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Summary

Early recognition of severe medical conditions is often based on clinical scores and vital sign measure-
ments such as the respiratory rate (RR) count. We designed this study to determine the reliability of RR

assessment counted three times during a full minute by independent observers in children in a developing

country setting. A total of 55 participants were enrolled in the study. Participant ages ranged from 10 days

to 7 years (median 22 months). Agreement for RR count was high (intraclass correlation coefficient of
0.95; 95% confidence interval: 0.93–0.97). Agreement for presence of tachypnea was also high (Kappa

coefficient of 0.83, p< 0.001). However, a single reading would have misclassified 5–11% of the partici-

pants as non-tachypneic. Repeated RR counts offer reliable results if done during a full minute. Patients

not fulfilling tachypnea criterion but with a high RR count should have the measurement repeated.
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Background

Clinical scores and vital sign measurements are
important in clinical practice to correctly assess and
classify patients, especially for early recognition of
severe medical conditions. Adequate clinical assess-
ment is also part of clinical algorithms, which require
the identification of simple and objective criteria,
justifying the initiation of particular interventions.
The measurement of specific variables and signs
requires reliability (or reproducibility) and validity.
Several childhood disease management guidelines,
including those proposed by the World Health

Organization (WHO), such as the Integrated
Management of Childhood Illness manual, incorpor-
ate the respiratory rate (RR) as an important criterion
for the assessment of sick children. Indeed, the assess-
ment of RR is part of the clinical pneumonia defin-
ition, and it is also important as part of the initial
assessment of severity at triage, the early recognition
of potentially life-threatening diseases, as an alarm
sign during transfusions and other intravenous infu-
sions and, finally, as part of monitoring response to
treatment [1–4].
Lack of access to diagnostic technology oftenmakes

clinical evaluation the only diagnostic tool available in
developing settings. Tachypnea, or age-specific eleva-
tion in RR, is associated with hypoxemia. Its accurate
assessment could improve the outcome of tachypneic
children by prompt administration of oxygen in situ-
ations where standard technology for hypoxemia
detection is unavailable [5, 6]. However, tachypnea
assessment displays better predictive capacity in com-
bination with other signs and symptoms than its
isolated detection [7]. For pneumonia and other
severe disease in young children, tachypnea has been
shown to be an independent predictor [8–10].
Among the classic vital signs, RR is one of the few

that relies only on clinical observation and does not
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commonly use an electronic confirmation. The WHO
standard for RR measurement includes a count over
a full minute and for this purpose, electronic chron-
ometers have been distributed in many developing
world settings [11]. Proper training is essential to
ensure reliability of the measurement [12]. This
count may be done by observing abdominal or
chest movements or by auscultation with similar
results [13]. Electronic devices to measure RR exist
and have shown a variable accuracy compared with
observer RR measurement [14, 15], but such devices
have seldom been introduced in the developing
world. Furthermore, studies assessing the interobser-
ver agreement report a wide range of reliability for
RR both in children and adults [16–19]. In those
studies, the interobserver agreement expressed
by the weighted kappa statistic ranged from 0.15
(slight agreement) to 0.79 (substantial agreement) if
the assessments were done by two trained observers
no more than 10min apart.

Accuracy and reliability of vital sign measurements
are also important in clinical research. Vital signs are
often used as inclusion or exclusion criteria, case
definitions or outcome/endpoint criteria. Thus, vital
signs used as criteria for clinical scores or for research
purposes should be easily measured, consistent
throughout time and show little or no interobserver
variability. Furthermore, when clinical signs are used
in the eligibility criteria or are part of the outcome,
an assessment of interobserver agreement should
be undertaken including all study observers. The
purpose of this study was to determine the reliability
of RR count when assessed by different observers in
the context of a multicentric study where tachypnea
was an inclusion criterion.

Methods

Study design
This observational study was designed to determine
the reliability of RR measurements recorded by three
independent observers. Patients assessed were part
of a larger study investigating the etiology of respira-
tory distress. These measurements were done in
the context of pre-recruitment screening of an
Institutional Review Board-approved multicenter
trial (RAPID project, Health Bioethics National
Committee, Mozambique, ref. 262/CNBS/10).

Study site
The study was conducted at the Manhiça District
Hospital (MDH) by Centro de Investigação em
Saúde de Manhiça (CISM), located in Manhiça,
Maputo Province, in Southern Mozambique. CISM
runs two surveillance system platforms: (i) a demo-
graphic surveillance system in its study area; and (ii) a
morbidity surveillance systembased on five health cen-
ters for outpatient visits and one referral hospital, the

MDH. Information on all pediatric outpatient visits
and admissions to hospital, including the RR count,
is collected through standardized questionnaires.
MDH has >70 000 pediatric outpatient visits and
>3500pediatric admissions per year. Pediatricmedical
assistance is based on a two-stage model—on arrival
to hospital, outpatients are initially assessed by a clin-
ician (normally a medical agent, i.e. a clinician trained
within the Mozambican health system for a minimum
of 1 year) and discharged with a diagnosis and a treat-
ment plan. Should any of those patients show signs of
severe disease or require specialized assessment (i.e. by
a medical ‘technician’ or a medical doctor), they are
transferred to the short-term–hospitalization facility
where more specialized pediatric care can be provided
before discharge or hospital admission.

Selection of participants
All consecutive children aged <10 years, who
attended the emergency room between 7 AM and
5 PM during the first week of January 2011 with
referred respiratory symptoms (based on guardian’s
report), were included in this study.

Methods of measurement
RR was measured independently three times within
30min following the WHO standard of 60 s observa-
tion by three different health personnel: one medical
agent and two study health assistants. Time was con-
trolled using UNICEF-donated chronometers or a
mobile phone timer set to count backward from
60 to 0 s. The medical agent was not aware that fur-
ther RR counts would be done. All RR measure-
ments were made in a blinded manner so that none
of the observers would know previous measurements.
Whenever possible, the RR was measured while the
child was calm. Information about the behavior of
the child (calm, feeding, crying) was recorded for the
second and third measurements.

Data collection
Participants were given an identification number
based on the recruitment order. Data were collected
in a de-identified manner directly on a study log and
then tabulated into an Excel spreadsheet.

Definitions
Tachypnea was defined according to the age-related
WHO-proposed definitions as RR >60 breaths per
minute (bpm) if the child is younger than 2 months
of age; RR >50 bpm if the child age is between
2 months (included) and 12 months (excluded); RR
>40 bpm if the child age is between 1 year (included)
and 5 years (excluded); and RR >30 bpm if the child
age is between 5 years (included) and 10 years
(excluded). These definitions are consistent with a
recently published systematic review of normal,
age-specific, ranges for respiratory and heart rates in
pediatric populations [20]. Most studies were carried
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out in developed countries; however, the reference
ranges of heart and RRs estimated from a study in
the UK may also be applied to children in developing
world settings [21].

Statistical analysis
Demographic characteristics and RR counts were
summarized by medians, interquartile ranges and
proportions. We compared the distribution of RRs
between subjects crying and not crying during the
observation through Wilcoxon rank sum tests.
Pairwise agreement between RR counts was assessed
through Lin’s concordance correlation and intraclass
correlation coefficients with 95% confidence inter-
vals (95% CIs). We also estimated association
between readings through Pearson correlation coeffi-
cients and linear regression of loge transformed RRs.
All analyses were conducted in R 2.15.3 packages icc
and epiR [22, 23].

Results

Characteristics of study subjects
A total of 55 participants were enrolled in the
study. Participant ages ranged from 10 days to
7 years, with a median age of 22 months. Among
them, 40 (72.7%) had fever or history of fever,
38 (69.1%) had referred cough and 15 (27.3%) had
referred breathing difficulty. Thirty-two (58.2%)
participants were male, and most presented with
malaria or lower and upper respiratory tract
infections (data not shown).

Respiratory rate
RR was recorded three times (RR1, RR2 and RR3)
for each patient and ranged from 20 to 89 (medians
of �40–42). The spread of RR at each time was simi-
lar (Fig. 1). Agreement across the three readings was

high (Intraclass Correlation Coefficient of 0.95; 95%
CI: 0.93–0.97). A total of 29 (53%) subjects fulfilled
tachypnea criterion in RR1, 26 (47%) in RR2 and 22
(40%) in RR3. Agreement for presence of tachypnea
recorded in the three readings was also high with
Kappa coefficient of 0.83 (p< 0.001). However,
having only the RR3 reading would have mis-
classified six (11%) subjects as non-tachypneic,
and having only RR2 would have misclassified
three (5%) subjects as non-tachypneic. If only
the RR2 and RR3 measurements were taken,
three subjects (5%) would have been classified as
non-tachypneic.
Pairwise agreement between measurements taken

closer in time (first vs. second and second vs. third)
was slightly larger than more distant measurements
(first vs. third), but differences were not statistically
significant. The concordance correlation between
first and second was 0.95 (95% CI¼ 0.92, 0.97),
between second and third was 0.98 (95% CI¼ 0.97,
0.99) and between first and third was 0.93 (95%
CI¼ 0.89, 0.96). Inspection of Bland Altman plots
(Fig. 2) suggests absence of systematic bias.
Pairwise associations are presented in Fig. 3.
Despite the high agreement and correlations across

readings, RR was highly variable for some subjects
across readings. The ‘between’ readings standard
deviation had a median of �2 (Interquartile range
(IQR)¼ 1.2–3.2). The RR measurements within a
subject differed from 1 to 18 units (minimum¼ 1;
IQR¼ 2–6; median¼ 4). This did not seem to be
associated with either age (Spearman correlation co-
efficient of 0.13 and p-value of slope of regression of
0.72) or the magnitude of the first RR reading
(Spearman correlation coefficient of 0.19 and p-
value of slope of regression of 0.24). Differences of
RR measurements within a subject were slightly
higher when the child was crying during one of the
measurements (median largest difference of 5.6;
IQR¼ 3–8) than when not crying (median largest dif-
ference 5, IQR 3–8), but these differences were not
statistically significant (p-value Wilcoxon test¼ 0.25).
The largest differences between two measurements
within a subject were not recorded for children that
were crying during one of the measurements.

Discussion

Clinical assessments, often prone to the observer’s
subjectivity, require a minimum reproducibility to
be useful. Variability can be expected from subjective
assessments, which involve the assessment of com-
plex respiratory patterns or signs, but objective
data such as vital signs are also subject to variability.
As classic examples, the interrater agreement in
assessing systolic blood pressure or tachypnea is
low [17]. When assessing RR, variability is often
high owing to both interobserver variability and the
lack of reliable electronic devices for its measurement

FIG. 1. Variability of the first (RR1), second (RR2),
and third (RR3) RR readings in 55 children. The
solid line in the middle of the box represents the
median. The boxes span the interquartile range and
whiskers extend to �1.5 the interquartile range.
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in routine clinical practice. Such uncertainty becomes
important because RR is a critical sign for early
recognition of life-threatening conditions. Electronic
devices usually extrapolate RR over a minute from
the timing of the last few breathing cycles, which

FIG. 3. Scatterplot of the pairwise correlations be-
tween two RR readings—(a) first and third readings
(RR1 and RR3); (b) second and third readings (RR2
and RR3); and (c) first and second readings (RR1
and RR2). Dashed line represents the line of perfect
concordance (intercept of 0 and slope of 1). The solid
line represents the observed association between the
two measurements obtained in a linear regression
(coefficients as shown in equation). Pearson correl-
ation coefficient and Lin’s concordance coefficient
are shown.

FIG. 2. Bland-Altman plots assessing pairwise
agreement between readings—(a) reading 1 and 2;
(b) reading 1 and 3; (c) reading 2 and 3. The y axis
represents the bias (absolute value) and the x axis the
mean values of the two measurements of RR. The
solid line represents the mean bias across all subjects
and the dashed lines represent the 95% CI, as based
on the standard deviation of the distribution of
biases.
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may not be accurate enough in cases of irregular
breathing patterns or among young children. Errors
in the assessment of RR could mislead clinicians
in recognizing severe disease and result in over- or
undertreatment of patients.
Studies assessing the reliability of RR count pre-

sent highly variable results [15, 16, 19]. Similar to
other studies, the RR range in the present study is
high. However, an important distinction is that while
most other studies display low to moderate interrater
agreement, the present study expresses high agree-
ment, as indicated by the high Pearson correlation
coefficient between the first and the second reading,
the second and the third and even between the first
and the third. Despite such high interrater agreement,
between 5 and 11% of the study subjects still would
have been misclassified as non-tachypneic if only 1
or even 2 measurements had been done. Because
tachypnea is a key criterion for severity assessment,
a single RR measurement appears to lack the
required sensitivity for such an important indicator.
The decrease in agreement over time has been
described in a population of older children and
adults where the k value for tachypnea assessment
was 0.79 if the time interval between assessments
was <10min, and 0.48 if it was >10min [17]. In the
present study, there was no significant decrease in
agreement when comparing readings closer in time
(RR1 vs. RR2) with readings done over a longer
interval (RR1 vs. RR3).
The child’s behavior did not seem to affect the RR

count. Indeed, the mean RR was 43.8 for calm chil-
dren, 44 if crying and 41.1 if feeding. The differences
were not statistically significant. This should reassure
clinicians worried about the validity of the RR
counted in situations where it may be usual to face
crying children. In our study, 83 (75.5%) of the
assessments were done while the child was calm, 15
(13.6%) while the child was crying and 12 (10.9%)
while feeding. These figures do not vary when specif-
ically assessing children <24 months of age. In the
younger group, however, mean RR seemed to be
slightly higher if feeding but the differences were
not significant. A full report of all the RR measure-
ments is available in Table 1.
Compared with other studies, the interobserver

agreement was high between the first assessment
and the other two. It is important to mention that
the first observer was not aware that the RR would
be counted again and compared with the first count,
which could have affected his accuracy in counting
the RR, and neither the second nor third observers
were aware of the initial RR count. What seems to
explain this high agreement is the measurement
method. In MDH, the standard practice is to count
the RR for 1min, and the three readings done for the
present study were done following the same method.
This result is consistent with other published studies
where the agreement was slight or fair if the RR

TABLE 1
Full report of RR measurements (RR1, RR2 and

RR2) and the behavior of the child during
measurement (RR2 and RR3)

Age
(months)

RR1 RR2 Behavior
RR2

RR3 Behavior
RR3

23 34 32 Calm 31 Calm
24 30 38 Calm 37 Calm
1 48 49 Calm 48 Calm
27 38 37 Calm 38 Calm
29 44 40 Feeding 38 Calm
1 54 53 Calm 54 Calm
1 48 46 Calm 47 Calm
2 56 48 Calm 45 Calm
25 28 29 Calm 28 Calm
24 40 42 Calm 44 Calm
4 43 46 Calm 40 Calm
5 32 32 Crying 33 Calm
26 46 40 Calm 42 Calm
6 58 57 Calm 57 Calm
24 44 46 Calm 48 Calm
9 52 54 Calm 53 Calm
10 48 46 Feeding 45 Feeding
22 60 69 Calm 68 Calm
28 40 48 Calm 50 Crying
10 68 70 Feeding 72 Calm
11 34 32 Calm 33 Calm
11 40 40 Calm 42 Calm
36 32 32 Calm 30 Calm
49 28 22 Feeding 22 Calm
11 58 52 Calm 54 Feeding
11 60 62 Crying 63 Calm
15 40 38 Calm 36 Crying
13 52 50 Crying 57 Calm
50 38 28 Calm 27 Calm
52 28 27 Calm 28 Calm
13 38 37 Calm 32 Calm
48 32 30 Calm 29 Calm
15 42 40 Calm 39 Calm
16 38 36 Crying 30 Calm
47 40 42 Calm 46 Calm
16 48 38 Calm 30 Calm
46 50 51 Calm 52 Calm
17 30 28 Crying 24 Feeding
17 60 57 Calm 58 Calm
19 82 88 Calm 87 Feeding
20 56 64 Crying 59 Calm
20 89 89 Calm 86 Calm
22 36 38 Crying 39 Crying
22 50 48 Calm 48 Feeding
65 24 20 Calm 23 Calm
59 24 29 Feeding 27 Feeding
0 60 60 Calm 64 Crying
64 54 60 Calm 67 Calm
67 54 65 Crying 62 Crying
73 20 22 Calm 22 Calm
0 48 40 Calm 44 Feeding
75 32 30 Calm 28 Calm
72 32 30 Calm 28 Calm
87 28 28 Crying 26 Crying
85 34 33 Calm 30 Calm
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assessment was done over 15 or 30 s and then multi-
plied by 2 or 4, respectively; but it was moderate to
almost perfect if the assessments were done over a
full minute [11].

Conclusion

In settings where routine examination of RR in-
cludes a 1min evaluation, repeated respiratory
counts within a time lapse of no more than 30min
offers reliable results with little interobserver vari-
ability, regardless of whether the child is calm,
crying or feeding. RR counts not fulfilling tachyp-
nea criterion but falling near the threshold should
be repeated if the clinical management of the patient
depends on this single observation. For clinical stu-
dies or trials in which RR is either an inclusion
criterion or part of an assessed outcome, it is advis-
able to include a fully chronometered 1min-long
count, or preferably, calculate the average of mul-
tiple counts.
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