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abstractBACKGROUND: Daycare attendance has been associated with increased acute gastroenteritis 

(AGE) incidence in the first years of life. We investigated the effects of first-year daycare 

attendance on AGE incidence and primary care contact rate up to age 6 years.

METHODS: Children enrolled in the Wheezing Illnesses Study Leidsche Rijn cohort were 

managed until age 6 years. Data on primary care diagnosed AGE episodes and number 

of associated contacts per episode were collected from health records. Children were 

categorized according to first year daycare attendance and age-month at entry when 

applicable. Generalized estimating equations were used to assess associations between 

first-year daycare and AGE incidence or primary care contact rate.

RESULTS: A total of 1344 out of 2220 children (83%) attended daycare before age 1 year. 

Overall, the 6-year primary care AGE incidence rate (IR) among first-year daycare 

attendees and nonattendees was comparable (IR: 12.2/100 vs 13.3/100 child-years). First-

year daycare attendees had a higher AGE incidence during the first year (IRR: 1.13; 95% 

confidence interval: 1.06–1.21) and lower during the third to sixth year of age compared 

with nonattendees (P < .001). The daycare-associated increase in AGE incidence was most 

pronounced during the first 12 months after enrollment into daycare and demonstrated 

clear seasonality. A similar pattern was observed for primary care contact rate per AGE 

episode.

CONCLUSIONS: First-year daycare attendance advances the timing of AGE infections, resulting 

in increased AGE disease burden in the first year and relative protection thereafter. 

Protection against AGE infection persists at least up to age 6 years. Future studies should 

address whether this protective effect persists during later childhood.
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WHAT’S KNOWN ON THIS SUBJECT: Longitudinal 

studies showed that daycare attendance results 

in increased AGE rates at a young age, but it has 

also been suggested that early daycare might offer 

relative protection when children enter primary 

school.

WHAT THIS STUDY ADDS: First-year daycare 

attendance advances the timing of AGE infections, 

resulting in increased AGE disease burden in 

the fi rst year and relative protection thereafter. 

Protection against AGE infection persists at least up 

to 6 years of age.
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Acute gastroenteritis (AGE) remains 

an important cause of morbidity 

and primary care visits in developed 

countries, in particular among 

children. In the Netherlands, the 

estimated incidence of AGE is 887 

episodes per 1000 person-years for 

children 0 to 4 years old and 444 

for children 5 to 10 years old.1 The 

incidence of AGE related primary 

care consultations is 45 to 92 per 

1000 person-years for children 0 to 

4 years old.2 In 2009, the overall cost 

for gastroenteritis in the Netherlands 

were estimated at €611 to 695 

million annually.3

Daycare centers are a suitable 

environment for the transmission 

of AGE because of close contact 

between children who have not yet 

learned adequate hygiene practices.4 

Daycare attendance during preschool 

age is associated with an increased 

incidence of several infections, 

including AGE.5–10 Consequently, 

increased rates of primary care 

consultation, hospitalization, and 

medication prescription have been 

reported for infants attending 

daycare compared with those cared 

for at home.3, 5, 9, 11–14 Although it is 

known that early daycare attendance 

is associated with an increased 

incidence and economic burden of 

AGE, it has also been suggested that 

early daycare may offer relative 

protection from AGE when children 

enter primary school.8, 15, 16 The 

duration and magnitude of such 

opposite effects of early daycare 

exposure, however, remain unclear, 

and consequently the cumulative 

impact of daycare attendance on AGE 

disease burden during childhood also 

remains unclear.

The aim of this cohort study was 

to assess the effects of first-year 

daycare attendance on the number 

and timing of primary care diagnosed 

AGE episodes and consultations up 

to the age of 6 years as a measure 

for AGE disease burden during 

childhood.

METHODS

Participants

All children in the current study were 

participants in the Wheezing Illnesses 

Study Leidsche Rijn (WHISTLER) 

project, a large, prospective birth 

cohort study on perinatal and infant 

risk factors for wheezing illness. 

Healthy newborns in Leidsche Rijn 

were enrolled between December 

2001 and December 2012. The study 

design and rationale of WHISTLER 

are described in detail elsewhere.17 

Briefly, parents of newborns were 

invited by telephone to participate 

within 2 months after birth and the 

newborns were managed monthly 

during the first year of life. Exclusion 

criteria at baseline were gestational 

age <36 weeks, major congenital 

abnormalities, and neonatal 

respiratory disease. The study was 

approved by the pediatric medical 

ethics committee of the University 

Medical Center Utrecht, and written 

informed consent was obtained from 

the parents.

Data Collection

At baseline, data were collected on 

prenatal risk factors and parental 

characteristics. Data on postnatal risk 

factors, such as daycare attendance 

and duration of breastfeeding, were 

collected prospectively by monthly 

questionnaires during the first 12 

consecutive months. Follow-up of 

participants included extraction of 6 

years of relevant medical data from 

the primary care electronic medical 

database using the International 

Classification system of Primary 

Care.18 Specifically, we extracted 

data on AGE related primary care 

consultations for all participants 

with a general practitioner (GP) 

practicing within the Leidsche Rijn 

research district. GP follow-up years 

for the participants were included 

until the sixth birthday of the child, 

and birth enrollment was defined 

as being registered at a GP practice 

before the age of 6 months. In the 

Dutch health care system, each 

individual is obligatory insured for 

standard medical care and listed with 

a GP.19 Dutch primary care, with GPs 

serving as gatekeepers for secondary 

health care, is a strong foundation 

of the health care system. With their 

position at the core of the health 

care system, GP databases provide a 

comprehensive collection of health 

care usage of each individual.

Defi nition of Outcomes

The primary outcome measure, a 

primary care–diagnosed episode 

of AGE during the first 6 years of 

life, was defined as International 

Classification system of Primary 

Care code D11 (diarrhea), D70 

(gastrointestinal infection), or 

D73 (gastroenteritis presumed 

infection). A new episode of AGE was 

documented after a consultation-free 

interval of at least 28 days. For each 

AGE episode, additional data on the 

number of AGE-related primary care 

consultations was extracted. The 

secondary outcome measure was 

defined as the total number of AGE-

related primary care consultations 

during the first 6 years of life.

Defi nition of Exposure and 
Confounders

The exposure variables of interest 

were daycare attendance in the first 

year of life and age of entry, which 

was defined as the age at which a 

child first entered daycare for at least 

1 half day per week. Age of entry was 

categorized as: (1) no daycare in the 

first year of life (reference group); 

and start of daycare (2) before 3 

months of age, (3) from 3 to 5 months 

of age, and (4) 6 to 12 months of age. 

Gender, parental educational level 

(as a measure for socioeconomic 

status [SES]), presence of older 

siblings (yes/no), and duration 

of exclusive breastfeeding were 

considered potential confounders. 

High educational level was defined as 

1 or both parents having completed 

at least vocational or university 

education, and middle/low level was 

defined as 1 or both parents having 
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completed education lower than at 

the vocational or university level. 

Duration of exclusive breastfeeding 

was divided into 4 categories: no 

breastfeeding, 1 to 3 months, 4 to 6 

months, and >6 months.

Statistical Analysis

χ2 tests to provide a descriptive 

profile of the characteristics of the 

children studied according to first-

year daycare attendance. The crude 

AGE incidence rate per 100 child-

years was calculated by dividing the 

total number of AGE episodes by the 

total child-years of follow-up. The 

AGE incidence rate was calculated 

per 1-year age categories up to 6 

years of age. Primary care follow-up 

duration was calculated as the time 

from birth, or from the registration 

date at a primary care practice if this 

occurred beyond 6 months of age, 

until the last known date of follow-up 

or the sixth birthday, whichever came 

first. Rotavirus and norovirus, the 

most important pathogens causing 

AGE in infants, exhibit profound 

seasonality in the Netherlands, 

where rotavirus vaccination is not in 

use.20 We indirectly explored these 

pathogens’ contribution to AGE 

by assessing seasonal patterns in 

incidence rates by first year daycare 

status and across various age groups.

Because of missing values for 

parent- and child-related factors, a 

substantial proportion of the cases 

could not be used in the regression 

analysis. To address the potential 

bias incurred by using complete case 

analysis, we imputed missing values 

using the multivariate imputations by 

chained equations procedure in SPSS 

(version 20.0; IBM SPSS Statistics, 

IBM Corporation).21 We performed 

separate analyses for complete 

cases and for imputed data. The 10 

imputed data sets were analyzed 

and the results were combined. We 

averaged estimates of the variables 

to give a single mean estimate and 

adjusted SEs according to Rubin's 

rule.22

Generalized estimating equations 

(GEE) were used to assess the 

association between first-year 

daycare attendance and incidence 

of AGE episodes, with no daycare in 

the first year of life as the reference 

category. GEE analysis takes into 

account the correlation between 

repeated measurements for the 

same individual. An autoregressive 

correlations structure was selected 

to correct the correlated data. A 

negative binomial link function was 

used to correct for overdispersion of 

the count data. To test whether the 

effect of first-year daycare on AGE 

was age-dependent, an interaction 

term for daycare attendance with 

age was added to the GEE model. 

The regression coefficients reflect an 

incidence rate ratio (IRR).

Similar analyses were done to assess 

the association between first-year 

daycare attendance and the number 

of primary care consultations for 

AGE. The regression coefficients from 

this GEE model reflect an IRR. All 

models were adjusted for potential 

confounders, including gender, 

parental education level, presence 

of older siblings, and duration of 

exclusive breastfeeding.

All statistical analyses were 

performed with SPSS (version 20.0), 

SAS 9.2 (SAS Institute, Inc, Cary, 

NC) and OpenEpi (Open Source 

Epidemiologic Statistics for Public 

Health; version 3.03).

RESULTS

Of the 2464 participants recruited 

for the WHISTLER study, primary 

care follow-up data were available 

for 2220 children (90%). Complete 

data were available for 1626 of the 

2220 children (73%) (Fig 1). Baseline 

characteristics of these 1626 children 

categorized according to daycare 

attendance are listed in Table 1. Of 

the 1626 children included, 1344 

(83%) attended daycare in the first 

year of life for at least 1 month. The 

parental education level was high 

for 83% of the included children. 

On average, daycare attendees 

had higher-educated parents who 

introduced breastfeeding more often 

and had an older sibling less often. 

During the 6925 person-years of 

follow-up (median 4.9, maximum 

6.0 years), 834 episodes of primary 

care–diagnosed AGE were recorded. 

Overall, the AGE incidence rate 

was highest in the first 2 years of 

life and declined thereafter (Table 

1). Compared with children who 

did not attend daycare, first-year 

daycare attendees had a higher AGE 

incidence rate in the first 2 years 

of life, but lower incidence rates 

at ages 3 to 6 years. The seasonal 

pattern of the AGE incidence rate 

per 1-year age-group and by daycare 

status is visualized in Fig 2. A clear 

winter peak in the incidence rate 

is observed in the first year of life 

for first-year daycare attendees, 

which is compatible with rotavirus 

and norovirus seasonality. A similar 

seasonal peak is observed among 

children without first-year daycare 

during the second year of life and, to 

a lesser extent, for the 2- to 6-year 

age groups.

The following reported results 

pertain to the multiple imputation 

data set (n = 2220), which had 

comparable baseline characteristics. 

Results of the complete case analysis 

are described in Supplemental Fig 4.

Impact of Daycare on Cumulative 
AGE Incidence

The crude cumulative AGE incidence 

in the first 6 years of life is shown in 

Table 2. The mean 6-year incidence 

rate was 13.3 per 100 child-years 

(95% CI: 11.9–14.8) for the no 

daycare group compared with 

12.2 per 100 child-years (95% CI: 

11.4–13.0) for the daycare group. 

After adjustment for gender, parental 

education level, presence of older 

siblings, and duration of exclusive 

breastfeeding, no difference in 

cumulative 6-year AGE incidence was 

observed between first-year daycare 
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attendees and those who did not 

attend daycare (P = .19). Similarly, 

no difference in cumulative 6-year 

incidence was observed across strata 

of age at entry into daycare.

The number of primary care 

consultations in the first 6 years of 

life in the daycare group (19.3/100 

child-years) was similar to that in 

the no daycare group (19.6/100 

child-year, P = .82; Table 3). After 

adjustment for confounders, no 

difference in cumulative 6-year 

incidence of AGE-related primary 

care consultations was observed 

between first-year daycare attendees 

and those who did not attend daycare 

(P = .82) Similarly, no difference in 

cumulative 6-year incidence was 

observed across strata of age at entry 

into daycare.

Age-Dependent Effect of Daycare on 
AGE

The test for interaction revealed that 

the associations between daycare 

attendance in the first year of life and 

incidence of AGE episodes as well 

as primary care consultations were 

age dependent (P < .001). Figure 

3A shows the adjusted AGE IRR 

per 1-year age category in children 

with and without first-year daycare 

and categorized according to age 

of entry in daycare. We observed a 

significantly higher AGE incidence 

rate in daycare attendees during 

the first year of life. This increased 

incidence in the first year of life was 

observed across all 3 age-at-entry 

categories, with a mean IRR of 1.13 

(95% CI: 1.06–1.21). During the 

second year of life, the incidence 

rate for AGE was only significantly 

higher among children entering 

daycare after 6 months of age (IRR: 

1.11; 95% CI: 1.01–1.22). During the 

following years, the IRR reversed, 

showing overall lower AGE incidence 

rates in first-year daycare attendees 

compared with the children cared for 

at home. The decrease was consistent 

across all the age-at-entry categories, 

with mean IRRs varying between 

0.92 and 0.95. A similar pattern was 

observed for the IRR of AGE-related 

primary care consultations (Fig 3B). 

These findings are comparable with 

the results of the complete case 

analysis (Supplemental Fig 4).

DISCUSSION

This study showed higher AGE 

incidence rates and primary care 

consultations for daycare attendees 

during the first year of life. In the 

following years, the effect of early 

daycare on AGE rates and associated 

primary care consultations reversed, 

with persistently lower rates among 

daycare attendees compared with 

children cared for at home up to age 

6 years. Similarly, the differential 

presence of a winter peak in AGE 

incidence across age groups was 

observed between children with 

and without first-year daycare 

attendance. Overall, the 6-year 

cumulative AGE incidence and AGE-

related primary care consultation 

rates were similar for children 

attending and not attending daycare 

during the first year of life. For 

children starting daycare before 6 

months of age, AGE incidence was 

increased during the first year of life 

only, whereas for children starting 

after 6 months of age, the effect 

persisted during the second year of 

life. This suggests that the impact of 

daycare attendance on AGE is most 
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 FIGURE 1
Flowchart of the study population.
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pronounced during the first year 

after entry into daycare.

Worldwide, the number of young 

children attending daycare has 

rapidly increased over the last few 

decades.12, 23 In the Netherlands, 

∼50% of the 0.7 million children 

aged 0 to 4 years are enrolled 

in daycare.5 Previous studies 

have demonstrated that daycare 

attendance is associated with a 

higher AGE incidence compared 

with children who did not 

attend daycare.5, 7, 10, 16 Our study 

investigated AGE incidence 

rates during both the period of 

daycare attendance and in the 

following years, as well as the total, 

cumulative AGE disease burden 

up to age 6 years. This detailed 

analysis enabled us to reveal the 

age-dependent effect of daycare 

attendance on the occurrence of 

AGE during childhood. Although 

5

TABLE 1  Sociodemographic Description of the 1626 Studied Children and Their Parents

Characteristics Total Population 

(n = 1626)

Daycare First 

Year (n = 1344)

No Daycare First 

Year (n = 282)

P

Child

 Gender (% boy) 49.2 49.4 48.2 .840

 Older siblings (% yes) 50.7 49.6 56.7 .03

 Excl breastfeeding duration 

(%)

<.001

  No 19.7 18.2 27.0

  1–3 mo 48.6 49.9 42.6

  4–6 mo 19.2 20.5 13.1

  >6 mo 12.4 11.4 17.4

Parents <.001

 Educational level (%)

  High 83.0 88.2 58.5

  Middle/low 17.0 11.8 41.5

 IRR of AGE per age 

category/100 child-years 

(95% CI)

  0–1 y 25.5 (23.1–28.2) 27.9 (25.1–

30.9)

14.3 (10.3–19.5) <.001

  1–2 y 14.3 (12.4–16.3) 14.9 (12.9–

17.2)

11.1 (7.6–15.8) .14

  2–3 y 7.5 (6.1–9.2) 6.3 (4.9–8.0) 13.0 (9.0–18.2) .002

  3–4 y 6.1 (3.0–7.7) 4.1 (2.9–5.6) 14.7 (10.1–20.8) <.001

  4–5 y 4.2 (3.0–5.7) 2.9 (1.8–4.4) 9.1 (5.4–14.5) .001

  5–6 y 4.9 (3.4–6.7) 3.2 (2.0–5.0) 11.1 (6.6–17.8) <.001

excl, exclusive 

 FIGURE 2
Seasonal pattern of AGE incidence in children with and without fi rst-year daycare across various age groups. The gray and blue areas represent 95% CIs 
for AGE incidence rates in children with and without fi rst-year daycare attendance, respectively.
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daycare attendees have higher rates 

of AGE during the first year and 

part of the second year of life, the 

overall number of GP-attended AGE 

episodes and consultations up to 

age 6 years was not increased. Our 

findings are in line with results from 

2 other prospective cohort studies 

that assessed direct and long-term 

effects of early daycare on AGE 

occurrence. Côté et al15 did not find 

a difference in cumulative parent-

reported AGE incidence in the first 

8 years of life between children 

attending daycare before ages 

2.5 years and those not attending 

daycare. Zutavern et al8 found an 

increased risk, based on parental 

questionnaires, of several infections, 

including AGE, in the first years 

of life for children who entered 

daycare before 2 years of age, and 

observed that this risk disappeared 

or even reversed from the age 

of 4 years on. In our study, AGE 

occurrence was determined based 

on GP records, reflecting disease 

episodes that were sufficiently 

severe to seek health care. As in the 

Dutch health care system, GPs act 

as gatekeepers for secondary care. 

We therefore feel confident that we 

have captured all medically attended 

AGE episodes. Unfortunately, our 

study did not provide data about 

GP referrals to secondary care, 

including hospitalization. Whether 

the proportion of AGE episodes 

referred to secondary care differs 

6

TABLE 2  Cumulative AGE Incidence in Children With and Without First-year Daycare Attendance up 

to Age 6 Years

Primary Care Diagnosed 

AGE

Number 

of AGE 

Episodes

Child-years Rate/100 Child-years 

(95% CI)

Adjusteda IRR (95% CI)

No daycare in fi rst year 

(n = 522)

318 2392.7 13.3 (11.9–14.8) 1.00

Daycare in fi rst year (n 

= 1698)

876 7187.4 12.2 (11.4–13.0) 0.93 (0.75–1.09)

 Age at entry:

  0 to 2 mo 112 1091.0 10.3 (8.5–12.3) 0.97 (0.72–1.32)

  3 to 5 mo 607 4971.7 12.2 (11.3–13.2) 0.92 (0.74–1.15)

  6 to 12 mo 157 1124.7 14.0 (11.9–16.3) 1.08 (0.80–1.46)

a Adjusted for: gender, parental education level, older siblings and duration of exclusive breastfeeding. 

TABLE 3  Cumulative Incidence of AGE Primary Care Consultations With and Without First-Year 

Daycare Attendance up to Age 6 Years

Primary Care Diagnosed 

AGE Infection

Primary Care 

Consultations

Child-years Rate/100 Child-

years (95% CI)

Adjusteda IRR (95% CI) 

GEE

No daycare in fi rst year 

(n = 522)

468 2392.7 19.6 (17.9–21.4) 1.00

Daycare in fi rst year (n 

= 1698)

1389 7187.4 19.3 (18.3–20.4) 0.99 (0.77–1.28)

Age at entry

 0–2 mo 177 1091.0 16.2 (14.0–18.8) 0.81 (0.77–1.59)

 3–5 mo 972 4971.7 19.6 (18.4–20.8) 1.00 (0.77–1.31)

 6–12 mo 240 1124.7 21.3 (18.8–24.2) 1.10 (0.56–1.16)

a Adjusted for: gender, parental education level, older siblings, and duration of exclusive breastfeeding.

 FIGURE 3
Adjusted incidence rate ratios comparing AGE incidence (A) and AGE primary care consultation rate (B) in children with and without fi rst-year daycare, 
categorized according to age at entry (no daycare in the fi rst year is the reference group). Adjusted for: gender, parental education level, siblings, and 
duration of exclusive breastfeeding.
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according to first-year daycare 

exposure status can therefore not be 

assessed in our study. However, in a 

national health care database study 

from Denmark, first-year daycare 

attendance was not associated 

with increased cumulative rates 

of AGE hospitalization up to age 5 

years, although a difference in the 

age at the time of hospitalization 

was observed between the daycare 

and no daycare groups, similar to 

findings in our study.24 Together, 

these studies indicate that early 

daycare does not increase overall 

AGE disease severity or health care 

burden, but does influence timing of 

AGE events.

Previous studies have shown that 

most children suffer from AGE 

immediately after enrollment in 

daycare centers.7, 15, 16, 24 Depending 

on age at entry, the increase in 

AGE incidence among daycare 

attendees was observed in our 

study during the first or first and 

second year only. The seasonal peak 

during winter months suggests an 

important contribution of rotavirus 

and norovirus to the increased AGE 

incidence for first-year daycare 

attendees. By contrast, children 

who did not attend daycare during 

the first year appear to encounter 

these seasonal infections during 

later years. It appears that exposure 

to high levels of enteropathogens 

in the daycare environment results 

in early first infection, 25 which is 

often symptomatic, and induces 

subsequent immunity that is 

protective against symptomatic 

disease in later school-age years.

The major strengths of our study are 

its large size, the prospective study 

design, and the follow-up duration 

of 6 years. Furthermore, the study 

outcome, AGE, has been extracted 

from primary care medical records 

and collected independently of 

exposure status, which minimizes 

information bias. Although health 

care seeking behavior may differ 

among parents, it has been 

demonstrated in a recent Dutch study 

not to be associated with daycare 

attendance for children 0 to 4 years 

old, minimizing the potential for bias 

introduction in this study.9 Still, some 

methodological limitations should 

be considered. First, we only had 

information on daycare attendance in 

the first year of life. This could have 

affected the long-term results as it 

might overestimate the incidence in 

the no daycare group at the ages of 2 

years or older. Some of the children 

classified as having had no daycare in 

the reference group might be exposed 

to daycare after the first year of life, 

likely resulting in an underestimation 

of the effect of daycare. Secondly, 

the data did not allow us to further 

specify daycare into type or size of 

the daycare facility. Previous studies 

demonstrated an increased risk of 

infections in the first year of life 

when attending large daycare centers 

compared with smaller daycare 

centers.8, 26 Finally, in this study, the 

percentage of families with a high 

SES in the study population were 

overrepresented compared with the 

district population average and the 

children of these families are more 

likely to attend daycare.27 Indeed, 

the percentage of high SES families 

in the daycare group is higher in the 

study population compared with 

the Dutch average (80% versus 

60%, respectively).27 This may 

imply selection, nevertheless it is 

unlikely that this will resulted in 

bias, because families are included 

before the occurrence of AGE and 

exposure to daycare. Furthermore, 

we do not have evidence to suggest 

that the association between daycare 

attendance and AGE differs by SES.

CONCLUSIONS

This study showed that first-year 

daycare attendance advances the 

timing of AGE infections, resulting 

in increased AGE disease burden in 

the first year and relative protection 

thereafter. Protection persists at 

least up to age 6 years, resulting 

in an overall similar AGE disease 

burden between children attending 

and not attending daycare during 

the first year of life. Therefore, 

we conclude that early daycare 

does not increase overall acute 

gastroenteritis disease severity 

or health care burden and has a 

protective effect against AGE in later 

years. Future studies are needed to 

determine if this protective effect 

persists beyond the age of 6 years.
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