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Abstract
Objective Parents and health professionals believe that recurrent respiratory tract infections (RRTI)

have a large impact on children with Down syndrome (DS). We studied the relation between

parent-reported RRTI and development, behaviour and health-related quality of life (HRQoL) in

8-year-old children with DS.

Method During a 3-year period, 325 children with DS were recruited for inclusion in this

observational study. Parents were asked to fill in the Child Behavior Checklist and TNO-AZL

Children’s Quality of Life Parent Form. A psychological assistant administrated the McCarthy Scales

of Children’s Abilities. The children were divided into a group with presence of RRTI (RRTI+) and a

group without RRTI (RRTI-), on the basis of parental report. Linear regression analyses were

performed to assess the effect of RRTI, while correcting for the influence of confounders.

Results Compared with RRTI- children (n = 176), RRTI+ children (n = 149, 46%) showed decreased

mental and motor development (mean developmental age 3.67 vs. 4.08 years), more behavioural

problems and lower scores on most HRQoL scales (P < 0.05). Moreover, school enrolment is less

favourable in RRTI+ children.

Conclusion In 8-year-olds with DS, the children with parent-reported RRTI show more delayed

development, more behavioural problems and lower HRQoL compared with the children without

RRTI. Although this association does not prove a causal relationship, further studies should focus on

this, because RRTI are potentially preventable.

Introduction

Down syndrome (DS) is one of the most common genetic

causes of intellectual disability in children. In the Netherlands,

the prevalence is approximately 1 in 714 live born infants

(Weijerman et al. 2008; Mohangoo et al. 2010). Facial dysmor-

phic features, hypotonia and congenital heart defects (CHD) are

variably present in newborns with DS. Also, DS is associated

with celiac disease, thyroid disease, diabetes mellitus and hae-

matological malignancies.

Respiratory complications are common in children with DS.

The risk of anatomic abnormalities, respiratory syncytial virus

infection and viral induced wheezing is increased (Bloemers

et al. 2007, 2010; McDowell & Craven 2011). Recurrent lung

and/or airway infections (recurrent respiratory tract infections;

RRTI) are frequently encountered in children with DS

(McDowell & Craven 2011). Parents often report delayed devel-

opment due to these RRTI. Up to now, this has been studied

only once in toddlers: motor development was delayed 0.88

months in 2-year-old children with DS suffering from recurrent
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lung or airway disease; however, mental development was not

affected (van Trotsenburg et al. 2006).

In this study, we measure the association between RRTI,

based on parental report, and development, behaviour and

health-related quality of life (HRQoL) in 8-year-old children

with DS.

Methods

Study population

All members of the Dutch DS Foundation having a child with

DS turning 8 years of age between January 2000 and January

2003 were invited to participate in this study. If parents agreed

to participation, they returned their written informed consent

to the researchers. Parents were then contacted to plan a home

visit for psychological testing, and a set of questionnaires was

sent to them.

Social and medical background

A questionnaire asked for information on social background

and demographic variables concerning family situation, breast-

feeding (>1 month after birth) and attendance to childcare and

school. The level of parental education was used as indicator for

socio-economic status. The medical history of the child was

evaluated by routine questions. We asked parents ‘Does your

child suffer from chronic airway infections (i.e. often severe

common cold or bronchitis)?’ and ‘Was your child diagnosed

with asthma?’ to evaluate respiratory complaints. Response cat-

egories for both questions were ‘yes’ or ‘no’. Based on the

response to the first question, children were divided into chil-

dren with RRTI (RRTI+) and children without RRTI (RRTI-). In

the same way, the presence of frequently encountered diseases in

DS, such as CHD, gastrointestinal disease, thyroid dysfunction,

diabetes mellitus, impaired hearing and/or eye disease was

noted.

Developmental skills

The Dutch version of the McCarthy Scales of Children’s Abili-

ties (MSCA) for children aged 2.5 to 8.5 years was used to

measure general developmental skills (McCarthy 1972). An

experienced and trained psychological assistant performed this

test as soon as possible after the eighth birthday of the child. The

MSCA contains 18 subtests, which are grouped into verbal,

perceptual, quantitative, memory and motor skills. In addition,

a general cognitive scale and the developmental age of the child

can be determined as well with the MSCA.

Emotional and behavioural functioning

The presence of emotional and behavioural problems was

determined by the Dutch version of the Child Behavior Check-

list (CBCL) (Achenbach 1991). This test was created for chil-

dren aged 4 to 12 years and contains a total of 118 items on the

following nine scales: withdrawn, somatic complaints, anxious/

depressed, social problems, thought problems, attention prob-

lems, delinquent behaviour, aggressive behaviour and sexual

problems. The scales of withdrawn, somatic complaints and

anxious/depressed are combined for assessing internalizing

problems as a separate score. The score for externalizing prob-

lems is comprised by the scales of delinquent and aggressive

behaviour.

We chose the CBCL because we wanted to compare the pres-

ence of behavioural problems in children with DS with healthy

Dutch children, for which reference data are available. Besides,

the manual and data on validity of the Developmental Behavior

Checklist – specifically designed for children with developmen-

tal problems – were not yet available in the Netherlands at the

time of writing of the study proposal.

Health-related quality of life

The TNO-AZL Children’s Quality of Life Parent Form

(TACQOL-PF) questionnaire for children aged 5 to 15 years was

used to determine the HRQoL (Verrips et al. 1999). The 57

items are grouped in physical complaints, gross motor skills,

autonomy, cognitive functioning, social functioning, positive

emotions and negative emotions. With this questionnaire

parents indicated health status problems in their child and also

reported negative emotions expressed by the child to these

problems.

Statistical analysis

To determine differences between the group of children with

parent-reported RRTI and the group without RRTI (RRTI+ and

RRTI-, respectively), we performed chi-squared tests for all vari-

ables mentioned in Social and medical background section. Age

was compared between both groups by an independent t-test.

Linear regression analyses were performed to assess the associa-

tion between RRTI and each of the three outcome variables

separately: MSCA, CBCL and TACQOL-PF. Gender, level of

parental education, presence of siblings, childcare attendance,
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being breastfed and morbidity (CHD, diagnosis of asthma, gas-

trointestinal disease, eye disease, impaired hearing and thyroid

dysfunction) were used as confounders. The effect sizes were

computed as Cohen’s f 2, which is the effect size index for mul-

tiple regression (see for formula Cohen 1988, p. 410). If f 2

equals 0.01 for a variable, it means that this variable uniquely

accounts for 1% of the variance in the outcome variable

(expressed as a proportion of the unexplained variance). When

comparing the effect sizes for different outcome variables, f 2 is

more appropriate than R2 change, because the latter depends on

the total variance accounted for. For interpretation of relevant

effect sizes we used the following reference values: small effect

(0.01 � f 2 < 0.10), moderate effect (0.10 � f 2 < 0.33) and large

effect (f 2 � 0.33) (Cohen 1977). In addition, to determine

whether the effects of gender, CHD and impaired hearing on

the outcome variables were equal for both groups of RRTI, the

influence of interaction terms was assessed by hierarchical

regression analyses. For this purpose, cross products were com-

puted between RRTI (plus or minus) and, respectively, gender,

CHD and impaired hearing. These cross products were added as

an extra step to the regression equation (which included all

main effects). Although asthma was significantly more reported

in RRTI+, this subgroup was too small for further analysis.

Power analysis showed at least 137 patients per group were

needed to detect a 3-month difference in developmental delay

(power 80%, alpha 0.05). All analyses were performed by spss

for Windows 17.0; statistical significance was defined as a two-

sided P < 0.05.

Results

Patient characteristics and confounding factors

The data on patient characteristics and potential confounding

factors are presented in Table 1. In total, 531 children with DS

aged 8 years were invited to participate; which holds 78% of

all estimated living 680 children of this birth cohort in the

Netherlands (based on an 84% survival rate) (Tennant et al.

Table 1. Patient characteristics and additional morbidity of 8-year-old Down syndrome population in relation to parent-reported presence of recurrent
respiratory tract infections (RRTI)

RRTI+ RRTI- Total Chi-squared test

n (%) n (%) n (%) P-value

Male 85 (57) 84 (48) 169 (51) NS
Female 64 (43) 92 (52) 156 (49)
Age at inclusion* (mean, range and SD in years) 8.14 (7.8–8.8) � 0.14 8.15 (7.8–9.1) � 0.16 8.14 (7.8–9.1) � 0.15
School attendance

Ever attended regular education 99 (30) 142 (44) 241 (74) 0.003
Regular education attendance at inclusion 65 (20) 92 (28) 156 (48) NS

Pre-school (normally age 4–5 years) 21 (32)† 11 (12) 31 (20) 0.018
First grade (normally age 6 years) 33 (51)† 62 (67) 95 (61) 0.010
Second grade (normally age 7 years) 11 (17)† 19 (21) 30 (19) NS

Level of parental education
Primary or secondary education 24 (7) 31 (10) 55 (17) NS
Higher secondary education 55 (17) 63 (19) 118 (36) NS
University education 70 (22) 82 (25) 152 (47) NS

Being breastfed (>1 month) 57 (18) 60 (18) 117 (36) NS
Siblings 140 (43) 170 (52) 310 (95) NS
Childcare (age <4 years) 142 (44) 160 (49) 302 (93) NS
Additional morbidity‡

Congenital heart disease 73 (49) 64 (36) 137 (42) 0.022
Diagnosis of asthma 28 (19) 6 (3) 34 (10) <0.001
Gastrointestinal disease 26 (17) 19 (11) 45 (14) NS
Eye disease 77 (52) 81 (46) 158 (49) NS
Impaired hearing 66 (44) 32 (18) 98 (30) <0.001
Thyroid dysfunction 19 (13) 20 (11) 39 (12) NS
Diabetes mellitus 1 (<1) 2 (1) 3 (1) NS
Other morbidity, not specified 43 (29) 38 (22) 81 (25) NS

*There was no significant difference in age between both groups determined by a t-test.
†Percentage out of all children attending regular education.
‡Parental reported morbidity.
RRTI+, children with respiratory tract infections; RRTI-, children without respiratory tract infections; NS, not significant.
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2010). A total of 380 parents (72%) agreed to enrol and 337

children provided data for this study (response rate: 63%).

Based on the estimated incidence of DS, our study group rep-

resents approximately 48% of all children with DS in this age

cohort in the Netherlands (Anthony et al. 2005; Weijerman et al.

2008; Mohangoo et al. 2010). In our study, the prevalence of

CHD, impaired hearing, eye disease, a diagnosis of asthma and

thyroid disease is in accordance with population-based studies

in DS (Stoll et al. 1990; Weijerman et al. 2008; Schieve et al.

2009; Maatta et al. 2011). Not all data could be collected for each

patient because of practical problems to plan a home visit for

psychological testing at the age of 8 years and/or incomplete

returned questionnaires.

The presence or absence of RRTI is reported by parents for

325 (96% of 337) children; in 149 of these children RRTI are

present (RRTI+ group) and in 176 children RRTI are absent

(RRTI- group). There is no difference between the RRTI- and

RRTI+ children in proportion of male gender (P = 0.09) or mean

age (Table 1). The mean age for both subgroups is 8 years and 2

months. The educational career is different between both

groups: RRTI+ children with DS are less likely to primarily start

with regular education. Also, the level of education of RRTI+

children with DS who do attend a regular school is significantly

lower. The educational level of girls is higher compared with

boys, as described earlier (van Gameren-Oosterom et al. 2011).

This is the case in RRTI+ as well as in RRTI- children.

The prevalence of CHD, a diagnosis of asthma and impaired

hearing are significantly increased in the RRTI+ group. We

found no significant differences in other potential confounding

factors between RRTI+ and RRTI- children (Table 1).

Developmental status, behavioural problems and HRQoL

Development of the children, measured by the MSCA, was

administrated in 270 children (80% of 337); the results are

presented in Table 2. Mean scale scores on all domains of the

MSCA were significantly lower in RRTI+ children versus RRTI-

children. Small effect sizes were found (Cohen’s f 2 range: 0.03–

0.04). Moreover, in RRTI+ children the mean developmental age

was 3 years and 8 months, compared with 4 years and 1 month

in RRTI- children. Thus, the difference in mean developmental

age was 5 months. Results of hierarchical regression analysis for

Table 2. Results of multiple regression analyses for scale scores of the McCarthy Scales of Children’s Abilities (MSCA) of 8-year-old Down syndrome
children with and without parent-reported recurrent respiratory tract infections (RRTI)

RRTI+ RRTI-
Regression
coefficient† (b)

Effect size‡
(f 2)

Total (n = 130) Male (n = 75) Total (n = 140) Male (n = 69)
Female (n = 55) Female (n = 71)

Verbal 33.06 (19.13)§ 29.64 (19.96) 40.68 (16.18) 37.09 (15.72) -7.33** 0.04
37.47 (17.18) 44.11 (16.08)

Perceptual
performance

26.76 (16.58) 21.80 (15.84) 32.34 (14.90) 28.83 (14.87) -5.67** 0.03
33.33 (15.43) 35.93 (14.20)

Quantitative 9.44 (6.80) 7.86 (6.46) 12.22 (6.57) 10.46 (6.75) -2.61** 0.04
11.44 (6.75) 13.93 (5.99)

Memory 10.74 (7.77) 9.27 (7.69) 13.94 (7.37) 11.77 (6.31 -3.12** 0.04
12.64 (7.53) 16.10 (7.77)

Motor 23.23 (12.57) 20.03 (12.64) 27.67 (11.78) 24.99 (11.51) -4.63** 0.04
27.47 (11.32) 30.25 (11.62)

General cognitive
score

69.30 (40.25) 59.36 (40.22) 85.24 (34.43) 76.35 (33.60) -15.59** 0.04

82.29 (36.84) 94.00 (33.42)

Developmental age
(SD in months)

3 years 8 months
(10.91)

3 years 6 months
(10.53)

4 years 1 month
(9.58)

3 years 10 months
(9.08)

-4.05** 0.04

3 years 11 months
(10.66)

4 years 3 months
(9.30)

Lower scores indicate more impaired development.
*P < 0.05; **P < 0.01; ***P < 0.001.
†b = unstandardized regression coefficient of the effect of RRTI, correcting for the effect of socio-economic status, childcare attendance, being breastfed
(>1 month), siblings, gender, congenital heart defect, diagnosis of asthma, gastrointestinal disease, eye disease, impaired hearing and thyroid dysfunction.
‡Effect size (f 2): small effect (0.01–0.10), moderate effect (0.10–0.33) and large effect (>0.33).
§Mean scores are presented with standard deviation between brackets.
RRTI+, children with recurrent respiratory tract infections; RRTI-, children without recurrent respiratory tract infections.
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developmental age are presented in Table 3. In Step 1, the effect

of social economic status, childcare attendance, being breastfed

and the presence of siblings was found to be negligible (all not

significant), whereas male gender has significantly lower devel-

opmental age than female gender, adjusted for the effect of the

other variables (Step 2). The results of Step 4 showed a signifi-

cant effect of RRTI on developmental age, adjusted for the effect

of all other variables in the model. Furthermore, the effect of

RRTI is larger than all separate forms of morbidity (Step 3). No

interaction effects are present between RRTI and CHD, gender

or impaired hearing.

In total, 317 (94%) CBCL questionnaires were completed

(Table 4). The results showed increased behavioural problems

in RRTI+ children on the scales of withdrawn, somatic com-

plaints, social problems, thought problems and attention prob-

lems, corrected for the effect of the confounders. Effect sizes

were small (Cohen’s f 2 range: 0.01–0.03). Although mean scores

for both internalizing and externalizing problems were signifi-

cantly increased in RRTI+ compared with RRTI- children, only

the effect size for internalizing problems is relevant (Cohen’s f 2

0.03). There was no main effect or interaction effect present for

gender, CHD and impaired hearing on any of the determined

variables (data not shown).

The TACQOL-PF was completed for 323 (96%) children

(Table 5). We found a decreased HRQoL in RRTI+ children in

four of the seven subscales: the scores for physical well-being,

motor skills, autonomy and social functioning were decreased

as compared with RRTI- children, corrected for the effect of the

confounders (P < 0.01). Effect sizes were small (Cohen’s f 2

range 0.02–0.03). Mean scores for boys and girls were equal, and

no interaction between RRTI and gender or CHD was present

(data not shown). A significant interaction effect was found of

impaired hearing by RRTI for the scales social problems and

negative emotions (P-values 0.05 and 0.02 respectively). This

interaction effect implied that the effect of having RRTI was –

for these two subscales – more pronounced in children with

impaired hearing, resulting in a lower HRQoL.

Discussion

We show that parent-reported RRTI is significantly associated

with impaired mental and motor development, behavioural

problems and decreased HRQoL in children with DS. The

mean developmental age of children with DS in the group with

RRTI is 3 years and 8 months. This is 5 months lower com-

pared with the group without RRTI. Hierarchical regression

analysis shows that 3.1% of the developmental age is exclu-

sively associated with the presence of RRTI. This is more than

the association of CHD with developmental age (2.2%); only

gender is more associated (5.9%). Also, behavioural problems

and decreased HRQoL are more common in RRTI+ children.

Furthermore, school enrolment was less favourable in RRTI+

children.

Since RRTI are often accompanied by impaired hearing, spe-

cifically verbal skills could be more influenced compared with

perceptual performance, quantitative, memory and motor

Table 3. Hierarchical regression analysis of
developmental age obtained by the McCarthy
Scales of Children’s Abilities (MSCA) in
8-year-old Down syndrome children (n = 270)

DR2 P b step P b total P

Step 1 0.006
Socio-economic status 0.01 0.23
Childcare 1.16 1.51
Being breastfed (>1 month) 1.65 1.32
Siblings -0.03 -2.66

Step 2 0.084 ***
Male gender -6.15 *** -5.90 ***

Step 3 0.038
Congenital heart disease -2.66 * -2.17
Diagnosis of asthma -2.20 -1.09
Gastrointestinal disease -2.73 -2.47
Eye disease 0.27 0.41
Impaired hearing 0.87 1.98
Thyroid disease -2.25 -2.61

Step 4 0.031 **
Presence of RRTI -4.05 ** -4.05 **

b = unstandardized regression coefficient; b step is the beta for this variable when it was first entered into
the equation; b total is the beta for the variable in the final model including all steps. Negative b means
lower developmental age due to this variable.
*P < 0.05; **P < 0.01; ***P < 0.001.
RRTI, recurrent respiratory tract infections.
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development in RRTI+ children with DS. In our sample,

impaired hearing was indeed more common in RRTI+ com-

pared with RRTI- children (44% vs. 18%, P < 0.001). However,

RRTI+ children had lower scores on all developmental scales,

with equal effect sizes (f 2 = 0.03–0.04), and no interaction

between RRTI and impaired hearing was observed. So, although

hearing loss is a common problem in RRTI+ children with DS,

other domains of development are equally decreased compared

with the development of verbal skills. In other words, hearing

loss does not lead to selective decrease of verbal skills nor does

it enhance developmental delay of RRTI+ children, and so does

not seem to be a confounder that explains both RRTI and

increased developmental delay.

Although RRTI+ children have decreased scores on mental

development in the MSCA test, the TACQOL cognitive func-

tioning subscore is equal in both groups. This means that

decreased levels of mental development do not lead to a

decreased HRQoL subscore related to cognitive functioning. An

explanation for this may be that RRTI+ children are, according

to the results of our study, more likely to attend lower levels of

Table 4. Results of multiple regression analyses for the Child Behavior Checklist (CBCL) test scores of 8-year-old Down syndrome children with and
without recurrent respiratory tract infections (RRTI)

RRTI+ (n = 145) RRTI- (n = 172) Regression coefficient (b)† Effect size (f 2)

Withdrawn 3.17 (2.91)‡ 2.02 (2.30) 1.01** 0.03
Somatic complaints 1.68 (2.20) 1.06 (1.60) 0.42 0.01
Anxious/depressed 0.93 (1.34) 0.85 (1.49) 0.06 0.00
Social problems 4.86 (2.10) 3.98 (2.11) 0.05* 0.01
Thought problems 1.48 (1.87) 0.94 (1.43) 0.58** 0.02
Attention problems 7.34 (3.08) 5.81 (3.07) 1.07** 0.03
Delinquent behaviour 1.61 (1.58) 1.34 (1.53) 0.23 0.00
Aggressive behaviour 8.06 (5.73) 6.62 (5.64) 1.06 0.01
Sexual problems 0.34 (0.83) 0.38 (0.84) -0.07 0.00
Total score 34.59 (17.77) 26.25 (17.58) 6.40** 0.03

Internalizing problems§ 5.72 (4.85) 3.87 (4.15) 1.49** 0.03
Externalizing problems¶ 9.67 (6.84) 7.95 (6.81) 1.29 0.01

Higher scores represent increased behavioural problems.
Effect size (f 2): small effect (0.01–0.10), moderate effect (0.10–0.33) and large effect (>0.33).
*P < 0.05; **P < 0.01; ***P < 0.001.
†b = unstandardized regression coefficient of the effect of RRTI, correcting for the effect of socio-economic status, childcare attendance, being breastfed
(>1 month), siblings, gender, congenital heart defect, diagnosis of asthma, gastrointestinal disease, eye disease, impaired hearing and thyroid dysfunction.
‡Mean scores are presented with standard deviation between brackets.
§Combined from the subscales withdrawn, somatic complaints and anxious/depressed.
¶Combined from the subscales delinquent and aggressive behaviour.
RRTI+, children with respiratory tract infections; RRTI-, children without respiratory tract infections.

Table 5. Results of multiple regression analyses for the TACQOL-PF test scores of Down syndrome children with and without parent-reported
recurrent respiratory tract infections (RRTI)

RRTI+ (n = 148) RRTI- (n = 175)
Regression
coefficient (b)† Effect size (f 2)

Physical well-being 26.43 (3.94)‡ 27.95 (2.88) -1.02** 0.02
Motor skills 26.96 (4.40) 28.59 (3.32) -1.35** 0.03
Autonomy 25.42 (3.99) 26.99 (3.06) -1.33** 0.03
Cognitive functioning 22.71 (3.60) 22.80 (3.50) 0.07 0.00
Social functioning 27.43 (3.74) 28.95 (3.21) -1.19** 0.03
Positive emotions 14.91 (1.87) 15.18 (1.42) -0.17 0.00
Negative emotions 11.50 (1.98) 11.90 (1.99) -0.27 0.00

Higher scores represent better health-related quality of life.
Effect size (f 2): small effect (0.01–0.10), moderate effect (0.10–0.33) and large effect (>0.33).
*P < 0.05; **P < 0.01; ***P < 0.001.
†b = unstandardized regression coefficient of the effect of RRTI, correcting for the effect of socio-economic status, childcare attendance, being breastfed
(>1 month), siblings, gender, congenital heart defect, diagnosis of asthma, gastrointestinal disease, eye disease, impaired hearing and thyroid dysfunction.
‡Mean scores are presented with standard deviation between brackets.
RRTI+, children with recurrent respiratory tract infections; RRTI-, children without recurrent respiratory tract infections.
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education; maybe they fit in better with their classmates, result-

ing in a better HRQoL subscore related to cognitive functioning

in these children.

The parents more often reported the diagnosis of ‘asthma’ in

the RRTI+ children. Although wheezing is a common feature in

young children with DS (Bloemers et al. 2010), the overall inci-

dence of asthma in adults and children with DS is decreased

compared with the general population (Forni et al. 1990; Gol-

dacre et al. 2004; Schieve et al. 2009; McDowell & Craven 2011;

Weijerman et al. 2011). Therefore, it is doubtful whether these

children really suffer from asthma. Additionally, in DS total and

specific IgE values are decreased compared with controls, and

there is no increased prevalence of positive skin prick tests

(Lockitch & Ferguson 1990; Mannan et al. 2009; Verstegen et al.

2010). Therefore, the symptoms of wheezing and dyspnoea in

young children with DS are probably caused by mucosal swell-

ing in constitutionally smaller airways during respiratory tract

infections, and not attributable to asthma. Since the subgroup

of children with DS with parent-reported ‘asthma’ was small, no

separate effect sizes could be determined.

Strengths of this study include the large sample size and the

consistency of the age level of all children (all studied at 8

years). Also, independent test assistants administrated the psy-

chological tests. However, parental report is used to classify the

presence or absence of recurrent airway infections, which is a

methodological limitation of our study. In this way 46% of the

children were classified with RRTI, which is a comparable pro-

portion to a recent national health survey where parents

reported 38% of children with DS aged 6–10 years as having

had a head or chest cold in the previous 2 weeks (Schieve et al.

2009). Also, our data are in accordance with earlier studies

regarding the overall incidence of CHD (Stoll et al. 1990; Wei-

jerman et al. 2008), and the co-occurrence of hearing impair-

ment in RRTI+ children with DS, which were also based on

parental report in our study.

For a first exploration of the association between RRTI and

development, behavioural problems and HRQoL of children

with DS, parent-reported RRTI may suffice to attract attention

to the potential importance of this frequently encountered

problem. However, further research is needed using medical

records and physician-based diagnosis to determine a stricter

and probably more validly defined group of children as suffer-

ing from RRTI.

Many variables that influence development, behaviour and

HRQoL – like gender and CHD – cannot be changed, where

RRTI potentially can. Therefore, it is important to investigate

whether the observed association is based on a causal rela-

tionship. If so, better prevention of RRTI might lead to

improved functioning in these children. Several causes for

RRTI in DS have been proposed, such as hypotonia and

(micro)aspiration. Other causes include anatomical abnor-

malities and different physiology of the respiratory tract

including ear, nose and throat (ENT). More frequent (chronic)

ear disease, rhinorrhoea, sinusitis and obstructive sleep apnoea

have all been described in DS and are related to impaired

hearing (Shott 2006). The co-occurrence of RRTI and

impaired hearing in DS has been described before (Shott et al.

2001), and is confirmed by our data. This study also shows that

the negative effects of the association between RRTI and the

HRQoL scales social problems and negative emotions are

increased if these children also have impaired hearing. Prob-

ably, impaired hearing influences verbal skills, attention and

social functioning negatively. Therefore, periodic surveillance

and active treatment by an ENT specialist could be important

for children with DS.

Although CHD is a potential risk factor for hospitaliza-

tion during respiratory tract infections in children with DS

(Medrano Lopez et al. 2007; Medrano Lopez et al. 2009), it

has not been described as a cause for RRTI in earlier studies.

In this study, CHD is significantly more common in the

RRTI+ children, but there is no significant effect of CHD on

development, behaviour and HRQoL additional to the effect of

RRTI.

Impairment of the immune system in DS has been described,

and has been related to an increased infection rate (Chaushu

et al. 2002; Kusters et al. 2009; Nisihara et al. 2010). Most studies

involve development and function of T-lymphocytes (Kusters

et al. 2009). B-lymphocytopenia and decreased response to

unconjugated pneumococcal vaccinations are related to RRTI in

non-DS patients and have been described in DS as well (Costa-

Carvalho et al. 2006; Verstegen et al. 2010). The level of impair-

ment of the humoral immune system and its contribution to

RRTI in DS has not been fully elucidated; more research on this

topic is needed.

There are limited studies on pathogens of respiratory tract

infections in DS. Present studies mainly report uncommon

pathogens or more extreme course of disease (Bloemers et al.

2007). More insight in causative pathogens may lead to specific

preventive interventions, i.e. prophylactic antibiotics or addi-

tional immunizations.

Conclusion

Parent-reported RRTI in children with DS are associated with

more impaired development, behavioural problems and

HRQoL. Therefore, further studies should focus on the question

Impact of respiratory tract infections in DS 7
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whether this is a causal relationship. If so, better prevention of

RRTI in children with DS might stimulate development,

prevent behavioural problems, improve HRQoL and enable

better school enrolment.

Key messages

• Children with Down syndrome are known to be at

increased risk of recurrent respiratory tract infections.

• In 8-year-old children with Down syndrome, parental

report of recurrent respiratory infections was associated

with more delayed development, increased risk of behav-

ioural problems and lower health-related quality of life.

Conflict of interest

There is no conflict of interest.

Acknowledgements

The authors would like to thank parents and patients for their

participation in this study. We thank Dr Jeanet Bruil for her

contribution to this project and Petra Buijs and Nicolette van

Kessel for administrating all psychological tests. We thank the

Dutch DS Foundation for their effort in enabling this study and

inviting all participants.

This study is financed by the Netherlands Organisation

for Health Research and Development ZON-MW (Grant

2200.0061).

References

Achenbach, T. M. (1991) Manual for the Child Behavior Checklist/4-18

and 1991 Profile. Department of Psychiatry, University of Vermont,

Burlington, VT, USA.

Anthony, S., Dorrepaal, C. A., Kateman, H. & Van der Pal-Bruin, K.

M. (2005) TNO Report on Congenital Defects in the Netherlands

1996–2003. Netherlands Organisation for Applied Scientific

Research, TNO Quality of Life, Leiden, the Netherlands.

Bloemers, B. L., Van Furth, A. M., Weijerman, M. E., Gemke, R. J.,

Broers, C. J., Van den Ende, K., Kimpen, J. L., Strengers, J. L. &

Bont, L. J. (2007) Down syndrome: a novel risk factor for

respiratory syncytial virus bronchiolitis – a prospective

birth-cohort study. Pediatrics, 120, e1076–e1081.

Bloemers, B. L., Van Furth, A. M., Weijerman, M. E., Gemke, R. J.,

Broers, C. J., Kimpen, J. L. & Bont, L. (2010) High incidence of

recurrent wheeze in children with down syndrome with and

without previous respiratory syncytial virus lower respiratory

tract infection. The Pediatric Infectious Disease Journal, 29,

39–42.

Chaushu, S., Yefenof, E., Becker, A., Shapira, J. & Chaushu, G. (2002)

A link between parotid salivary Ig level and recurrent respiratory

infections in young Down’s syndrome patients. Oral Microbiology

and Immunology, 17, 172–176.

Cohen, J. (1977) Statistical Power Analysis for the Behavioral Sciences.

Academic Press, New York, NY, USA.

Cohen, J. (1988) Statistical Power Analysis for the Behavioral Sciences,

2nd edn. Lawrence Erlbaum, Hillsdale, NJ, USA.

Costa-Carvalho, B. T., Martinez, R. M., Dias, A. T., Kubo, C. A.,

Barros-Nunes, P., Leiva, L., Sole, D., Carneiro-Sampaio, M. M.,

Naspitz, C. K. & Sorensen, R. U. (2006) Antibody response to

pneumococcal capsular polysaccharide vaccine in Down syndrome

patients. Brazilian Journal of Medical and Biological Research, 39,

1587–1592.

Forni, G. L., Rasore-Quartino, A., Acutis, M. S. & Strigini, P. (1990)

Incidence of bronchial asthma in Down syndrome (Editorial

comment). The Journal of Pediatrics, 116, 487.

Goldacre, M. J., Wotton, C. J., Seagroatt, V. & Yeates, D. (2004)

Cancers and immune related diseases associated with Down’s

syndrome: a record linkage study. Archives of Disease in Childhood,

89, 1014–1017.

Kusters, M. A., Verstegen, R. H., Gemen, E. F. & De Vries, E. (2009)

Intrinsic defect of the immune system in children with Down

syndrome: a review. Clinical and Experimental Immunology, 156,

189–193.

Lockitch, G. & Ferguson, A. (1990) Incidence of bronchial asthma

in Down syndrome (reply to editorial comment). The Journal of

Pediatrics, 116, 487–488.

Maatta, T., Maatta, J., Tervo-Maatta, T., Taanila, A., Kaski, M. &

Iivanainen, M. (2011) Healthcare and guidelines: a

population-based survey of recorded medical problems and health

surveillance for people with Down syndrome. Journal of Intellectual

and Developmental Disability, 36, 118–126.

Mannan, S. E., Yousef, E. & Hossain, J. (2009) Prevalence of positive

skin prick test results in children with Down syndrome: a

case-control study. Annals of Allergy, Asthma and Immunology,

102, 205–209.

Mccarthy, D. (1972) Manual of the McCarthy Scales of Children’s

Abilities. The Psychological Corporation, San Antonio, TX, USA.

Mcdowell, K. M. & Craven, D. I. (2011) Pulmonary complications of

Down syndrome during childhood. The Journal of Pediatrics, 158,

319–325.

Medrano Lopez, C., Garcia-Guereta, L., Grueso, J., Insa, B.,

Ballesteros, F., Casaldaliga, J., Cuenca, V., Escudero, F., De La

Calzada, L. G., Luis, M., Luque, M., Mendoza, A., Prada, F., Del

Mar Rodriguez, M., Suarez, P., Quero, C. & Guilera, M. (2007)

Respiratory infection in congenital cardiac disease. Hospitalizations

in young children in Spain during 2004 and 2005: the CIVIC

Epidemiologic Study. Cardiology in the Young, 17, 360–371.

Medrano Lopez, C., Garcia-Guereta Silva, L., Lirio Casero, J. & Garcia

Perez, J. (2009) [Respiratory infections, Down’s syndrome and

8 R.H.J. Verstegen et al.

© 2012 Blackwell Publishing Ltd, Child: care, health and development



congenital heart disease: the CIVIC 21 study]. Anales de Pediatria

(Barcelona, Spain: 2003), 71, 38–46.

Mohangoo, A. D., Van der Pal-Bruin, K. M. & Buitendijk, S. E. (2010)

TNO Report on Congenital Defects in the Netherlands 1997–2008.

Netherlands Organisation for Applied Scientific Research, TNO

Quality of Life, Leiden, the Netherlands.

Nisihara, R. M., Utiyama, S. R., Oliveira, N. P. & Messias-Reason,

I. J. (2010) Mannan-binding lectin deficiency increases the risk of

recurrent infections in children with Down’s syndrome. Human

Immunology, 71, 63–66.

Schieve, L. A., Boulet, S. L., Boyle, C., Rasmussen, S. A. & Schendel,

D. (2009) Health of children 3 to 17 years of age with Down

syndrome in the 1997–2005 national health interview survey.

Pediatrics, 123, e253–e260.

Shott, S. R. (2006) Down syndrome: common otolaryngologic

manifestations. American Journal of Medical Genetics. Part C,

Seminars in Medical Genetics, 142C, 131–140.

Shott, S. R., Joseph, A. & Heithaus, D. (2001) Hearing loss in children

with Down syndrome. International Journal of Pediatric

Otorhinolaryngology, 61, 199–205.

Stoll, C., Alembik, Y., Dott, B. & Roth, M. P. (1990) Epidemiology of

Down syndrome in 118 265 consecutive births. American Journal

of Medical Genetics. Supplement, 7, 79–83.

Tennant, P. W., Pearce, M. S., Bythell, M. & Rankin, J. (2010) 20-year

survival of children born with congenital anomalies: a

population-based study. Lancet, 375, 649–656.

Van Gameren-Oosterom, H. B. M., Fekkes, M., Buitendijk, S. E.,

Mohangoo, A. D., Bruil, J. & Van Wouwe, J. P. (2011)

Development, problem behavior, and quality of life in a population

based sample of eight-year-old children with Down syndrome.

PLoS ONE, 6, e21879.

Van Trotsenburg, A. S., Heymans, H. S., Tijssen, J. G., De Vijlder, J. J.

& Vulsma, T. (2006) Comorbidity, hospitalization, and medication

use and their influence on mental and motor development of

young infants with Down syndrome. Pediatrics, 118,

1633–1639.

Verrips, G. H., Vogels, A. G. C., Koopman, H. M., Theunissen, N. C.

M., Kamphuis, R. P., Fekkes, M., Wit, J. M. & Verloove-Vanhorick,

S. P. (1999) Measuring health-related quality of life in a child

population. European Journal of Public Health, 9, 188–193.

Verstegen, R. H., Kusters, M. A., Gemen, E. F. & De Vries, E. (2010)

Down syndrome B-lymphocyte subpopulations, intrinsic defect or

decreased T-lymphocyte help. Pediatric Research, 67,

563–569.

Weijerman, M. E., Van Furth, A. M., Vonk Noordegraaf, A., Van

Wouwe, J. P., Broers, C. J. & Gemke, R. J. (2008) Prevalence,

neonatal characteristics, and first-year mortality of Down

syndrome: a national study. The Journal of Pediatrics, 152,

15–19.

Weijerman, M. E., Brand, P. L., Van Furth, M. A., Broers, C. J. &

Gemke, R. J. (2011) Recurrent wheeze in children with Down

syndrome: is it asthma? Acta Paediatrica, 100, e194–e197.

Impact of respiratory tract infections in DS 9

© 2012 Blackwell Publishing Ltd, Child: care, health and development


