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ABSTRACT
Aim: This study examined associations between recurrent respiratory tract infections (RTI) or acute
otitis media (AOM) during the first one and two years of life and vocabulary size at 13 and 24
months of age.
Methods: We studied 646 children born between January 2008 and April 2010 and followed up from
birth to two years of age with daily diary and study clinic visits during RTIs and AOM. The families
were recruited from maternity health care clinics or delivery wards in Southwest Finland. Parents
completed the MacArthur Communicative Development Inventory at 13 and 24 months and the
vocabularies of children with high rates of RTIs or AOM were compared to children without
recurrent issues.
Results: Of the 646 children, 9.6% had recurrent RTIs and 9.9% had recurrent AOM from 0-24
months. Children with high rates of RTIs or AOM did not have smaller vocabularies than children
without recurrent RTIs or AOM. Girls had larger vocabularies and higher parental socioeconomic
status was associated with a larger expressive vocabulary at 24 months.
Conclusion: The child’s gender and parental socioeconomic status played a more critical role in
vocabulary development in the first two years than a high burden of RTIs or AOM.

Keywords: Acute otitis media, MacArthur Communicative Development Inventory, Respiratory tract
infections, Socioeconomic status, Vocabulary size.
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Key Notes


We investigated associations between recurrent respiratory tract infections (RTI) or acute
otitis media (AOM) and vocabulary development in children up to two years of age.



The cohort comprised 646 children who were assessed at 13 and 24 months of age with the
Macarthur Communicative Development Inventory.



Recurrent RTIs or AOM were not negatively associated with vocabulary size, but female
gender and high socioeconomic status were associated with a larger vocabulary.

INTRODUCTION
Respiratory tract infections (RTI) have a marked influence on children’s lives (1-2). Young children
under five years of age have highly frequent upper RTIs, whereas lower RTIs such as pneumonia and
wheezing illnesses cause substantial morbidity in both developing and developed countries (3). Early
childhood RTIs are often complicated by acute otitis media (AOM) (4-5).
The initial stages of speech and language development are very important for later

communication. The observation that later language learning, in the context of neurobiological
prerequisites and social interactivity, is based on earlier perceptions of speech sounds, makes these
first phases of language development critical (6-8). The prevalence of speech and language
disabilities and other neurodevelopmental problems in children is increasing (9,10). Despite this, the
underlying causes of problems in speech and language development remain largely unknown.
Critical factors, such as biological and environmental factors (7) and a family history of language
problems, have an impact on the development of language skills during childhood (11).
Despite the fact that RTIs are very common in young children, few studies have investigated the

relationships between RTIs and language development, except for otitis media. Research on the
association between AOM or otitis media (OM) with effusion and speech and language development
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has provided heterogeneous results. Some studies have found no, or very negligible, associations
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between AOM or OM with effusion and language development (12). According to other studies,
recurrent AOM during the first years of life can lead to problems with pre-attentive auditory
discrimination (13), as well as to a limited amount of consonants and restricted expressive
vocabulary at two years of age (14). Studies that have separately examined the effects of OM and
associated hearing loss on language development have found no associations between episodes of
OM and language development or auditory discrimination (15-16). However negative associations
have been found between OM relating hearing loss and language production at 27 months of age
(15).

Studies concerning children with AOM or OM with effusion have focused on the temporary

hearing deficit caused by effusion in the middle ear and on its implications for speech and language
development. However, it can be suggested that, in addition to the temporary effect on hearing,
recurrent RTIs and AOM could have a negative impact on early language acquisition because of
periods of fatigue due to fever, pain and other symptoms. Sick children could be less responsive to
language stimulation than those who are healthy. Children with recurrent AOM have been reported
to have a significantly lower quality of life than children without AOM (17). Children with the highest
burden of RTIs can be sick for a considerable time during the critical period of language development
(2,18). To our knowledge there have not been any previous studies that have focused on both RTIs
and AOM and their possible relationships to vocabulary development in a child’s early years.
The aim of the present study was to analyse possible relationships between recurrent RTIs or

AOM at two points. The first was recurrent RTIs or AOM during the first 12 months of age and
vocabulary skills at 13 months of age and the second was recurrent episodes during the first two
years of life and expressive vocabulary skills at 24 months of age. We also wanted to explore
demographic factors that could influence vocabulary skills at 13 and 24 months of age. We

This article is protected by copyright. All rights reserved.

hypothesised that a high burden of RTIs or AOM during the first two years could be negatively
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associated with language development.

METHOD
This study was part of a longitudinal on-going observational prospective birth cohort study, Steps to
the Healthy Development and Well-being of Children (STEPS), which aimed to increase knowledge
about the underlying factors influencing the well-being of children from birth to school age and
adulthood (19). The STEPS study focused on physical development and health, language and
cognitive development, and socio-emotional development of the child. The whole study cohort
consisted of 9,811 mothers with 9,936 children born from January 2008 to April 2010 in the Hospital
District of Southwest Finland and recruited from either maternity healthcare clinics or from delivery
wards. Of these Finnish and Swedish speaking families, 1,797 mothers and their 1,827 children chose
to participate in an intensive follow up. Figure S1 summarises the study population.

Participants
Of the 1,827 children who took part in the STEPS study, 923 were followed up more closely from
birth to two years of age for RTIs and AOM and the results were published in 2016 (20). The present
study was based on 646 of these 923 children, as 277 were excluded because of preterm delivery,
epilepsy, missing or ambiguous gestational length, language data or because they did not speak
Finnish at home (Figure S1). The exclusion criteria also included Swedish families, as they completed
the Swedish inventory. The final sample of 646 children (52.3% boys) included three pairs of twins.
Both parents, or at least the mother, needed to speak Finnish.
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Data collection

Accepted Article

The parents completed a daily record diary of the child’s respiratory and other symptoms, associated
diagnoses and physician visits, during the first two years of their life. The families were advised to
visit the STEPS study clinic whenever the child had acute respiratory symptoms and the findings of
the physical examinations at the study clinic were recorded on structured forms. At the study clinic,
tympanometry was routinely used and AOM was diagnosed by otoscopists using pneumatic
otoscopy. Part of the AOM diagnoses were documented by physicians outside the study clinic. In
addition, all AOM diagnoses that were done if the child visited a physician outside the study were
also documented in the diary. In accordance with national guidelines, a diagnosis of AOM was based
on documentation of effusion in the middle ear, signs of inflammation on the tympanic membrane
and signs and symptoms of an acute respiratory infection. Acute RTI episodes were characterised by
the presence of rhinitis or a cough, with or without fever or other symptoms, and recorded by the
parents in the symptom diary or diagnosed by a physician. These were counted as separate episodes
if there was at least one day without any notes of symptoms in between. If the RTI symptoms
continued, the AOM episodes were counted as separate episodes if there were more than 14 days
between the diagnoses (20). In this study the number of all RTI episodes, number of days with
symptoms of respiratory infections per year, namely sick days, and the number of physiciandiagnosed AOM from birth to two years of age were analysed.

Early language development was assessed by using the Finnish version of the MacArthur-Bates

Communicative Development Inventory (CDI), for infants aged 8–16 months and for toddlers who
were 16–30 months of age (21,22). The parents completed the questionnaires when the child was 13
and 24 months of age (Table S1). The analyses focused on receptive and expressive vocabulary at 13
months of age and expressive vocabulary at 24 months of age.
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Systematic demographic data was collected through questionnaires, including the parents’
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socioeconomic status, education and income and any chronic illnesses. We also asked about any
problems with the child’s language development, as well as any health-related factors and daycare
arrangements. The questionnaires were answered by the mothers at 10-15 weeks of gestation by
both parents separately at 20-30 weeks of gestational and by one or both parents when the child
was 13 and 24 months of age (19).

Ethical approval
The Finnish Ministry of Social Affairs and Health and the Ethics Committee of the Hospital District of
Southwest Finland gave their approval to the STEPS study in February 2007 and no further consent
was required for this part of the study. The parents gave written, informed consent for the family to
take part in the study and were also informed of their right to withdraw from the study at any point
without consequences.

Data processing and statistical analyses
The data were analysed using IBM SPSS statistics, version 24.0 for Windows (IBM Corp, New York,
USA). To differentiate between the children with recurrent RTIs and the other children we used a
cut-point of the 10th percentile in the number of days with RTI symptoms at the age of 0–11 months
(91 days), 12–24 months (119 days) and 0–24 months (198 days). To differentiate between children
with and without recurrent AOM, we selected a cut-off point in the number of AOMs during each
age interval that was close to the cut-off point of the 10th percentile: three or more AOM episodes at
the age of 0–11 months, four or more at 12–24 months and six or more for the whole period of 0–24
months. First, we compared the receptive and expressive vocabulary at 13 months of age between
the children with and without recurrent RTIs or AOM during the first year of life. Second, we
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compared the expressive vocabulary at 24 months of age between children with and without
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recurrent RTIs or AOM during the second year of life. Third, we compared the expressive vocabulary
at 24 months of age between children with and without recurrent RTIs or AOM during the whole
period of 0-24 months of age. The scores for the CDIs were recorded as both the number of words
and the percentage of total scores. The size of the vocabulary is mainly presented in the percentage
of words based on the entire vocabulary checklist. We did this so we could compare the results from
the two inventories, as the CDI infants has 380 words and the CDI for toddlers has 595 words (21).
The t-test for independent samples was used to compare the vocabulary size of the children with
and without recurrent RTIs and recurrent AOM and we also analysed the results using other
background variables. The analysis of variance was used to express the adjusted effects of the
significant background variables and the risk factors, of RTI and AOM, to the vocabulary sizes at 13
and 24 months. P values of < 0.05 were considered significant. The associations between the
background variables and risk factors for the first two years of the child´s life were analysed using
the chi-square test.

RESULTS
Rates of RTIs and AOM
Of the 646 children (52.3% boys) in the study, 62 (9.6%) had recurrent RTIs during the first two years
of life and 64 had recurrent AOM (9.9%). They were compared with the children who did not have
recurrent infections. The percentage of children with recurrent episodes of both conditions was
2.9% of the total sample in the first year, 3.2% in the second year and 3.1% for the whole two-year
study period.
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When we looked at the whole cohort of 646 children we found that they had a median of 38 ±36
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days with symptoms of RTI during the first year of life, a median of 46 ±49 days during the second
year of life and a median of 89 ±71 days for the entire two-year period. The children in the 10th
upper percentile, who were defined as having recurrent RTIs, had at least 91 days with RTI
symptoms during the first year, 119 during the second year and 198 the entire two-year period.
Table 1 shows the median values and interquartile range for days with symptoms for children with
or without recurrent RTIs. Of the children with recurrent RTIs during their first year of life, 16/63
(25.4%) also had recurrent RTIs during their second year of life.
The median number of episodes of AOM for the whole study group was 0 ±1 during the first year

of life, 1 ±3 during the second year and 1 ±3 AOM for the entire two-year study period. The figures
for the children with recurrent AOM were 3, 4 and 6 episodes respectively. Table 1 shows the
median numbers and interquartile ranges of AOM for each age group for children with and without
recurrent AOM, together with the numbers of children suffering from both recurrent RTIs and AOM.

Vocabulary assessment
Of the CDI infants and toddlers questionnaires performed at a median of 13 or 24 months of age,
94.3% were completed between 12 and 24 months of age and 98.3% between 23 and 25 months of
age, respectively. There was a high variation in the size of the receptive vocabulary, namely
understanding words, at 13 months of age, with a range of 2–339 words (median 104 ±70), with five
children (0.9%) understanding more than 300 words. The expressive vocabulary at 13 months,
namely saying words, varied with a range of 0–296 (median 3 ±18), with eight children (1.5%) having
an expressive vocabulary that was larger than 60 words. The vocabulary size at 24 months of age
varied with a range of 4–595 (median 326 ±166) words.

This article is protected by copyright. All rights reserved.
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At 13 months of age there were no significant differences in the size of the receptive or expressive
vocabulary between the children with or with recurrent RTIs from 0–11 months of age (Table 2). At
24 months of age there were no differences in the size of the expressive vocabulary between
children with or without recurrent RTIs during their second year of life and the same was true for the
entire two-year period. With regard to children with or without AOM, there were no significant
differences in the sizes of the receptive and expressive vocabulary at 13 months of age and
expressive vocabulary at 24 months of age during the children\s first and second year of life.

Sociodemographic factors and vocabulary development
The mean age of the mothers at the birth of the child was 31 ±4.5 years and most of the children
lived in families with two parents (96.8%). The children were mostly first born (59.0%) and 86.1% of
them lived with their biological parents. Most of the parents, were from a high social class and
worked as professionals. The mean monthly net income per family was 3,350 ±1,060 Euros. See
Table S2 for demographical data.

The sociodemographic data was associated with vocabulary development (Table 3) and with the

prevalence of recurrent RTIs and AOM (Table S2). Boys had smaller vocabularies than girls at both
ages. The children of fathers with a self-reported chronic illness had a larger receptive vocabulary at
13 months of age. Children who attended daycare centre at 13 months of age had smaller receptive
and expressive vocabularies than children who were care for at home at this age. This difference
could not be seen anymore at 24 months of age. In the analysis between risk and background factors
and corresponding vocabulary size, significant associations of gender could be seen in receptive and
expressive vocabulary at 13 months of age as well as in the size of expressive vocabulary at 24
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chronic illness and daycare at 13 months was also seen (Table 4).

DISCUSSION
This study found that children with a higher burden of RTIs during their first two years of life did not
have smaller receptive or expressive vocabularies at 13 or at 24 months of age when they were
compared with children with a lower burden. Correspondingly, children with recurrent AOM during
their first two years of life did not have a smaller receptive or expressive vocabulary at 13 months of
age or smaller expressive vocabulary at 24 months of age than children without recurrent AOM.

The absence of any association between vocabulary size at 13 and 24 months of age and recurrent

AOM contradicts some earlier findings (14). In other studies, the quantity of OM episodes in early
life was not associated with later auditory perception or language skills, but hearing loss due to OM
was related to delayed language production around two years of age and with later auditory
perception skills (15-16). Earlier studies focused mostly on associations between OM with effusion
and language development and causality behind the associations has been questioned. The present
study, which focused on the first two years of life, suggests that recurrent RTIs or AOM did not limit
vocabulary development at a population level. Some children had a very high number of sick days,
with over 300 days of illness per year, and it would be important to study the language development
of these children in more detail. Further studies are also needed to find out whether the burden of
RTIs during the first two years of life was associated with later language development. It would also
be beneficial to also look at vocabulary development of children with RTIs and AOM from a broader
socioeconomic background.

This article is protected by copyright. All rights reserved.

Girls had a larger receptive and expressive vocabulary than boys, both at 13 months and 24
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months of age. These results are consistent with other findings (23,24), including a previous study
from our group (23), which was based on a randomly chosen study population of 226 children from
the same 1,827 subjects that the current study is based on. Children who already attended daycare
centres at 13 months of age had a smaller expressive and receptive vocabulary at that age than
children who were taken care of at home. There may be several reasons for this finding. Children
who stayed at home may have had closer interactions with an adult and may have received more
language stimulation. It is notable that no such associations between daycare centre attendance and
vocabulary size were seen anymore at 24 months of age. The high socioeconomic status of the
parents was associated with a larger expressive vocabulary at 24 months of age, which was
consistent with previous findings (25).

In this study the RTI symptoms were reported as diary entries made by the parents. Study

physicians directly documented some of the RTIs and AOM episodes and some of these diagnoses
were documented by physicians in other outpatient clinics and reported through the diary.

The strengths of this study were the prospective birth cohort study design, a detailed daily diary of

symptoms of infections during the first two years of life and the strict exclusion criteria. However
there were also limitations. At 24 months of age all children used some words, in contrast to a
previous study from this group that used different exclusion criteria with 226 children chosen from
the same larger sample of 1,827 children (23). One explanation could be that most children in the
present study were from families with a high socioeconomic background and this has been
associated with better language skills in children at 18 months of age (19,23,25). Children’s language
abilities vary a lot in the early stages of language development and can be difficult to assess.
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Previous studies concluded that parental reports of vocabulary skills were more reliable at two years
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of age, when this reliability was not influenced as much by socioeconomic background as when the
children were younger (24,26). Highly educated parents were found more frequent in the current
study population, 65% of mothers and 50% of fathers, than in the general Finnish population aged
30–44 years, where the percentages were 40 to 46% respectively (27). One could argue that highly
educated parents find it easier to assess their children or have other criteria when they evaluate
their children than parents with lower education levels. On the other hand, studies have shown that
parents with lower education levels overestimate their child‘s vocabulary at a young age (24).
However, previous studies, including the earlier one from this group, showed that CDI was a valid
tool for assessing language skills in young children, (23,26,28). One other limitation was that less
than 20% of the mothers who gave birth to live babies agreed to take part in the study, as previously
reported (19) and, because of strict exclusion criteria, the final sub study sample was 6% of the
whole cohort. However, there were 646 children in the present sub study and we feel that was
satisfactory. For most of the families this was their first child. As acute RTIs are more frequent in
children with older siblings (29), this fact may limit the representability of our study. However, we
used stringent cut-off points to define recurrent RTIs and AOM.

CONCLUSION
This study indicates that recurrent RTIs and AOM were not associated with a smaller vocabulary at
13 and 24 months of age at a group level. The language development of children with a very high
number of days with respiratory symptoms per year should be studied in more detail. Female
gender and the higher socioeconomic status of the parents were associated with larger vocabulary
size of the child.
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Inventory; RTI, Respiratory tract infection; STEPS, Steps to the Healthy Development and Well-being
of Children
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Table 1 Number of days with symptoms of RTI and number of AOM episodes for children with or
without recurrent RTIs or AOM and for children with both recurrent RTIs and AOM during 0–11
months, 12–24 months and 0–24 months of age

N (%)

Days with RTI symptoms,
Median (IQR)

Yes
No

63 (10.5)
535 (89.5)

110.0 (99.0, 141.0)
33.0 (17.0, 55.0)

Yes
No
Recurrent RTIs and AOM
Yes

48 (8.5)
519 (91.5)

Variable
0–11 months
Recurrent RTIs

Number of AOM episodes,
Median (IQR)

Recurrent AOM
3.0 (3.0, 4.0)
0.0 (0.0, 1.0)
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120.0 (102.0, 157.0)

Yes
No

62 (10.4)
533 (89.6)

140.4 (129.3, 165.4)
40.0 (16.0, 70.4)

Yes
No
Recurrent RTIs and AOM
Yes

71 (11.5)
544 (88.5)

4.0 (3.0, 5.0)

12–24 months
Recurrent RTIs

Recurrent AOM
5.3 (4.1, 6.5)
0.0 (0.0, 1.2)
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137.4 (125.0, 185.0)

Yes
No

62 (10.4)
536 (89.6)

224.2 (209.5, 282.3)
82.0 (43.6, 123.7)

Yes
No
Recurrent RTIs and AOM
Yes

64 (10.1)
567 (89.9)

5.0 (4.3, 7.9)

0–24 months
Recurrent RTIs

Recurrent AOM

20

7.0 (6.2, 9.0)
1.0 (0.0, 2.1)
216.5 (203.2, 271.8)

7.1 (6.0, 9.1)

IQR = interquartile range, AOM = acute otitis media, RTI = respiratory tract infection.
The total number of children varies in the different age groups according to the reports that have
been acquired.
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Table 2 A comparison of vocabulary size for children with and without recurrent RTIs and AOM at 0–
11 months, 12–24 months and 0–24 months of age (N= 646)

Variable

13 months
Understandning (%)

Words (%)

N
n

Mean

p

n

Mean

57

3.9 ±11.0

488

2.0 ± 3.4

48

2.6 ±5.1

464

2.2 ±5.0

p

Recurrent RTIs,
0–11 months
Yes

63

57

33.9 ±20.7

No

535

488

29.0 ±18.2

Yes

48

48

32.0 ±19.2

No

519

464

29.4 ±18.7

0.060

0.209

Recurrent AOM,
0–11 months

0.374

24 months, Words (%)
n

Mean

p

Recurrent RTIs,
0–11 months
Yes

63

52

54.1 ±27.3

No

535

443

49.9 ±27.8

Yes

62

50

53.0 ±27.8

No

533

443

50.0 ±27.8

Yes

62

51

55.2 ±26.5

No

536

444

49.8 ±27.8

Yes

48

38

55.1 ±24.0

No

519

444

49.4 ±28.0

0.305

12–24 months

0.470

0–24 months

0.190

Recurrent AOM,
0–11 months
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0.222

0.558

12–24 months
71

55

50.1 ±27.6

544

452

50.0 ±28.0

Yes

64

50

53.9 ±26.8

No

567

466

49.4 ±28.0

Accepted Article

Yes
No

0.977

0–24 months

0.278

AOM = acute otitis media, RTI = respiratory tract infection.
The size of the vocabulary is presented in percentage of number of words mastered from the whole
inventory. The total number of children varies in the different age groups according to the reports
that have been acquired.
p values were obtained by t-test for independent samples.
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Table 3 A comparison of vocabulary development by the classes of background variables by t-test for independent samples
Background
variable

N

Understanding,
13 months (%)
n
Mean

Words,
p

13 months (%)
n
Mean

Words,
p

Gender
boy
338
308
27.3 ±17.6
308
1.6 ±3.1
girl
308
276
31.6 ±19.2
0.005
276
2.8 ±6.0
0.005
Mothers high social class
yes
352
308
29.0 ±18.4
0.328
308
2.06 ±3.7
0.313
no
195
183
30.7 ±19.4
183
2.53 ±6.6
Fathers high social class
yes
305
268
28.7 ±18.4
0.457
268
2.0 ±3.4
0.240
no
212
200
30.0 ±18.9
200
2.5 ±6.6
Fathers high education
yes
303
272
29.8 ±17.7
0.830
272
2.0 ±3.6
0.538
no
306
281
29.5 ±19.2
281
2.2 ±3.6
Father chronic illness
yes
252
234
31.6 ±19.0
0.022
234
2.6 ±6.5
0.151
no
355
320
28.0 ±18.0
320
1.9 ±3.0
Daycare centre at 13 months
yes
154
148
26.6 ±18.1
0.039
148
1.3 ±1.7
0.0001
no
469
435
30.3 ±18.6
435
2.5 ±5.4
The size of the vocabulary is presented in percentage of number of words mastered from the whole inventory.

24 months (%)
n
Mean

p

278
244

43.1 ±27.7
57.7 ±26.2

0.0001

290
158

52.4 ±27.6
44.4 ±27.9

0.004

244
170

52.9 ±27.4
44.6 ±27.6

0.002

247
251

53.9 ±27.8
46.1 ±27.5

0.002

204
290

50.6 ±28.1
49.5 ±27.7

0.644

No statistically significant differences were found for high education of the mothers and other speech or communication problems of the mothers och
fathers.
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Table 4 Adjusted effects of significant risk and background factors to vocabulary size

Variable

Understanding

Words

Words

13 months (%)

13 months (%)

24 months (%)

df

F

p

df

F

p

df

F

p

Recurrent RTIs, 12–24
months

[1, 339] 0.31

0.578

Recurrent AOM, 12–24
months

[1, 339] 1.08

0.300

Infection variables
Recurrent RTIs, 0–11
months
Recurrent AOM, 0–11
months

[1, 458] 2.90

5.8
0.089 [1, 481] 4

0.016

[1, 458] 0.08

0.0
0.775 [1, 481] 0

0.982

Background variables
Gender (girl)

8.0
[1, 458] 12.72 0.000 [1, 481] 0

0.005 [1, 339] 21.68 0.000

Mothers high social class

[1, 339] 5.10

0.025

Fathers high social class

[1, 339] 2.54

0.112

Fathers high education

[1, 339] 0.01

0.918

Father chronic illness

[1, 458] 5.61

0.018

Not in daycare centre at 13
months

[1, 458] 5.64

6.1
0.018 [1, 481] 2

AOM = acute otitis media, RTI = respiratory tract infection.
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