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A Positive Association Between Dietary Intake of Higher Cow's
Milk-Fat Percentage and Non�High-Density Lipoprotein Cholesterol

in Young Children
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Objectives To determine the association between cow’s milk-fat and non�high-density lipoprotein (non-HDL)
cholesterol, a marker of cardiovascular disease (CVD) risk in young children, and whether this association is medi-
ated by the typical volume of cow’s milk consumed.
Study design A longitudinal study in 2- to 8-year-old children (n = 2890) was conducted through The Applied
Research Group for Kids (TARGet Kids!), a practice-based research network in Toronto, Canada. Generalized esti-
mating equations were used to examine the relationship between parent-reported cow’s milk-fat percentage intake
and serum non-HDL cholesterol concentrations aswell as having high non-HDL cholesterol (³3.75mmol/L [145mg/
dL]), adjusting for covariates including age, sex, body mass index z score, breastfeeding duration, mother’s
ethnicity, and parental history of CVD. Bootstrap resampling (10 000 repetitions) was used to assesswhether typical
volume consumed mediated the association between cow’s milk-fat percentage and non-HDL cholesterol.
Results In total, 156 (5.4%) had high non-HDL cholesterol. Each percent increase in cow’s milk-fat was associ-
ated with a 0.035 mmol/L (1.35 mg/dL) (P < .001) and 0.024 mmol/L (0.92 mg/dL) (P = .01) increase in non-HDL
cholesterol, unadjusted and adjusted for covariates respectively. Cow’s milk-fat percentage was not associated
with greater odds of having high non-HDL cholesterol. Volume of cow’s milk partially mediated the association be-
tween cow’s milk-fat percentage and non-HDL cholesterol, accounting for 28% of the relationship (P < .001).
Conclusions Consumption of higher-fat cow’s milk was associated with a small increase in non-HDL cholesterol
but not greater odds of having high non-HDL cholesterol. Further research is needed to assess this relationship with
other CVD risk factors in young children. (J Pediatr 2019;211:105-11).
Trial registration ClinicalTrials.gov: NCT01869530.

S
erum lipid levels during childhood have been identified as risk factors for cardiovascular disease (CVD). Specifically,
non�high-density lipoprotein (non-HDL) cholesterol levels during childhood are associated with premature athero-
sclerosis and also track into adulthood.1-3 Dietary patterns and feeding behaviors during childhood have been shown to

be associated with both markers of subclinical atherosclerosis and serum cholesterol.4,5

Cow’s milk is a prominent component of the diet during early childhood.6 According to the National Health and Nutrition
Examination Survey and Canadian Community Health Survey, greater than 70% of young children consume cow’s milk in the
US and Canada.7,8 Cow’s milk contains nutrients such as protein, calcium, and vitamin D that promote the growth of children,
and milk avoidance has been associated with short stature and poor bone health.9 The energy density and dietary saturated fat
content of whole cow’s milk may be of concern, as previous research suggests that saturated fat may contribute to CVD and
From the 1Department of Nutritional Sciences, University
of Toronto; 2Child Health Evaluative Sciences, Peter
Gilgan Centre for Research and Learning, Hospital for
Sick Children Research Institute; 3Institute of Health
Policy Management and Evaluation, University of
Toronto; 4Department of Paediatrics and 5Division of
Paediatric Medicine and the Paediatric Outcomes
Research Team, Hospital for Sick Children; 6Department
of Paediatrics, and 7Li Ka Shing Knowledge Institute, St
Michael’s Hospital, Toronto, Ontario, Canada

*List of additional members of the TARGet Kids!
obesity by the elevation of low-density lipoprotein (LDL) cholesterol and
increased caloric intake, respectively.10,11

The American Academy of Pediatrics endorses dietary recommendations from
the American Heart Association that reflect these concerns,12 advising lower-fat
cow’s milk over whole milk for children 2 years of age or older. However, we pre-
viously found that consuming higher-fat cow’s milk was associated with a
reduced body mass index (BMI) z score in children aged 1-3 years after we
adjusted for potential confounders, with similar findings in other prospective
and longitudinal studies on adiposity in children.13-16 Furthermore, recent
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epidemiologic studies in adults have demonstrated that
increased dairy intake was associated with lower CVD risk
and saturated fat intake may not be associated with CVD
and mortality.17,18

The contribution of cow’s milk-fat intake to the cardiovas-
cular health, including cholesterol levels, of young children re-
mains unknown; some studies suggest that consuming a
greater volume of cow’s milk is associated with improved car-
diometabolic outcomes in preadolescents and adolescents, but
these studies did not consider themilk-fat content.19,20 There-
fore, the primary objective of this study was to determine the
association between cow’s milk-fat percentage and serum
non-HDL cholesterol in young children. The secondary objec-
tive was to determine whether the association between cow’s
milk-fat percentage and non-HDL cholesterol is mediated
by the typical volume of cow’s milk consumed.
Methods

The present longitudinal study included children enrolled in
an on-going cohort study conducted through TARGet Kids!
(The Applied Research Group for Kids), a primary care,
practice-based research network in Toronto, Canada (www.
targetkids.ca). Data were collected annually on children
aged 2-8 years when they attended well-child visits at primary
care practices participating in TARGet Kids! between
December 2008 and July 2016. Children with health condi-
tions affecting growth, severe development delay, and fam-
ilies unable to communicate in English were excluded from
the study. Complete details of this cohort have been previ-
ously described.21 Consent was obtained from parents, and
ethical approval was granted from the Research Ethics Boards
at The Hospital for Sick Children and St. Michael’s Hospital.

The primary exposure variable for this study was cow’s
milk-fat percentage, defined as the fat percentage of cow’s
milk the parent reported that the child typically consumed.
The volume of milk was determined using the parent’s
response to the following statement for each of the following
beverages including skim, 1%, 2%, and whole cow’s milk
(3.25%) from the TARGet Kids! Nutrition and Health Ques-
tionnaire: “Circle how many cups of each drink your child
has currently in a typical day, if none then circle 0.” If the
child consumedmore than one type of cow’s milk, a weighted
average of the different types was calculated.

The primary outcome variable, non-HDL cholesterol, was
calculated by subtracting HDL cholesterol from total choles-
terol. Nonfasting blood samples were collected by pediatric
phlebotomists in the primary care offices at the time of the
child’s scheduled visit. Specimens were transported on ice
and analyzed daily by Mount Sinai Services (Toronto,
Canada). HDL and total cholesterol were measured using
enzymatic colorimetric on the Roche Modular Platform
(www.mountsinaiservices.com). Nonfasting values of non-
HDL cholesterol have been shown to be a valid measure of
cardiometabolic risk, reliable in children, and recommended
by the US National Heart, Lung, and Blood Institute as a
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lipid-screening tool.22-24 High-risk cut points used for this
study were based on the US National Heart, Lung, and Blood
Institute Expert Panel on Integrated Guidelines for
Cardiovascular Health and Risk Reduction in Children and
Adolescents.24

Covariates were identified a priori based on a review of the
literature and included child’s age, sex, BMI z score, daily free
play, total breastfeeding duration, mother’s ethnicity, self-
reported family income, and self-reported parental history of
CVD (diabetes, heart disease, hypertension, stroke, and high
cholesterol).25-27 Maternal ethnicity was collected using a
geographically based ethnicity question, using questions from
the Canadian Census.28 Daily free play was measured by the
question, “On a typical weekday, how much time does your
child spend outside in ‘unstructured free play’?” Total breast-
feeding duration was determined by the response to the ques-
tion, “For how long has your child been breastfed?”29 Height
and weight were measured by trained research staff using stan-
dardized methods.30 Weight was measured using a digital scale
(SECA, Hamburg, Germany); standing height was measured
using a stadiometer (SECA). Children’s BMI was calculated as
theweight in kilogramsdivided by the height inmeters squared.
BMI z scores were based onWorldHealthOrganization growth
standards for children younger than 5 years and World Health
Organization growth references for children 5 years or older,
which represent optimal growth for children and are
recommended for use in these age groups in Canada.31,32

Descriptive statistics were performed to describe exposure,
outcomes, and covariates for children’s initial visit.
Continuous variables were expressed as mean � SD;
categorical variables were expressed as frequencies and
percent. For the primary analysis, the independent
association between cow’s milk-fat percentage and non-HDL
cholesterolwas determinedusing generalized estimating equa-
tions with an exchangeable correlation structure, which takes
into account potential correlation within subjects with
repeated measures.33 The generalized estimating equation
model was adjusted for potential confounding variables
including age, sex, BMI z score, daily free play, total breastfeed-
ing duration, mother’s ethnicity, self-reported family income,
and self-reported family history of CVD. A sensitivity analysis
was performed without BMI z scores in the model and yielded
similar results (data available on request). The exposure and
outcome measures of cow’s milk-fat intake and non-HDL
cholesterol, respectively, were analyzed as continuous vari-
ables. Non-HDL cholesterol also was dichotomized using a
“high” concentration of ³3.75 mmol/L (145 mg/dL), as pub-
lished,24 and analyzed as a categorical variable. Multicollinear-
ity was assessed using variance inflation factor, which
remained under 2 for all covariates.34 Missing data were
believed to be unrelated to the respective covariates and
assumed tobemissing at random.35Therefore,multiple impu-
tation using chained equations was performed for covariates.
Analyses for 30 datasets were pooled together to give an overall
estimate with SEs, CIs, and P values.36

For the secondary analysis, we explored whether typical
volume of cow’s milk consumed mediated the relationship
Wong et al
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Children who consented to 
participate
n = 7788

Children with complete 
data on exposure

n = 2890

Children with blood samples
n = 4269

Children with visits during 
ages 2-8
n = 3100

Figure 1. Participant flowchart.
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between cow’s milk-fat percentage and non-HDL cholesterol.
Bootstrap resampling (10 000 repetitions) was used to esti-
mate the regression coefficients and 95% CIs for the models
used in the mediation analysis.37 Results were considered sta-
tistically significant at P < 0.05. All statistical analyses were
performed using R version 3.4.0 (R Foundation for Statistical
Computing, Vienna, Austria).

Results

Of the 7788 children whose parents consented to their partic-
ipation in TARGet Kids!, 2890 children had blood samples
collected, visits during 2-8 years of age, and parent-
reported milk-fat percentage and volume of cow’s milk
consumed (Figure 1). Baseline characteristics for the study
population are summarized in Table I. Baseline
characteristics of those with and without blood samples
(excluded) are summarized in Table II (available at www.
jpeds.com). Children with blood samples collected visually
appeared clinically similar to those without blood samples.
In total, 32% (n = 930) of the participants had repeated
measures with a total of 4296 observations included for
analysis; 586 provided data from 2 visits, 239 from 3 visits,
and 105 from 4 or more visits.

In the unadjusted analysis, there was a statistically significa-
tion association between higher cow’s milk-fat percentage and
greater non-HDL cholesterol (Table III); each 1% increase in
cow’s milk-fat was associated with an increase of 0.035 mmol/
L (95% CI 0.016-0.054; P < .001) (1.35 mg/dL [95% CI 0.62-
2.08]) in non-HDL cholesterol. After we adjusted for
covariates, each 1% increase in cow’s milk-fat percentage was
associated with a 0.024 mmol/L (95% CI 0.005-0.044; P = .01)
(0.93 mg/dL [95% CI 0.19-1.70]) increase in non-HDL
cholesterol. When analyzing non-HDL cholesterol as a
dichotomized variable (above or below 3.75 mmol/L [145 mg/
dL]), we found that cow’s milk-fat was not associated with
increased odds of having high non-HDL cholesterol (OR 1.04,
95% CI 0.89-1.21; P = .16). In a post-hoc analysis, we
examined the association between cow’s milk-fat percentage
and having borderline high non-HDL cholesterol
(³3.10 mmol/L [120 mg/dL]) and found that cow’s milk-fat
percentage was associated with increased odds (OR 1.12, 95%
CI 1.03-1.21; P = .03) of having above borderline high non-
HDL cholesterol.

In the mediation analysis (Figure 2), each 1% increase in
cow’s milk fat was associated with 0.38 cup/day increase in
typical volume of cow’s milk consumed (model a). Each
one cup/day increase in cow’s milk consumption was
associated with a 0.026 mmol/L (1.00 mg/dL) increase in
non-HDL cholesterol (model b). When adjusted for typical
volume of cow’s milk consumed, cow’s milk-fat remained
positively associated with non-HDL cholesterol (model c0;
0.025 mmol/L [0.96 mg/dL] increase per 1% cow’s milk-fat;
95% CI 0.003-0.017 mmol/L [0.12-0.66 mg/dL]). Volume
of cow’s milk consumed partially mediated the association
between cow’s milk-fat and non-HDL cholesterol,
accounting for 28% of the relationship.
A Positive Association Between Dietary Intake of Higher Cow’s M
Non�High-Density Lipoprotein Cholesterol in Young Children
Discussion

Our study identified that consumption of higher-fat cow’s
milk was associated with a small increase in non-HDL choles-
terol levels among 2- to 8-year-old healthy children. The
typical volume of cow’s milk consumed partially mediated
this association. However, higher cow’s milk-fat percentage
was not associated with greater odds of incident high
non-HDL cholesterol, using the published cut-off of
3.75 mmol/L (145 mg/dL).
The positive association between cow’s milk-fat percentage

and non-HDL cholesterol supports findings from other pub-
lished studies that have shown modifications in dietary fat
intake is associated with changes in serum cholesterol levels
in children.38-40 In the Special Turku Coronary Risk Factor
Invention Project (STRIP) trial, non-HDL cholesterol levels
were 0.32 mmol/L (12.4 mg/dL) lower in 5-year-old boys
ilk-Fat Percentage and 107
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Table I. Baseline characteristics of study participants

Baseline characteristics

Whole-fat cow’s
milk (3.25%)
(n = 754)

Lower-fat cow’s
milk (2%, 1%, skim)

(n = 1856)
Non-cow’s milk

(n = 280)
All participants
(n = 2890)

Age, mo, mean (SD) 39.2 (17.0) 48.8 (18.5) 45.6 (19.9) 46.0 (18.7)
Male, n (%) 413 (54.8) 976 (52.6) 141 (50.4) 1530 (52.9)
Female, n (%) 341 (45.2) 880 (47.4) 139 (49.6) 1360 (47.1)
BMI z score, mean (SD) 0.08 (1.06) 0.37 (1.06) 0.12 (1.17) 0.27 (1.08)
Missing, n (%) 4 (0.5) 39 (2.1) 21 (7.5) 74 (2.6)

Maternal ethnicity, n (%)
European 380 (50.3) 1180 (63.6) 143 (51.1) 1703 (58.9)
East Asian 56 (7.4) 112 (6.0) 18 (6.4) 186 (6.4)
South Asian 93 (12.3) 100 (5.4) 22 (7.9) 215 (7.4)
Southeast Asian 35 (4.6) 61 (3.3) 6 (2.1) 102 (3.5)
Arab 21(2.8) 24 (1.3) 3 (1.1) 48 (1.7)
African 42 (5.6) 67 (3.6) 18 (6.4) 127 (4.4)
Latin American 24 (3.2) 61 (3.3) 6 (2.1) 91 (3.1)
Mixed ethnicity 36 (4.8) 87 (4.7) 25 (8.9) 148 (5.1)
Other 1 (0.1) 8 (0.4) 0 (0) 9 (0.3)
Missing 66 (8.7) 156 (8.4) 39 (14.0) 261 (9.0)

Family income, n (%)
Less than $79 999 162 (21.5) 325 (17.5) 68 (24.3) 555 (19.2)
$80 000-$150 000 201 (26.6) 467 (25.2) 66 (23.6) 734 (25.4)
More than $150 000 235 (31.2) 709 (38.2) 109 (38.9) 1053 (36.4)
Missing 156 (20.7) 355 (19.1) 37 (13.2) 584 (20.2)

Parental history of CVD, n (%)
Yes 116 (15.4) 285 (15.3) 38 (13.6) 439 (15.2)
No 577 (76.5) 1410 (76.0) 208 (74.3) 2195 (76.0)
Missing 61 (8.1) 161 (8.7) 34 (12.1) 256 (8.8)

Daily free-play, min, mean (SD) 61.0 (59.1) 57.1 (53.2) 55.6 (54.3) 58.0 (54.9)
Missing, n (%) 23 (3.1) 87 (4.7) 44 (15.7) 154 (5.3)

Breastfeeding duration, mo, mean (SD) 12.3 (7.8) 11.8 (7.7) 13.4 (9.5) 12.1 (7.9)
Missing, n (%) 22 (2.9) 154 (8.3) 59 (21.1) 235 (8.2)

Non-HDL cholesterol, mmol/L, mean (SD)
(mg/dL [SD])

2.71 (0.67)
(104.6 [25.7])

2.64 (0.65)
(101.9 [25.1])

2.48 (0.63)
(95.7 [24.3])

2.64 (0.65)
(101.9 [25.1])

³3.75 mmol/L (145 mg/dL), n (%) 54 (7.2) 92 (5.0) 10 (3.6) 156 (5.4)
3.10-3.74 mmol/L (120-144 mg/dL), n (%) 152 (20.2) 346 (18.6) 34 (12.1) 532 (18.4)
<3.10 mmol/L (120 mg/dL), n (%) 548 (72.6) 1418 (76.4) 236 (84.3) 2202 (76.2)

Volume of cow’s milk (cups/d), mean (SD) 2.1 (1.1) 2.0 (1.0) 0 (0) 1.8 (1.1)
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whose families received repeated dietary advice, including
reducing dietary fat during childhood, compared with the
control group, with no effect in girls.39 In the Dietary
Intervention Study in Children (DISC),38 LDL cholesterol
levels were 0.08 mmol/L (3.1 mg/dL) lower in 8- to 10-year-
old children with high cholesterol who received a behavioral
intervention to lower dietary fat, saturated fat, and
cholesterol, compared with controls. In a study in school-
aged children in Mexico, Villalpando et al showed that LDL
Table III. Generalized estimating equations models
determining the association between cow’s milk-fat
percentage and non-HDL cholesterol

Characteristics
Non-HDL cholesterol
mmol/L (mg/dL)

95% CI
mmol/L (mg/dL) P Value

Univariate analysis
Cow’s milk-fat (%) 0.035 (1.35) 0.016, 0.054 (0.62, 2.08) <.001

Multivariate analysis*
Cow’s milk-fat (%) 0.024 (0.93) 0.005, 0.044 (0.19, 1.70) .01

*Multivariate model was adjusted for age, sex, BMI z-score, daily free play, total breastfeeding
duration, mother’s ethnicity, self-reported family income, and self-reported parental history of
cardiovascular disease.
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cholesterol levels decreased by 0.28 mmol/L (10.8 mg/dL) in
children receiving 400 mL of 0.5% fat cow’s milk
for 4 months compared with those receiving whole cow’s
milk.40

It is difficult to attribute the cholesterol reductions in these
studies solely to changes in cow’s milk-fat. For example, rec-
ommendations to consume lower-fat cow’s milk after
12 months of age was only part of the intervention in the
STRIP study protocol.39 In the study by Villalpando et al,
cow’s milk-fat was the only dietary intervention and intake
of energy, dietary carbohydrates, fat, and protein did not
differ between the groups.40 The lower-fat cow’s milk groups
may have compensated dietary fat intake through other fatty
acids with less LDL cholesterol-raising potential compared
with dairy fat, such as polyunsaturated fatty acids.41,42 In
our study, we were able to look specifically at cow’s milk-
fat percentage within a large cohort of children with a pro-
portion of participants with longitudinal data and in an age
group that corresponds with pediatric nutrition guidelines.
However, although consuming higher-fat cow’s milk was
associated with statistically significant greater levels of
non-HDL cholesterol in our study, this also may reflect other
dietary factors that were not measured; comprehensive
Wong et al



Exposure
Cow’s milk-fat 

percentage

Mediator
Volume of cow’s milk 
consumed (cups/day)

Outcome
Non-HDL Cholesterol

Model c (Total effect)
0.035 [95% CI: 0.016, 0.053] mmol/L

1.35 [95% CI: 0.62, 2.04] mg/dL

Model c’ (Direct effect)
0.025 [95% CI: 0.005, 0.045] mmol/L

0.96 [95% CI: 0.19, 1.74] mg/dL

Model a 
0.382 [95% CI: 0.352, 0.412]

cups/day

Model b
0.026 [95% CI: 0.007, 0.044] mmol/L

1.00 [95% CI: 0.27, 1.70] mg/dL

Indirect effect
0.010 [95% CI: 0.003, 0.017] mmol/L

0.39 [95% CI: 0.12, 0.66] mg/dL

Figure 2. Conceptual model. Volume of cow’s milk consumed mediating the association between cow’s milk-fat percentage
and non-HDL cholesterol. 0.010 mmol/L (0.39 mg/dL) (indirect effect) of the 0.035 mmol/L (1.35 mg/dL) increase (total effect) in
non-HDL cholesterol associated with cow’smilk-fat wasmediated by volume of cow’smilk consumed. To determine the percent
of total efffect mediated by volume of cow’s milk, the beta coefficient from the indirect effect was divided by the total effect and
multiplied by 100.
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dietary information on fat intake is an important limitation
of our study.

Previous studies have found a relationship between vol-
ume of cow’s milk consumed and cardiometabolic health
in children. However, these studies did not account for
milk-fat.19,20 In our study, we found that typical volume of
cow’s milk only partially mediated the increase in
non-HDL cholesterol associated with higher cow’s milk-fat
percentage. Our findings illustrate the importance of
considering both volume and fat content of cow’s milk
when analyzing the contribution of cow’s milk to
cardiovascular outcomes.

We did not find an association between higher cow’s milk-
fat percentage and greater odds of having high non-HDL
cholesterol. Several mechanisms have been proposed
regarding the association between dairy fat and cardiovascu-
lar health. Calcium found in dairy may attenuate intestinal
fat absorption and increase fat excretion in feces, resulting
in smaller increases in serum cholesterol levels compared
with other dietary sources of fat.43 Dairy fat contains fatty
acids, such as conjugated linoleic acid, butyric acid, and phy-
tanic acid, that may have health benefits that counter detri-
mental cardiovascular effects from other fatty acids.44 In
addition, statistical modeling has demonstrated that isoca-
loric substitution of saturated fat from meat with dairy satu-
rated fat is associated with lower risk of cardiovascular events
in adults.18

Assessing the clinical impact of our results requires
further inquiry. We demonstrated an association between
cow’s milk-percentage and non-HDL cholesterol,
although the effect size in our study is considerably smaller
than those found in intervention studies.38-40 Although we
report that cow’s milk-fat percentage was not associated
with greater odds of incident high non-HDL cholesterol,
A Positive Association Between Dietary Intake of Higher Cow’s M
Non�High-Density Lipoprotein Cholesterol in Young Children
less than 5% of our study population had high non-HDL
cholesterol. Thus, our study may have been underpowered
for this analysis. In a post-hoc analysis, we found
that higher cow’s milk-fat percentage was associated
with increased odds having above borderline high
non-HDL cholesterol (³3.10 mmol/L [120 mg/dL]).
Further information on how consumption of cow’s
milk-fat and other dietary factors contributes to
non-HDL cholesterol levels over time as well as the
development of subclinical atherosclerosis (as measured
by carotid intima media thickness via ultrasound scan)
will help us better understand the clinical implications
of our results.
Limitations of this study include the potential for

residual confounding; we were unable to account for other
dietary factors that may contribute to serum non-HDL
cholesterol. Questionnaire data collected from the parents
may be recalled incorrectly. The children in our study are
primarily of European ethnicity, from families that make
greater than the average median household income and
reside in an urban environment. Thus, the results in this
population may not be generalizable to all children in
North America.
Further research is needed to determine how other dietary

intake factors, in addition to cow’s milk, may contribute to
cardiovascular outcomes in young children over time. The
clinical impact of small increases in non-HDL cholesterol
during childhood requires further investigation to guide in-
terventions for meaningful outcomes in the prevention of
CVD. n

We thank all of the participating families for their time and involve-
ment in TARGet Kids! and are grateful to all collaborators and
practitioners who are currently involved in the TARGet Kids!
practice-based research network.
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50 Years Ago in THE JOURNAL OF PEDIATRICS
Anaphylactoid Purpura: Streptococcal Antibody Titers and b1c-Globulin
Levels

Ayoub EM, Hoyer J. J Pediatr 1969;75:193-201.

The authors investigated the association between 33 patients with Henoch-Sch€onlein purpura (now called IgA
vasculitis) and antecedent streptococcal infection. They found a positive throat culture for b-hemolytic strepto-

coccus in 11 of 23 patients (48%) in whom a culture was obtained and serologic evidence for prior streptococcal infec-
tion among 39% of the entire cohort. However, the rate of serologic evidence of prior streptococcal disease did not
differ significantly from 33 healthy controls. They concluded that, although streptococcal infection may have an
(unknown) role in the pathogenesis of IgA vasculitis, streptococcal infection is not an etiologic cause, unlike rheu-
matic fever.

Indeed, these findings have been corroborated in other studies, showing evidence of prior b-hemolytic strepto-
coccus infection in about 25%-40% cases of IgA vasculitis. However, more evidence has since been uncovered to
(partially) explain the role of streptococcus in the pathogenesis of this disease.

Nephritis-associated plasmin receptor, a group A streptococcal antigen, was found in the glomeruli of 30% of
patients with IgA vasculitis-related nephritis vs 3% with other renal diseases. Patients with IgA vasculitis were found
to develop antibodies to these receptors. The IgA-binding M proteins of group A streptococci of 3 strains (M4, M22,
and M60) have been detected in the majority of skin and kidney biopsies of these patients and were able to form im-
mune complexes with the Fc portion of IgA.1 Furthermore, in patients with IgA vasculitis-related nephritis, the hinge
region between the CH1 and CH2 domains of the heavy chain of IgA1 was found to be deficient in sialic acid and
galactose glycosylation.2 Glycosylation deficient IgA1 exposes N-acetylgalactosamine-containing neoepitopes that
are recognized by naturally occurring IgG or IgA1 antibodies. This was shown to lead to the formation of immune
complexes which stimulate proliferation of human mesangial cells.

Thus, the combined effects of infection with certain strains of group A streptococcal with the formation of abnormal
IgA may lead to immune complexes that stimulate inflammatory processes and endothelial activation that may result
in clinical features of IgA vasculitis.

Philip J. Hashkes, MD, MSc
Pediatric Rheumatology Unit
Shaare Zedek Medical Center

Jerusalem, Israel
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Table II. Baseline characteristics of participants

Baseline characteristics (n = 2890) Children with blood samples (n = 2890) Children without blood samples (n = 4308)

Age, mo (SD) 46.0 (18.7) 44.2 (19.1)
Male, n (%) 1530 (52.9)

1360 (47.1)
2240 (52.0)
2068 (48.0)Female, n (%)

BMI z score, mean (SD) 0.27 (1.08) 0.24 (1.04)
Missing, n (%) 74 (2.6) 96 (2.2)

Maternal ethnicity, n (%)
European 1703 (58.9) 2763 (64.1)
East Asian 186 (6.4) 286 (6.6)
South Asian 215 (7.4) 253 (5.9)
Southeast Asian 102 (3.5) 125 (2.9)
Arab 48 (1.7) 62 (1.4)
African 127 (4.4) 162 (3.8)
Latin American 91 (3.1) 118 (2.7)
Mixed ethnicity 148 (5.1) 183 (4.2)
Other 9 (0.3) 11 (0.2)
Missing 261 (9.0) 345 (8.0)

Family income, n (%)
Less than $79 999 555 (19.2) 680 (15.8)
$80 000-$150 000 734 (25.4) 1037 (24.1)
More than $150 000 1053 (36.4) 1599 (37.1)
Missing 584 (20.2) 992 (23.0)

Parental history of CVD, n (%)
Yes 439 (15.2) 602 (14.0)
No 2195 (76.0) 3134 (72.7)
Missing 256 (8.8) 572 (13.3)

Daily free-play, min, mean (SD) 58.0 (54.9) 55.8 (51.0)
Missing, n (%) 155 (5.4) 536 (12.4)

Breastfeeding duration, mo, mean (SD) 12.1 (7.9) 11.7 (7.5)
Missing, n (%) 235 (8.2) 341 (7.9)

Non-HDL cholesterol, mmol/L, mean (SD)
(mg/dL [SD])

2.64 (0.65)
(101.9 [25.1])

N/A

³3.75 mmol/L (145 mg/dL), n (%) 156 (4.7)
3.10-3.74 mmol/L (120-144 mg/dL), n (%) 532 (18.4)
<3.10 mmol/L (120 mg/dL), n (%) 2202 (76.2)

Volume of cow’s milk (cups/d), mean (SD) 1.8 (1.1) 1.8 (1.1)
Cow’s milk-fat percentage, mean (SD) 1.9 (1.0) 2.0 (1.1)

N/A, not available.
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