
Estimate (95% CI; P)
0.01
0.08
1.05
3.09
3.47
2.70
0.77

(
(
(
(
(
(
(

0.07
0.17
2.73
6.95
7.72
6.18
2.70

to
to
to
to
to
to
to

0.09; .84)
0.001; .05)
0.64; .22)
0.77; .10)
0.39; .08)
1.16; .15)
1.16; .46)

0.98 (0.90 to 1.06; .60)
1.02 (0.93 to 1.11; .71)

0.98 (0.91, 1.06; .66)
0.99 (0.91, 1.08; .82)

1.94
1.06
0.68
1.02
1.52
0.46
0.73
0.41
1.38
0.90

1.87
1.13
0.69
1.11
1.45
0.46
0.72
0.40
1.42
0.92

(1.19
(0.82
(0.41
(0.59
(0.87
(0.18
(0.35
(0.13
(0.96
(0.64

to
to
to
to
to
to
to
to
to
to

3.16;
1.37;
1.14;
1.75;
2.66;
1.22;
1.51;
1.31;
2.00;
1.26;

.008)
.65)
.14)
.95)
.14)
.12)
.39)
.13)
.08)
.55)

(1.19
(0.87
(0.39
(0.64
(0.82
(0.17
(0.34
(0.12
(0.98
(0.65

to
to
to
to
to
to
to
to
to
to

2.96;
1.48;
1.22;
1.93;
2.56;
1.23;
1.53;
1.30;
2.05;
1.29;

.007)
.36)
.20)
.72)
.20)
.12)
.39)
.12)
.06)
.63)

To convert mg/dL to SI units (mmol/L), divide results by 38.6 for non-HDL, total cholesterol, LDL and HDL, and 88.6 for
triglycerides. To convert 25(OH)D ng/mL to nmol/L, multiply by 2.496; 1 ng/mL serum ferritin is equivalent to 1 mg/L.
a
Each row shows results from separate models.
b
Time as child age in restricted cubic splines, 5 knots.
c
zBMI and zHeight are reported in z-score units.
d
Adjusted for child age, calendar date (restricted cubic splines, 5 knots), sex, birth weight, breastfeeding duration,
cow’s milk intake, sugar-containing beverage intake, maternal age at birth, maternal ethnicity, maternal BMI, and
self-reported family income. Children with normal weight were considered the reference group.
e
Adjusted for child age, calendar date (restricted cubic splines, 5 knots), sex, birth weight, breastfeeding duration,
cow’s milk intake, sugar-containing beverage intake, maternal age at birth, maternal ethnicity, maternal height, and
self-reported family income.
f
Adjusted for zBMI and vitamin D supplement use.
g
Adjusted for zBMI.
h
Because of log transformations, the effects of these results are multiplicative, and therefore a CI containing 1 indicates no evidence of an association.
I
Adjusted for CRP, zBMI, and iron supplement use.

vegetarian diet and weight-forheight, height-for-age, or weight-forage z-scores.10 Similarly, other
prospective cohort studies found no
association between vegetarian diet
and childhood growth. A study of
2875 children (n 5 29 vegetarian)
found no differences in height,
weight, or BMI among male or
females aged 6 to 11 years.12 A
matched pairs prospective cohort
study which followed 100 children
(n 5 50 vegetarian) aged 7 to
11 years in England for 1 year also
found no association between
vegetarian diet and weight, height,

or BMI.11 However, these studies
had small sample sizes and likely
insufficient power to detect
clinically meaningful differences in
child anthropometric measures,
particularly for weight status
categories.
Since the predominant source of
iron and vitamin D in most
children’s diets is meat and cow’s
milk, respectively,53–55 we
hypothesized that children with
vegetarian diet would have lower
serum ferritin and 25(OH)D, which
we did not find. Several small cross-
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sectional and prospective cohort
studies also did not find associations
between vegetarian diet and serum
ferritin or 25(OH)D.56,57 However,
Thane et al,57 in a cross-sectional
study of 345 children aged 1.5 to
3 years (n 5 11 vegetarian), found
that children with vegetarian diet
had lower serum ferritin relative to
children with nonvegetarian diet. A
Polish study involving 40 children
(n 5 22 vegetarian) aged 2 to
18 years found that children with
vegetarian diet had lower serum
ferritin (9.61 vs 36.1 mg/L, P 5 .01)
and a higher prevalence of iron
deficiency (36.4%, n 5 8 vs 11.1%,
n 5 2, P 5 .02).15 However, these
children were older (up to 18 years)
and the relationship between
vegetarian diet and iron stores may
be more pronounced with longer
duration of exposure.15 In addition,
these studies were conducted in
European countries, which, because of
cultural differences, may have
influenced the dietary pattern of both
vegetarian and nonvegetarian diets.
Our serum lipid finding is consistent
with a cross-sectional study of 42
children (n 5 24 vegetarian) aged 2
to 18 years in Poland, which also
did not find an association.14
However, a Slovakian cross-sectional
study of 52 (n 5 26 vegetarian)
children aged 11 to 14 years found
that those with vegetarian diet had
lower total cholesterol (4.38 [SD
0.08] mmol/L versus 4.96 mmol/L
[SD 0.09], P <.001) and LDL (2.64
mmol/L [SD 0.09] vs 3.07 mmol/L
[SD 0.12], P <.01), but found no
association with HDL or
triglycerides.13 These findings may
indicate that the relationship
between vegetarian diet and serum
lipids is more pronounced in older
children who may have a longer
duration of exposure.
A relationship between cow’s milk
and serum lipids has been previously
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FIGURE 2
Vegetarian diet and growth, micronutrient, and serum lipid measures. zBMI, weight status, serum ferritin, 25(OH)D, and serum lipids models adjusted for
child age, calendar date (restricted cubic splines, 5 knots), sex, birth weight, breastfeeding duration, cow’s milk intake, sugar sweetened beverage intake,
maternal age at birth, maternal ethnicity, maternal BMI, and self-reported family income. Serum ferritin adjusted for CRP, zBMI, and iron supplement use.
25(OH)D adjusted for zBMI and vitamin D supplement use. Serum lipids adjusted for zBMI. zHeight model adjusted for child age, calendar date (restricted
cubic splines, 5 knots), sex, zBMI, birth weight, breastfeeding duration, cow’s milk intake, sugar-containing beverage intake, maternal age at birth, maternal
ethnicity, maternal height, and self-reported family income. Time as child age in restricted cubic splines, 5 knots. Shaded area represents 95% CI.

reported.58 In the current study, we
identified a stronger relationship
between cow’s milk intake and
serum non-HDL cholesterol, total
cholesterol, and LDL-cholesterol
among children with vegetarian diet
than children without vegetarian
diet. It is unclear whether these
differences persist into older
childhood or adulthood. We
speculate that cow’s milk may be
among the main sources of saturated
fat for children with vegetarian diet.
It is unclear what biological
mechanism influences the serum
lipid sensitivity we observed. We
have considered that children with
vegetarian diet who do not consume
cow’s milk may drink a larger

volume of plant-based milks, which
have been identified to have a lipidlowering effect in adults.59 However,
we also found similar serum lipid
measures among vegetarian and
nonvegetarian children consuming
the recommended 2 cups of cow’s
milk per day.49,50
Strengths of this study include a
large, ethnically diverse cohort of
healthy urban children, with 248
children at baseline with vegetarian
diet. Detailed data allowed us to
account for numerous clinically
important potential confounders
with simultaneous measurement of
exposure and outcome measures.
The use of parent-report of
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vegetarian diet is also a strength.
Several studies have identified that
dietary recall alone underestimates
the proportion of people who selfreport vegetarian diet because of
occasional consumption of red meat,
poultry, fish, or dairy.4,10,60–64
Study limitations include potential
reverse causality, where changes in
outcomes, such as poor growth,
could have affected dietary choices.
However, we did not find that the
associations changed over time. In
addition, the participants of this
study were urban children with
health care-seeking parents. These
characteristics may limit
generalizability to families where
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Pairwise comparison of estimated serum lipids for vegetarian diet compared to non-vegetarian diet at
various levels of cow’s milk volume
Serum Lipid Outcome Variablea
Non-HDL Cholesterol
Total Cholesterol
LDL Cholesterol
(mg/dL)
(mg/dL)
(mg/dL)
b
b
Daily Cow’s Milk
Estimated Difference (95% Estimated Difference (95% Estimated Differenceb (95%
Consumption
CI; P value)
CI; P value)
CI; P value)
0 cups
-7.72 (-12.74, -2.70; 0.003) -8.11 (-13.51, -2.70; 0.004) -7.34 (-11.97, -2.32; 0.004)
1 cup
-4.25 (-8.11, -0.77; 0.02)
-4.63 (-8.88, -0.77; 0.02)
-3.86 (-7.72, -0.39; 0.04)
2 cups
-1.16 (-5.41, 3.09; 0.59)
-1.54 (-6.18, 2.70; 0.46)
-0.77 (-4.63, 3.47; 0.77)
3 cups
1.93 (-3.86, 8.11; 0.48)
1.54 (-4.63, 7.72; 0.64)
2.70 (-2.70, 8.11; 0.34)
4 cups
5.41 (-2.70, 13.51; 0.19)
4.63 (-3.86, 16.60; 0.29)
6.18 (-1.54. 13.51; 0.12)
5 cups
8.49 (-1.93, 18.92; 0.11)
7.72 (-3.47, 18.92; 0.17)
9.27 (-0.77, 19.31; 0.07)
aAll models were adjusted for child age, calendar date (restricted cubic splines, 5 knots), sex, zBMI, birthweight, breastfeeding
duration, cow’s milk intake, sugar-containing beverage intake, maternal age at birth, maternal ethnicity, maternal BMI, and
self-reported family income. Not adjusted for multiple comparisons. Time as child age in restricted cubic splines, 5 knots.
bEstimated difference between those with vegetarian diet relative to those without vegetarian diet.
cShaded area represents 95% CI.
To convert mg/dL to SI units (mmol/L) divide results by 38.6.

FIGURE 3
Effect modification by cow’s milk intake of the relationship between vegetarian diet and non-HDL, total, and LDL cholesterol.

the choice of following a vegetarian
diet is motivated by lower income
or reduced access to healthful,
plant-based alternatives. Although

adjustment for numerous potential
confounders was made, detailed
measures of dietary intake and
physical activity were not available.
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In addition, information on parental
dietary intake was not available.
Although adjustment was made for
ethnicity, it is possible that the
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growth standards used may
overestimate underweight in Asian
American populations. Although the
sample size was larger than
previous studies, there were too few
children to conduct meaningful
subgroup analysis for children with
vegan diet type or very young age.
Finally, with an average follow-up
duration of 2.8 years, longer-term
outcomes could not be evaluated.
Although clinical trial data would
help to determine causality, such
trials are unlikely to be possible.
Prospectively collected data from
unselected populations may be the
best available evidence about
vegetarian diets for children. Larger
longitudinal cohort studies with
more detailed measures of dietary
intake and longer duration of
follow-up are needed to fully assess
growth and nutritional outcomes.
Evidence for specific dietary
requirements for children with
vegetarian diet may improve
alignment among health
professional organizations. In
addition, it is important to further
understand motivations for
vegetarian diet, such as income, and
the effect these variables may have
on growth and nutritional status.
Exploration into socioeconomic
status and the influence it may have
on vegetarian dietary patterns and
quality are important next steps.
Lastly, larger longitudinal cohort
studies would allow for the
evaluation of the different types of
vegetarian diet.

CONCLUSIONS
Guidelines currently differ on the
adequacy of vegetarian diet in
childhood. In this study, we did not
find evidence of clinically
meaningful differences in growth or
biochemical measures of nutrition
for children with vegetarian diet.
However, vegetarian diet was
associated with higher odds of

underweight, underscoring the need
for careful dietary planning for
underweight children when
considering vegetarian diets.

ACKNOWLEDGMENTS
We thank all of the participating families for their time and involvement
in TARGet Kids! and are grateful to
all practitioners who are currently
involved in the TARGet Kids! practice-based research network.
The following individuals participated in the TARGet Kids!
Collaboration:
Advisory Committee: Ronald Cohn,
Eddy Lau, Andreas Laupacis, Patricia
C. Parkin, Michael Salter, Peter Szatmari, and Shannon Weir; Science
Review and Management Committees:
Laura N. Anderson, Christine Kowal,
and Dalah Mason; Site Investigators:
Murtala Abdurrahman, Kelly Anderson,
Gordon Arbess, Jillian Baker, Tony
Barozzino, Sylvie Bergeron, Dimple
Bhagat, Gary Bloch, Joey Bonifacio,
Ashna Bowry, Caroline Calpin, Douglas
Campbell, Sohail Cheema, Elaine Cheng,
Brian Chisamore, Evelyn Constantin,
Karoon Danayan, Paul Das, Mary Beth
Derocher, Anh Do, Kathleen Doukas,
Anne Egger, Allison Farber, Amy
Freedman, Sloane Freeman, Sharon
Gazeley, Charlie Guiang, Dan Ha, Curtis
Handford, Laura Hanson, Leah
Harrington, Sheila Jacobson, Lukasz
Jagiello, Gwen Jansz, Paul Kadar,
Florence Kim, Tara Kiran, Holly
Knowles, Bruce Kwok, Sheila Lakhoo,
Margarita Lam-Antoniades, Eddy
Lau, Denis Leduc, Fok-Han Leung,
Alan Li, Patricia Li, Jessica Malach,
Roy Male, Vashti Mascoll, Aleks
Meret, Elise Mok, Rosemary Moodie,
Maya Nader, Katherine Nash, Sharon
Naymark, James Owen, Michael Peer,
Kifi Pena, Marty Perlmutar, Navindra
Persaud, Andrew Pinto, Michelle
Porepa, Vikky Qi, Nasreen Ramji,
Noor Ramji, Danyaal Raza, Alana
Rosenthal, Katherine Rouleau,

52
Downloaded from http://publications.aap.org/pediatrics/article-pdf/149/6/e2021052598/1296094/peds_2021052598.pdf
by guest

Caroline Ruderman, Janet Saunderson,
Vanna Schiralli, Michael Sgro, Hafiz
Shuja, Susan Shepherd, Barbara
Smiltnieks, Cinntha Srikanthan,
Carolyn Taylor, Stephen Treherne,
Suzanne Turner, Fatima Uddin, Meta
van den Heuvel, Joanne Vaughan,
Thea Weisdorf, Sheila Wijayasinghe,
Peter Wong, John Yaremko, Ethel
Ying, Elizabeth Young, and Michael
Zajdman; Research Team: Farnaz
Bazeghi, Vincent Bouchard, Marivic
Bustos, Charmaine Camacho,
Dharma Dalwadi, Christine
Koroshegyi, Tarandeep Malhi,
Sharon Thadani, Julia Thompson,
and Laurie Thompson; Project
Team: Mary Aglipay, Imaan
Bayoumi, Sarah Carsley, Katherine
Cost, Karen Eny, Theresa Kim,
Laura Kinlin, Jessica Omand,
Shelley Vanderhout, and Leigh
Vanderloo; Applied Health Research
Centre: Christopher Allen, Bryan
Boodhoo, Olivia Chan, David W.H.
Dai, Judith Hall, Peter Juni, Gerald
Lebovic, Karen Pope, and Kevin
Thorpe; Mount Sinai Services
Laboratory: Rita Kandel, Michelle
Rodrigues, and Hilde Vandenberghe.
This study was completed as part of
Laura Elliott's Master of Science.
The dissertation has been published
online in the University of Toronto
TSpace Library.

ABBREVIATIONS
25(OH)D: 25-hydroxyvitamin D
CI: confidence interval
CRP: C-reactive protein
HDL: high-density lipoprotein
LDL: low-density lipoprotein
OR: odds ratio
SDA: Seventh-Day Adventist
WHO: World Health Organization
zBMI: BMI z-score
zHeight: height-for-age z-score

ELLIOTT et al

DOI: https://doi.org/10.1542/peds.2021-052598
Accepted for publication Mar 7, 2022
Address correspondence to Jonathon L. Maguire, MD, MSc, FRCPC, St. Michael’s Hospital Pediatric Clinic, 61 Queen St East, 2nd Floor, Toronto, ON M5C 2T2 Canada.
E-mail: jonathon.maguire@utoronto.ca
PEDIATRICS (ISSN Numbers: Print, 0031-4005; Online, 1098-4275).
Copyright © 2022 by the American Academy of Pediatrics
FUNDING: Supported by the Canadian Institutes of Health Research and the St. Michael’s and SickKids Hospital Foundations. The funding agencies had no
role in the design and conduct of the study, the collection, analysis or interpretation of the data, or the preparation and approval of the manuscript.
CONFLICT OF INTEREST DISCLAIMER: Dr Maguire received an unrestricted research grant for a completed investigator-initiated study from Dairy Farmers
of Canada (2011–2012) and D drops provided nonﬁnancial support (vitamin D supplements) for an investigator-initiated study on vitamin D and respiratory
tract infections (2011–2015). Dr Birken received a research grant from the Centre for Addiction and Mental Health Foundation (CAMH 2017–2020). Dr
Jenkins has received research grants from Saskatchewan & Alberta Pulse Growers Associations; the Agricultural Bioproducts Innovation Program through
the Pulse Research Network; the Advanced Foods and Material Network; Loblaw Companies Ltd.; Unilever Canada and Netherlands; Barilla; the Almond Board
of California; Agriculture and Agri-Food Canada; Pulse Canada; Kellogg's Company, Canada; Quaker Oats, Canada; Procter & Gamble Technical Centre Ltd.;
Bayer Consumer Care, Springﬁeld, NJ; Pepsi/Quaker; International Nut & Dried Fruit; Soy Foods Association of North America; the Coca-Cola Company
(investigator initiated, unrestricted grant); Solae; Haine Celestial; the Sanitarium Company; Orafti; the International Tree Nut Council Nutrition Research and
Education Foundation; the Peanut Institute; Soy Nutrition Institute; the Canola and Flax Councils of Canada; the Calorie Control Council; the Canadian
Institutes of Health Research; the Canada Foundation for Innovation; and the Ontario Research Fund. He has received in-kind supplies for trials as a
research support from the Almond board of California, Walnut Council of California, American Peanut Council, Barilla, Unilever, Unico, Primo, Loblaw
Companies, Quaker (Pepsico), Pristine Gourmet, Bunge Limited, Kellogg Canada, and WhiteWave Foods. He has been on the speaker's panel, served on the
scientiﬁc advisory board and/or received travel support and/or honoraria from the Almond Board of California, Canadian Agriculture Policy Institute, Loblaw
Companies Ltd., the Grifﬁn Hospital (for the development of the NuVal scoring system), the Coca-Cola Company, EPICURE, Danone, Diet Quality Photo
Navigation, Better Therapeutics (FareWell), Verywell, True Health Initiative, Heali AI Corp, Institute of Food Technologists, Soy Nutrition Institute, Herbalife
Nutrition Institute, Saskatchewan & Alberta Pulse Growers Associations, Sanitarium Company, Orafti, the American Peanut Council, the International Tree
Nut Council Nutrition Research and Education Foundation, the Peanut Institute, Herbalife International, Paciﬁc Health Laboratories, Nutritional Fundamentals
for Health, Barilla, Metagenics, Bayer Consumer Care, Unilever Canada and Netherlands, Solae, Kellogg, Quaker Oats, Procter & Gamble, Abbott Laboratories,
Dean Foods, the California Strawberry Commission, Haine Celestial, PepsiCo, the Alpro Foundation, Pioneer Hi-Bred International, DuPont Nutrition and
Health, Spherix Consulting and WhiteWave Foods, the Advanced Foods and Material Network, the Canola and Flax Councils of Canada, Agri-Culture and AgriFood Canada, the Canadian Agri-Food Policy Institute, Pulse Canada, the Soy Foods Association of North America, the Nutrition Foundation of Italy, NutraSource Diagnostics, the McDougall Program, the Toronto Knowledge Translation Group (St. Michael's Hospital), the Canadian College of Naturopathic
Medicine, The Hospital for Sick Children, the Canadian Nutrition Society, the American Society of Nutrition, Arizona State University, Paolo Sorbini
Foundation, and the Institute of Nutrition, Metabolism and Diabetes. He received an honorarium from the US Department of Agriculture to present the 2013
W.O. Atwater Memorial Lecture. He received the 2013 Award for Excellence in Research from the International Nut and Dried Fruit Council. He received
funding and travel support from the Canadian Society of Endocrinology and Metabolism to produce mini cases for the Canadian Diabetes Association. He is
a member of the International Carbohydrate Quality Consortium. His wife, Alexandra L. Jenkins, is a director and partner of INQUIS Clinical Research for the
food industry. His two daughters, Wendy Jenkins and Amy Jenkins, have published a vegetarian book, “The Portfolio Diet for Cardiovascular Risk Reduction”
(Academic Press/Elsevier, 2020; ISBN:978-0-12-810510-8), that promotes the use of the foods described here; and his sister, Caroline Brydson, received
funding through a grant from the St. Michael's Hospital Foundation to develop a cookbook for one of his studies. The other authors have indicated they
have no potential conﬂicts of interest to disclose.

REFERENCES
1. Hamburg P. Vegan diet: motives,
approach and duration. Initial results of
a quantitative sociological study.
Ernaehrungs Umschau Int. 2015;62(6):
98–103

the US are vegetarian? Available at:
https://www.vrg.org/nutshell/Polls/
2016_adults_veg.htm. Accessed June
10, 2019
4. Juan W, Yamini S, Britten P. Food intake
patterns of self-identified vegetarians
among the US population, 2007–2010.
Procedia Food Sci. 2015;4:86–93

2. Stahler C, Mangels R. The Vegetarian
Resource Group. 8–18-year-olds: how
many are vegetarian and vegan? Available at: https://www.vrg.org/journal/
vj2014issue4/2014_issue4_poll_results.
php. Accessed June 10, 2019

5. Sch€urmann S, Kersting M, Alexy U.
Vegetarian diets in children: a systematic review. Eur J Nutr. 2017;56(5):
1797–1817

3. Stahler C. The Vegetarian Resource
Group. How often do Americans eat vegetarian meals? And how many adults in

6. Amit M. Vegetarian diets in children
and adolescents. Paediatr Child Health.
2010;15(5):303–314

PEDIATRICS Volume 149, number 6, June 2022
Downloaded from http://publications.aap.org/pediatrics/article-pdf/149/6/e2021052598/1296094/peds_2021052598.pdf
by guest

7. Government of Canada. Canada’s food
guide. Available at: https://food-guide.
canada.ca/en/. Accessed May 31, 2019
8. Melina V, Craig W, Levin S. Position of
the Academy of Nutrition and Dietetics:
vegetarian diets. J Acad Nutr Diet.
2016;116(12):1970–1980
9. Butler TL, Fraser GE, Beeson WL, et al.
Cohort profile: the Adventist Health
Study-2 (AHS-2). Int J Epidemiol. 2008;
37(2):260–265
10. Weder S, Hoffmann M, Becker K, Alexy
U, Keller M. Energy, macronutrient
intake, and anthropometrics of vegetarian, vegan, and omnivorous children

53

(1–3 years) in Germany (VeChi Diet
Study). Nutrients. 2019;11(4):832
11. Nathan I, Hackett AF, Kirby S. A longitudinal study of the growth of matched
pairs of vegetarian and omnivorous
children, aged 7-11 years, in the
northwest of England. Eur J Clin Nutr.
1997;51(1):20–25
12. Hebbelinck M, Clarys P, De Malsche A.
Growth, development, and physical fitness of Flemish vegetarian children,
adolescents, and young adults. Am J
Clin Nutr. 1999;70(3 Suppl):579S–585S
13. Krajcovicova-Kudlackova M, Simoncic R,
Bederova A, Grancicova E, Magalova T.
Influence of vegetarian and mixed nutrition on selected haematological and
biochemical parameters in children.
Nahrung. 1997;41(5):311–314
14. Gorczyca D, Pasciak M, Szponar B,
Gamian A, Jankowski A. An impact of
the diet on serum fatty acid and lipid
profiles in Polish vegetarian children
and children with allergy. Eur J Clin
Nutr. 2011;65(2):191–195
15. Gorczyca D, Prescha A, Szeremeta K,
Jankowski A. Iron status and dietary
iron intake of vegetarian children from
Poland. Ann Nutr Metab. 2013;62(4):
291–297
16. Health Canada, Canadian Paediatric
Society; Dietitians of Canada; Breastfeeding Committee for Canada. Nutrition for healthy term infants:
recommendations from six to 24
months. Available at: https://www.
canada.ca/en/health-canada/services/
canada-food-guide/resources/infantfeeding/nutrition-healthy-term-infantsrecommendations-birth-six-months/
6-24-months.html. Accessed October 2,
2019
17. Richter M, Boeing H, Gr€unewald-Funk D,
et al. Vegan diet: position of the German Nutrition Society (DGE). Ernaehrungs Umschau Int. 2016;63(4):92–102
18. Academie Royale De Medecine De
Belgique. Le Veganisme Proscit Pour
Les Enfants. Brussels, Belgium: Femmes
Enceintes et Allaitantes; 2019
19. Redecilla Ferreiro S, Morais Lopez A,
Moreno Villares JM, et al. Recomendaciones del Comite de Nutricion y Lactancia Materna de la Asociacion
Espa~nola de Pediatrıa sobre las dietas
vegetarianas. [Position paper on

vegetarian diets in infants and children.
Committee on Nutrition and Breastfeeding of the Spanish Paediatric Association.] An Pediatr (Eng Ed). 2020; 92(5):
306.e1–306.e6
20. U.S. Department of Agriculture; U.S.
Department of Health and Human Services. Dietary Guidelines for Americans,
2020–2025. Available at: https://
www.dietaryguidelines.gov/. Accessed
April 23, 2020
21. Carsley S, Borkhoff CM, Maguire JL,
et al. TARGet Kids! Collaboration. Cohort
profile: The Applied Research Group for
Kids (TARGet Kids!). Int J Epidemiol.
2015;44(3):776–788
22. Centre for Disease and Control Prevention. National health and nutrition
examination survey. 2009-2010 data documentation, codebook, and frequencies:
data behaviour & nutrition (DBQ_F).
Available at: https://wwwn.cdc.gov/
Nchs/Nhanes/2009-2010/DBQ_F.htm.
Accessed April 23, 2020
23. Public Health England. National Diet and
Nutrition Survey (NDNS) P3125 Year 5
Program Documentation Interviewer
Schedule. Available at: http://doc.
ukdataservice.ac.uk/doc/6533/mrdoc/pdf/
6533_ndns_yr5_interviewing_documents.
pdf. Accessed April 23, 2020
24. World Health Organization. WHO child
growth standards: length/height-forage, weight-for-age, weight-for-length,
weight -for-height and body mass
index-for-age: Methods and Development. Available at: https://apps.who.int/
iris/handle/10665/43413. Accessed April
23, 2020
25. Secker D. Dietitians of Canada; Canadian Paediatric Society; College of Family Physicians of Canada; Community
Health Nurses of Canada. Promoting
optimal monitoring of child growth in
Canada: using the new WHO growth
charts. Can J Diet Pract Res. 2010;
71(1):e1–e3
26. de Onis M, Onyango AW, Borghi E, Siyam
A, Nishida C, Siekmann J. Development
of a WHO growth reference for schoolaged children and adolescents. Bull
World Health Organ. 2007;85(9):660–667
27. Steiner MJ, Skinner AC, Perrin EM. Fasting might not be necessary before lipid
screening: a nationally representative

54
Downloaded from http://publications.aap.org/pediatrics/article-pdf/149/6/e2021052598/1296094/peds_2021052598.pdf
by guest

cross-sectional study. Pediatrics. 2011;
128(3):463–470
28. Anderson LN, Maguire JL, Lebovic G,
et al; Applied Research Group for Kids!
(TARGet Kids!) Collaboration. Duration
of fasting, serum lipids, and metabolic
profile in early childhood. J Pediatr.
2017;180:47–52.e1
29. Friedewald WT, Levy RI, Fredrickson DS.
Estimation of the concentration of lowdensity lipoprotein cholesterol in
plasma, without use of the preparative
ultracentrifuge. Clin Chem. 1972;18(6):
499–502
30. Brophy S, Cooksey R, Gravenor MB,
et al. Risk factors for childhood obesity
at age 5: analysis of the millennium
cohort study. BMC Public Health. 2009;
9:467
31. Flores G, Lin H. Factors predicting
severe childhood obesity in kindergarteners. Int J Obes. 2013;37(1):31–39
32. Botton J, Heude B, Maccario J, et al.
FLVS study group. Parental body size
and early weight and height growth
velocities in their offspring. Early Hum
Dev. 2010;86(7):445–450
33. Baker RD, Greer FR. Committee on
Nutrition American Academy of Pediatrics. Diagnosis and prevention of iron
deficiency and iron-deficiency anemia
in infants and young children (0-3 years
of age). Pediatrics.
2010;126(5):1040–1050
34. Sypes EE, Parkin PC, Birken CS, et al.
TARGet Kids! Collaboration. Higher body
mass index is associated with iron deficiency in children 1 to 3 years of age.
J Pediatr. 2019;207:198–204.e1
35. Turer CB, Lin H, Flores G. Prevalence of
vitamin D deficiency among overweight
and obese US children. Pediatrics.
2013;131(1):e152–e161
36. Dai S, Yang Q, Yuan K, et al. Non-highdensity lipoprotein cholesterol: distribution and prevalence of high serum levels in children and adolescents: United
States National Health and Nutrition
Examination Surveys, 2005-2010.
J Pediatr. 2014;164(2):247–253
37. Bates D, Maechler M, Bolker B, Walker
S. Fitting linear mixed-effects models
using lme4. J Stat Softw. 2015;67(1):1–48
38. Harrell FE. Regression Modeling Strategies with Applications to Linear Models,

ELLIOTT et al

Logistic and Ordinal Regression and
Survival Analysis, 2nd Edition. New
York: Springer; 2015.
39. Touloumis A. R package multgee: a generalized estimating equations solver for
multinomial responses. J Stat Softw.
2015;64(8):1–14
40. WHO Multicentre Growth Reference
Study Group. WHO child growth standards based on length/height, weight
and age. Acta Paediatr Suppl. 2006;
450:76–85
41. Ross AC, Manson JE, Abrams SA, et al.
The 2011 report on dietary reference
intakes for calcium and vitamin D from
the Institute of Medicine: what clinicians need to know. J Clin Endocrinol
Metab. 2011;96(1):53–58 10.1210/
jc.2010-2704
42. Expert Panel on Integrated Guidelines
for Cardiovascular Health and Risk
Reduction in Children and Adolescents;
National Heart, Lung, and Blood Institute. Expert panel on integrated guidelines for cardiovascular health and risk
reduction in children and adolescents:
summary report. Pediatrics. 2011;
128(Suppl 5):S213–S256
43. Cogswell ME, Looker AC, Pfeiffer CM,
et al. Assessment of iron deficiency in
US preschool children and nonpregnant
females of childbearing age: National
Health and Nutrition Examination Survey 2003–2006. Am J Clin Nutr.
2009;89(5):1334–1342
44. World Health Organization. Physical Status: The Use and Interpretation of
Anthropometry. Geneva, Switzerland:
WHO Technical Report Series; 1995
45. Namaste SM, Rohner F, Huang J, et al.
Adjusting ferritin concentrations for
inflammation: Biomarkers Reflecting
Inflammation and Nutritional Determinants of Anemia (BRINDA) project. Am
J Clin Nutr. 2017;106(Suppl 1):359S–371S
46. van Buuren S, Groothuis-Oudshoorn
K. Mice: multivariate imputation by

chained equations in R. J Stat Softw.
2011;45(3):1–67
47. Rubin DB. Multiple Imputation for Nonresponsive Surveys. New York: Wiley;
1987

56. Taylor A, Redworth EW, Morgan JB.
Influence of diet on iron, copper, and
zinc status in children under 24 months
of age. Biol Trace Elem Res.
2004;97(3):197–214

48. R Core Team. R: A Language and Environment for Statistical Computing. R
Foundation for Statistical Computing.
Available at http://www.r-project.org/.
Accessed April 23, 2019

57. Thane CW, Bates CJ. Dietary intakes
and nutrient status of vegetarian preschool children from a British national
survey. J Hum Nutr Diet. 2000;13(3):
149–162

49. Lott M, Callahan E, Welker Duffy E, Story
M, Daniels S. Healthy Beverage Consumption in Early Childhood Recommendations from Key National Health
and Nutrition Organizations. Durham,
NC: Healthy Eating Research; 2019

58. Wong VCH, Maguire JL, Omand JA, et al;
TARGet Kids! Collaboration. A positive
association between dietary intake of
higher cow’s milk-fat percentage and
non high-density lipoprotein cholesterol in young children. J Pediatr.
2019;211:105–111.e2

50. Critch JN; Canadian Paediatric Society;
Nutrition and Gastroenterology Committee. Nutrition for healthy term infants,
six to 24 months: an overview. Paediatr
Child Health. 2014;19(10):547–552
51. Sabate J, Lindsted KD, Harris RD,
Johnston PK. Anthropometric parameters of schoolchildren with different
lifestyles. Am J Dis Child. 1990;
144(10):1159–1163
52. Sabate J, Lindsted KD, Harris RD,
Sanchez A. Attained height of lacto-ovo
vegetarian children and adolescents.
Eur J Clin Nutr. 1991;45(1):51–58
53. Health Canada. Vitamin D and calcium:
updated dietary reference intakes.
Available at: https://www.canada.ca/en/
health-canada/services/food-nutrition/
healthy-eating/vitamins-minerals/
vitamin-calcium-updated-dietaryreference-intakes-nutrition.html.
Accessed January 6, 2020
54. Li D. Chemistry behind vegetarianism.
J Agric Food Chem. 2011;59(3):777–784
55. Gibson RS, Heath A-LM, Szymlek-Gay
EA. Is iron and zinc nutrition a concern for vegetarian infants and young
children in industrialized countries?
Am J Clin Nutr. 2014;100(Suppl 1):
459S–468S

PEDIATRICS Volume 149, number 6, June 2022
Downloaded from http://publications.aap.org/pediatrics/article-pdf/149/6/e2021052598/1296094/peds_2021052598.pdf
by guest

59. Jenkins DJA, Blanco Mejia S, Chiavaroli
L, et al. Cumulative meta-analysis of the
soy effect over time. J Am Heart Assoc.
2019;8(13):e012458
60. Health Canada. Reference Guide to Understanding and Using the Data 2015 Canadian Community Health Survey–Nutrition.
Health Canada: Ottawa; 2017
61. Vinnari M, Montonen J, H€ark€anen T,
M€annist€o S. Identifying vegetarians and
their food consumption according to
self-identification and operationalized
definition in Finland. Public Health Nutr.
2009;12(4):481–488
62. White RF, Seymour J, Frank E. Vegetarianism among US women physicians. J Am Diet Assoc.
1999;99(5):595–598
63. Bedford JL, Barr SI. Diets and selected
lifestyle practices of self-defined adult
vegetarians from a population-based
sample suggest they are more ‘health
conscious’. Int J Behav Nutr Phys Act.
2005;2(1):4
64. Haddad EH, Tanzman JS. What do vegetarians in the United States eat? Am
J Clin Nutr. 2003;78(3 Suppl):
626S–632S

55

