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Introduction
Chronic respiratory disease affects one billion people world-
wide and is a leading cause of death.1 Most forms of the disease 
are noncommunicable, such as chronic obstructive pulmonary 
disease (COPD), asthma, chronic bronchitis, occupational 
lung disease and pulmonary hypertension. Currently, the 
associated morbidity and mortality principally occur in low- 
and middle-income countries, where the disease burden is 
expected to rise as rapid economic gains lead to increases 
in longevity, industrialization and tobacco consumption.1–3 
In addition to its impact on individuals, this epidemiologi-
cal transition has substantial direct and indirect economic 
implications.4

Urbanization has been associated with noncommuni-
cable diseases, including chronic respiratory disease,5,6 and is 
expected to increase as virtually all future population growth 
will be concentrated in urban areas.7 There are particular 
concerns about sub-Saharan Africa, where rapid urbanization 
and population growth are coupled with an inadequate health 
infrastructure and poor urban planning.7 Little is known about 
the association between urbanization and the shifting burden 
of chronic respiratory disease in low- and middle-income 
countries, particularly those in sub-Saharan Africa. Previous 
studies have examined the prevalence of COPD in either rural 
or urban settings,8–10 but none has investigated how the pattern 
of chronic respiratory disease varies across different residential 
settings, with the aim of evaluating the impact of the urban 
environment. Moreover, understanding of the population at-
tributable risk (PAR) for different chronic respiratory diseases 
in African populations is limited. Nevertheless, COPD has 
been closely linked to household air pollution in rural areas 

in low- and middle-income countries and the disease burden 
is expected to increase in urban areas with the growing preva-
lence of tobacco smoking.2

The primary aim of this study was to examine variations 
in the prevalence of different chronic respiratory diseases and 
their attributable risk factors between urban and rural Uganda. 
In both settings, we assessed the respiratory symptoms and 
functional status of individuals with obstructive lung disease.

Methods
We conducted a cross-sectional, population-based cohort 
study in an urban centre and a rural district in Uganda. The 
urban sample was drawn from Kampala, the capital city, 
which had a population of 1.5 million in an estimated 416 070 
households in 2014.11 The rural sample was drawn from Na-
kaseke, a health district covering 43 167 households with an 
estimated population of 208 500.11,12 Nakaseke, which is located 
50 km from downtown Kampala and 14 km from the nearest 
highway, has been defined as rural by the Uganda Bureau of 
Statistics (Fig. 1).

Twenty-five enumeration areas each were selected for the 
urban and rural setting, with the probability of selection pro-
portional to the population size of the enumeration area, and 
1000 adults were randomly sampled in each setting. Fieldwork-
ers conducted home visits between November 2015 and June 
2016 to assess eligibility and obtain informed consent. Inclu-
sion criteria included: (i) age 35 years or older; (ii) full-time 
residency in either Kampala or Nakaseke; and (iii) capacity to 
consent to the study. Exclusion criteria included having active 
pulmonary tuberculosis or a current respiratory infection and 
pregnancy. The study was approved by the institutional review 

a Division of Pulmonary and Critical Care, School of Medicine, Johns Hopkins University, 1830 E. Monument Street, Room 555, Baltimore, Maryland, MD 21287, United 
States of America.

b College of Health Sciences, Makerere University, Kampala, Uganda.
Correspondence to William Checkley (email: wcheckl1@jhmi.edu).
(Submitted: 16 May 2018 – Revised version received: 7 December 2018 – Accepted: 25 February 2019 – Published online: 26 March 2019 )

Prevalence of chronic respiratory disease in urban and rural Uganda
Trishul Siddharthan,a Matthew Grigsby,a Brooks Morgan,a Robert Kalyesubula,b Robert A Wise,a Bruce Kirengab & 
William Checkleya

Objective To determine the prevalence of chronic respiratory diseases in urban and rural Uganda and to identify risk factors for these diseases.
Methods The population-based, cross-sectional study included adults aged 35 years or older. All participants were evaluated by spirometry 
according to standard guidelines and completed questionnaires on respiratory symptoms, functional status and demographic characteristics. 
The presence of four chronic respiratory conditions was monitored: chronic obstructive pulmonary disease (COPD), asthma, chronic bronchitis 
and a restrictive spirometry pattern.
Findings In total, 1502 participants (average age: 46.9 years) had acceptable, reproducible spirometry results: 837 (56%) in rural Nakaseke 
and 665 (44%) in urban Kampala. Overall, 46.5% (698/1502) were male. The age-adjusted prevalence of any chronic respiratory condition 
was 20.2%. The age-adjusted prevalence of COPD was significantly greater in rural than urban participants (6.1 versus 1.5%, respectively; 
P < 0.001), whereas asthma was significantly more prevalent in urban participants: 9.7% versus 4.4% in rural participants (P < 0.001). The 
age-adjusted prevalence of chronic bronchitis was similar in rural and urban participants (3.5 versus 2.2%, respectively; P = 0.62), as was 
that of a restrictive spirometry pattern (10.9 versus 9.4%; P = 0.82). For COPD, the population attributable risk was 51.5% for rural residence, 
19.5% for tobacco smoking, 16.0% for a body mass index < 18.5 kg/m2 and 13.0% for a history of treatment for pulmonary tuberculosis.
Conclusion The prevalence of chronic respiratory disease was high in both rural and urban Uganda. Place of residence was the most 
important risk factor for COPD and asthma.
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boards of Mulago Hospital and the 
Uganda National Council of Science and 
Technology in Kampala, Uganda and 
the Johns Hopkins School of Medicine 
in Baltimore, United States of America.

Anthropometric measurements 
were taken in triplicate. Spirometry 
was carried out using an Easy on-PC 
spirometer (ndd, Zürich, Switzerland) 
and participants with low-quality results 
were asked to repeat the test on another 
day for up to three attempts.14 Those 
with evidence of pulmonary obstruc-
tion were tested again after administra-
tion of a bronchodilator (i.e. 400 µg of 
inhaled salbutamol). As there were no 
established reference parameters for 
lung function among Ugandans, we used 
the reference for African American in-
dividuals in the United States’ National 
Health and Nutrition Examination 
Survey.15 We defined pulmonary ob-
struction as a pre-bronchodilator ratio 
of forced expiratory volume in 1 second 
(FEV1) to forced vital capacity (FVC) 
below the lower limit of normal (i.e. a 
z-score ≤ −1.64).

We investigated four chronic respi-
ratory conditions: (i) COPD, defined as 
a post-bronchodilator FEV1/FVC ratio 
z-score ≤ −1.64;16 (ii) a restrictive spi-
rometry pattern, defined as a pre-bron-
chodilator FVC z-score ≤ −1.64 with a 
post-bronchodilator FEV1/FVC ratio 
z-score > −1.64;17 (iii) asthma, defined 
as a self-reported wheeze, use of asthma 
medication in the previous 12 months 
or a physician’s diagnosis of asthma;18 
and (iv) chronic bronchitis, defined as 

self-reported phlegm production for at 
least 3 months each year in two succes-
sive years.19 In addition, we examined 
airflow-limitation reversibility, defined 
as a post-bronchodilator increase in 
FEV1 of 12% or more from baseline 
or an increase in FVC of 200 mL or 
more.16 Respiratory symptoms and func-
tional status were evaluated using the St. 
George’s Respiratory Questionnaire, ver-
sion 1 of the 36-item short-form health 
survey (SF-36) and a modified BOLD 
(Burden of Obstructive Lung Disease) 
questionnaire,10,20,21 all adapted to the 
local language (i.e. Luganda).

Demographic questionnaires asked 
for details of biomass fuel smoke ex-
posure, human immunodeficiency 
virus (HIV) infection and history of 
treatment for pulmonary tuberculosis. 
Individuals in households that used 
wood or charcoal for cooking or heat-
ing were regarded as being exposed to 
biomass fuel smoke. Daily smoking was 
defined as self-reported smoking of one 
or more cigarettes per day, underweight, 
as a body mass index (BMI) < 18.5 kg/m2 
and obesity, as a BMI ≥ 30 kg/m2.

Biostatistical methods

Our primary aims were to determine 
how the age- and sex-adjusted preva-
lence of chronic respiratory diseases 
varied according to place of residence 
(i.e. urban or rural) and to estimate the 
fraction of chronic respiratory disease 
that could be attributed to urbaniza-
tion. Risk factors for chronic respira-
tory conditions were identified using 

single variable and multivariable logistic 
regression models; as risk factors, we in-
cluded sex, age, place of residence, daily 
smoking, use of biomass fuels, history of 
treatment for pulmonary tuberculosis, 
history of HIV infection and BMI. The 
adjusted odds ratios from these models 
were used to calculate attributable frac-
tions for different risk factors in our 
study population and represent the pro-
portional reduction in morbidity that 
would result if exposure to a particular 
risk factor were removed.22 Associa-
tions between these risk factors, FEV1, 
FVC and FEV1/FVC ratio z-scores were 
evaluated using multivariable linear 
regression models. In addition, multi-
variable logistic regression was used to 
analyse the association between revers-
ibility and these risk factors. For other 
analyses, a χ2 or Fisher’s exact test was 
used to compare proportions between 
groups and a t test, analysis of variance 
or Wilcoxon rank–sum test was used to 
compare continuous variables between 
subgroups, as appropriate. All analyses 
were carried out in R (The R Founda-
tion, Vienna, Austria) and we used 
the epitools package to perform direct 
standardization by age using population 
structure data for 2015 from the Uganda 
Bureau of Statistics.11,23,24

Results
Of the 2000 individuals originally 
identified for enrolment in the study, 
1772 met inclusion criteria, consented 
and agreed to undergo spirometry. 

Fig. 1.	 Kampala (urban) and Nakaseke (rural) enumeration areas, study of chronic respiratory disease, Uganda, 2015–2016

Kampala Nakaseke

Note: In each image, the highlighted area represents one of the 25 enumeration areas selected randomly in each setting with the probability of selection 
proportional to the population size of the enumeration area. Maps obtained from Google Earth version 9.0 (2017 Apr 8).13 Kampala, Uganda: 0°20’51”N, 32° 
35’15”E, Eye alt 1,176m. CNES/Airbus 2018. Nakaseke, Uganda: 0°41’59”N, 32° 24’42”E, Eye alt 1,176m. DigitalGlobe 2018.
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Ultimately, 84.8% (1502/1772) had 
acceptable and reproducible spirom-
etry results (Table 1): their average age 
was 46.9 years (standard deviation, 
SD: 10.6) and 46.5% (689/1502) were 
male. Self-reported biomass fuel smoke 
exposure was high in both rural and 
urban settings; in rural settings, 99.6% 
(832/837) of individuals reported using 
biomass fuels for cooking. The type of 
biomass fuel varied: 92.3% (771/837) of 
rural participants reported using wood, 
whereas 86.0% (564/665) of urban par-
ticipants reported using charcoal. We 
did not find any difference between the 
settings in self-reported history of HIV 
infection or treatment for pulmonary 
tuberculosis or in household size. How-
ever, a significantly greater percentage of 
participants in the urban setting had a 
secondary education (P < 0.001).

Prevalence and risk factors

The overall age- and sex-adjusted preva-
lence of the four chronic respiratory 
conditions studied was 20.2%: 20.8% 
in the rural and 19.4% in the urban set-
ting (P = 0.54). For COPD, the adjusted 
prevalence was 6.1% in rural partici-
pants versus 1.5% in urban participants 
(P < 0.001). In contrast, asthma was 
more prevalent in urban participants, 
in whom the adjusted prevalence was 
9.7% compared with 4.4% in rural 

Table 1.	 Study participants, chronic respiratory disease in rural and urban Uganda, 
2015–2016

Characteristic Rural sample 
(n = 837)

Urban 
sample 

(n = 665)

P

Age in years, mean (SD) 49.1 (11.2) 44.1 (8.9) < 0.001
Male sex, no. (%) 380 (45.4) 318 (47.8) 0.40
Height in m, mean (SD) 1.60 (0.1) 1.62 (0.1) < 0.001
BMI, mean (SD) 24.0 (4.5) 25.9 (5.4) < 0.001
Secondary education, no. (%) 173 (21) 328 (50) < 0.001
Household size, median (IQR) 5 (3–7) 5 (3–7) 0.50
Biomass fuel smoke exposure, no. (%)
Daily biomass fuel use 832 (99.6) 614 (93.6) < 0.001
Fuel type
    Wood 771 (92.3) 50 (7.6) < 0.001
    Charcoal 61 (7.3) 564 (86.0) < 0.001
    Kerosene 1 (0.1) 22 (3.4) < 0.001
    Propane 0 (0.0) 12 (1.8) < 0.001
    Electricity 2 (0.2) 6 (0.9) 0.16
    Other 0 (0.0) 2 (0.3) 0.38
Daily tobacco smoking, no. (%) 66 (7.9) 65 (9.8) 0.20
Clinical history, no. (%)
Personal history of treatment for pulmonary 
tuberculosis

22 (3.0) 22 (3.6) 0.70

Personal history of hypertension 80 (9.8) 77 (13.3) 0.05
Personal history of diabetes 5 (0.7) 22 (4.5) < 0.001
Personal history of HIV infection 68 (8.1) 65 (9.8) 0.67
Family history of asthma or COPD 6 (1.0) 137 (33.6) < 0.001

BMI: body mass index; COPD: chronic obstructive pulmonary disease; HIV: human immunodeficiency virus; 
IQR: interquartile range; SD: standard deviation.

Fig. 2.	 Crude and age- and sex-adjusted prevalence of chronic respiratory disease in rural and urban Uganda, 2015–2016
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participants (P < 0.001; Fig. 2). The ad-
justed prevalence of chronic bronchitis 
was similar in rural and urban partici-
pants (3.5% versus 2.2%, respectively; 
P = 0.62), as was that of a restrictive 
spirometry pattern (10.9% versus 9.4%, 
respectively; P = 0.82).

The most important factor as-
sociated with COPD was living in a 
rural environment, followed by daily 
smoking, a BMI < 18.5 kg/m2 and a 
history of treatment for pulmonary 
tuberculosis. Specifically, 51.5% (95% 
confidence interval, CI: 13.5–75.8) of 
the prevalence of COPD was attributable 

to living in a rural environment, 19.5% 
(95% CI: 3.1–45.2) was attributable to 
daily smoking, 16.0% (95% CI: 4.3–35.1) 
was attributable to a BMI < 18.5 kg/m2 
and 13.0% (95% CI: 3.5–30.8) was at-
tributable to a history of treatment for 
pulmonary tuberculosis (Fig. 3). For 
asthma, urban residence was the princi-
pal risk factor, with a PAR of 41.4% (95% 
CI: 14.2–63.1). The PAR of a history of 
treatment for pulmonary tuberculosis 
was 9.5% (95% CI: 0.8–29.8) for chronic 
bronchitis and 5.4% (95% CI: 0.2–16.4) 
for a restrictive spirometry pattern.

Symptoms and functional status

Although the reported rate of wheezing 
in the past 12 months was similar in 
urban and rural participants, the rate 
of asthma-related medication use and 
of a previous diagnosis of asthma were 
significantly higher in urban partici-
pants (Table 2). In addition, the reported 
number of days of work missed due to 
respiratory disease and the proportion 
of participants shortness of breath were 
both higher in the urban setting. There 
was no significant difference between 
the groups in respiratory symptoms, as 
assessed using the St. George’s Respira-
tory Questionnaire (Table 3). Partici-
pants from the urban setting reported 
fewer impairments in emotional well-
being than those from the rural setting: 
the mean SF-36 score was 57.2 and 77.3 
points, respectively (P = 0.001). There 
was no difference in physical function-
ing, social functioning, role limitation 
because of emotional problems, or over-
all health between the groups.

Lung function

In all participants, the mean ± SD pre-
bronchodilator FEV1, FVC and FEV1/
FVC ratio was 2.53 ± 0.66 L, 3.18 ± 0.75 L 
and 0.79 ± 0.08, respectively. Fig. 4 
presents the distribution of the pre-
bronchodilator FEV1/FVC ratio z-score, 
stratified by place of residence and sex. 
Both female and male participants in the 
rural setting had a lower FEV1/FVC ratio 
than their urban counterparts. Among 
participants found to have pulmonary 
obstruction on pre-bronchodilator 

Fig. 3.	 Risk factors for chronic respiratory conditions, Uganda, 2015–2016

Female sex
BMI  <18.5 kg/m2
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Secondary education
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PAR
Estimated PAR 95% CI

BMI: body mass index; CI: confidence interval; COPD: chronic obstructive pulmonary disease; HIV: human immunodeficiency virus; PAR: population attributable risk.
Note: The four chronic respiratory conditions considered were chronic obstructive pulmonary disease (COPD), a restrictive spirometry pattern, asthma and chronic 
bronchitis.

Table 2.	 Chronic respiratory disease symptoms, by rural or urban residence, Uganda, 
2015–2016

Symptom Rural 
sample 

(n = 837)

Urban  
sample 

(n = 665)

P

No. (%) No. (%)

Asthma
Self-reported wheezing or whistling in the chest in 
the past 12 months

47 (5.6) 39 (5.9) 0.99

Self-reported medication use to aid breathing in 
the past 12 months

17 (2.0) 51 (7.7) < 0.001

Previous diagnosis of asthma 7 (0.8) 16 (2.4) 0.04
Chronic bronchitis  
Self-reported coughing up sputum for at least 
3 months in each of two successive years

27 (3.2) 16 (2.4) 0.41

Functional status
Self-reported experience of missing work due to, 
or having daily activities impeded by, respiratory 
problems in the past 12 months

7 (0.8) 26 (3.9) < 0.001

Self-reported shortness of breath on physical 
exertion

73 (8.7) 154 (23.2) < 0.001



322 Bull World Health Organ 2019;97:318–327| doi: http://dx.doi.org/10.2471/BLT.18.216523

Research
Urbanization and chronic respiratory disease, Uganda Trishul Siddharthan et al.

spirometry, the proportion with a post-
bronchodilator FEV1 less than 50% of 
predicted was higher in the rural than 
the urban setting: 18.9% (10/53) versus 
8.3% (1/12), respectively. However, the 
difference was not significant (P = 0.67). 
Fig. 5 shows the estimated effect of so-
ciodemographic and clinical variables 
on the pre-bronchodilator FEV1, FVC 
and FEV1/FVC ratio, as determined 
by multivariable regression analysis. 
A history of treatment for pulmonary 
tuberculosis was associated with a 
low adjusted pre-bronchodilator FEV1 
(p<0.001) FVC (P < 0.001) and FEV1/
FVC ratio (P < 0.001); living in a rural 
environment was associated with a low 
adjusted pre-bronchodilator FEV1 (P = 
0.009) and FEV1/FVC ratio (P < 0.001); 
and self-reported daily tobacco smok-
ing was associated with a low adjusted 
pre-bronchodilator FEV1/FVC ratio 
(P = 0.001). Among participants with 
obstruction, 26.2% (17/65) exhibited 
reversibility on post-bronchodilator 
spirometry – the proportion was 50.0% 
(6/12) in the urban setting and 20.8% 
(11/53) in the rural setting (P = 0.065).

Table 3.	 Disease severity and health-related quality of life, study participants with 
chronic obstructive pulmonary disease in rural and urban Uganda, 2015–2016

Parameter Rural participants 
with COPDa 

(n = 53)

Urban partici-
pants with COPDa 

(n = 12)

P

COPD severity,b no. (%) 0.04
Mild 20 (37.7) 3 (25.0) ND
Moderate 23 (43.4) 8 (66.7) ND
Severe 10 (18.9) 0 (0.0) ND
Very severe 0 (0.0) 1 (8.3) ND
St. George’s Respiratory Questionnaire score,20 mean (95% CI)
Symptoms domain 48.3 (40.5–56.1) 63.2 (51.6–74.8) 0.07
Activity domain 37.4 (26.8–48.0) 34.1 (17.8–50.5) 0.76
Psychosocial impact domain 27.4 (19.0–35.9) 32.0 (21.4–42.7) 0.59
Total 34.6 (25.5–43.6) 38.1 (27.4–48.7) 0.70
MRC dyspnoea scale score, median 
(IQR)

2 (1–2) 2 (2–2) 0.12

CI: confidence interval; COPD: chronic obstructive pulmonary disease; IQR: interquartile range; MRC: Medical 
Research Council; ND: not determined.
a	 Chronic obstructive pulmonary disease (COPD) was defined as a post-bronchodilator ratio of forced 

expiratory volume in 1 second (FEV1) to forced vital capacity (FVC) below the lower limit of normal (i.e. 
z-score ≤ 1.64) of the African American reference population in the United States’ National Health and 
Nutrition Examination Survey (NHANES).

b	 COPD severity was defined by the GOLD criteria as mild (i.e. FEV1 ≥ 80% predicted), moderate (i.e. 
50% ≤ FEV1 < 80% predicted), severe (i.e. 30% ≤ FEV1 < 50% predicted) and very severe (FEV1 < 30% 
predicted).25

Fig. 4.	 Lung function, by sex and place of residence, Uganda, 2015–2016
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Discussion
Although previous studies in Uganda 
and sub-Saharan Africa have examined 
the prevalence of, and risk factors for, 
single respiratory diseases,8–10 few have 
examined the effect of urbanization on 
a range of chronic respiratory diseases 
and none has assessed the PAR. We 
found that one in every five adults in 
our study had a chronic respiratory 
condition and that place of residence 
was the single most important PAR 
factor. Specifically, 40% of people with 
asthma were attributable to urban resi-
dence and 50% of people with COPD 
were attributable to rural residence (a 
proxy for daily wood smoke exposure), 
which was a more important factor than 
tobacco smoking. Many participants in 
both urban and rural settings had a low 
lung volumes – this was associated with 
a history of treatment for pulmonary 
tuberculosis and being underweight, 
both of which are common in low- and 
middle-income countries.

Published data on the prevalence of 
chronic respiratory diseases in low- and 
middle-income countries cover a wide 
range. In the BOLD study, the preva-
lence of COPD in primarily urban envi-
ronments ranged from 11.4 to 23.8% and 
that of a restrictive spirometry pattern 
ranged from 4.2 to 48.7%.10,26 In Uganda, 
a FRESH AIR study found a COPD prev-
alence of 16.2% in a rural setting.8 The 
prevalence in our study was lower: 6.1% 
in rural and 1.5% in urban participants. 
There are several possible reasons for the 
varying estimates: (i) there may have 
been differences between the studies in 

the spirometry criteria used to diagnose 
COPD;27 (ii) the proportion of tobacco 
smokers was higher in the FRESH AIR 
study, which covered a tobacco-growing 
region, than in our study (36% versus 
9%, respectively) or in other parts of 
Uganda;8,28 and (iii) the average age 
of participants was lower in our study 
than in the BOLD study: 47 versus 
56 years, respectively.10 The difference 
in estimates is unlikely to have been 
due to differences in the proportion of 
participants with acceptable spirometry 
between our study (84.8%) and either 
BOLD (93%) or FRESH AIR (97%).8,10

The prevalence of chronic bron-
chitis in our study was 3.3%, which was 
similar to that in the BOLD study (i.e. 
3.1%) and in a population-based study 
in South Africa (i.e. 2.3 to 2.8%).29,30 
We found no difference between urban 
and rural settings, possibly because 
both ambient air pollution exposure in 
urban Kampala and household air pol-
lution exposure in rural Nakaseke were 
high.31 The prevalence of wheezing and 
of a physician’s diagnosis of asthma were 
similar in our study and in a population-
based study in sub-Saharan Africa.32 
Further, the overall prevalence of asthma 
was higher in our urban sample than 
our rural sample, which is consistent 
with findings in both high- and low-
income regions, including sub-Saharan 
Africa.33,34

Urban populations, particularly in 
low- and middle-income countries, are 
exposed to several risk factors that pre-
dispose to smaller lungs and accelerated 
lung function decline.35 Early life events, 
such as childhood respiratory infec-

tion,36 micronutrient deficiency and 
both ambient and household air pollu-
tion,37 can influence lung size and func-
tion, thereby predisposing individuals to 
obstructive pulmonary disease in adult-
hood.38 High cortisol and inflammatory 
biomarker levels due to urban stressors 
have been linked to lung injury.39 Expo-
sure to indoor and outdoor allergens, 
pollutants and irritants during the early 
years of life may tip a child’s immune 
system’s response from a non-asthma 
to an asthma phenotype, thereby lead-
ing to adult asthma. Diminished early 
exposure to parasites (exposure results 
in parasite-induced immunoglobulin-E) 
may lead to the development of atopic 
disease.40 Greater exposure to additives 
and synthetic foods may influence nu-
trition, which has been associated with 
asthma.35 A higher risk of communicable 
diseases such as tuberculosis and recur-
rent pulmonary infection can predispose 
to chronic respiratory diseases such as 
COPD, restrictive lung disease, asthma, 
chronic bronchitis and bronchiecta-
sis.30,34,41 Our findings reflect the effect of 
exposure to these risk factors on airway 
and parenchymal injury and disease and 
are consistent with previous data on the 
distribution of chronic respiratory dis-
ease in urban and rural environments in 
low- and middle-income countries.33,34,41

The leading risk factor for sev-
eral chronic respiratory diseases in 
both urban and rural settings remains 
chronic inflammation due to exposure 
to environmental substances. Although 
cigarette exposure is low in many Afri-
can countries, it is expected to rise with 
growing urbanization over the next two 

Fig. 5.	 Estimated effect of sociodemographic and clinical variables on lung function, Uganda, 2015–2016

Female  versus male sex
BMI  <18.5 kg/m2  versus normal

BMI >30 kg/m2  versus normal
Household with >5 people versus ≤ 5 people

Secondary education versus no secondary education
Rural versus  urban residence

History of treatment for pulmonary tuberculosis vs. not
History of HIV infection versus no history

Daily smoker versus non-smoker

Estimated mean difference in z-score
Estimated mean absolute differences in z-score 95% CI

–1.5 –1.0 –0.5 0.0 0.5 –1.5 –1.0 –0.5 0.0 0.5 –1.5 –1.0 –0.5 0.0 0.5

FEV
1

FVC FEV
1
 / FVC ratio

BMI: body mass index; CI: confidence interval; FEV1: forced expiratory volume in 1 second; FVC: forced vital capacity; HIV: human immunodeficiency virus.
Notes: Mean absolute differences in z-scores and corresponding 95% CI were obtained from multivariable regression analysis. A normal BMI was in the range 
20–25 kg/m2.
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decades, thereby increasing the preva-
lence of chronic respiratory disease.2 
Today, household air pollution remains 
the leading cause of COPD.28,42 In our 
study, biomass fuel was commonly used 
for cooking at both rural and urban sites 
though the type of fuel was different: 
the primary fuel was wood at rural sites 
and charcoal at urban sites. We were un-
able to assess differences in the relative 
risk of different types of fuel. However, 
burning wood emits more particulate 
matter than burning charcoal or lique-
fied petroleum gas and there have been 
reports that respiratory symptoms are 
more common in individuals in low- 
and middle-income countries who use 
wood than in those who use charcoal or 
liquefied petroleum gas.38

Our study has several strengths. 
First, it had a large population-based 
design and comprehensive spirometry 
and respiratory data were collected. Sec-
ond, we used the lower limit of normal 
for African American individuals in the 
National Health and Nutrition Examina-
tion Survey to identify COPD and a re-
strictive spirometry pattern, this helped 
prevent overdiagnosis of obstruction 
and restriction, particularly in elderly 
people.27 Third, by calculating PARs, we 
were able to gain a better understanding 
of the risk factors for chronic respira-
tory diseases. Our study also has some 
potential shortcomings. First, we were 
unable to recruit 15.2% (270/1772) of 
individuals who met inclusion criteria 
after two follow-up visits; nevertheless, 
our non-response rate was lower than 
in many other studies. Second, partici-
pants who had incomplete spirometry 

results were predominantly elderly or 
had severe respiratory disease, which 
highlights the difficulty of spirometry 
in those with reduced pulmonary func-
tion. The disease burden may therefore, 
have been underestimated. Third, 
urban participants were younger than 
rural participants, which may have af-
fected the crude disease prevalence; 
however, we calculated age- and sex-
adjusted prevalences to reduce the risk 
of bias. Fourth, we defined asthma as 
a self-reported wheeze, use of asthma 
medications or a physician’s diagnosis. 
The last two criteria are closely linked 
to health-care access and utilization, 
which may be influenced by socioeco-
nomic status. Consequently, the higher 
rates we observed for these two criteria 
among urban participants may reflect 
better access to health care. However, 
post-bronchodilator reversibility, which 
indicates greater airway reactivity, was 
significantly more common in urban 
residents with obstruction. Fifth, we 
did not assess individual exposure to 
air pollution. Better understanding of 
the association between urbanization 
and chronic respiratory disease requires 
longitudinal assessment of individual 
exposure to air pollution.

The increase in urbanization over 
the next two decades is expected to 
occur almost exclusively in low- and 
middle-income countries and, by 2030, 
half of sub-Saharan Africa’s population 
will reside in an urban area.7 However, 
poor infrastructure and a lack of policy 
interventions aimed at sustainable urban 
growth will have severe health impli-
cations for many people in low- and 

middle-income countries worldwide. 
Future public health interventions will 
depend on a good understanding of 
the evolving disease burden. Currently, 
chronic respiratory disease is associated 
with chronic inflammation throughout 
life, whether due to household air pollu-
tion, the urban microenvironment (e.g. 
allergens and outdoor air pollution) or 
recurrent pulmonary infection.40 As 
urban dwellers transition to cleaner 
fuels for cooking and heating, cigarette 
exposure and outdoor air pollution will 
become increasingly important risk 
factors.

In summary, we found a high bur-
den of chronic respiratory disease in 
both rural and urban Uganda. Place of 
residence was the single most important 
risk factor: urban residence was the 
principal risk factor for asthma and rural 
residence was the principal risk factor 
for COPD. As urbanization continues 
in sub-Saharan Africa, the profile and 
burden of chronic respiratory disease 
are likely to change in parallel. ■
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ملخص
انتشار أمراض الجهاز التنفسي المزمنة في المناطق الحضرية والريفية في أوغندا

الغرض تحديد مدى انتشار أمراض الجهاز التنفسي المزمنة في المناطق 
الحضرية والريفية في أوغندا، وتحديد عوامل الخطر لهذه الأمراض.
ممن  الكبار  شملت  متعددة  سكانية  لقطاعات  دراسة  الطريقة 
يبلغون 35 عاماً أو أكبر. تم تقييم جميع المشاركين عن طريق قياس 
المكتملة  والاستبيانات  القياسية  التوجيهية  للمبادئ  وفقا  التنفس 
والخصائص  الوظيفية،  والحالة  التنفسي،  الجهاز  أعراض  على 
الديموغرافية. تم رصد وجود أربع حالات تنفسية مزمنة: مرض 
الشعب  والتهاب  والربو،   ،)COPD( المزمن  الرئوي  الانسداد 

الهوائية المزمن، ونمط قياس التنفس المقيد.
 46.9 العمر:  )متوسط  مشاركًا   1502 لدى  كان  إجمالًا،  النتائج 
عامًا( نتائج قياس تنفس مقبولة ومتكررة: 837 )٪56( في منطقة 
وعموما،  الحضرية.  كامبالا  في   )44٪( و665  الريفية  ناكاسيكي 
أي  انتشار  معدل  كان  الذكور.  من   )1502/698(  46.5٪ كان 

معدل  كان   .20.2٪ هو  بالعمر  صلة  ذات  مزمنة  تنفسية  حالة 
انتشار مرض الانسداد الرئوي المزمن ذي الصلة بالعمر أكبر بكثير 
 6.1٪( الحضرية  المناطق  في  عنه  الريفية  المناطق  من  المشاركين  في 
حين  في   ،)0.001  < الاحتمال  نسبة  التوالي؛  على   ،1.5٪ مقابل 
المناطق  من  المشاركين  في  كبير  بشكل  شيوعاً  أكثر  كان  الربو  أن 
الريفية  المناطق  من  المشاركين  في   4.4٪ مقابل   9.7٪ الحضرية: 
الشعب  التهاب  انتشار  معدل  كان   .)0.001  < الاحتمال  )نسبة 
المناطق  من  المشاركين  في  مشابهاً  بالعمر  الصلة  ذي  المزمن  الهوائية 
الريفية والمناطق الحضرية )٪3.5 مقابل ٪2.2، على التوالي؛ نسبة 
الاحتمال = 0.62(، وكذلك كان الحال في نمط قياس التنفس المقيد 
= 0.82(. بالنسبة لمرض  )٪10.9 مقابل ٪9.4؛ نسبة الاحتمال 
الانسداد الرئوي المزمن، كان الخطر المنسوب للسكان هو 51.5٪ 
للإقامة في مناطق ريفية، و٪19.5 لتدخين التبغ، و٪16.0 لمؤشر 
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摘要
乌干达城乡地区的慢性呼吸道疾病患病率
目的 旨在确定乌干达城乡地区的慢性呼吸道疾病患病
率，并确定这些疾病的危险因素。
方法 这项基于人口的横断面研究包括年龄在 35 岁或
以上的成年人。所有男性均按照标准指南进行肺活量
测定，并完成了调查问卷上有关呼吸症状、功能状态
和人口学特征的相关问题。监测四种慢性呼吸系统疾
病 ：慢性阻塞性肺病 (COPD)、哮喘、慢性支气管炎
和限制性通气功能障碍的患病情况。
结果 共有 1502  名参与者（平均年龄 ：46.9  岁）有
可接受和可重复的肺活量测定结果 ：837 名 (56%) 来
自 Nakaseke 农村地区，665 名 (44%) 来自坎帕拉城区。
总体上，46.5% (698/1502)  为男性。所有的慢性呼吸
系统疾病的年龄标化患病率为 20.2%。农村参与者的

慢性阻塞性肺病年龄标化患病率明显高于城市参与者
（分别为 6.1% 和 1.5% ；P < 0.001），然而哮喘的年龄标
化患病率在城市更高 ：分别为城市参与者 9.7% 和农
村参与者 4.4% （P < 0.001）。农村和城市参与者的慢性
支气管炎年龄标化患病率相近（分别为 3.5% 和 2.2% ；
P = 0.62），限制性通气功能障碍年龄标化患病率亦是
相近（分别为 10.9% 和 9.4% ；P = 0.82）。对于慢性阻
塞性肺病而言，城市居民的人群归因危险度为 51.5%，
吸烟者为 19.5%，身体质量指数 < 18.5 kg/m2 的人群归
因危险度为 16.0%，有肺结核治疗史的人群归因危险
度为 13.0%。
结论 乌干达城乡地区的慢性呼吸道疾病患病率均很
高。居住地是慢性阻塞性肺病和哮喘的首要危险因素。

Résumé 

Prévalence de maladies respiratoires chroniques en zones urbaines et rurales en Ouganda
Objectif Déterminer la prévalence de maladies respiratoires chroniques 
en zones urbaines et rurales en Ouganda et identifier les facteurs de 
risque associés à ces maladies.
Méthodes L'étude de prévalence basée sur une population incluait 
des adultes âgés de 35 ans ou plus. Tous les participants ont été soumis 
à un test de spirométrie conformément aux directives standards 
et ont rempli un questionnaire sur leurs symptômes respiratoires, 
leur état fonctionnel et leurs caractéristiques démographiques. La 
présence de quatre maladies respiratoires chroniques a été contrôlée: 
bronchopneumopathie chronique obstructive, asthme, bronchite 
chronique et modèle de spirométrie restrictive.
Résultats Au total, 1502 individus (âge moyen: 46,9 ans) ont obtenu 
des résultats de spirométrie acceptables, reproductibles: 837 (56%) à 
Nakaseke, en zone rurale, et 665 (44%) à Kampala, en zone urbaine. 
Dans l'ensemble, 46,5% (698/1502) étaient des hommes. La prévalence 
ajustée selon l'âge de toutes les maladies respiratoires chroniques était 
de 20,2%. La prévalence ajustée selon l'âge de la bronchopneumopathie 

chronique obstructive était considérablement plus élevée chez les 
participants ruraux que chez les participants urbains (6,1 contre 1,5%, 
respectivement; P < 0,001), tandis que la prévalence de l'asthme était 
considérablement plus élevée chez les participants urbains: 9,7% contre 
4,4% pour les participants ruraux (P < 0,001). La prévalence ajustée 
selon l'âge de la bronchite chronique était similaire chez les participants 
ruraux et urbains (3,5 contre 2,2%, respectivement; P = 0,62), de même 
que la prévalence d'un modèle de spirométrie restrictive (10,9 contre 
9,4%; P = 0,82). Dans le cas de la bronchopneumopathie chronique 
obstructive, la fraction étiologique du risque était de 51,5% pour le lieu 
de résidence rural, 19,5% pour l'usage du tabac, 16,0% pour un indice de 
masse corporel < 18,5 kg/m2 et 13,0% pour un antécédent de traitement 
de la tuberculose pulmonaire.
Conclusion La prévalence de maladies respiratoires chroniques était 
élevée à la fois en zone rurale et en zone urbaine en Ouganda. Le 
lieu de résidence était le facteur de risque le plus important pour la 
bronchopneumopathie chronique obstructive et l'asthme. 

Резюме

Распространенность хронических респираторных заболеваний в сельских и городских районах Уганды
Цель  Определить распространенность хронических 
респираторных заболеваний в сельских и городских районах 
Уганды и выявить факторы риска для этих заболеваний.
Методы  Проводилось популяционное перекрестное 
исследование среди взрослого населения в возрасте от 35 лет. 
Все участники оценивались посредством спирометрии в 
соответствии со стандартными рекомендациями. Они заполняли 
анкеты о респираторных симптомах, своем функциональном 
состоянии и указывали демографические характеристики. 
Отслеживалось наличие четырех хронических респираторных 
заболеваний: хронической обструктивной болезни легких (ХОБЛ), 
астмы, хронического бронхита и рестриктивных нарушений.
Результаты Всего было обследовано 1502 участника (средний 
возраст составил 46,9 года), которые продемонстрировали 

приемлемые и воспроизводимые результаты спирометрии: 
837 (56%) в сельском районе Накасеке и 665 (44%) в городском 
районе Кампала. Из них 46,5% (698 из 1502 человек) составляли 
мужчины. Распространенность любого из исследуемых 
хронических респираторных заболеваний с учетом поправки 
на возраст составила 20,2%. Распространенность ХОБЛ 
с учетом поправки на возраст была значительно выше в 
сельской местности, чем среди участников-горожан (6,1 и 1,5% 
соответственно, P < 0,001), тогда как астма намного заметнее 
преобладала среди горожан: 9,7 против 4,4% в сельской 
местности (P < 0,001). Распространенность хронического 
бронхита с поправкой на возраст почти не отличалась в сельской 
и городской местности (3,5 и 2,2% соответственно, P = 0,62), то же 
самое наблюдалось и для рестриктивных нарушений (10,9 и 9,4%, 

تاريخ  كتلة الجسم الأكبر من 18.5 كجم/م2، و٪13.0 لوجود 
سابق لعلاج السل الرئوي.

في  مرتفعاً  المزمنة  التنفسية  الأمراض  انتشار  معدل  كان  الاستنتاج 
كل المناطق الريفية والحضرية بأوغندا. كان مكان الإقامة أهم عامل 

خطر لمرض الانسداد الرئوي المزمن والربو.
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P = 0,82). Популяционный риск, приписываемый фактору ХОБЛ, 
составлял 51,5% для проживающих в сельской местности, 19,5% 
для курящих табак, 16,0% для участников с ИМТ менее 18,5 кг/м2 
и 13,0% для участников с перенесенным туберкулезом легких в 
анамнезе.

Вывод Распространенность хронических респираторных 
заболеваний и в сельской и в городской местности Уганды 
оказалась высокой. Наиболее существенным фактором риска 
для ХОБЛ и астмы оказалось место проживания.

Resumen

Prevalencia de enfermedades respiratorias crónicas en zonas urbanas y rurales de Uganda
Objetivo Determinar la prevalencia de las enfermedades respiratorias 
crónicas en las zonas urbanas y rurales de Uganda e identificar los 
factores de riesgo de estas.
Métodos El estudio transversal basado en la población incluyó adultos 
de 35 años o más. Todos los participantes se evaluaron por espirometría 
de acuerdo con las directrices estándar y completaron cuestionarios 
sobre los síntomas respiratorios, el estado funcional y las características 
demográficas. Se monitorizó la presencia de cuatro afecciones 
respiratorias crónicas: enfermedad pulmonar obstructiva crónica (EPOC), 
asma, bronquitis crónica y un patrón de espirometría restrictivo.
Resultados En total, 1502 participantes (edad media: 46,9 años) tuvieron 
unos resultados de espirometría aceptables y reproducibles: 837 (56 %) 
en la zona rural de Nakaseke y 665 (44 %) en la zona urbana de Kampala. 
En total, el 46,5 % (698/1502) eran hombres. La prevalencia ajustada 
por edad de cualquier afección respiratoria crónica fue de 20,2 %. La 
prevalencia de la EPOC ajustada por edad fue significativamente mayor 

en los participantes rurales que en los urbanos (6,1 frente a 1,5 %, 
respectivamente; p < 0,001), mientras que el asma fue significativamente 
más frecuente en los participantes urbanos: 9,7 % frente a 4,4 % en los 
participantes rurales (p < 0,001). La prevalencia ajustada por edad de la 
bronquitis crónica fue similar en los participantes rurales y urbanos (3,5 % 
frente a 2,2 %, respectivamente; p = 0,62), al igual que la de un patrón 
espirométrico restrictivo (10,9 % frente a 9,4 %; p = 0,82). Para la EPOC, 
el riesgo atribuible a la población fue del 51,5 % para la residencia rural, 
del 19,5 % para el tabaco, del 16,0 % para un índice de masa corporal 
inferior a 18,5 kg/m2 y del 13,0 % para un historial de tratamiento de la 
tuberculosis pulmonar.
Conclusión La prevalencia de las enfermedades respiratorias crónicas 
era alta tanto en las zonas rurales como en las urbanas de Uganda. El 
lugar de residencia fue el factor de riesgo más importante para la EPOC 
y el asma.

References
1.	 Bousquet J, Kiley J, Bateman ED, Viegi G, Cruz AA, Khaltaev N, et al. 

Prioritised research agenda for prevention and control of chronic respiratory 
diseases. Eur Respir J. 2010 Nov;36(5):995–1001. doi: http://dx.doi.
org/10.1183/09031936.00012610 PMID: 20223919

2.	 Murray CJ, Lopez AD. Alternative projections of mortality and disability 
by cause 1990–2020: Global Burden of Disease Study. Lancet. 1997 
May 24;349(9064):1498–504. doi: http://dx.doi.org/10.1016/S0140-
6736(96)07492-2 PMID: 9167458

3.	 Burney P, Jarvis D, Perez-Padilla R. The global burden of chronic respiratory 
disease in adults. Int J Tuberc Lung Dis. 2015 Jan;19(1):10–20. doi: http://
dx.doi.org/10.5588/ijtld.14.0446 PMID: 25519785

4.	 Bloom DE, Cafiero E, Jané-Llopis E, Abrahams-Gessel S, Bloom LR, 
Fathima S, et al. The global economic burden of noncommunicable 
diseases. Geneva: World Economic Forum; 2011. Available 
from: http://www3.weforum.org/docs/WEF_Harvard_HE_
GlobalEconomicBurdenNonCommunicableDiseases_2011.pdf [cited 2017 
Dec 13].

5.	 Boutayeb A, Boutayeb S. The burden of non-communicable diseases in 
developing countries. Int J Equity Health. 2005 01 14;4(1):2. doi: http://
dx.doi.org/10.1186/1475-9276-4-2 PMID: 15651987

6.	 Cruz AA, Bousquet J, Khaltaev N. Global surveillance, prevention and control 
of chronic respiratory diseases: a comprehensive approach. Geneva: World 
Health Organization; 2007.

7.	 State of the world’s cities 2010/2011 – cities for all: bridging the urban 
divide. Nairobi: United Nations Human Settlements Programme; 2010.

8.	 van Gemert F, Kirenga B, Chavannes N, Kamya M, Luzige S, Musinguzi P, et 
al. Prevalence of chronic obstructive pulmonary disease and associated 
risk factors in Uganda (FRESH AIR Uganda): a prospective cross-sectional 
observational study. Lancet Glob Health. 2015 Jan;3(1):e44–51. doi: http://
dx.doi.org/10.1016/S2214-109X(14)70337-7 PMID: 25539969

9.	 Meghji J, Nadeau G, Davis KJ, Wang D, Nyirenda MJ, Gordon SB, et al. 
Noncommunicable lung disease in sub-Saharan Africa. A community-based 
cross-sectional study of adults in urban Malawi. Am J Respir Crit Care Med. 
2016 07 1;194(1):67–76. doi: http://dx.doi.org/10.1164/rccm.201509-
1807OC PMID: 26788760

10.	 Buist AS, McBurnie MA, Vollmer WM, Gillespie S, Burney P, Mannino DM, 
et al.; BOLD Collaborative Research Group. International variation in the 
prevalence of COPD (the BOLD Study): a population-based prevalence 
study. Lancet. 2007 Sep 1;370(9589):741–50. doi: http://dx.doi.org/10.1016/
S0140-6736(07)61377-4 PMID: 17765523

11.	 National population and housing census 2014. Main report. Kampala: 
Uganda Bureau of Statistics; 2014. Available from: https://www.ubos.org/
onlinefiles/uploads/ubos/NPHC/NPHC%202014%20FINAL%20RESULTS%20
REPORT.pdf [cited 2017 Dec 13].

12.	 Statistical abstract. Kampala: Uganda Bureau of Statistics; 2001.
13.	 Google Earth. Mountain View: Google; 2012. Available from: https://www.

google.com/earth/ [cited 2017 Feb 22].
14.	 Ferguson GT, Enright PL, Buist AS, Higgins MW. Office spirometry for lung 

health assessment in adults: a consensus statement from the National Lung 
Health Education Program. Chest. 2000 Apr;117(4):1146–61. doi: http://
dx.doi.org/10.1378/chest.117.4.1146 PMID: 10767253

15.	 Hankinson JL, Odencrantz JR, Fedan KB. Spirometric reference values from 
a sample of the general U.S. population. Am J Respir Crit Care Med. 1999 
Jan;159(1):179–87. doi: http://dx.doi.org/10.1164/ajrccm.159.1.9712108 
PMID: 9872837

16.	 Miller MR, Hankinson J, Brusasco V, Burgos F, Casaburi R, Coates A, et 
al.; ATS/ERS Task Force. Standardisation of spirometry. Eur Respir J. 2005 
Aug;26(2):319–38. doi: http://dx.doi.org/10.1183/09031936.05.00034805 
PMID: 16055882

17.	 Godfrey MS, Jankowich MD. The vital capacity is vital: epidemiology and 
clinical significance of the restrictive spirometry pattern. Chest. 2016 
Jan;149(1):238–51. doi: http://dx.doi.org/10.1378/chest.15-1045 PMID: 
26356330

18.	 Asher MI, Keil U, Anderson HR, Beasley R, Crane J, Martinez F, et al. 
International Study of Asthma and Allergies in Childhood (ISAAC): rationale 
and methods. Eur Respir J. 1995 Mar;8(3):483–91. doi: http://dx.doi.org/10.1
183/09031936.95.08030483 PMID: 7789502

19.	 de Oca MM, Halbert RJ, Lopez MV, Perez-Padilla R, Tálamo C, Moreno D, et al. 
The chronic bronchitis phenotype in subjects with and without COPD: the 
PLATINO study. Eur Respir J. 2012 Jul;40(1):28–36. doi: http://dx.doi.org/10.1
183/09031936.95.08030483 PMID: 7789502

20.	 Jones PW, Quirk FH, Baveystock CM, Littlejohns P. A self-complete measure 
of health status for chronic airflow limitation. The St. George’s Respiratory 
Questionnaire. Am Rev Respir Dis. 1992 Jun;145(6):1321–7. doi: http://
dx.doi.org/10.1164/ajrccm/145.6.1321 PMID: 1595997

21.	 Ware JE Jr, Sherbourne CD. The MOS 36-item short-form health survey 
(SF-36): I. Conceptual framework and item selection. Med Care. 1992 
Jun;30(6):473–83. doi: http://dx.doi.org/10.1097/00005650-199206000-
00002

http://dx.doi.org/10.1183/09031936.00012610
http://dx.doi.org/10.1183/09031936.00012610
http://www.ncbi.nlm.nih.gov/pubmed/20223919
http://dx.doi.org/10.1016/S0140-6736(96)07492-2
http://dx.doi.org/10.1016/S0140-6736(96)07492-2
http://www.ncbi.nlm.nih.gov/pubmed/9167458
http://dx.doi.org/10.5588/ijtld.14.0446
http://dx.doi.org/10.5588/ijtld.14.0446
http://www.ncbi.nlm.nih.gov/pubmed/25519785
http://www3.weforum.org/docs/WEF_Harvard_HE_GlobalEconomicBurdenNonCommunicableDiseases_2011.pdf
http://www3.weforum.org/docs/WEF_Harvard_HE_GlobalEconomicBurdenNonCommunicableDiseases_2011.pdf
http://dx.doi.org/10.1186/1475-9276-4-2
http://dx.doi.org/10.1186/1475-9276-4-2
http://www.ncbi.nlm.nih.gov/pubmed/15651987
http://dx.doi.org/10.1016/S2214-109X(14)70337-7
http://dx.doi.org/10.1016/S2214-109X(14)70337-7
http://www.ncbi.nlm.nih.gov/pubmed/25539969
http://dx.doi.org/10.1164/rccm.201509-1807OC
http://dx.doi.org/10.1164/rccm.201509-1807OC
http://www.ncbi.nlm.nih.gov/pubmed/26788760
http://dx.doi.org/10.1016/S0140-6736(07)61377-4
http://dx.doi.org/10.1016/S0140-6736(07)61377-4
http://www.ncbi.nlm.nih.gov/pubmed/17765523
https://www.ubos.org/onlinefiles/uploads/ubos/NPHC/NPHC%202014%20FINAL%20RESULTS%20REPORT.pdf
https://www.ubos.org/onlinefiles/uploads/ubos/NPHC/NPHC%202014%20FINAL%20RESULTS%20REPORT.pdf
https://www.ubos.org/onlinefiles/uploads/ubos/NPHC/NPHC%202014%20FINAL%20RESULTS%20REPORT.pdf
https://www.google.com/earth/
https://www.google.com/earth/
http://dx.doi.org/10.1378/chest.117.4.1146
http://dx.doi.org/10.1378/chest.117.4.1146
http://www.ncbi.nlm.nih.gov/pubmed/10767253
http://dx.doi.org/10.1164/ajrccm.159.1.9712108
http://www.ncbi.nlm.nih.gov/pubmed/9872837
http://dx.doi.org/10.1183/09031936.05.00034805
http://www.ncbi.nlm.nih.gov/pubmed/16055882
http://dx.doi.org/10.1378/chest.15-1045
http://www.ncbi.nlm.nih.gov/pubmed/26356330
http://dx.doi.org/10.1183/09031936.95.08030483
http://dx.doi.org/10.1183/09031936.95.08030483
http://www.ncbi.nlm.nih.gov/pubmed/7789502
http://dx.doi.org/10.1183/09031936.95.08030483
http://dx.doi.org/10.1183/09031936.95.08030483
http://www.ncbi.nlm.nih.gov/pubmed/7789502
http://dx.doi.org/10.1164/ajrccm/145.6.1321
http://dx.doi.org/10.1164/ajrccm/145.6.1321
http://www.ncbi.nlm.nih.gov/pubmed/1595997
http://dx.doi.org/10.1097/00005650-199206000-00002
http://dx.doi.org/10.1097/00005650-199206000-00002


327Bull World Health Organ 2019;97:318–327| doi: http://dx.doi.org/10.2471/BLT.18.216523

Research
Urbanization and chronic respiratory disease, UgandaTrishul Siddharthan et al.

22.	 Levin ML. The occurrence of lung cancer in man. Acta Unio Int Contra 
Cancrum. 1953;9(3):531–41. PMID: 13124110

23.	 Fay MP, Feuer EJ. Confidence intervals for directly standardized 
rates: a method based on the gamma distribution. Stat Med. 1997 
Apr 15;16(7):791–801. doi: http://dx.doi.org/10.1002/(SICI)1097-
0258(19970415)16:7<791::AID-SIM500>3.0.CO;2-# PMID: 9131766

24.	 R Core Team. R: a language and environment for statistical computing 
[internet]. Vienna: The R Foundation; 2019. Available from: https://www.r-
project.org/ [cited 2017 Dec 13].

25.	 Uganda Bureau of Statistics. Pocket guide to COPD diagnosis, management, 
and prevention. A guide for health care professionals. 2017 report. Fontana: 
Global Initiative for Chronic Obstructive Lung Disease; 2017.

26.	 Mannino DM, McBurnie MA, Tan W, Kocabas A, Anto J, Vollmer WM, et al.; 
BOLD Collaborative Research Group. Restricted spirometry in the burden of 
lung disease study. Int J Tuberc Lung Dis. 2012 Oct;16(10):1405–11. PMID: 
22863565

27.	 Swanney MP, Ruppel G, Enright PL, Pedersen OF, Crapo RO, Miller MR, 
et al. Using the lower limit of normal for the FEV1/FVC ratio reduces the 
misclassification of airway obstruction. Thorax. 2008 Dec;63(12):1046–51. 
doi: http://dx.doi.org/10.1136/thx.2008.098483 PMID: 18786983

28.	 Siddharthan T, Grigsby MR, Goodman D, Chowdhury M, Rubinstein A, 
Irazola V, et al. Association between household air pollution exposure 
and chronic obstructive pulmonary disease outcomes in 13 low- and 
middle-income country settings. Am J Respir Crit Care Med. 2018 Mar 
1;197(5):611–20. doi: http://dx.doi.org/10.1164/rccm.201709-1861OC PMID: 
29323928

29.	 Mejza F, Gnatiuc L, Buist AS, Vollmer WM, Lamprecht B, Obaseki DO, et al.; 
BOLD collaborators; BOLD study collaborators. Prevalence and burden of 
chronic bronchitis symptoms: results from the BOLD study. Eur Respir J. 
2017 11 22;50(5):1700621. doi: http://dx.doi.org/10.1183/13993003.00621-
2017 PMID: 29167298

30.	 Ehrlich RI, White N, Norman R, Laubscher R, Steyn K, Lombard C, et al. 
Predictors of chronic bronchitis in South African adults. Int J Tuberc Lung 
Dis. 2004 Mar;8(3):369–76. PMID: 15139477

31.	 Kirenga BJ, Meng Q, van Gemert F, Aanyu-Tukamuhebwa H, Chavannes N, 
Katamba A, et al. The state of ambient air quality in two Ugandan cities: 
a pilot cross-sectional spatial assessment. Int J Environ Res Public Health. 
2015 07 15;12(7):8075–91. doi: http://dx.doi.org/10.3390/ijerph120708075 
PMID: 26184273

32.	 Ehrlich RI, White N, Norman R, Laubscher R, Steyn K, Lombard C, et al. 
Wheeze, asthma diagnosis and medication use: a national adult survey in 
a developing country. Thorax. 2005 Nov;60(11):895–901. doi: http://dx.doi.
org/10.1136/thx.2004.030932 PMID: 16263947

33.	 Asher MI. Urbanisation, asthma and allergies. Thorax. 2011 
Dec;66(12):1025–6. doi: http://dx.doi.org/10.1136/thoraxjnl-2011-201019 
PMID: 21948729

34.	 Gaviola C, Miele CH, Wise RA, Gilman RH, Jaganath D, Miranda JJ, et al.; 
CRONICAS Cohort Study Group. Urbanisation but not biomass fuel smoke 
exposure is associated with asthma prevalence in four resource-limited 
settings. Thorax. 2016 Feb;71(2):154–60. doi: http://dx.doi.org/10.1136/
thoraxjnl-2015-207584 PMID: 26699762

35.	 Ezzati M, Vander Hoorn S, Lawes CM, Leach R, James WPT, Lopez AD, et 
al. Rethinking the “diseases of affluence” paradigm: global patterns of 
nutritional risks in relation to economic development. PLoS Med. 2005 
May;2(5):e133. doi: http://dx.doi.org/10.1371/journal.pmed.0020133 PMID: 
15916467

36.	 Hayden LP, Hobbs BD, Cohen RT, Wise RA, Checkley W, Crapo JD, et al.; 
COPDGene Investigators. Childhood pneumonia increases risk for chronic 
obstructive pulmonary disease: the COPDGene study. Respir Res. 2015 
09 21;16(1):115. doi: http://dx.doi.org/10.1186/s12931-015-0273-8 PMID: 
26392057

37.	 Checkley W, West KP Jr, Wise RA, Baldwin MR, Wu L, LeClerq SC, et al. 
Maternal vitamin A supplementation and lung function in offspring. N 
Engl J Med. 2010 May 13;362(19):1784–94. doi: http://dx.doi.org/10.1056/
NEJMoa0907441 PMID: 20463338

38.	 Torres-Duque C, Maldonado D, Pérez-Padilla R, Ezzati M, Viegi G; Forum 
of International Respiratory Studies (FIRS) Task Force on Health Effects of 
Biomass Exposure. Biomass fuels and respiratory diseases: a review of the 
evidence. Proc Am Thorac Soc. 2008 Jul 15;5(5):577–90. doi: http://dx.doi.
org/10.1513/pats.200707-100RP PMID: 18625750

39.	 Kann PH, Münzel M, Hadji P, Daniel H, Flache S, Nyarango P, et al. Alterations 
of cortisol homeostasis may link changes of the sociocultural environment 
to an increased diabetes and metabolic risk in developing countries: a 
prospective diagnostic study performed in cooperation with the Ovahimba 
people of the Kunene region/northwestern Namibia. J Clin Endocrinol 
Metab. 2015 Mar;100(3):E482–6. doi: http://dx.doi.org/10.1210/jc.2014-
2625 PMID: 25522263

40.	 Godfrey RC. Asthma and IgE levels in rural and urban communities 
of the Gambia. Clin Allergy. 1975 Jun;5(2):201–7. doi: http://dx.doi.
org/10.1111/j.1365-2222.1975.tb01853.x PMID: 1139767

41.	 Lienhardt C. From exposure to disease: the role of environmental factors 
in susceptibility to and development of tuberculosis. Epidemiol Rev. 
2001;23(2):288–301. doi: http://dx.doi.org/10.1093/oxfordjournals.epirev.
a000807 PMID: 12192738

42.	 Kurmi OP, Lam KBH, Ayres JG. Indoor air pollution and the lung in low- and 
medium-income countries. Eur Respir J. 2012 Jul;40(1):239–54. doi: http://
dx.doi.org/10.1183/09031936.00190211 PMID: 22362845

http://www.ncbi.nlm.nih.gov/pubmed/13124110
http://dx.doi.org/10.1002/(SICI)1097-0258(19970415)16:7%3C791::AID-SIM500%3E3.0.CO;2-#
http://dx.doi.org/10.1002/(SICI)1097-0258(19970415)16:7%3C791::AID-SIM500%3E3.0.CO;2-#
http://www.ncbi.nlm.nih.gov/pubmed/9131766
https://www.r-project.org/
https://www.r-project.org/
http://www.ncbi.nlm.nih.gov/pubmed/22863565
http://dx.doi.org/10.1136/thx.2008.098483
http://www.ncbi.nlm.nih.gov/pubmed/18786983
http://dx.doi.org/10.1164/rccm.201709-1861OC
http://www.ncbi.nlm.nih.gov/pubmed/29323928
http://dx.doi.org/10.1183/13993003.00621-2017
http://dx.doi.org/10.1183/13993003.00621-2017
http://www.ncbi.nlm.nih.gov/pubmed/29167298
http://www.ncbi.nlm.nih.gov/pubmed/15139477
http://dx.doi.org/10.3390/ijerph120708075
http://www.ncbi.nlm.nih.gov/pubmed/26184273
http://dx.doi.org/10.1136/thx.2004.030932
http://dx.doi.org/10.1136/thx.2004.030932
http://www.ncbi.nlm.nih.gov/pubmed/16263947
http://dx.doi.org/10.1136/thoraxjnl-2011-201019
http://www.ncbi.nlm.nih.gov/pubmed/21948729
http://dx.doi.org/10.1136/thoraxjnl-2015-207584
http://dx.doi.org/10.1136/thoraxjnl-2015-207584
http://www.ncbi.nlm.nih.gov/pubmed/26699762
http://dx.doi.org/10.1371/journal.pmed.0020133
http://www.ncbi.nlm.nih.gov/pubmed/15916467
http://dx.doi.org/10.1186/s12931-015-0273-8
http://www.ncbi.nlm.nih.gov/pubmed/26392057
http://dx.doi.org/10.1056/NEJMoa0907441
http://dx.doi.org/10.1056/NEJMoa0907441
http://www.ncbi.nlm.nih.gov/pubmed/20463338
http://dx.doi.org/10.1513/pats.200707-100RP
http://dx.doi.org/10.1513/pats.200707-100RP
http://www.ncbi.nlm.nih.gov/pubmed/18625750
http://dx.doi.org/10.1210/jc.2014-2625
http://dx.doi.org/10.1210/jc.2014-2625
http://www.ncbi.nlm.nih.gov/pubmed/25522263
http://dx.doi.org/10.1111/j.1365-2222.1975.tb01853.x
http://dx.doi.org/10.1111/j.1365-2222.1975.tb01853.x
http://www.ncbi.nlm.nih.gov/pubmed/1139767
http://dx.doi.org/10.1093/oxfordjournals.epirev.a000807
http://dx.doi.org/10.1093/oxfordjournals.epirev.a000807
http://www.ncbi.nlm.nih.gov/pubmed/12192738
http://dx.doi.org/10.1183/09031936.00190211
http://dx.doi.org/10.1183/09031936.00190211
http://www.ncbi.nlm.nih.gov/pubmed/22362845

	Figure 1
	Table 1
	Figure 2
	Figure 3
	Table 2
	Table 3
	Figure 4
	Figure 5

