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Abstract
Rationale: Despite the high burden of respiratory disease, no

spirometry reference values for African children are available.
Objectives: Investigate whether the Global Lung Initiative (GLI-2012)

reference values for spirometry are appropriate for children in subSaharan Africa and assess the impact of malnutrition on lung function.
Methods: Anthropometry and spirometry were obtained in children
aged 6 to 12 years from urban and semiurban schools in three African
countries. Spirometry z-scores were derived using the GLI-2012
prediction equations for African Americans. Thinness (body mass
index z-score , 22) was a surrogate for malnutrition. Spirometry
outcomes were compared with those of African American children
from the third National Health and Nutrition Survey.
Measurements and Main Results: Spirometry data were analyzed
from 1,082 schoolchildren (51% boys) aged 6.0 to 12.8 years in
Angola (n = 306), Democratic Republic of the Congo (n = 377), and

Interpretation of pulmonary function test
results requires considering age, sex, height,
and ethnic group. In 2012, the Global Lung
Function Initiative (GLI-2012) produced a
prediction equation model for spirometry
that ﬁts four ethnic groups (1): white,
African American, Southeast Asian, and

Madagascar (n = 399). GLI-2012 provided a good ﬁt with mean
(SD) z-scores of 20.11 (0.83) for FEV1, 20.08 (0.86) for FVC,
and 20.07 (0.83) for FEV1/FVC. Due to low scatter, the ﬁfth
centile corresponded to 21.3 z-scores in boys and 21.5 z-scores in
girls. Malnourished African children had a normal FEV1/FVC
ratio but signiﬁcant reductions of z0.5 z-scores (z5%) in FEV1
and FVC compared with African American peers from the
third National Health and Nutrition Survey. Children in Angola had
the lowest, and those in Madagascar had the highest, zFEV1 and
zFVC.
Conclusions: The results of this study support the use of GLI-2012
reference values for schoolchildren in sub-Saharan Africa.
Malnutrition affects body growth, leading to a proportionately
smaller FEV1 and FVC without respiratory impairment, as shown by
the normal FEV1/FVC ratio.
Keywords: spirometry; pediatrics; reference values; Africa;

malnutrition

Northeast Asian, plus a provisional “other”
group representing other populations and
individuals of mixed ethnic origin. That
study conﬁrmed that for the same age,
height, and sex, people of European
ancestry have larger lung volumes than
African Americans (2–4), reﬂecting

genetically and environmentally
determined differences in body frame
(black people have larger limbs relative to
stature [5–7], which has a genetic basis [7, 8]).
GLI-2012 does not ﬁt a North African
population with Eurasian and sub-Saharan
ancestry (9). It is unknown whether the
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At a Glance Commentary
Scientiﬁc Knowledge on the
Subject: There is a high burden of

lung disease in sub-Saharan Africa, yet
no spirometry reference equations
validated across different countries are
available for evaluating lung function
of African schoolchildren. The effect of
malnutrition on lung function in
children is also poorly deﬁned.
What This Study Adds to the
Field: Despite large differences in

socioeconomic development between
the United States and sub-Saharan
Africa, Global Lung Initiative 2012
reference values for spirometry for
African Americans are appropriate for
well-nourished children attending
school in Angola, Democratic Republic
of the Congo, and Madagascar. The
FEV1 and FVC were reduced in
malnourished children, but the
reduction was proportional, as
indicated by a normal FEV1/FVC
ratio. Malnutrition affects growth and
hence chest size, leading to smaller
lungs, but the normal FEV1/FVC ratio
indicates that there is no evidence of
functional impairment.
GLI-2012 reference values for African
Americans are appropriate for sub-Saharan
African people (1). A good ﬁt might be
expected because of the shared genetic
background. Two studies in adults (10, 11)
and one in children (12), respectively from
Rwanda, Madagascar, and Nigeria, suggest
that lung volumes in these populations are
comparable to those in African Americans.
There are relevant differences between
African American and African children in
terms of genetic mixing (13, 14), average
level of afﬂuence, healthcare access, and
exposure to air pollutants. Many children
living in sub-Saharan Africa suffer the
consequences of poverty and impaired
nutritional status. The impact of these
factors on lung function in children is
controversial. Some studies found a
relationship between low socioeconomic
status (SES), malnutrition, and lung volumes
(15–22), but others did not (23–25).
Moreover, after considering differences in
body frame and genetic ancestry, disparities
in SES explain only a small proportion of
2

differences in lung function (6, 7, 17, 18, 23).
This suggests that SES and nutrition act
through an effect on body growth (26, 27).
In sub-Saharan Africa, almost 90% of the
people rely on biomass fuels, mainly wood,
to meet their domestic energy demands (28).
The solid fuel smoke causes high levels of
indoor air pollution. Children in urban areas
are also exposed to higher levels of outdoor
air pollution than in American cities (29).
These exposures increase the risk of serious
acute respiratory infections in young
children (28) and may permanently affect
lung health and spirometry outcomes (30).
Therefore, the “GLI-2012 black” prediction
equations might not ﬁt African children.
Appropriate spirometry reference data for
sub-Saharan African children are urgently
needed, considering the high burden of
childhood respiratory disease.
This study aimed to test the applicability
of GLI-2012 prediction equations for African
American children to data collected crosssectionally from primary school children in
Angola (South-West Africa), Democratic
Republic of Congo (DR Congo, Central
Africa), and Madagascar (southeast African
island). Secondary aims were to evaluate the
impact of malnutrition on lung function and
compare respiratory outcomes in African
children and African American peers from
NHANES III (National Health and Nutrition
Examination Survey III) (31). Some of the
results of this study have been previously
reported in abstract form (32, 33).

Methods
This prospective cross-sectional multicenter
study was conducted in Angola, DR
Congo, and Madagascar by the principal
investigator (PI) and various coinvestigators
in different countries, using identical
equipment, techniques, and quality control
criteria.
The study was approved by the Ethics
Committee of the University Campus BioMedico of Rome, Italy and by the respective
local committees of collaborating hospitals in
the three African countries. Parental written
consent and verbal assent from each child
were obtained in their ﬁrst language before
assessments.
Subjects

Apparently healthy school children 6 to
12 years old were eligible. Data were
collected between October 2012 and May

2015 in Ambanja (Madagascar), Luanda
(Angola), and Kinshasa (DR Congo), in two
public and two private schools in each
country (details in online supplement).
Angola and DR Congo are mainly populated
by genetically quite homogenous ethnic
groups of Bantu west-central African origin
(34, 35). The Malagasy population shows a
combination of morphological and cultural
traits typical of Bantu and Austronesians
(36, 37). We collected data in the
northwestern coastal area of Madagascar,
inhabited by Sakalava people, a negroid
group with prevalent “African features”
but mixed Bantu-Austronesian genetic
background (37).
Logistic limitations precluded enrolling
children not attending school. Children from
Angola and DR Congo lived in urban areas
with high levels of indoor and outdoor air
pollution (29), and Malagasy children were
from a semiurbanized area with less outdoor
air pollution.
Children with respiratory symptoms
(i.e., cough, coryza) or suspected fever on the
test day were excluded. The PI evaluated the
presence of symptoms and performed
cardiac auscultation before the spirometric
test. Also, children with current asthma or
known chronic conditions likely to inﬂuence
lung function or spirometry performance
(e.g., congenital heart disease, mental
retardation, previous tuberculosis) were
excluded. Current asthma was deﬁned as the
occurrence of at least one episode of
wheezing or whistling in the chest in the last
12 months (38). This information was
obtained from the children and their
teachers. A local investigator performed the
interview in the local ﬁrst language and
explained the meaning of the questions.
Teachers were also asked if they were aware
of any relevant chronic disease in the pupils.
Assessments

Age was recorded with one decimal accuracy.
Weight and standing and sitting height were
measured using the same protocol and
instruments (additional details are available
in the online supplement). The Cormic index
was calculated as the sitting height/height
ratio.
z-Scores for BMI (zBMI) and height
(zHeight) were derived as a function of age
for boys and girls using the lambda-musigma parameters available from the CDC
and World Health Organization websites
(39, 40). “Thinness,” deﬁned as zBMI less
than 22, was considered as a marker of
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malnutrition. Stunted growth was deﬁned as
zHeight less than 22. For the purpose of this
study, the presence of thinness or public
school attendance were considered as
pointers to lower SES.
All studies were performed with a Pony
FX spirometer (Cosmed, Rome, Italy), which
meets American Thoracic Society/European
Respiratory Society (ATS/ERS) requirements
(41). The principal investigator performed
all the spirometric tests in the classrooms.
Children performed two up to seven forced
expiratory maneuvers standing upright with
nose clip in situ. Data were included if there
were at least two forced expiratory
maneuvers meeting the ATS/ERS
acceptability and repeatability criteria (41)
as modiﬁed for children by Kirkby and
colleagues (42), with a normally shaped
ﬂow-volume curve. All spirometry data were
subjected to independent quality control by
two different investigators experienced in
spirometry.
Statistical Analyses

We sampled more than 150 boys and 150 girls
in each country, more than needed to validate
spirometric reference equations for each
country (43). Spirometric variables from
these children and from black American
peers (6–13 yr) from the NHANES III study
were converted to z-scores according to the
GLI-2012 equations for African Americans,
using the GLI-2012 software (http://www.
ers-education.org/guidelines/global-lungfunction-initiative/tools.aspx). Reference
equations were derived with the lambda-musigma method using the GAMLSS package
(version 4.3–6) (44) and the statistical
software R (version 3.2.2; The R Project for
Statistical Computing, www.r-project.org),
adopting the Box–Cox–Cole–Green
distribution (45) or normal distribution.
Models tested included an age spline and log
transformations of spirometric index, age, and
height. The general form of the model was:

Goodness of ﬁt was checked by inspection
of Q-Q plots and worm plots (i.e.,
detrended Q-Q plots, which highlight
departure from normality). In some
analyses, residuals represented z-scores
greater than 64; because the analyses
are sensitive to outliers, these were
removed. Penalized b-splines were used
to obtain smoothly changing curves over
the entire age range. Separate models were
developed for boys and girls. Models
were also developed for height as a function
of age, country of residence, and zBMI.
Group differences were assessed by t tests,
analysis of variance, Tukey’s honestly
signiﬁcant difference test, and the MantelHaenszel chi-squared test for stratiﬁed
tables. In the case of multiple testing, we
controlled for a false discovery rate (46);
otherwise, a P value , 0.05 was adopted
as representing a statistically signiﬁcant
difference.

In total, 1,328 children were enrolled.
After exclusions, results from 1,082
subjects (mean 6 SD age of 9.3 6 1.7 yr,
51.9% boys) from Angola (n = 306), DR
Congo (n = 377), and Madagascar (n =
399) were analyzed (Figure 1). Sex and age
distributions were grossly comparable in
the different countries (Table 1). Overall,
60% of children attended private schools
(Table 1; see Table E1 in the online
supplement).
Anthropometric Results

Children in the present study were
younger and smaller than African
American peers from NHANES III
(Table 2). Malagasy children showed the
lowest stature and BMI, and they had a
relatively larger trunk, as indicated by the
highest Cormic index (Table 1, Figure E1).

Children assessed
n=1328
Current asthma
n=38
Acute respiratory disease
n=17
Chronic disease
n=15
Subjects performing
spirometry
n=1258
Non-acceptable spirometry
n=166
Flow-volume curve obstruction
n=10

Y ¼ a 1 b 3 height 1 c 3 age

1 d 3 variable 1 age-spline;

where Y was the spirometric index; variable
could be Cormic index, zBMI, sitting
height, or country in which data had been
collected; and a, b, c, and d were regression
coefﬁcients. Models were developed for
boys and girls with both untransformed
and log-transformed Y, height, and age.
The Bayesian information criterion was
used to select the most parsimonious model.

Results

Final population
Angola

n= 306

DR Congo

n= 377

Madagascar

n= 399

Total

n=1082

Figure 1. Study population. Urban and semiurban healthy children (6–12 yr) from public and private
primary schools in Angola, Democratic Republic of the Congo (DR Congo), and Madagascar were
included.
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Table 1. Population Characteristics and Lung Function in Children from Angola,
Democratic Republic of the Congo, and Madagascar

Boys, %
In public school, n (% boys)
Age, yr
Sitting/standing height
zHeight†
zBMI‡
zFEV1
zFVC
zFEV1/FVC

Angola
(n = 306)

DR Congo
(n = 377)

Madagascar
(n = 399)

50
94 (50)
9.8 (1.9)
0.48 (0.04)*
20.28 (1.30)*
20.64 (2.16)*
20.32 (0.74)*
20.38 (0.80)*
0.10 (0.78) *

55
191 (53)
9.5 (1.6)
0.50 (0.02)*
0.32 (1.30)*
20.20 (1.10)*
20.16 (0.79)*
20.09 (0.83)*
20.17 (0.71)

51
147 (50)
8.7 (1.5)
0.52 (0.02)*
21.22 (1.13)*
21.07 (1.08)*
0.10 (0.88)*
0.16 (0.84)*
20.10 (0.95)

Definition of abbreviations: BMI = body mass index; DR Congo = Democratic Republic of the Congo;
zBMI = z-score for BMI; zFEV1 = z-score for FEV1; zFVC = z-score for FVC; zFEV1/FVC = z-score for
FEV1/FVC; zHeight = z-score for height.
Results are presented as mean (SD) unless otherwise specified. Spirometry z-scores based on Global
Lung Function Initiative–2012 equations for African Americans (1).
*Differences between countries: P , 0.001(analysis of variance and Tukey’s honestly significant
difference test).
†
zHeight values based on World Health Organization growth charts (40).
‡
zBMI values based on CDC growth charts (39).

This correlated negatively with
zBMI (P , 0.01). Thinness was observed
in 15.5% and stunted growth (zHeight , 22)
in 11.6% of sub-Saharan children; 2.5%
combined stunted growth and thinness
(Figure E2). There were large differences
in nutritional status between individuals in
Angola, as evidenced by the large SD for
zBMI (Table 1).

Fit to GLI-2012 Reference and
Comparison with NHANES III Peers

After adjusting for sex, age, and height using
GLI-2012 black equations, mean (SD)
z-scores in collated data of African children
were 20.11 (0.83) for FEV1, 20.08 (0.86)
for FVC, and 20.07 (0.83) for FEV1/FVC.
When compared with black American
counterparts from NHANES III, the FEV1

Table 2. Anthropometric z-Scores and Lung Function in African American Children and
sub-Saharan African Peers from Angola, Democratic Republic of the Congo, and
Madagascar

African Americans NHANES
III Study (n = 837)
Boys, %
Age, yr
zHeight†
zBMI‡
Cormic index
zFEV1
zFVC
zFEV1/FVC

51
10.4 (1.3)
0.71 (1.50)
—
0.50 (0.014)
0.03 (1.06)
0.08 (1.05)
20.07 (1.12)

African Children
Thin
Normotrophic
(zBMI < 22)
(n = 914)
(n = 168)
53
9.3 (1.7)*
20.39 (1.40)*
20.21 (1.11)
0.50 (0.030)
20.04 (0.83)
20.01 (0.85)
20.09 (0.83)

49
9.3 (1.8)*
20.66 (1.40)*
23.01 (1.22)
0.48 (0.040)*
20.46 (0.76)*
20.49 (0.73)*
0.05 (0.86)

Definition of abbreviations: BMI = body mass index; NHANES = National Health and Nutrition
Examination Survey; zBMI = z-score for BMI; zFEV1 = z-score for FEV1; zFVC = z-score for FVC;
zFEV1/FVC = z-score for FEV1/FVC; zHeight = z-score for height.
Results are presented as mean (SD), unless otherwise specified. Spirometry z-scores based on
Global Lung Function Initiative–2012 equations for African Americans (1).
*Difference relative to African American children: P , 0.001 (analysis of variance and Tukey’s honestly
significant difference test).
†
zHeight values based on World Health Organization growth charts (40).
‡
zBMI values based on CDC growth charts (39).
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and FVC but not the FEV1/FVC ratio in
African children were slightly but
signiﬁcantly lower; however, in
normotrophic African pupils (n = 914),
neither these indices nor the Cormic index
differed from those in NHANES III (t test,
P from 0.057 to 0.192; Table 2, Figure 2).
Thin children (zBMI , 22) from Angola,
DR Congo, and Madagascar (n = 168) had
signiﬁcant reductions of z0.5 z-scores in
both FEV1 and FVC (with preserved
FEV1/FVC) compared with African
American peers from NHANES III
(Table 2, Figure 2).
Comparison of the Three African
Countries

There was wide overlap of spirometric data
(Figure 3) with a slight negative trend of
z-scores with age (lowest P = 0.015,
Figure 3) for FEV1 and FVC in Angolan
and Congolese children; the FEV1/FVC
ratios in the three countries were unrelated
to age (lowest P = 0.153). The scatter in the
z-scores (indicated by the SD) of all
spirometric indices was appreciably smaller
than 1, pointing to great homogeneity in
lung function in each of the populations
(Table 1). Due to the small SD, the ﬁfth
centile for spirometric indices in the
collated data was not at a z-score of 21.64,
but at 21.30 in boys and 21.50 in girls.
After adjusting for sex, age, and height,
FEV1 and FVC were largest in Malagasy
and lowest in Angolan children (Table 1).
The z-scores for FEV1 and FVC differed
7
systematically between countries (AOV,
P , 0.0001). The z-scores for FVC and
FEV1/FVC were marginally smaller in
public than in private school children
(P = 0.035, explained variance 0.3%, data
not shown).
Spirometric Outcomes in Relation to
Body Proportions in African Children

Cormic index contributed signiﬁcantly
(P , 0.03 in boys, P , 0.0001 in girls) to
explaining differences in FEV1 and FVC in
African children. Z-scores for FEV1 and
FVC correlated positively with zBMI (P ,
0.0001) but not with the Cormic index
(P . 0.09). Disparities in nutritional status
contributed 1.3 to –1.6% per unit of zBMI
to between-subject differences in FEV1 and
FVC (Table 3). Thin African children
(zBMI , 22) had a 4.5% lower FEV1
(20.41 z-score units) and 5.4% lower FVC
(20.49 z-score units) than normotrophic
ones (P , 0.0001), but the FEV1/FVC ratio
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0

–2

Africans

–4
NHANES

Normal

Africans

–4
NHANES

Thin

Normal

2

0

–2

Africans

–4

Thin

Normal

NHANES

Thin

Figure 2. Spirometry data, adjusted for sex, age, and height according to Global Lung Function Initiative 2012 equations for African Americans (1),
in black American children from the NHANES (National Health and Nutrition Examination Survey) III study and children from Angola, Democratic
Republic of the Congo, and Madagascar (Africans). Solid lines indicate mean values. Dashed lines delineate the 90% confidence intervals. Thin African
children had a BMI z-score , 22 according to CDC growth charts (39).

did not differ between these two groups
(P = 0.06) (Table 2, Figure 2).

Discussion
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0
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6

7
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9 10
Age (yr)

11
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Boys

–3
6

Z – score FVC

Z – score FEV1

FEV1/FVC ratio (1, 20–22, 47–49). This can
be expected, because humans have the
same lung design, so that in healthy
subjects differences in lung volumes
reﬂect differences in chest size (50).
Conventionally, stature is used as a proxy
for lung volumes, but this does not consider
diversity in body frame. This is illustrated

3

Z – score FVC

Z – score FEV1

This is the ﬁrst study assessing the
applicability of GLI-2012 reference values

for African Americans in children and
adolescents from various sub-Saharan
countries. It also evaluated the effects of
impaired nutritional status on lung
function. The ﬁndings conﬁrm previous
observations that differences in FEV1 and
FVC between groups of healthy subjects are
proportional, as evidenced by a comparable

7

8

9 10
Age (yr)

11

12

13

Girls

1
0
–1
–2
–3

6

7

8

9 10
Age (yr)

11

12

13

6

7

8

9 10
Age (yr)

11

12

13

Figure 3. Distribution of z-scores for FEV1, FVC, and the FEV1/FVC ratio as a function of age in boys (upper panels) and girls (lower panels) applying
Global Lung Function Initiative 2012 predicted values for African Americans. Dashed lines indicate the fifth and 95th centiles at 61.64 z-scores.
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Table 3. Regression Coefﬁcients of Relationship between FEV1 and FVC and
Explanatory Variables, Including Country of Residence (Angola as Reference), in
sub-Saharan African Children
Boys (n = 552)
Estimate
P Value
ln(FEV1)
Intercept
ln(Height)
Age
DR Congo
Madagascar
zBMI
ln(FVC)
Intercept
ln(Height)
Age
DR Congo
Madagascar
zBMI

Girls (n = 530)
Estimate
P Value

210.1164
2.1293
0.0129
20.0033
0.0312
0.0142

,0.0001
,0.0001
0.0021
0.7744
0.0081
,0.0001

29.9448
2.0656
0.0201
0.0216
0.0527
0.0125

,0.0001
,0.0001
,0.0001
0.0727
,0.0001
,0.0001

210.4813
2.2289
0.0124
0.0189
0.0463
0.0157

,0.0001
,0.0001
0.0029
0.0931
,0.0001
,0.0001

210.4753
2.1996
0.0182
0.0353
0.0667
0.0138

,0.0001
,0.0001
0.0002
0.031
,0.0001
,0.0001

Definition of abbreviations: BMI = body mass index; DR Congo = Democratic Republic of the Congo;
ln = natural logarithm; zBMI = z-score for BMI.
Differences in zBMI contribute 1.3 to –1.6% per unit zBMI to differences in FEV1 and FVC between
subjects.

by the biologically plausible pattern shown
in this study where disparities in body frame
affect the comparisons between African
countries. Children with the lowest BMI
were shorter and had relatively shorter legs
(i.e., larger Cormic index), hallmarks of
adverse conditions during childhood (26).
Their FEV1 and FVC were proportionally
smaller, as shown by a normal FEV1/FVC
ratio (Figure 2); this implies that there is no
respiratory impairment but that growth
retardation leads to smaller chest
dimensions, which are not properly
accounted for by stature as a proxy for lung
size. This study showed that this even holds
true in the case of overt malnutrition.
There were small, albeit statistically
signiﬁcant, differences in lung function
indices between different African countries.
Differences of the magnitude found in this
study may occur if the sample size is small
(43). Although ethnic heterogeneity might
also play a role, this is unlikely for children
from Angola and DR Congo. Both countries
are mainly inhabited by Bantu-speaking
groups who migrated from grass ﬁeld
regions between Cameroon and Nigeria
around 5,000 years ago (34). Studies on
uniparentally transmitted mitochondrial
DNA and Y-chromosome variation in these
populations show that they are genetically
quite homogeneous, with little genetic
mixing with other groups (34, 35). The
Malagasy population comprises a mix of
6

people of Austronesian ancestry, who
inhabit mainly the central highlands, and
Bantu immigrants from East Africa, who
prevail in the coastal area (36, 37). We
studied children from the coastal area, but
some genetic Bantu-Austronesian mixing is
present in all Malagasy ethnic groups (37).
Children from Madagascar had the highest
Cormic index (Table 1), and, in spite of
heterogenic ethnic background, they show
the best ﬁt to GLI-2012 black prediction
equations (Table 1). A recent study (11)
demonstrated that predicted values for
African Americans ﬁt the adult
Austronesian inhabitants of Madagascar.
This study provides further evidence that the
GLI-2012 predicted values are applicable in
subjects with predominant Bantu ancestry
across sub-Saharan Africa. Overall, in view
of the widely overlapping distributions
(Figure 3), it seems justiﬁed to collate the
data from the three countries.
Lung Function in African versus
African American Children and the
Impact of Malnutrition

After excluding African children with poor
nutritional status (zBMI , 22), spirometry
outcomes in the African children are fully
comparable to those in African American
peers and ﬁt GLI-2012 predicted values. Our
ﬁndings are consistent with some previous
reports in adults (10, 11) and children (12)
from sub-Saharan Africa, which found

comparable dynamic lung volumes in
healthy African and black American
subjects. In view of the large differences in
average level of afﬂuence, healthcare access,
and exposure to air pollution between
African American children and their peers
in sub-Saharan Africa, the results of this
study highlight the predominant role
of genetic background rather than
environment in determining lung function
(27). The gross domestic product converted
to international dollars using purchasing
power parity rates in DR Congo is 1.5%, in
Madagascar 2.6%, and in Angola 14.5% of
that in the United States (51), with income
being very unevenly distributed. The poor
conditions are reﬂected in the large
percentages of thin children (Table 2, Figure
E2) with low stature and low leg length,
hallmarks of insufﬁcient growth (26).
Growth retardation is associated with
smaller chest dimensions, as indicated by the
proportionally reduced FEV1 and FVC.
Recently, Sonnappa and colleagues (21)
made similar observations. They found that
spirometric outcomes in UK-Indian children
were very similar to those in well-nourished
urban Indian children, whereas the
semiurban and rural Indians had signiﬁcant
but proportional reductions of FEV1 and
FVC, associated with a much lower BMI.
It follows that well-nourished children
with common genetic ancestry living in
developing and developed countries appear
to have comparable lung function.
z-Scores, which indicate how many
SDs a measurement differs from the
predicted value, used in this study, have the
advantage that they are free of bias related
to height, age, sex, and ethnicity, unlike
percent predicted. In the case of a perfect
ﬁt of predicted values to a dataset, the
standard deviation of z-scores should be
one unit. In the studied children, it is
consistently smaller (Table 1), indicating
that there is greater homogeneity in this
population than in African American boys
and girls from the NHANES III study, in
whom there is greater variability than
expected (i.e., SD of spirometric z-scores . 1,
Table 2). Unlike in Africa, there is
considerable mixture of African and
European genes in African Americans
(13, 14), which might explain these
striking differences.
A limitation of this study is that it
included only schoolchildren. Each of these
countries has public and private schools, but
many parents cannot afford the school fees,
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leading to school attendance rates as
low as 60%, with many children not
completing primary school and also some
overrepresentation of boys (52–54).
Therefore, this study has not covered the
full spectrum of SES in these countries.
Children not attending school belong to
the poorest segment of the population and
are at higher risk of impaired nutritional
status and exposure to indoor air
pollution, factors that can affect lung
function. Another limitation is that we
could not investigate the level of
exposure to outdoor and indoor
pollution and how this affected
spirometry outcomes. The smaller
scatter (i.e., between-person variability)
in the present study and associated
shift of the lower limit of normal above
the ﬁfth centile compared with GLI-2012
may be a chance ﬁnding due to
limited sample size (43) and needs
conﬁrmation in other sub-Saharan African
populations.
A strength of this study is that data
collection was performed in three countries
by the PI, applying the same selection

criteria, using identical equipment, and
adopting the same quality control
procedures, in accordance with ATS/ERS
recommendations. In addition, the study
covers the full age range of primary school in
these countries.
Future Directions

To create robust spirometry
prediction equations for all sub-Saharan
African populations, future studies
comprising at least 300 healthy male and
female subjects (43) should explore the
applicability of GLI-2012 predicted values
in other African countries. Studies
should preferably cover the entire age range
and look into the role of SES and indoor
and outdoor air pollution on lung
function. Malnutrition and stunting affect
somatic development and hence the
relationship between stature and lung
volumes; they should therefore be taken
into account. The measurement of sitting
and standing height may be useful for
detecting differences in body frame that
might cause differences in pulmonary
function between ethnic groups.
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