Clinical Medicine Insights: Pediatrics
Volume 15: 1-8

© The Author(s) 2021

Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/11795565211001897

®SAGE

Spirometry Abnormalities and Its Associated Factors
Among Primary School Children in a Nigerian City

Chizalu Ifeyinwa Ndukwu'(®), Obianuju B Ozoh?, Boni Maxime Ale3,
Adaeze C Ayuk*(», Jacinta C Elo-llo' and Babatunde | Awokola56

'Department of Paediatrics, Faculty of Medicine, Nnamdi Azikiwe University, Awka, Nigeria.
2Department of Medicine, College of Medicine, University of Lagos, Lagos, Nigeria. 3Holo
Healthcare Limited, Nairobi, Kenya. “Department of Paediatrics, College of Medicine, University
of Nigeria - Enugu Campus, Enugu, Nigeria. SDepartment of Clinical Sciences, Liverpool School
of Tropical Medicine, Liverpool, UK. ¢Clinical Services Department, Medical Research Council
Gambia at LSHTM, Fajara, The Gambia.

ABSTRACT

BACKGROUND: There is paucity of data on objectively measured lung function abnormalities in Nigerian children using diagnostic testing
methods such as spirometry. Such assessments could prompt early diagnosis and therapeutic interventions.

METHODS: This was a cross sectional study among children aged 6 to 12 years in South-Eastern Nigeria. We selected participants from one
school using a multistage stratified random sampling technique. A structured respiratory questionnaire was administered to obtain neces-
sary data. The lung functions of the children were measured by spirometry. We used Lower Limits of Normal (LLN) based on GLI reference
equations for African-American and mixed ethnicities to define abnormal spirometry. We studied the association between the exposures and
lung function using logistic regression/chi-squared tests.

RESULTS: A total of 145 children performed acceptable and repeatable tests. There were 73 males (50.3%), mean age of 9.13years (+1.5)
and age range 6 to 12years. Frequency of respiratory symptoms was cough- 64 (44.1%) and wheeze in 19 (13.1%). Using GLI for African-
Americans, fifty-five (37.9%) children had abnormal spirometryobstructive pattern in 40 (27.6%) and restrictive pattern in 15 (10.3%). The two
references showed significant differences in interpretation of abnormality (y2=72.86; P<.001). Respiratory symptom-wheeze was an inde-
pendent determinant of abnormal lung function in this population.(OR=0.31; 95%ClI: 0.10-0.94; P=.04)

CONCLUSION: There is a high burden of respiratory symptoms and abnormal spirometry among these children. The need for objective

evaluation of lung function especially for children with respiratory symptoms is evident.
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Introduction
The World Health Organization’s (WHO) strategy for preven-
tion and control of Chronic Respiratory Diseases (CRD) pro-
motes improved surveillance to map the magnitude of CRD and
analyze the risk factors with reference to disadvantaged popula-
tions.! One of the standard indicators for this surveillance is lung
function measurements. Lack of requisite equipment including
spirometers, and limited expertise within Africa are hindrances
both in performing lung function tests and in the interpretation
of results.?” Therefore, many children with CRD such as asthma
may remain undiagnosed. This limitation increases morbidity
and mortality amongst children, with recognized negative
impact on long term outcomes in adulthood.3¢1° Recognition of
impaired lung function in childhood may be an opportunity for
a potentially effective intervention, such as early referral for spe-
cialized care with prompt treatment.>’? Optimizing lung func-
tion in childhood is thus an important public health priority.>-11
In Nigeria and most other parts of sub-Saharan Africa
(SSA), there are several existing factors that potentially reduce

lung function in children. These range from intrauterine and
early life exposures leading to low birth weight and childhood
respiratory infections, to air pollution from household use of
unclean cooking fuels, and ambient air pollution. Others
include socioeconomic factors like poor education, housing,
and malnutrition.'%13 The implication of such demographics
would be that the burden of impaired lung function among
children in this part of the world may be higher than is reported
for children in developed countries.

There are limited studies that have evaluated the lung func-
tion of children in Nigeria. Most reports have focused on com-
parisons of mean differences in spirometric indices based on
demographics and health status.'*!> Few have interpreted their
findings using globally accepted reference standards like the
Global Lung Initiative (GLI-2012). The GLI-2012 has been
shown to be applicable in children and adults (3-95 years) from
different countries as it eliminates age, gender, ethnic, and
height bias in lung function interpretation.’® This study was
therefore conducted to determine the prevalence of abnormal
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spirometry pattern among primary school aged children in a
Nigerian city using the Global Lung Initiative (GLI-2012) as
the reference standard. Association of spirometry pattern with
the presence of respiratory symptoms, socio-demographic, and
environmental exposures was also explored with interpretation
using the GLI references for “African Americans”and “Others”
(other races).

Methods
Study design and study population

This was a cross sectional school-based study conducted in
Awka, an urban city in Anambra state, South Eastern Nigeria
from February 2017 to March 2017. The study population
comprised children aged between 6 and 12years attending
public schools within the city. Of the four schools approved by
the Education Ministry for this study, one school was purpo-
sively selected based on the centrality of its location in the city
and heterogeneity of its population.

Sampling

The sample size was 140 participants, calculated based on an esti-
mated prevalence of abnormal spirometry of 10% with a 5% preci-
sion at 95% confidence interval.® Sample size was increased to 160
to include a possible 20% attrition due to poor spirograms. We
selected participants using a multi-stage stratified random sam-
pling technique. The stratification was based on class grades, age,
and gender of the children. We included only children whose par-
ents provided written consent, and who gave personal assent,
where applicable. Children with chest or posture deformity, recent
surgery, acute respiratory infection with ongoing cough or chronic
infectious respiratory diseases like tuberculosis were excluded. The
exposure variables assessed were Environmental Tobacco Smoke
(ETS) exposure (smoking history of household or family mem-
bers), biomass exposure from cooking fuels, parental monthly
income, and presence of respiratory symptoms like cough and
wheezing. The main outcome variables were the forced expiratory
volume in the first second (FEV1), the Forced Vital Capacity
(FVC) and the ratio of the FEV1/FVC measured by spirometry.

Data collection

We addressed the parents during the termly Parents/Teachers
meeting, explaining the research aims, objectives, tools, and
benefits. A structured respiratory questionnaire adapted from
International Study of Asthma and Allergies in Childhood
(ISAAC) phase three core questionnaire was used to obtain
information on the exposure variables from consenting par-
ents.’” Questions included wheeze in the past 12 months, pres-
ence of cough associated with cold in the past 12 months and
previous diagnosis of asthma. The questionnaires were self-
administered with interviewer assistance when required.

We performed general physical and respiratory system
examination and measured weights and heights using standard

methods. Body mass index (BMI) was calculated using the for-
mula- Weight (kg)/Height (m?) and categorized according to
the Centre for Disease Control (CDC) growth charts (BMI
for age): Underweight BMI was defined as BMI less than the
fifth percentile for age and sex, Overweight BMI as BMI above
the 85th but below the 95th percentile for age and sex. Normal
BMI was BMI between the fifth and 85th percentile for age
and sex. We performed spirometry according to the American
Thoracic Society/European Respiratory Society standards,
using battery operated new diagnostic design (ndd) EasyOne™
diagnostic world spirometer.!® Testing was performed by an
experienced pediatrician with international certification in
spirometry (European Spirometry Driving License). With the
child standing and wearing a nose clip, a minimum of three
blows were performed with at least two acceptable and repeat-
able blows, obtained from a maximum of eight maneuvers. To
ensure quality control, we performed daily calibration checks
using a three liter syringe at the beginning of every test day and
after testing eight individuals respectively. All tests were sent
via a secure Internet transfer TEAMVIEWER?® for independ-
ent verification for quality by a European Respiratory Society
Spirometry Train-the-Trainer certified spirometry trainer prior
to final acceptance and inclusion into the database.

Data management and analysis

Data entry and cleaning were done using Epidata Secure soft-
ware Database prior to importation into Microsoft excel
spreadsheet. Required data (Participant ID, Age, height, eth-
nicity, FEV1, and FVC) were then uploaded into the Global
Lung Initiative (GLI-2012) online calculator to derive the
spirometry Lower Limit of Normal (LLN) values and requisite
z-scores using the prediction reference equations for African
Americans. This was used for identification and interpretation
of spirometry abnormalities.!* The lower limit of normal LLN
is defined as the z-score < -1.645.11.19

Using the Global Lung Index (GLI) 2012 reference equa-
tions for African Americans, normal lung function pattern
was defined by FEV1, FVC, and FEV1/FVC all > LLN.
Obstructive lung function was determined by the ratio of
Forced expiratory volume in the first second (FEV1) to
Forced Vital Capacity (FVC) that was below the lower limit
of normal (LLN) with Forced Vital Capacity above LLN
(FEV1/FVC <LLN with FVC > LLN), while restrictive
lung function abnormalities were suggested by values less
than the LLN for the FVC (FVC < LLN with FEV1/FVC
> LLN). Those with FEV1/FVC <LLN and FVC < LLN
who could have a possible restrictive/obstructive disorder
were classified as having possible obstruction.!® GLI 2012
reference equations for “Others” was also used to determine
the relationship of its interpretation with the reference equa-
tion for African Americans.

The data was analyzed using the Statistical Package for Social
Sciences (SPSS) software version 21. Categorical variables were
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summarized as frequencies while numerical variables were
described using means. Data on birth weight and parental
income were excluded from the analysis because of missing val-
ues. Variables were tested using Chi squared tests to determine
statistically significant levels of association (P<.05) with abnor-
mal spirometry pattern. Binary logistic regression was used to
assess for independent determinants of abnormal spirometry
patterns. The multivariate model was based on a priori factors
and included variables such as ET'S, use of kerosene as cooking
tuel and respiratory symptoms known to influence lung func-
tion. Outcome of interest was “any abnormal lung function.”
Statistical significance was set at P<<.05 at 95% confidence
interval.

Ethical considerations

Ethical approval was obtained from the Central Ethics
Committee of the Nnamdi Azikiwe University, Awka (NAU/
CEC/STA/002), and the Nnamdi Azikiwe University
Teaching Hospital Ethics Committee (NAUTH/CS/66/
VOL.9/134/2016/105) prior to the commencement of the
study. Written approval for the study was also received from
the State Basic Education board.

Results
There were a total of 204 recruited participants. Only 188 met
inclusion criteria and were enrolled into the study.

Spirometry tests were performed on them with a mean of
three tests each and a maximum of eight attempts per child. In
line with estimated sample size, 145 children (77.1%) who per-
formed acceptable and repeatable tests according to AT'S/ERS
criteria, were included in the final analysis.

Demographic characteristics

Of the 145 participants included in the final analysis, 73(50.3%)
were males. Their ages ranged from 6 to 12years with a mean
age of 9.13*1.5years. Only 68 (46.9%) reported family
income, of which 41 (60.3%) earned less than N10,000 a
month (<1USD/day). Table 1 shows the demographic charac-
teristics, anthropometrics, and lung function parameters of the
study participants.

Environmental (,’XPOSZIT‘(?S and TBSPZ.%ZZ‘OT_)/ symptoms

of the children

Fifteen (10.3%) of the children were exposed to ETS at home.
Most (110=75.9%) of the children used kerosene as their pri-
mary cooking fuel while only 41(28.3%) used firewood (28/41
of these also used kerosene). Only one mother smoked tobacco
during pregnancy. Sixty-five (44.8%) of the children had res-
piratory symptoms. There had been at least one lifetime epi-
sode of wheezing in 19 (13.1%) of the children, of which 18/19
(94.7%) also had history of cough. Sixty-four (44.1%) of the

145 children had occasional cough exacerbated by one or more

of exposure to cold (49=33.8%), dust (36 =24.8%) or exercise
(10=6.9%). Cough occurred mainly at night in 21 (14.5%).
However, only one (0.7%) of these children had a previous
diagnosis of asthma. The mean lung function z-scores stratified
by children with and without respiratory symptoms, showed a
mean(SD) FEV1 z-score, mean(SD) FVC z-score and mean
(SD)FEV1/FVC z-scores respectively of -0.90(1.1),-0.46(1.2)
and -0.73(1.7) for the children without respiratory symptoms
[cough = wheeze]. For those with these respiratory symptoms,
the mean(SD) FEV1 z-score, mean(SD) FVC z-score, and
mean(SD) FEV1/FVC z-scores were respectively -1.05(1.3),
-0.49(1.5) and -1.08(1.1).

Abnormal spirometry parameters and patterns

Fifty-five (37.9%) of the children had abnormal spirometry
parameters (any or more than one of FEV1, FVC, and FEV1/
FVC ratio being below LLN). FEV1 below LLN was the most
common abnormal parameter in 35 (24.1%). The prevalence of
abnormal lung function is as follows: 22 (15.2%) had obstruc-
tive patterns (FEV1/FVC <LLN), 15 (10.3%) had patterns
suggestive of restriction. The prevalence of abnormal spirome-
try pattern is shown in Figure 1. Additionally 11 children
(7.6%) had isolated low FEV1 and seven (4.8%) children had
spirometry patterns suggestive of a mixed obstructive/restric-
tive (FEV1/FVC <LLN and FVC < LLN). These were clas-
sified as having obstructive patterns bringing the frequency of
obstructive spirometry to 27.6%.11

Factors associated with abnormal spirometry
pattern in the study population

Table 2 describes the association between spirometry pattern,
respiratory symptoms, and environmental exposures. More
than half of those who reported lifetime wheeze had abnormal
spirometry pattern. (P=.05) About a third of those that
reported cough and use of kerosene as main cooking fuel had
abnormal spirometry but the relationship was not statistically
significant.

However, when the spirometry abnormalities were catego-
rized, there was a significant relationship of underweight BMI
and dust induced cough with restrictive pattern of spirometry
(P<.05). Table 3. Though more of the males 24/73 (32.9%)
than females 16/72 (22.2%) had obstructive spirometry and
more females 9/72 (12.5%) than males 6/73 (8.2%) had restric-
tive spirometry, gender was not significantly associated with
abnormal spirometry. Other variables tested were not signifi-
cantly associated with abnormal spirometry. (Table 3)

Spirometry patterns of respondents using GLI 2012
for African Americans” and “Others”

When GLI 2012 for “others” was used for the interpretation
of measured lung function parameters, seventy-four (51%) of
the children had abnormal spirometry patterns (any of or
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Table 1. Demographic characteristics, anthropometry, and mean lung function parameters of study population.

VARIABLE MALE N=73 FEMALE N=72 TOTAL N=145

Age (years)

6 3 2 5

7 7 8 15

8 11 20 31

9 22 9 31

10 19 16 35

11 8 16 24

12 3 1 4
Mean age in years (SD) 9.14 (1.4) 9.13 (1.5) 9.13 (1.5)
Mean weight in kg (SD) 29.71 (5.8) 30.17 (6.8) 29.9 (6.3)
Mean height in cm (SD) 135.47 (8.9) 135.89 (9.9) 135.7 (9.4)

Body mass index (BMI)

Mean BMI (SD) 16.08 (1.8) 16.15 (2.1) 16.11 (1.96)
Normal BMI=n 67 64 131
Underweight BMI=n 6 6 12
Overweight BMI=n 0 2 2
Mean FEV1 z-score (SD) GLI others -1.76 (1.2) -1.49 (1.2) -1.63(1.2)
Mean FVC z-score (SD) GLI others -1.19 (1.4) -1.16 (1.5) -1.18 (1.4)
Mean FEV1/FVC z-score (SD) GLI others -1.2(1.2) -0.79 (1.8) -0.99 (1.5)
Mean FEV1 z-score (SD) GLI African Americans -0.66 (1.2) -1.27 (1.1) -0.96 (1.2)
Mean FVC z-score (SD) GLI African Americans -0.08 (1.4) -0.88 (1.2) -0.48 (1.3)
Mean FEV1/FVC z-score (SD) GLI African Americans -0.99 (1.4) -0.79 (1.6) -0.89 (1.5)

Abbreviations: SD, standard deviation; n, number of persons.
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Figure 1. Spirometry patterns of the school aged children 6 to 12years sampled in Awka using two reference interpretations.
¥2=72.86; P <.001.




Ndukwu et al

Table 2. Relationship of respiratory symptoms and environmental exposures with spirometry pattern in school aged children aged 6 to 12years in

Awka, Nigeria.

VARIABLES (NUMBER) NORMAL
SPIROMETRY
PATTERN N (%)

ETS at home (15) 9 (60)

Use of Kerosene (110) 69 (62.7)

Use of firewood (41) 30 (73.2)

Lifetime wheeze (19) 8 (42.1)

Any cough* (64) 40 (62.5)

Exercise induced cough** (10) 6 (60)

Cold induced cough** (49) 31 (63.3)

Dust induced cough** (36) 13 (36.1)

ABNORMAL STATISTICS P VALUE
SPIROMETRY X2
PATTERN N (%)

6 (40) 0.03 .86
41 (37.3) 0.15 71
11 (26.8) 2.36 13
11 (57.9) 3.70 .05
24 (37.5) 0.01 92

4 (40) 0.02 89
18 (36.7) 0.05 .83
23 (63.9) 0.07 .80

*Any cough signifies all that have current cough associated with cold, exercise, or dust exposure.

**Multiple responses allowed.

Table 3. Association of selected epidemiological variables with
obstructive and restrictive spirometry abnormalities.

VARIABLES OBSTRUCTIVE RESTRICTIVE

PATTERN PATTERN

X2 P VALUE P VALUE
Gender (male) 2.06 15 0.72 40
Underweight BMI 0.78 .38 7.46 .01
ETS at home 0.28 .60 0.24 .62
Use of Kerosene 0.02 .89 0.17 .68
Use of firewood 0.76 .38 1.45 .23
Lifetime wheeze 0.94 .33 2.70 .10
Any cough* 1.87 A7 3.44 .06
Dust induced cough 2.86 .09 4.28 .04

Abbreviations: BMI, body mass index; ETS, environmental tobacco smoke.
*Any cough signifies all that have current cough associated with cold, exercise,
or dust exposure.

combination of FEV1, FVC, and FEV1/FVC below LLN)
with FEV1 below LLN being the most common abnormal
parameter in 59 (40.7%). Thirty eight children (26.2%) had
obstructive patterns while 36 (24.8%) had patterns suggestive
of restriction. The discordance with GLI 2012 for “African
Americans” is shown in Figure 1.

The two references showed significant differences in inter-
pretation of abnormality (%?=72.86; P<<.001) and restrictive
spirometry (P<.001). Twenty one of the 36 children inter-
preted as having restrictive spirometry patterns in “Others”
were normal with “African American” reference interpretation.

(P<.001).

Table 4. Determinants of abnormal lung function in school aged
children aged 6 to 12years in Awka, Nigeria.

VARIABLES ODDS 95%ClI P-VALUE
RATIO
ETS 1.07 0.34, 3.42 .91
Wheeze 0.31 0.10, 0.94 .04
Cough 1.29 0.59, 2.82 .53
Use of kerosene 0.92 0.37,2.27 .85
Age 0.93 0.72,1.19 .57
Gender 0.82 0.40, 1.67 .26

Abbreviations: ETS, environmental tobacco smoke; Cl, confidence interval.

Determinants of abnormal lung function

In the logistic regression, our model could correctly predict
22% of abnormal lung function. Respiratory symptom-wheeze
was the only independent determinant of abnormal lung func-
tion in this population.(OR=0.31; 95%CI: 0.10-0.94; P=.04)
Table 4. This remained constant even with adjustment for age
and gender.

Discussion

This study has shown that performing field spirometry screen-
ing to determine lung function of apparently healthy children as
part of the surveillance for CRDs is feasible in the sub-Saharan
African setting. It has the capacity to identify previously unrec-
ognized respiratory morbidity in childhood which provides
opportunity for early identification and administration of
potentially effective intervention to mitigate future morbidity
and mortality. Using the GLI-2012 reference equations, we
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identified abnormalities with spirometry patterns, with a high
prevalence of respiratory symptoms and significant relation-
ships between the presence of respiratory symptoms and abnor-
mal spirometry (restriction). Such has been previously reported
in adults.?® We also confirmed that underweight and restrictive
spirometry pattern were related, amongst these children.

Our main finding based on the globally accepted GLI-
2012 spirometry reference standards for interpretation shows
that up to a third of apparently healthy primary school chil-
dren had abnormal spirometry patterns with a substantial pro-
portion reporting respiratory symptoms (cough-42.8% and
wheeze-13.1%). The presence of cough precipitated by expo-
sure to dust was significantly associated with presence of
abnormal spirometry with a borderline relationship between
lifetime history of wheeze and abnormal spirometry.

We found the frequency of obstruction in this population
using standard definitions to be 15.2% and when those with
isolated low FEV1 and possible mixed abnormalities were
included as probable mild obstruction, we had a total of 27.6%
with obstructive pattern. This high frequency of obstruction is
consistent with findings in Poland where obstructive spirome-
try pattern was found in 20.3% of children aged 4 to 18years
who had respiratory symptoms.?! In our study, obstructive pat-
tern was not associated with either respiratory symptoms or
environmental exposure which infers that obstructive spirom-
etry among these African children may be surreptitious, high-
lighting the need for screening. On the other hand, it may
suggest that respiratory symptoms are poorly recognized or
reported among these African children. This high frequency of
obstructive spirometry among these children may also indicate
that the prevalence of obstructive lung disease or asthma that
has been reported among Nigerian children may have been
underestimated.?>?3 This is plausible because most estimates of
asthma prevalence were based on respiratory symptom ques-
tionnaires which may not be indicative of airway obstruction or
asthma diagnosis. The use of respiratory questionnaires may
also be prone to recall and comprehension bias and these
observations call for greater rigor with the inclusion of spirom-
etry in the estimation of the prevalence of asthma in
children.16:21

The high rate of under-diagnosis of asthma in the context
of a high prevalence of obstructive lung disease in this present
study is a source of concern. Many children who also had
symptoms of triggered cough and wheeze did not have a diag-
nosis of asthma. It implies a high burden of unrecognized res-
piratory morbidity among these children which bodes for a
poor outcome as these children are left untreated. The Global
Initiative for Asthma (GINA) recognizes that undiagnosed
and untreated asthma in children increases the risk of emer-
gency room visits, asthma mortality, and lung function
decline.?* Under-diagnosis of asthma in these children may
also indicate a low level of health literacy in the general popula-
tion and poor knowledge of doctors regarding asthma diagno-
sis as previously reported.’

The choice of reference equation in defining spirometry
pattern may account for the wide disparity in the prevalence of
obstructive spirometry between this present study and a previ-
ous study among children aged 5 to 1lyears in Northern
Nigeria (4.6%)." While our interpretation of obstructive pat-
tern was dependent on the FEV1/FVC ratio < LLN using
GLI 2012, Thacher et al*® based their assessment on the ratio
of FEV1 to FEV6 less than 85% predicted based on African
Americans National Health and Nutrition Examination
Survey (NHANES III) reference equation. Using percentage
predicted as Thacher et al'® did, has been criticized because it
could lead to significant misclassification of obstructive pattern
in children.16? This is because a single standard deviation is
used in the calculation of percentage predicted but ideally, this
should vary dependent on age and outcome.?> However, in
LLN calculation, the same cut off for z-scores has been found
to be applicable across all ages, gender groups, and spirometric
pulmonary function indices.?®

The restrictive pattern found in 7.5% of these children is
difficult to interpret due to a lack of validation of GLI refer-
ences in the local population and it has been shown that lung
volume is a factor of ethnicity.12627 Much higher prevalence of
restrictive patterns in children have been previously reported in
the United States and in Malawi, a developing country.?$%°
However these were in children with known co-morbidi-
ties.2%2” We cautiously note that measurement of total lung
capacity (TLC) and residual volume which confirm a restric-
tive pattern were not done and what we have reported is prob-
able restriction. Furthermore, some children with a probable
restrictive pattern may have air trapping from obstructive lung
diseases particularly when the FEV1 is below the LLN in addi-
tion to LLN FVC, with normal ratios.3® Consequently, the
FEV1/FVC ratio may be normal resulting in a wrong interpre-
tation as restrictive lung disease.30

The effects of undernutrition on restrictive lung function as
documented in our study, has been previously reported. While
some authors have found a significant relationship between
undernutrition and restrictive spirometry as in our study, others
have found no relationship.31-33 Some have attributed this rela-
tionship to decreased lung growth and respiratory muscle mass.
Biomass exposure has also been implicated as a risk factor for
increase in both respiratory symptoms and low FVC.1334 In
Ecuador, Rinne et al3* found that children aged 7 to 15years,
living in homes that use biomass fuel and who were exposed to
ETS had significantly lower FVC and these children were
more affected than female adults when appropriate statistical
comparison was done. However, our study found no significant
relationship of exposure to ETS and biomass with abnormal
spirometry.

When we interpreted our findings using GLI 2012 for “oth-
ers,” we found significant disparities especially in the interpre-
tation of restrictive spirometry. The prevalence of reduced FVC
while using GLI “others” was much higher at 24.8% compared
to the 7.5% with African American references. The use of
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references for African Americans in our study was predicated
by the non-representation of Sub Saharan African data in GLI
2012.

There is some evidence that GLI reference equations for
African Americans could be applied to African children, as
GLI references would ideally be validated in local populations
as much as possible, especially in Africa.?63%% In a study on
adult Nigerians by Obaseki et al,?¢ prevalence of reduced FVC
was 70.4% for men and 72.8% for women when using
NHANES values for white Americans, 17.8% for men and
14.4% for women using NHANES equations for African
Americans, and 15.5% for men and 20.5% for women using
the Global Lung Function Initiative 2012 equations for
African Americans. In a study in Malawi, Meghji et al*’
reported the prevalence of spirometric restriction to be 38.6%
using National Health and Nutrition Examination Survey III
reference ranges and 9.0% using local reference ranges. This
further highlights the need for locally derived references for
objectivity.

The association we found between the presence of respira-
tory symptoms and abnormal spirometry in children has been
previously reported.®!%32 This is important because it suggests
that the presence of cough precipitated by dust, and wheeze in
children should serve as a prompt for screening spirometry to
exclude abnormal patterns which could be either obstructive or
restrictive. Failure to identify abnormal spirometry pattern in
children is a missed opportunity for early intervention to
improve both short term and long outcomes.

The relationship between gender and abnormal spirometry
in children has not been consistent. While some authors have
found obstructive lung disease to be more common among
temale children, we reported more males with obstructive pat-
tern.1>1” Although female children are usually more exposed to
biomass,!>?* some studies have reported a higher prevalence of
obstructive lung disease in males during the pre-pubertal
period with a reversal at puberty that has been attributed to the
effect of hormones.3” The mean age of the children in this
study was within the pre-pubertal age and could be the reason
for our finding. However relationship between abnormal
spirometry and gender in this study was not significant.

Major strengths of this study include the strict quality control
in the spirometry measurements and interpretation, and in the
use of GLI LLN which is widely applicable across age groups.

We also acknowledge some limitations. First, it was con-
ducted in only one school which was purposively selected based
on the heterogeneity of the population and centrality of its
location in the city. The results may thus not be generalizable
to the entire population in the city. Secondly, the high fre-
quency of abnormal spirometry and presence of respiratory
symptoms may also be indicative of a shared exposure among
the children based on the location of the school. As stated ear-
lier, inability to measure TLC makes the prevalence of restric-
tive spirometry only speculative. We also note that the
evaluation of environmental exposures and history of

respiratory symptoms are prone to recall bias and cultural
peculiarities in providing information that could occur in many
African settings.>!?

Conclusion

This study has shown a high burden of abnormal spirometry
in these apparently healthy children that portends increased
morbidity and mortality if not adequately addressed. There is
thus a need to sustain the WHO strategy on CRD surveil-
lance for children for the purpose of early diagnosis and anal-
ysis of the risk factors for the purpose of intervention. The
study has also provided valuable data on lung function indices
among children which can be used in future systematic ana-
lyzes knowing the inherent challenges of collecting popula-
tion-specific reference data in low- and middle-income
settings. Information from this study is also expected to influ-
ence physician practice by bringing to the fore the need for
objective evaluation of lung function especially for children
with respiratory symptoms.

Author’s Note
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