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Abstract

Aim: Infections can impair cognitive development, but their role on adverse childhood
educational outcomes is unknown. We examined the associations of infectious mor-
bidity and inflammatory biomarkers with grade repetition and school absenteeism.
Methods: We followed 2762 Colombian children aged 5-12years for a school year.
We quantified inflammatory biomarkers at enrolment and prospectively recorded in-
cidence of gastrointestinal and respiratory infections, doctor visits and absent days
from school using pictorial diaries. We estimated adjusted relative risks (ARR) with
95% confidence intervals (Cl) for grade repetition and absenteeism by infectious mor-
bidity burden and inflammatory biomarker categories, and percentages of the asso-
ciations mediated through absenteeism.

Results: Morbidity was associated with increased risk of grade repetition. ARR (95%
Cl) of grade repetition comparing high versus no incidence of gastrointestinal, res-
piratory and ear infections were, respectively, 2.17 (1.00, 4.72), 2.31 (1.28, 4.16) and
2.57 (1.13, 5.86). Infections also predicted school absenteeism, which mediated 35%,
31% and 38% of the corresponding morbidity-grade repetition associations. Elevated
white blood cells (WBC), especially granulocytes, were related to increased grade rep-
etition and school absenteeism risks.

Conclusion: Childhood infections and elevated WBC are associated with grade repeti-
tion and school absenteeism. Absenteeism does not fully explain the morbidity-grade

repetition associations.
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1 | INTRODUCTION

Adverse academic outcomes among schoolchildren, including grade
repetition and absenteeism, are widespread worldwide. Every year,
12% of students repeat a grade, on average.1 Grade repetition and
absenteeism predict low educational attainment, a strong risk factor
for poor health and mortality in adulthood.?

Risk factors for grade repetition include material deprivation,
nutritional deficiencies, lower birth order and absenteeism espe-
cially from sickness®; yet, the role of common infectious morbid-
ity on grade repetition is virtually unknown. Infections could lead
to grade repetition through impaired cognitive development. For
example, gastrointestinal* and helminthic infections in infancy® or
school age,6 and malaria’ have been related to measures of learning,
memory and attention. Alternatively, infections could cause grade
repetition through missing school days. Ascertaining if absenteeism
mediates an association between infections and grade repetition
could inform the extent to which a potential effect may be due to
missing school versus infection-related brain development impair-
ments; for example, through inflammation.

The aim of this study was to examine whether common respi-
ratory and gastrointestinal infectious morbidity during a primary
school year was associated with grade repetition. A secondary aim
was to examine the relation between biomarkers of inflammation,
which often results from recurrent infections, and grade repeti-
tion. We also examined whether infectious morbidity was related
to school absenteeism, whether absenteeism was associated with
grade repetition, and the extent to which absenteeism mediated the
associations between infection and grade repetition.

2 | METHODS
2.1 | Study design and population

The study was conducted in the context of the Bogotd School
Children Cohort, a longitudinal investigation of health and nutrition
in Colombia. Details on the cohort design have been previously re-
ported.8 Briefly, in February 2006, we recruited 3202 children aged
5-12years randomly selected from all 361 public primary schools
in Bogota. At the time of enrolment, we collected information on
child, parental and household characteristics with the use of a pa-
rental self-administered survey. The questionnaire inquired about
the child's health habits, maternal education, height and weight.
Household food insecurity was assessed with a validated Spanish
language version of the USDA Household Food Security Survey
module, and household socioeconomic status (SES) was ascertained
using the government classification system prevalent at the time.
This system assigned each home address one of six ordinal rankings
(1 representing the lowest SES) according to household income and
material characteristics.

During the weeks following enrolment, trained research as-
sistants visited participating children at their schools to obtain
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Key Notes

e Whether common infections affect educational out-
comes in school-age children is uncertain.

e Gastrointestinal and respiratory infections during a
school year, and high white blood cell counts, increased
risks of absenteeism and grade repetition in elementary
school children from Bogota, Colombia.

e Because only one-third of the association between in-
fections and grade repetition was mediated through
absenteeism, common infections might have a direct
effect on neurocognitive function related to learning,

possibly through inflammation.

anthropometric measurements. Height was measured without shoes
to the nearest 1 mm using a wall-mounted portable Seca 202 sta-
diometer (Seca, Hanover, MD). At the same visits, a fasting blood
sample was obtained through antecubital venipuncture. The sam-
ples were protected from sunlight and transported in refrigerated
coolers on the day of collection to the Colombian National Institute
of Health.

Throughout the academic year following enrolment into the
cohort, parents or primary caregivers kept daily records of mor-
bidity episodes, doctor visits and days children were absent from
school using a 7-day diary that was distributed and returned on
a weekly basis. To record morbidity episodes, the diaries had
drawings depicting children with symptoms including vomiting,
diarrhoea, fever, cough and earache/discharge. Caregivers were
asked to record the presence of these symptoms daily on check
boxes. Diaries have been used to register participants' symptoms
in studies of gastrointestinal and respiratory illness.? The use of
symptom diaries has been validated to capture incidence of infec-
tious morbidity.*°

One year after enrolment, we collected information on grade
repetition. According to the academic policy prevalent in Bogota at
the time, a child was retained in the same grade when they failed
three subjects, two of which were math and language. We obtained
public school listings of the next academic year from the Secretary
of Education to ascertain the school year's outcome. If children ap-
peared in the same grade as they were in the previous year, they
were considered to have failed. We found 2589 children in these
listings. For children who had left the public school system, we asked
parents about the school year's outcome as part of a follow-up sur-
vey and obtained information in 245. Information was unavailable
for 11% of cohort participants.

The parents or primary caregivers of all children gave writ-
ten informed consent prior to enrolment in the study. The Ethics
Committee of the National University of Colombia Medical
School approved the study protocol; the University of Michigan
Institutional Review Board approved the use of data from the
study.
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2.2 | Laboratory methods

All analyses took place at the Colombian National Institute of Health.
We carried out a complete blood count in whole blood; serum C-
reactive protein (CRP) concentration was measured using a turbi-
dimetric immunoassay on an ACS180 analyser (Bayer Diagnostics,
Tarrytown, NY). Vitamin B12 was quantified using a competitive
chemiluminescent immunoassay in an ADVIA Centaur analyser
(Bayer Diagnostics, Tarrytown, NY). Haemoglobin concentrations

were quantified with a hemiglobincyanide method.

2.3 | Data analysis

Outcomes. The primary outcome of interest was grade repetition,
based on public school listings or parental report. A secondary
outcome was high absenteeism. Absenteeism was the proportion
of days children were marked absent from school in the pictorial
diaries out of the total number of observed days they should have
attended, excluding weekends and holidays. One school year has
about 200days. High absenteeism was the fourth quartile among
children with >0 missed days of school.

Exposures. The exposures of interest were (1) infectious morbid-
ity during a school year and (2) biomarkers of inflammation at the
time of recruitment including white blood cell (WBC), granulocyte
and lymphocyte counts, and serum CRP concentrations.

Infectious morbidity exposures were defined using the parental
report of symptoms on the pictorial diaries. We defined three syn-
dromes to represent infectious morbidity by combining symptoms
reported on the same day in the pictorial diaries: diarrhoea with
vomiting, cough with fever and earache or ear discharge with fever.
Diarrhoea with vomiting has been related to clinically diagnosed ep-
isodes of gastrointestinal illness. ™ Cough with fever had a positive
predictive value of 83% for laboratory-confirmed influenza infection
among children 5-12years old,*? and this case definition has been
used in Latin America. Cough with fever is also reported in school-
age children experiencing the common cold due to various viral and
bacterial infections.” Although the diagnosis of acute otitis media re-
quires clinical examination, symptoms including moderate-to-severe
ear pain with fever are indicators of severe iliness and ear drainage is
often related to bacterial infection.!® We also considered doctor vis-
its on syndrome days as a severe infection surrogate. Because there
is not a conventionally accepted categorisation of morbidity rates in
middle childhood, we used the study population distributions to de-
fine morbidity levels as previously done in other populations.14 Since
a majority of children had no episodes, zero rates (‘none’) were the
reference category for all infectious syndromes. Moderate and high
annual syndrome rates were defined as values < versus > the fourth
quartile for children with non-zero rates.

WBC counts are an established biomarker for infection and in-
flammation in clinical practice; they have been used in the paediatric
population to assess chronic inflammation,*> which may result from fre-
quent infections. Elevated WBC count was defined as values >12000

and>10500/mm?® for children < and = 10vears of age, respectively.*®
Elevated granulocyte and lymphocyte count was defined as above their
normal rangesié; >6500/mm?® and >3000/mm?, respectively. CRP is a
low cost, validated, frequently used biomarker of systemic inflamma-
tion. Elevated CRP was defined as >3.0mg/L, which has been previ-
ously used to indicate low-grade systemic inflammation in children.”

Covariates. We considered as potential confounders variables
that were independent predictors of grade repetition'® and that
could be associated with the exposures without being their con-
sequences.19 These included the child's sex, age at enrolment,
height-for-age Z-score per the World Health Organisation refer-
ence, anaemia (haemoglobin <12.7g/dL, an altitude-adjusted cut
point), vitamin B12 deficiency (serum concentration < 148 pmoI/LZO),
household food insecurity with hunger (13 affirmative responses to
the survey's 16 questions on adverse experience521) and SES (from
1 -lowest- to 4 in the sample).

Statistical analysis. Of the 2834 participating children with infor-
mation on grade repetition, 72 lacked information on absenteeism and
were excluded. Hence, the analytic sample comprised 2762 children.

We calculated risks of grade repetition and high absenteeism
according to each infectious morbidity syndrome or inflammatory
biomarker category. Next, we estimated adjusted relative risks and
95% confidence intervals (Cls) between exposure groups with use of
Poisson regression models. Tests for linear trend were carried out by
introducing into the models a variable representing ordinal catego-
ries of the exposure as a continuous covariate. All models specified
robust variances and accounted for correlations between siblings.

To assess whether absenteeism mediated the associations be-
tween infectious morbidity or inflammatory biomarkers and grade
repetition, we first quantified the association of high absenteeism
with risk of grade repetition in this population, assuming that infec-
tions preceded absenteeism in time. Next, we implemented causal
mediation analyses22 under the assumptions of a counterfactual
frame to estimate the proportion of any associations between in-
fectious morbidity or inflammatory biomarker exposures (E) and
the grade repetition outcome (O) that was mediated through high
absenteeism (M). The assumptions involved lack of unmeasured con-
founding (common causes) in the E-O, M-O and E-M relations, and
no effect of E on confounders of the M-O relation. All models in-
cluded an E-M interaction term to allow estimation of natural direct
E-O effects. All analyses were performed with use of the Statistical
Analysis Software version 9.4 (SAS Institute, Cary, NC).

3 | RESULTS

Mean +SD children's age at baseline was 8.7 + 1.8 years; 50.7% were
girls. Children contributed 327857 days of observation for infectious
morbidity during the follow-up year (median per child, 126; IQR, 70,
168). Annual morbidity rates (days per child-year) of diarrhoea with
vomiting, cough with fever and ear pain/ear discharge with fever
were, respectively, 1.0, 3.0 and 0.8. The annual rate of doctor visits
on days with symptoms was 0.6. Mean+SD baseline WBC count
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and CRP concentrations were, respectively, 7123+2025/mm? and
1.4+ 2.6 mg/L. Overall risk of grade repetition and high absenteeism
was, respectively, 4.8% and 11.1%.

3.1 | Infectious morbidity during the school year

Grade repetition. Infectious morbidity was associated with an in-
creased risk of grade repetition. Adjusted relative risks [ARR (95%

TABLE 1 Infectious morbidity

ACTA PEDIATRICA RYVM SV

Cl)] of grade repetition for high versus no incidence of diarrhoea
with vomiting, cough with fever, ear infections and doctor visits on
days with symptoms were, respectively 2.17 (1.00, 4.72), 2.31 (1.28,
4.16),2.57 (1.13, 5.86) and 3.80 (1.92, 7.50) (Table 1).

School absenteeism. Infectious morbidity and doctor visits on
days with symptoms were strongly related to risk of high absen-
teeism. ARR (95% Cl) of absenteeism for high versus no incidence
of diarrhoea with vomiting, cough with fever, ear infections and

doctor visits on days with symptoms were, respectively, 3.80

i 5 o, b
syndromes in middle childhood and risk of IR IESEERI )
grade repetition among elementary school Grade repetition Age and Multivariable-
children from Bogota, Colombia. Annual syndrome rates® n risk (%) sex-adjusted adjusted®
Diarrhoea with vomiting
None 2400 4.6 1.00 1.00
Moderate 271 5.5 1.24 (0.74, 1.22(0.70,
2.08) 2.12)
High 91 8.8 2.13(1.07, 2.17 (1.00,
4.23) 4.72)
p, trend® 0.05 0.02 0.04
Cough with fever
None 2035 4.5 1.00 1.00
Moderate 549 4.6 1.08 (0.71, 1.24 (0.79,
1.66) 1.95)
High 178 9.0 2.19 (1.29, 2.31(1.28,
3.73) 4.16)
p, trend 0.02 0.005 0.005
Earache/discharge with fever
None 2535 4.6 1.00 1.00
Moderate 170 6.5 1.51 1.50(0.80,
(0.84,2.73) 2.79)
High 57 8.8 2.13 2.57(1.13,
(0.91,5.01) 5.86)
p, trend 0.08 0.03 0.01
Doctor visits on syndrome days
None 2554 4.8 1.00 1.00
Moderate 156 1.9 0.43(0.14, 0.50(0.16,
0.34) 1.55)
High 52 13.5 3.12 (1.55, 3.80(1.92,
6.27) 7.50)
p, trend 0.04 0.02 0.002

Moderate and high annual syndrome rates (days with syndrome per year) correspond to values

< versus 2 the fourth quartile for children with rates >0. The fourth quartile (days per year) is 8.7,
13.5, 9.5 and 6.8 for diarrhoea with vomiting, cough with fever, earache / discharge with fever and
doctor visits on syndrome days, respectively.

PFrom Poisson regression models with grade repetition as the dichotomous outcome and indicator
variables for each combination of symptoms as predictors. Robust estimates of variance were used
in all models to account for correlations between siblings.

“From Poisson regression models adjusted for child's sex, age, height-for-age Z-score, vitamin B12
deficiency, and anaemia, household food insecurity with hunger and SES. Complete case analysis,

n=2330.

d\Wald test for a variable representing the median value of each ordinal category introduced into
the linear regression model as a continuous predictor.
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(2.70, 5.33), 4.57 (3.43, 6.08), 4.43 (3.09, 6.35) and 5.19 (3.73,
7.24) (Table 2).

Mediation of the infectious morbidity-grade repetition association
through absenteeism. High absenteeism was associated with a 2.08-
times (95% Cl 1.32, 3.28) increased risk of grade repetition (Table 3).
Absenteeism mediated 31%-38% of the associations between infec-

tious morbidity syndromes and grade repetition (Table 4).

3.2 | Inflammatory biomarkers

Elevated WBC counts were related to a 2.81-times (95% Cl 1.34,
5.90) higher risk of grade repetition, compared with normal counts

(Table 5). This risk increase was due to elevated granulocytes. CRP

Relative risk (95% CI)°

was not associated with risk of grade repetition. Compared with nor-
mal counts, elevated WBC counts were associated with a 1.78-times
(95% Cl 1.04, 3.07) increased risk of high absenteeism (Table 6). CRP
was not related to this outcome. Only 11% of the association be-
tween WBC counts and grade repetition was mediated through high
absenteeism (Table 7).

4 | DISCUSSION

In this longitudinal investigation of Colombian schoolchildren, gas-
trointestinal and respiratory infectious morbidity and related doctor
visits were associated with increased risks of grade repetition and

school absenteeism. School absenteeism did not fully account for

TABLE 2 Infectious morbidity
syndromes in middle childhood and risk

Annual syndrome High absenteeism®  Age and

rates? n risk (%) sex-adjusted
Diarrhoea with vomiting
None 2400 9.8 1.00
Moderate 271 155 1.59 (1.17, 2.15)
High 91 33.0 3.35(2.44, 4.60)
p, trend® <0.0001 <0.0001
Cough with fever
None 2035 7.9 1.00
Moderate 549 15.7 1.99 (1.56, 2.54)
High 178 E8.7 4.26(3.29, 5.50)
p, trend <0.0001 <0.0001
Earache/discharge with fever
None 2535 9.9 1.00
Moderate 170 18.8 1.90(1.37,2.65)
High 57 38.6 3.91(2.76,5.53)
p, trend <0.0001 <0.0001
Doctor visits on syndrome days
None 2554 9.4 1.00
Moderate 156 25.0 2.61(1.94,3.52)
High 52 51.9 5.44 (4.07,7.26)
p, trend <0.0001 <0.0001

of high absenteeism from school among
elementary school children from Bogota,
Colombia.

Multivariable-
adjusted?

1.00

1.59(1.15, 2.19)
3.80(2.70, 5.33)
<0.0001

1.00
2.02(1.54,2.64)
4.57 (3.43, 6.08)
<0.0001

1.00
2.03(1.44,2.86)
4.43(3.09, 6.35)
<0.0001

1.00

2.69 (1.95,3.71)
5.19 (3.73, 7.24)
<0.0001

Moderate and high annual syndrome rates (days with syndrome per year) correspond to values
< versus 2 the fourth quartile for children with rates >0. The fourth quartile (days per year) is 8.7,
13.5, 9.5 and 6.8 for diarrhoea with vomiting, cough with fever, earache/discharge with fever and

doctor visits on syndrome days, respectively.

PHigh absenteeism corresponds to values > the fourth quartile for children with >0 missed days

during the academic year. The fourth quartile (days per year) is 7.6.

“From Poisson regression models with high absenteeism as the dichotomous outcome and indicator
variables for each combination of symptoms as predictors. Robust estimates of variance were used

in all models to account for correlations between siblings.

9From Poisson regression models adjusted for child's sex, age, height-for-age Z-score, vitamin B12

deficiency, and anaemia, household food insecurity with hunger and SES.

€Wald test for a variable representing the median value of each ordinal category introduced into

the linear regression model as a continuous predictor.
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TABLE 3 School absenteeism and risk
of grade repetition among elementary
schoolchildren from Bogotd, Colombia.
Absenteeism®
Low
High
p

ACTA PEDIATRICA RYVN oV

Relative risk (95% CI)°

Grade repetition Age and Multivariable-
risk (%) sex-adjusted adjusted®

2456 4.4 1.00 1.00

306 8.5 1.99 (1.32,3.01) 2.08(1.32, 3.28)
0.002 0.001 0.002

@Low and high absenteeism corresponds to values < versus 2 the fourth quartile for children with
>0 missed days during the academic year. The fourth quartile (days per year) is 7.6.

bFrom Poisson regression models with grade repetition as the dichotomous outcome and
absenteeism as the exposure. Robust estimates of variance were used in all models to account for
correlations between siblings.

“From Poisson regression models adjusted for child's sex, age, height-for-age Z-score, vitamin B12
deficiency, and anaemia, household food insecurity with hunger and SES. Complete case analysis,

n=2330.

TABLE 4 Mediation of school absenteeism on the associations between infectious morbidity and grade repetition among elementary

schoolchildren from Bogota, Colombia.

Morbidity-grade repetition association within levels of

absenteeism®

Morbidity-grade repetition association

Adjusted relative risk (95% ClI)

Adjusted relative risk (95% Cl)

Syndrome?®

Diarrhoea with

Low

1.79(0.60, 5.38)

High
1.68(0.55,5.15)

P for exposure-
mediator
interaction

0.94

Total®

2.15(0.94,4.93)

Direct

1.74 (0.75, 4.04)

Indirect through
high absenteeism

1.23(1.03,1.48)

% mediated

35

vomiting
1.64 (0.67, 3.99)
1.96(0.52,7.32)

2.12(0.93,4.86) 0.67
1.93(0.64,5.80) 0.98

Cough with fever

Earache/discharge
with fever

Doctor visits on 2.57(0.73, 9.10) 3.28(1.37,7.88) 0.75

syndrome days

2.22(1.23,4.02)
2.51(1.01, 6.26)

1.84(1.00, 3.38)
1.94(0.77,4.91)

1.21(1.02,1.43) 31
1.29(1.03, 1.61) 38

3.94(1.80,8.64) 3.01(1.34,6.77) 1.31(1.02,1.68) 32

2Annual syndrome rates (days with syndrome per year) > the fourth quartile for children with rates >0. The fourth quartile is 8.7, 13.5, 9.5 and 6.8 for
diarrhoea with vomiting, cough with fever, earache/discharge with fever and doctor visits on syndrome days, respectively.

PLow and high absenteeism corresponds to values < versus = the fourth quartile for children with >0 missed days during the academic year. The

fourth quartile (days per year) is 7.6.

“From Poisson regression models with grade repetition as the dichotomous outcome adjusted for child's sex, age, height-for-age Z-score, vitamin B12
deficiency, and anaemia, household food insecurity with hunger and SES. The association between each syndrome and absenteeism was modelled

with use of logistic regression.

the associations between infectious morbidity and grade repetition.
Elevated WBC count, an inflammatory biomarker, was also associ-
ated with increased risks of grade repetition and absenteeism.

One possible mechanism to explain the associations between
infectious morbidity and grade repetition is an adverse effect of
diarrheal®® and respiratory?® infections on neurocognitive devel-
opment. Infection-induced inflammatory responses could medi-
ate these effects. In the Avon Longitudinal Study of Parents and
Children, high CRP, a marker of inflammation, was related to de-
creased 1Q.%° Cytokines produced in response to acute infections
may traverse the blood-brain barrier from the periphery via active
transport, diffusion from circumventricular organs or blood-brain
barrier secretion.? In the brain, cytokines could disrupt microglia-
mediated processes such as the survival, differentiation and matu-
ration of neurons during neurogenesis as well as synaptic pruning.

Additionally, proinflammatory cytokines may directly alter myelin

structures or induce a cascade of immune responses that promote
demyelination, affecting processing speed.27 Although many neu-
rodevelopmental events occur in utero and before 3years of age,
critical changes in synapse number and myelin integrity continue to
occur in middle childhood.?® Hence, this life stage remains an im-
portant developmental period in which infection and inflammation
may shape subsequent neurodevelopment, cognition and academic
performance.

Three findings in our study may lend indirect support to the
notion that the association between infections and grade repeti-
tion is due to inflammation affecting the brain. First, although we
lacked measures of inflammation during the gastrointestinal and re-
spiratory infection episodes, we found that elevated WBC counts
at recruitment predicted increased risk of grade repetition. WBC
increases acutely in response to infections and children with ele-
vated WBC may have had an asymptomatic infection on the day

35UB01 SUOWILLID) AR 3| (ddle aU) Aq pauiA0B a1 SBPILIE O 188N J0 S3IN. 10} AZRIq1 BUIIUO 43| U (SUOIIPUOD-PLE-SLLLIG}WI0D"B 1M ARe.q 1 puluoy/:Sciil) SUOTIPUOD PLEE SWLB | 3L 305 *[5202/80/6T ] UD ARIQITBUIIUO AB1IM B1UD URIP0D A €16, Tede/TTTT'0T/I0P/LI0Y" 3|1 ARG BU|UO//ScY LU0 PaPeo|uMOq ‘G ‘SZ0Z */2ZZTS9T



VILLAMOR ET AL.

* | \wiLey IV

Relative risk (95% CI)?

TABLE 5 Inflammatory biomarkers
in middle childhood and risk of

Grade repetition Age and
Inflammatory biomarkers n risk (%) sex-adjusted
White blood cell count®
Not elevated 2394 4.7 1.00
Elevated 60 11.7 2.54(1.25,
5.19)
p 0.01 0.01
Granulocytes®
Not elevated 2623 4.6 1.00
Elevated 139 9.4 2.10(1.22,
3.63)
p 0.01 0.008
Lymphocytes®
Not elevated 1850 5.2 1.00
Elevated 912 4.1 0.86(0.59,
1.25)
p 0.20 0.43
C-reactive protein mg/L
<3mg/L 2562 4.8 1.00
>3mg/L 200 5.0 1.12 (0.60,
2.10)
p 0.90 0.72

grade repetition among elementary
schoolchildren from Bogota, Colombia.

Multivariable-
adjusted®

1.00

2.81(1.34,
5.90)

0.006

1.00

2.21(1.23,
3.96)

0.008

1.00

0.82(0.54,
1.26)

0.37

1.00

1.01 (0.50,
2.05)

0.97

?From Poisson regression models with grade repetition as the dichotomous outcome and each
inflammatory biomarker as predictors. Robust estimates of variance were used in all models to

account for correlations between siblings.

PFrom Poisson regression models adjusted for child's sex, age, height-for-age Z-score, vitamin B12
deficiency, and anaemia, household food insecurity with hunger and SES. Complete case analysis,

n=2241.

°Elevated white blood cell count corresponds to values >12000 and > 10500 /mm?® for children <

and 2 10years of age, respectively.
dElevated granulocytes are defined as >6500 /mm?.
®Elevated lymphocytes are defined as >3000 /mm?®.

of assessment. However, high WBC could also represent low-grade
chronic inflammation due to recurrent infections. Second, school
absenteeism could have a deleterious effect on academic perfor-
mance, independent of cognitive functioning; yet, absenteeism me-
diated only about one-third of the associations between infectious
morbidity and grade repetition. Finally, syndromes representing
infections of different systems and aetiologies were all related to
grade repetition. Although diarrheal disease can be caused by a
range of viral, bacterial or parasitic agents in children of this age,
norovirus infection is a very common aetiology of diarrhoea and
vomiting in school-age children!! and could have underlain many of
the episodes in our study. Cough with fever can be caused by viral
or bacterial infections,” whereas ear infections are often bacterial
in middle childhood.!® While different aetiological agents elicit dis-
tinct immune responses, inflammation may be an underlying mech-
anism common to all.

In our study, absenteeism was not only a risk factor for aca-
demic failure but also mediated the association between infectious

morbidity and grade repetition. This means that children who be-
come ill and stay at home may miss critical learning opportunities
that shape their academic performance. Increased awareness of
the long-term impacts on learning of illness-related missed school
days is needed. Interventions such as hand hygiene?’ could improve
student attendance, but children who frequently miss school due to
illness may require more substantial support to diminish the effects
of absenteeism on academic performance.

This study has several strengths. It was conducted in a large and
representative sample of Latin American schoolchildren, an under-
studied population. The longitudinal design limits the possibility of
reverse causation bias. The prospective collection of infectious mor-
bidity data also precludes misclassification due to recall bias. The use
of pictorial symptom diaries to accurately capture incidence of infec-
tious morbidity has been previously validated. We had an opportu-
nity to control for relevant potential confounders of the associations
between infectious morbidity, inflammation and grade repetition.
Finally, the consistency of the associations with self-reported
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TABLE 6 Inflammatory biomarkers

in middle childhood and risk of high
absenteeism from school among
elementary schoolchildren from Bogota,
Colombia.

TABLE 7 Mediation of school absenteeism on the associations between inflammatory biomarkers and grade repetition among elementary

schoolchildren from Bogot4, Colombia.

Inflammatory
biomarkers

White blood cell count?

Not elevated

Elevated

p
Granulocytes®

Not elevated

Elevated

p
Lymphocytes'

Not elevated

Elevated

p

n

2394
60

2623
139

1850
912

C-reactive protein mg/L

<3mg/L
>3mg/L
p

2562
200

High

absenteeism®

risk (%)

10.9
18.3
0.06

11.0
13.7
0.31

11.0
11.2
0.90

11.2
9.0
0.33

ACTA PEDIATRICA RYVAE

Relative risk (95% CI)®

Age and
sex-adjusted

1.00
1.67(0.98,2.87)
0.06

1.00
1.23(0.80, 1.88)
0.35

1.00
0.97(0.78, 1.22)
0.82

1.00
0.79 (0.50, 1.24)
0.30

Multivariable-
adjusted®

1.00
1.78 (1.04, 3.07)
0.04

1.00
1.29 (0.83, 2.00)
0.26

1.00
1.00(0.78, 1.28)
0.99

1.00
0.84(0.53,1.33)
0.45

@High absenteeism corresponds to values > the fourth quartile for children with >0 missed days
during the academic year. The fourth quartile (days per year) is 7.6.

PFrom Poisson regression models with high absenteeism as the dichotomous outcome and each
inflammatory biomarker as predictors. Robust estimates of variance were used in all models to
account for correlations between siblings.

“From Poisson regression models adjusted for child's sex, age, height-for-age Z-score, vitamin B12
deficiency, and anaemia, household food insecurity with hunger and SES. Complete case analysis,

n=2241.

dElevated white blood cell count corresponds to values >12000 /mm°® and > 10 500/mm?® for

children < and = 10years of age, respectively.

®Elevated granulocytes are defined as >6500/mm?.

fElevated lymphocytes are defined as >3000/mm?.

Inflammatory biomarker-grade repetition association
within levels of absenteeism®

Inflammatory biomarker-grade repetition association

Adjusted relative risk

Adjusted relative risk (95% Cl)

(95% Cl)
Inflammatory
biomarker Low High
Elevated white 3.55(1.63, 0.89 (0.12,
blood cell count® 7.74) 6.83)

P for exposure-mediator Indirect through %
interaction Total® Direct high absenteeism mediated
0.21 2.74 (1.26, 2.54(1.17, 1.08(0.97,1.20) 11

5.97) 5.53)

?Low and high absenteeism corresponds to values < versus > the fourth quartile for children with >0 missed days during the academic year. The

fourth quartile (days per year) is 7.6.

PFrom Poisson regression models with grade repetition as the dichotomous outcome adjusted for child's sex, age, height-for-age Z-score, vitamin B12
deficiency, and anaemia, household food insecurity with hunger and SES. The association between elevated white blood cell count and absenteeism
was modelled with use of logistic regression.

“Elevated white blood cell count corresponds to values >12000 and > 10500 /mm® for children < and > 10years of age, respectively.

morbidity and objectively determined inflammatory biomarkers in-

creases the internal validity of the study.

Some limitations are also worth noting. In this observational
study, causality cannot be inferred without strong assumptions,

including absence of misclassification and selection biases and lack
of unmeasured confounding. For example, we cannot rule out re-
sidual confounding by other relevant predictors of grade repetition
such as underlying chronic disorders and more detailed measures of
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SES. Since there are no agreed-upon categorisations of infectious
morbidity in middle childhood, we grouped the burden of infection
using the distribution of morbidity within our study population. This
may limit the comparability of results between populations; however,
some of the cut points used to define high rates of illness in this study
seem consistent with those reported in others. For example, German
schoolchildren had a mean 1.3 common cold episodes per year each
lasting about one week®®; our definition of high rates of cough with
fever (213.5days/year) would correspond to being above that mean.
A single baseline measurement of inflammatory biomarkers may be
subject to large within-person variation given that inflammation may
increase acutely in response to an infectious episode. This may lead
to random error and possibly an attenuation of the associations. The
morbidity patterns observed during the study school year may be
correlated with the morbidity burden in previous years. Therefore,
the associations of morbidity with grade repetition may represent
a cumulative effect of infections over multiple years rather than a
short-term effect during the year of observation. We did not have
access to the children's grades in specific subjects; this could have
enhanced our understanding of the cognitive processes affected by
infection. We lacked information on the microbial aetiology of the
morbidities evaluated in the study. Finally, analyses were conducted
several years after data collection due to funding constraints and it is
possible that associations may have changed over time.

In conclusion, a high burden of common infections in middle
childhood is associated with increased risks of grade repetition and
school absenteeism. The association between infections and grade
repetition might be partly due to an effect of neuroinflammation on
cognitive performance. Intervention studies are warranted to eluci-
date whether reducing the burden of common infections and school

absence improves educational outcomes among children.

AUTHOR CONTRIBUTIONS

Eduardo Villamor: Conceptualization; investigation; funding acqui-
sition; writing - original draft; methodology; supervision; formal
analysis. Rachael J. Beer: Writing - original draft; methodology;
formal analysis. Allison L. Seeley: Writing - review and editing;
investigation. Sandra Lopez-Arana: Writing - review and editing;
investigation. Constanza Marin: Data curation; project administra-
tion; writing - review and editing. Mercedes Mora-Plazas: Data cu-
ration; project administration; writing - review and editing; funding
acquisition.

FUNDING INFORMATION
The study was supported by the ASISA Foundation.

CONFLICT OF INTEREST STATEMENT
The authors have no conflicts of interest to declare.

DATA AVAILABILITY STATEMENT
The data sets generated during and/or analysed during the current study

are available from the corresponding author on reasonable request.

ORCID

Eduardo Villamor
Rachael J. Beer

https://orcid.org/0000-0003-3937-5574
https://orcid.org/0000-0002-2940-7467

REFERENCES

1.

10.

11.

12.

13.

14.

15.

Lian Q, Yu C, Tu X, et al. Grade repetition and bullying victimiza-
tion in adolescents: a global cross-sectional study of the pro-
gram for international student assessment (PISA) data from
2018. PLoS Med. 2021;18(11):e1003846. doi:10.1371/journal.
pmed.1003846

lhme-Chain Collaborators. Effects of education on adult mortality:
a global systematic review and meta-analysis. Lancet Public Health.
2024;9(3):e155-65. doi:10.1016/52468-2667(23)00306-7

Keppens G. School absenteeism and academic achievement: does
the timing of the absence matter? Learn Instr. 2023;86:101769.
doi:10.1016/j.learninstruc.2023.101769

MAL-ED Network Investigators. Early childhood cognitive develop-
ment is affected by interactions among illness, diet, enteropatho-
gens and the home environment: findings from the MAL-ED birth
cohort study. BMJ Glob Health. 2018;3(4):e000752. doi:10.1136/
bmjgh-2018-000752

Kasambala M, Mduluza T, Vengesai A, et al. Effect of Schistosoma
haematobium infection on the cognitive functions of preschool
age children and benefits of treatment from an endemic area
in Zimbabwe. BMC Infect Dis. 2022;22(1):809. doi:10.1186/
s12879-022-07784-7

Pabalan N, Singian E, Tabangay L, Jarjanazi H, Boivin MJ, Ezeamama
AE. Soil-transmitted helminth infection, loss of education and cog-
nitive impairment in school-aged children: a systematic review
and meta-analysis. PLoS Negl Trop Dis. 2018;12(1):e0005523.
doi:10.1371/journal.pntd.0005523

Cohee LM, Opondo C, Clarke SE, et al. Preventive malaria treatment
among school-aged children in sub-Saharan Africa: a systematic
review and meta-analyses. Lancet Glob Health. 2020;8(12):e1499-
511. doi:10.1016/52214-109X(20)30325-9

Arsenault JE, Mora-Plazas M, Forero Y, et al. Provision of a school
snack is associated with vitamin B-12 status, linear growth, and mor-
bidity in children from Bogota. Colombia J Nutr. 2009;139(9):1744-
50. doi:10.3945/jn.109.108662

Pappas DE, Hendley JO, Hayden FG, Winther B. Symptom pro-
file of common colds in school-aged children. Pediatr Infect Dis J.
2008;27(1):8-11. d0i:10.1097/INF.0b013e31814847d9

Goldman N, Vaughan B, Pebley AR. The use of calendars to mea-
sure child illness in health interview surveys. Int J Epidemiol.
1998;27(3):505-12. doi:10.1093/ije/27.3.505

Arias C, Sala MR, Dominguez A, et al. Epidemiological and
clinical features of norovirus gastroenteritis in outbreaks: a
population-based study. Clin Microbiol Infect. 2010;16(1):39-44.
doi:10.1111/j.1469-0691.2009.02831.x

Ohmit SE, Monto AS. Symptomatic predictors of influenza virus
positivity in children during the influenza season. Clin Infect Dis.
2006;43(5):564-8. doi:10.1086/506352

Lieberthal AS, Carroll AE, Chonmaitree T, et al. The diagnosis and
management of acute otitis media. Pediatrics. 2013;131(3).:e964-
99. doi:10.1542/peds.2012-3488

Ramette A, Spycher BD, Wang J, Goutaki M, Beardsmore CS, Kuehni
CE. Longitudinal associations between respiratory infections and
asthma in young children. Am J Epidemiol. 2018;187(8):1714-20.
doi:10.1093/aje/kwy053

Adelantado-Renau M, Beltran-Valls MR, Mota J, Moliner-Urdiales
D. Circulating inflammatory biomarkers and academic performance
in adolescents: DADOS study. PLoS One. 2020;15(11):e0242016.
doi:10.1371/journal.pone.0242016

35UB01 SUOWILLID) AR 3| (ddle aU) Aq pauiA0B a1 SBPILIE O 188N J0 S3IN. 10} AZRIq1 BUIIUO 43| U (SUOIIPUOD-PLE-SLLLIG}WI0D"B 1M ARe.q 1 puluoy/:Sciil) SUOTIPUOD PLEE SWLB | 3L 305 *[5202/80/6T ] UD ARIQITBUIIUO AB1IM B1UD URIP0D A €16, Tede/TTTT'0T/I0P/LI0Y" 3|1 ARG BU|UO//ScY LU0 PaPeo|uMOq ‘G ‘SZ0Z */2ZZTS9T


https://orcid.org/0000-0003-3937-5574
https://orcid.org/0000-0003-3937-5574
https://orcid.org/0000-0002-2940-7467
https://orcid.org/0000-0002-2940-7467
https://doi.org//10.1371/journal.pmed.1003846
https://doi.org//10.1371/journal.pmed.1003846
https://doi.org//10.1016/S2468-2667(23)00306-7
https://doi.org//10.1016/j.learninstruc.2023.101769
https://doi.org//10.1136/bmjgh-2018-000752
https://doi.org//10.1136/bmjgh-2018-000752
https://doi.org//10.1186/s12879-022-07784-7
https://doi.org//10.1186/s12879-022-07784-7
https://doi.org//10.1371/journal.pntd.0005523
https://doi.org//10.1016/S2214-109X(20)30325-9
https://doi.org//10.3945/jn.109.108662
https://doi.org//10.1097/INF.0b013e31814847d9
https://doi.org//10.1093/ije/27.3.505
https://doi.org//10.1111/j.1469-0691.2009.02831.x
https://doi.org//10.1086/506352
https://doi.org//10.1542/peds.2012-3488
https://doi.org//10.1093/aje/kwy053
https://doi.org//10.1371/journal.pone.0242016

VILLAMOR ET AL.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Kliegman RM, St Geme JW, Blum NJ, Shah SS, Tasker RC, Wilson
KM. Nelson Textbook of Pediatrics. 21st ed. Elsevier; 2020.
Broyles ST, Staiano AE, Drazba KT, Gupta AK, Sothern M,
Katzmarzyk PT. Elevated C-reactive protein in children from risky
neighborhoods: evidence for a stress pathway linking neighbor-
hoods and inflammation in children. PLoS One. 2012;7(9):e45419.
doi:10.1371/journal.pone.0045419

Duong MC, Mora-Plazas M, Marin C, Villamor E. Vitamin B-12
deficiency in children is associated with grade repetition and
school absenteeism, independent of folate, iron, zinc, or vitamin
a status biomarkers. J Nutr. 2015;145(7):1541-8. doi:10.3945/
jn.115.211391

Thornton KA, Mora-Plazas M, Marin C, Villamor E. Vitamin a defi-
ciency is associated with gastrointestinal and respiratory morbidity
in school-age children. J Nutr. 2014;144(4):496-503. doi:10.3945/
in.113.185876

Allen LH. How common is vitamin B-12 deficiency? Am J Clin Nutr.
2009;89(2):693S-6S. doi:10.3945/ajcn.2008.26947A

Harrison G, Stormer A, Herman D, Winham D. Development of a
spanish-language version of the U.S. household food security sur-
vey module. J Nutr. 2003;133(4):1192-7. d0i:10.1093/jn/133.4.1192
Valeri L, Vanderweele TJ. Mediation analysis allowing for exposure-
mediator interactions and causal interpretation: theoretical as-
sumptions and implementation with SAS and SPSS macros. Psychol
Methods. 2013;18(2):137-50. doi:10.1037/a0031034

Pinkerton R, Oria RB, Lima AA, et al. Early childhood diarrhea
predicts cognitive delays in later childhood independently of mal-
nutrition. Am J Trop Med Hyg. 2016;95(5):1004-10. doi:10.4269/
ajtmh.16-0150

Azziz-Baumgartner E, Gonzalez R, Davis W, et al. Lower cognitive
scores among toddlers in birth cohorts with acute respiratory ill-
nesses, fevers, and laboratory-confirmed influenza. Influenza
Other Respir Viruses. 2022;16(1):101-12. doi:10.1111/irv.12904
Mackinnon N, Zammit S, Lewis G, Jones PB, Khandaker GM.
Association between childhood infection, serum inflammatory

26.

27.

28.

29.

30.

ACTA PEDIATRICA RYVI TV

markers and intelligence: findings from a population-based pro-
spective birth cohort study. Epidemiol Infect. 2018;146(2):256-64.
doi:10.1017/50950268817002710

Jiang NM, Cowan M, Moonah SN, Petri WA Jr. The impact of
systemic inflammation on neurodevelopment. Trends Mol Med.
2018;24(9):794-804. doi:10.1016/j.molmed.2018.06.008
Chevalier N, Kurth S, Doucette MR, et al. Myelination is associated
with processing speed in early childhood: preliminary insights. PLoS
One. 2015;10(10):e0139897. doi:10.1371/journal.pone.0139897
John CC, Black MM, Nelson CA 3rd. Neurodevelopment: the impact
of nutrition and inflammation during early to middle childhood in
low-resource settings. Pediatrics. 2017;139:559-S71. doi:10.1542/
peds.2016-2828H

Wang Z, Lapinski M, Quilliam E, Jaykus LA, Fraser A. The effect
of hand-hygiene interventions on infectious disease-associated
absenteeism in elementary schools: a systematic literature re-
view. Am J Infect Control. 2017;45(6):682-9. doi:10.1016/j.
ajic.2017.01.018

Gruber C, Keil T, Kulig M, et al. History of respiratory in-
fections in the first 12 yr among children from a birth co-
hort. Pediatr Allergy Immunol. 2008;19(6):505-12.
doi:10.1111/j.1399-3038.2007.00688.x

How to cite this article: Villamor E, Beer RJ, Seeley AL,
Lépez-Arana S, Marin C, Mora-Plazas M. Infectious
morbidity and white blood cell count associated with grade
repetition and school absenteeism. Acta Paediatr.
2025;114:954-963. https://doi.org/10.1111/apa.17513

35UB01 SUOWILLID) AR 3| (ddle aU) Aq pauiA0B a1 SBPILIE O 188N J0 S3IN. 10} AZRIq1 BUIIUO 43| U (SUOIIPUOD-PLE-SLLLIG}WI0D"B 1M ARe.q 1 puluoy/:Sciil) SUOTIPUOD PLEE SWLB | 3L 305 *[5202/80/6T ] UD ARIQITBUIIUO AB1IM B1UD URIP0D A €16, Tede/TTTT'0T/I0P/LI0Y" 3|1 ARG BU|UO//ScY LU0 PaPeo|uMOq ‘G ‘SZ0Z */2ZZTS9T


https://doi.org//10.1371/journal.pone.0045419
https://doi.org//10.3945/jn.115.211391
https://doi.org//10.3945/jn.115.211391
https://doi.org//10.3945/jn.113.185876
https://doi.org//10.3945/jn.113.185876
https://doi.org//10.3945/ajcn.2008.26947A
https://doi.org//10.1093/jn/133.4.1192
https://doi.org//10.1037/a0031034
https://doi.org//10.4269/ajtmh.16-0150
https://doi.org//10.4269/ajtmh.16-0150
https://doi.org//10.1111/irv.12904
https://doi.org//10.1017/S0950268817002710
https://doi.org//10.1016/j.molmed.2018.06.008
https://doi.org//10.1371/journal.pone.0139897
https://doi.org//10.1542/peds.2016-2828H
https://doi.org//10.1542/peds.2016-2828H
https://doi.org//10.1016/j.ajic.2017.01.018
https://doi.org//10.1016/j.ajic.2017.01.018
https://doi.org//10.1111/j.1399-3038.2007.00688.x
https://doi.org/10.1111/apa.17513

	Infectious morbidity and white blood cell count associated with grade repetition and school absenteeism
	Abstract
	1  |  INTRODUCTION
	2  |  METHODS
	2.1  |  Study design and population
	2.2  |  Laboratory methods
	2.3  |  Data analysis

	3  |  RESULTS
	3.1  |  Infectious morbidity during the school year
	3.2  |  Inflammatory biomarkers

	4  |  DISCUSSION
	AUTHOR CONTRIBUTIONS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	ORCID
	REFERENCES


