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ABSTRACT Chronic obstructive pulmonary disease (COPD) causes substantial burden of disease in
developed countries, but there are limited data from Africa. We aimed to estimate the prevalence of COPD
in Tanzania and identify the risk factors associated with it.

This was a cross-sectional descriptive survey involving adults aged ⩾35 years. We collected data
on symptoms and risk factors using the Burden of Obstructive Lung Diseases questionnaire.
Spirometry was performed and COPD diagnosed based on post-bronchodilator forced expiratory
volume in 1 s/forced vital capacity <70%. We also measured indoor and outdoor carbon monoxide
(CO) levels.

A total of 869 participants (49.1% females) completed the questionnaires. Of these, 57.1%
completed post-bronchodilator spirometry. Of the 25.2% ever-smokers, only 5.4% were current
smokers. COPD prevalence was estimated at 17.5% (21.7% in males and 12.9% in females). COPD was
associated with a history of cough, phlegm production and wheezing. 51.7% of COPD patients
reported cough and 85% had mild to moderate airway limitation. Females had a higher rate of
exacerbation. Pulmonary tuberculosis (TB) was reported in 10% of patients. Only 1.7% of patients
who were diagnosed as COPD had ever received any medication, with only one female COPD patient
having received an inhaler. 99.5% of the population used biomass fuels for cooking. The majority of
households had CO levels up to 20 ppm.

The prevalence of COPD in Tanzania is high, with a peak at a relatively young age and a preponderance
in males. A history of TB, cigarette smoking and male sex are important risk factors. Indoor air pollution
coupled with use of biomass fuel for cooking and heating may be an important risk factor for developing
COPD in rural Tanzania. However, these factors need to be studied further.
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Introduction
Chronic obstructive pulmonary disease (COPD) is an important cause of morbidity and mortality in
developed countries. COPD is the third leading cause of death globally and among the top five leading
causes of disability-adjusted life-years [1]. In Africa, there is limited information on the epidemiology and
clinical correlates of COPD. A recent study from Uganda reported a COPD prevalence of 16%, with 40%
of patients aged <40 years [2]. The rising trend of important risk factors such as tobacco smoking, poverty,
poor education and exposure to household air pollution in Africa is likely to significantly increase the
burden of COPD [3, 4].

The hallmark of COPD is a poorly reversible and progressive airflow limitation resulting from prolonged
exposure to inhalational noxious pulmonary agents that initiates detrimental chronic airway inflammation
and lung damage [5–7]. Cigarette smoking is the major cause of COPD worldwide. However, in developing
countries exposure to air pollution responsible for non-tobacco-smoking COPD might predominate [8–13].
Recent studies have described non-tobacco-smoking COPD due to indoor pollution resulting from the use of
biomass fuel and open fires for domestic purposes in poorly ventilated households [12, 14]. This observation
has a substantial impact on COPD in rural communities, particularly among females and their young
children who are routinely engaged in cooking activities [15]. In Tanzania, most rural communities in the
malarial endemic regions often burn mosquito coils or make other forms of smoke as a means to repel
mosquitoes at night, thus increasing indoor pollution. The burning of mosquito coils produces higher levels
of indoor air pollution than the burning of biomass fuel for cooking purposes [16].

Patients with COPD generally present with chronic cough and sputum production with or without
dyspnoea. This clinical presentation tends to be ignored by patients until they present late for treatment at
advanced stages of disease, often after developing intolerable dyspnoea. In Africa, these patients might
frequently be misdiagnosed and treated for pulmonary tuberculosis (TB) or heart failure. Moreover, the
lack of expertise and diagnostic tools such as spirometers are major bottlenecks for the proper diagnosis
and treatment of patients with COPD [4]. The current Global Initiative for Chronic Obstructive Lung Disease
(GOLD) criteria for the management of COPD requires stepwise administration of bronchodilators and
steroids, preferably via inhalational routes, during stable states and exacerbations [17, 18]. However, in Africa,
for various reasons these guidelines are often not adhered to in routine clinical practice [19]. For instance,
there is continued use of inappropriate drugs in the management of COPD and most drugs are frequently
administered through routes other than the recommended inhalational route, thus exposing patients to
adverse effects, reduced efficacy, frequent exacerbations and poor health-related quality of life [20, 21].

In the current study, we explored the burden of COPD in Tanzania together with the associated risk
factors and drivers for disease control.

Methods
Study design and population
We conducted a population-based cross-sectional descriptive study in Maswa district in Simiyu region,
Tanzania. The villagers are predominantly farmers growing regular food crops as well as cash crops,
mainly cotton and tobacco. In addition to farming, livestock keeping is a major activity. Moreover, mining
(gold, diamond and nickel) is also a major activity in the region.

We assessed the burden and determinants of COPD using the Burden of Obstructive Lung Diseases
(BOLD) protocol (www.boldstudy.org) for participants aged ⩾35 years who were randomly selected. Males
and females aged ⩾35 years and resident in the study area for ⩾6 months were eligible to participate in the
study. Additionally, the individual must not have had a current history of mental illness or active
pulmonary TB and must not have had any contraindication to performing spirometry (e.g. history of any
cerebral, ophthalmic, thoracic or abdominal surgery in the last 1 month, or severe heart disease, current
respiratory infection, past history of pneumothorax, emboli or aneurysms). The interviewers administered
a set of BOLD validated questionnaires to all eligible participants who consented. In addition, participants
underwent spirometry testing using a 3-L daily calibrated NDD EasyOne spirometer (NDDmed, Andover,
MA, USA). The study was preceded by conducting community sensitisation meetings with the local
authority and key informants at the selected study sites. The study was approved by the Tanzania National
Institute for Medical Research.
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Sampling and sample size estimation
Maswa district consists of a predominantly rural population of over 400000 who live in over 50000
households. The district is organised into three divisions, i.e. Mwagala, Nunghu and Sengerema. These
divisions have a total of 36 wards which cover 104 villages. We selected two wards randomly, i.e. Lalago
and Mbaragane, from the 15 Mwagala division wards. We further randomly selected three villages from
each of the two wards, i.e. Gala (population 2870), Lalago (population 8326) and Mwakidiga (population
3700) from the Lalago ward, and Sulu (population 4520), Mbaragane (population 5197) and
Mandang’ombe (3357) from the Mbaragane ward. The total population consisted of 4430 households that
housed a population of 27970. All these households were visited. Based on our inclusion criteria, 70.0%
(19579) of the population were not eligible to participate as they were <35 years of age, 4.8% (1345) were
not resident in these villages for >6 months, 0.3% (78) had some form of mental illness, 3.0% (826) had
active TB, 6.9% (1956) had contraindications for performing spirometry and 0.4% (114) refused to
participate. In each visited household, eligible participants who consented to the study were recruited.
11.5% (n=3203) of the eligible participants were not available when our field workers visited their
household. For individuals who did not agree to participate in the study, we completed a minimal data
and refusal questionnaire that contained information on age, sex, diagnosis of COPD and history of
cigarette smoking. As this study is based on the BOLD study, the minimum sample size required was 600
individuals (300 males and 300 females) aged ⩾40 years with an expected prevalence of 12%. A study by
FULLERTON et al. [22] conducted in Malawi reported a COPD prevalence of 16%. The prevalence of COPD
in Africa is therefore estimated to be at least 12% (if not more) and hence we aimed at a sample size of at
least 600.

Data collection
We collected information about respiratory symptoms, exposure to potential risk factors, occupation,
respiratory diagnoses, comorbidities, healthcare utilisation, medication use, activity limitation and health
status. Smoking status was categorised as never-smoker, ex-smoker and current smoker. An ex-smoker was
defined as a person who quit smoking ⩾3 months ago. Biomass fuel use was categorised under various
forms of biomass fuel used, e.g. charcoal, coal, coke, wood, dung and crop residues. Exposure to biomass
fuel was quantified as number of hours of biomass smoke exposure per day and the number of years of
biomass smoke exposure. All consenting participants were evaluated for airflow limitation with spirometry,
which was repeated 15–20 min after inhalation of 200 µg of salbutamol administered via a spacer. The
spirometry measurements used for analysis included forced vital capacity (FVC), forced expiratory volume
in 1 s (FEV1) and total expiratory time. In addition, all basic demographic data and personal particulars
were collected together with information on clinical severity and control of COPD. The diagnosis of
COPD was based on the presence of airflow limitation that was not fully reversible, based on
post-bronchodilator FEV1/FVC <70%, with or without the presence of symptoms. Exacerbations were
defined as episodes where the individual had to be admitted to a hospital for medical care in the past
12 months. We also measured blood pressure, pulse rate and carried out standard anthropometry
measurements.

Pollution monitoring
We selected households for measuring indoor air pollution levels using Langan T15x monitors (Langan,
San Francisco, CA, USA) based on carbon monoxide (CO) monitoring with a sampling rate of 1 min. The
sites for pollution monitoring were randomly determined based on the spatial configuration of the area to
capture >95% of the area. A list of houses surrounding each selected site was made and each house
approached based on their distance from the optimal site. Due to financial and logistical constraints, one
house was recruited from each of these sites for intensive outdoor and indoor pollution monitoring. 42
households were selected for monitoring of indoor pollution levels. In parallel, a similar number of
outdoor pollution levels were monitored in residential settings.

Statistical analysis
The collected data were initially entered on paper questionnaires and later entered into Epi Info software
(Centers for Disease Control and Prevention, Atlanta, GA, USA) via double data entry before being
exported for analysis in SPSS Statistics (IBM, Armonk, NY, USA). We used the Chi-squared test to detect
differences in the frequencies of categorical characteristics. We used the t-test to detect differences in the
mean values between the groups. Respiratory symptoms, biomass fuel use, cigarette smoking, occupation
and demographic variables were tested for associations. The smoking dependency was assessed using the
Fagerstrom score. Scores of 1–2, 3–4, 5–7 and ⩾8 were considered to represent low, low-to-moderate,
moderate and high nicotine dependence, respectively. Population-attributable risk was used to assess the
contribution of smoking in the risk of COPD. The prevalence of COPD among the smokers and
nonsmokers was studied. A confidence interval of 95% was used to estimate the relative and attributable
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Maswa district

(Simiyu region of Tanzania)

(n=400 000)

Mwagala (15 wards) Nunghu (11 wards)

Mbaragane ward

Sulu village

(n=4520)

Mbaragane village

(n=5197)

Mandang'ombe village

(n=3357)

Lalago ward

Gala village

(n=2870)

Lalago village

(n=8326)

Mwakidiga village

(n=3700)

Sengerema (10 wards)

Total population

(n=27 970)

Total study population

(n=869)

Final study population with spirometry for analysis

(n=496)

Excluded:

  70.0% (n=19 579) aged <35 years

  4.8% (n=1345) not resident to the area for >6 months

  0.3% (n=78) mental illness

  3.0% (n=826) active tuberculosis

  6.9% (n=1956) contraindications for performing spirometry

  0.4% (n=114) refused consent

  11.5% (n=3203) not available at home when their household

    was visited

Refused spirometry:

  22% (n=191) needed monetary compensation

  6% (n=52) local belief and fear of spirometry

  7% (n=61) no symptoms, hence did not feel the need

  8% (n=69) felt that spirometry would interfere with routine

FIGURE 1 Flowchart of study population selection.

https://doi.org/10.1183/13993003.00182-2017 4

COPD | N.F. MAGITTA



risks. Relative risk was calculated as the proportion of COPD patients who were ever-smokers versus
the COPD patients who were nonsmokers. The attributable risk was calculated as the difference between
the COPD prevalence among the ever-smokers and the COPD prevalence among the nonsmokers. The
population-attributable risk was calculated as the difference between the COPD prevalence in the
ever-smokers and the COPD prevalence in the total study population. The population-attributable risk
percentage was the proportion of the difference in COPD prevalence in the ever-smokers and the total
population and the COPD prevalence in ever-smokers expressed as a percentage. The relationships
between COPD and associated risk factors were analysed using the Chi-squared test and multiple logistic
regressions to calculate odds ratios. A p-value of <0.05 was considered to be indicative of statistical
significance.

Results
Demographic characteristics
Of the eligible participants, a total of 869 participants (427 females (49.1%)) consented and completed the
questionnaires (figure 1). Of all respondents, 57.1% (496 out of 869) underwent post-bronchodilator
spirometry, of which 53% were male. Over 98% of the spirometry efforts were acceptable. Mean±SD age of
the study population was 51.8±10.6 years. 25.2% (125 out of 496) of the respondents were either ex- or
current smokers. 13 out of the 125 ever-smokers were female. The majority of the respondents had a
primary level of education and normal nutritional status. 99.5% of the study population used biomass fuel
for cooking and heating purposes. 96.4% of the population worked as farmers (table 1).

TABLE 1 Demographic characteristics of responders who completed post-bronchodilator
spirometry and questionnaires

Subjects 496
Sex
Male 263 (53.0)
Female 233 (47.0)

Age years
30–40 23 (4.6)
41–50 236 (47.7)
51–60 134 (27.1)
>60 102 (20.6)

Educational level
Primary education 295 (59.5)
Secondary education 28 (5.6)
Other# 10 (0.2)
No formal education 163 (32.9)

BMI kg·m–2

<18.5 (underweight) 61 (12.3)
18.5–24.9 (normal weight) 321 (64.8)
25.0–29.9 (overweight) 76 (15.4)
⩾30.0 (obese) 37 (7.5)

Smoking status
Never-smoker 371 (male: 151) (74.8)
Ex-smoker 98 (male: 91) (19.8)
Current smoker 27 (male: 21) (5.4)

Occupation
Farming 842 (96.9)
Construction 27 (3.1)

Fuel used¶

Wood 803 (92.4)
Charcoal 130 (14.9)
Crop residues 13 (1.5)
Animal dung 5 (0.6)
Liquefied petroleum gas 3 (0.4)
Kerosene 1 (0.1)
Electricity 1 (0.1)

Data are presented as n or n (%). BMI: body mass index. #: high school, 4 years of college or vocational
training education; ¶: multiple forms of fuel used for cooking and heating within the same household.
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COPD prevalence and risk factors
None of the study participants had a previous diagnosis of COPD. The overall prevalence of COPD was
reported using post-bronchodilator FEV1/FVC <70%, but we also used a definition based on
post-bronchodilator FEV1/FVC <lower limit of normal (LLN) and age-dependent criteria: 1) age<40 years,
post-bronchodilator FEV1/FVC <75%, 2) age 40–60 years, post-bronchodilator FEV1/FVC <70% and 3)
age >60 years, post-bronchodilator FEV1/FVC <65%. The overall prevalence rates based on these three
criteria were 17.5%, 11.1% and 14.9%, respectively. Furthermore, it was shown that males were more
affected than females (OR 1.87, 95% CI 1.2–3.03; p=0.01) (tables 2 and 3). The trend of the prevalence of
COPD showed a direct proportional relationship with age. The risk of COPD increases 4-fold (OR 4.02,
95% CI 1.1–14.7; p=0.016), 9-fold (OR 9.4, 95% CI 4.8–18.3; p<0.0001) and 3-fold (OR 3.2, 95% CI 1.7–
5.8; p<0.0001) with increasing age of 40–50, 50–60 and >60 years, respectively (table 3). 10% (three out of
30) of females developed COPD at age <40 years based on post-bronchodilator FEV1/FVC <70% and this

TABLE 2 Age and sex distribution of chronic obstructive pulmonary disease (COPD) according
to Global Initiative for Chronic Obstructive Lung Disease-defined criteria for airflow limitation

COPD Total

Mild Moderate Severe Very severe

Age 30–40 years
Male 0 (0) 0 (0) 0 (0.00) 0 (0.0) 0
Female 1 (33) 2 (67) 0 (0.00) 0 (0.0) 3
Total 1 (33) 2 (67) 0 (0.00) 0 (0.0) 3

Age 41–50 years
Male 3 (33) 5 (56) 1 (11.1) 0 (0.0) 9
Female 2 (29) 5 (71) 0 (0.00) 0 (0.0) 7
Total 5 (31) 10 (63) 1 (6.3) 0 (0.0) 16

Age 51–60 years
Male 5 (33) 6 (40) 2 (13.3) 2 (13.3) 15
Female 2 (20) 5 (50) 3 (30.0) 0 (0.0) 10
Total 7 (28) 11 (44) 5 (20.0) 2 (8.0) 25

Age >60 years
Male 17 (52) 12 (36) 4 (12.1) 0 (0.0) 33
Female 3 (30) 6 (60) 1 (10.0) 0 (0.0) 10
Total 20 (47) 18 (42) 5 (11.6) 0 (0.0) 43

Total
Male 25 (44) 23 (40) 7 (12.3) 2 (3.5) 57
Female 8 (27) 18 (60) 4 (13.3) 0 (0.0) 30
Total 33 (38) 41 (47) 11 (12.6) 2 (2.3) 87

Data are presented as n (%) or n.

TABLE 3 Associations between chronic obstructive pulmonary disease (COPD) and various risk
factors#

COPD No COPD OR (95% CI) p-value Adjusted OR (95% CI) p-value

Subjects 87 409
Tuberculosis 9 (10.3) 9 (2.2) 5.13 (1.97–13.33) <0.0001 5.93 (2.05–17.18) 0.001
Smoker 33 (37.9) 92 (22.5) 2.11 (1.29–3.44) 0.003 1.39 (0.77–2.53) 0.28
Male 57 (65.5) 206 (50.4) 1.87 (1.16–3.03) 0.01 1.09 (0.61–1.95) 0.782
Female 30 (34.5) 203 (49.6)
Age recode years
30–40 3 (3.4) 20 (4.9)
41–50 16 (18.4) 220 (53.8) 4.78 (1.34–17.10) 0.016 4.02 (1.10–14.66) 0.035
51–60 25 (28.7) 109 (26.7) 9.85 (5.19–18.71) <0.0001 9.35 (4.79–18.25) <0.0001
>60+ 43 (49.4) 60 (14.7) 3.13 (1.74–5.61) <0.0001 3.18 (1.73–5.83) <0.0001

Data are presented as n or n (%), unless otherwise stated. #: as 99.5% of the study population used
biomass for cooking and heating purposes and 94% of the population was engaged in farming as their
occupation, no associations could be calculated with use of biomass and occupation. p<0.05 was
considered to be indicative of statistical significance.
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figure was even higher when using other diagnostic criteria. Of the 27 smokers, only 12 smokers provided
data on the nicotine dependency questionnaire and showed significant dependency based on the
Fagerstrom score, which was significantly associated with the number of years of smoking (p=0.01) (table
4). Cigarette smoking had a population-attributable risk of 17.02% and 14.92% on the prevalence of
COPD based on post-bronchodilator FEV1/FVC <70% and FEV1/FVC <LLN diagnostic criteria for
COPD, respectively. 99.5% of participants were found to have exposure to biomass fuel with comparable
exposure status between COPD patients and non-COPD participants. 92.4% used wood, 14.9% used
charcoal, 1.5% used crop residues and 0.6% used animal dung, while 0.3% used liquefied petroleum gas,
0.1% used electricity and 0.1% used kerosene for cooking and heating purposes (table 1). We did not have
sufficient power to study the risk of biomass fuel smoke exposure for COPD as 99.5% of the total
population was skewed towards the use of biomass fuel. Hence, no definitive association could be
established. A past history of TB was significantly associated with COPD (OR 5.93, 95% CI 2.05–17.18;
p<0.001). The population-attributable risk for smoking in our population was 17.02%.

COPD clinical presentation, medication use, disease control and comorbidity
51.7% of the patients with COPD presented with cough as the main respiratory symptom (table 5). About
85% of both male and female patients with COPD had mild to moderate airway limitation as stratified
under the GOLD classification (table 2). The severity of COPD was significantly associated with cough
(p=0.025), phlegm (p=0.028) and wheezing (p=0.002). Furthermore, the results revealed increased activity
limitation in COPD patients with moderate to severe forms. COPD patients were found to have more

TABLE 4 Association between Fagerstrom-based nicotine dependency# and current cigarette
smoking status#

Variable Dependency Subjects n Mean±SD Mean difference
(95% CI)

p-value

Age years Low-to-moderate 7 57.31±8.15 6.67 (−6.18–19.53) 0.274
Significant 5 50.63±11.96

Cigarette smoking years Low-to-moderate 7 37.7±7.94 12.64 (3.68–21.6) 0.01
Significant 5 24.43±4.83

Pack-years Low-to-moderate 7 11.69±11.84 3.16 (−9.46–15.78) 0.589
Significant 5 8.54±4.88

#: only 12 of the 27 current smokers provided data on nicotine dependence.

TABLE 5 Respiratory symptoms, spirometry indices and rate of exacerbations in the total study
population compared with chronic obstructive pulmonary disease (COPD) patients

Clinical characteristics Total study
population

COPD
patients

Subjects 869 87
Respiratory symptoms
Cough 387 (44.5) 45 (51.7)
Phlegm 290 (33.4) 31 (35.6)
Wheeze 163 (18.8) 28 (32.2)
Shortness of breath 64 (7.4) 13 (14.9)

Presence of respiratory symptoms which led to limitation of activity
or work absenteeism

65 (male: 27) 14 (male: 8)

Frequency of exacerbations in the past 12 months
0 11 (male: 8) 2 (male: 2)
1 5 (male: 2) 1 (male: 0)
2 5 (male: 2) 1 (male: 1)
⩾3 44 (male: 15) 10 (male: 5)

Post-test spirometry measurements#

FVC % pred 97.3±15.7 96.3±20.2
FEV1 % pred 90.4±17.7 72.4±20.2

Data are presented as n, n (%) or mean±SD. FVC: forced vital capacity; FEV1: forced expiratory volume in
1 s. #: n=469 total study population and n=87 COPD patients.
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symptoms of wheeze and shortness of breath than those who did not have COPD based on spirometry
(figure 2). Those individuals without airflow obstruction on spirometry were also found to have
substantial levels of respiratory symptoms, which could be explained by the high use of biomass fuel in the
study population. 14.0% of male COPD patients and 20.0% of female COPD patients had a major
limitation of activity that led to work absenteeism. 16.7% of the female COPD patients were found to have
had three or more exacerbations requiring hospitalisation in the past 12 months, whereas only 8.8% of the
male COPD patients had three or more exacerbations requiring hospitalisation in the past 12 months.

We also assessed for associations of COPD with heart disease, heart failure, hypertension, diabetes, lung
cancer, stroke and pulmonary TB among all responders. The only significant comorbidity associated with
COPD was found to be a past history of TB. In COPD patients, 10% reported having been diagnosed with
pulmonary TB. The overall prevalence of TB in our study was 3.6% and COPD patients had a 5-fold
increase in TB prevalence (OR 5.93, 95% CI 2.05–17.18; p<0.001) (table 3). Notably, only 1.7% of the
study subjects (including both COPD and non-COPD subjects) received medication for respiratory
complaints. Only one female who had COPD was using an inhaler, while all the other COPD subjects
received a single or a combination of oral pills.

Air pollution sampling and monitoring
The current acceptable CO concentration level according to the World Health Organization (WHO) is
9 ppm (10 mg·m−3) over an 8-h period. Our COPD study revealed a mean CO concentration of >9 ppm
in 38% of the households during cooking hours. Both outdoor and indoor CO concentrations were above
the acceptable levels in the majority of households (figure 3). Our study was not powered to examine CO
or other measures of biomass fuel exposure as a risk factor for COPD diagnosis. However, these measures
provide useful contextual data. The association between indoor and outdoor air pollution and COPD will
be discussed in a subsequent article (manuscript in preparation).

Other significant findings
A restrictive pattern on spirometry was found in 9.8% of the study participants (40 out of 496), specifically
among those with a self-reported previous history of TB (11.1% (two out of 18)). Normal spirometry as defined
by FEV1/FVC >0.7 and FVC % pred >80% was found in 74.4% (369 out of 496) of the study participants.

Discussion
Our study is the first study performed in Tanzania to report the burden of COPD among males and
females in a rural setting. Globally, tobacco smoking is recognised as the major risk factor for developing
COPD [7, 23]. Intriguingly, COPD was noted in a relatively young population together with females who
do not smoke due to cultural taboo in Africa, thus highlighting the role of risk factors other than smoking.
Currently, there are no reliable figures for smoking prevalence in Tanzania, with most studies citing
prevalence of smoking in urban settings [24, 25]. There are no data on smoking prevalence in rural
settings. Our study showed the prevalence of ever-smokers to be 25.2%. The prevalence of current smokers
was found to be as low as 5.4%. Although smoking is perceived to be growing rapidly in Tanzania, the
studies on smoking prevalence do not seem to reflect this. Our study reports a low prevalence of tobacco
smoking. Interestingly, we report that the population-attributable risk for smoking in our population is
only 17.02%, which is contrast to the western world. While this may be very region specific, it does
support the observation that COPD prevalence is high even in a low-smoking region, suggesting that other
non-smoking-related factors may be more important. Air pollution and use of biomass fuel in poorly
ventilated households are well-recognised additional risk factors [9, 12, 26].

In our study, 57.1% of respondents presented for spirometry, with >98% of graphs of acceptable quality.
The overall prevalence of COPD was estimated at 17.5% (21.7% in males and 12.90% in females) based on
the post-bronchodilator FEV1/FVC <70% criterion, with males being generally more affected than females.
This criterion was adopted for this study despite the existing diagnostic pitfalls for patients aged <40 and
>60 years [27, 28]. Our findings are in agreement with the existing few studies on COPD conducted in
Africa. A review by FINNEY et al. [29] revealed COPD estimates in sub-Saharan Africa to vary between 4%
and 25% depending on the study population, study design and criteria used for diagnosis. However, as
spirometry is rarely used in the majority of COPD studies conducted in Africa, COPD is likely to be
grossly underreported [30]. A recent survey in Uganda involving subjects aged >30 years revealed a COPD
prevalence of 16.2% (15.4% in males and 16.8% in females) based on FEV1/FVC <LLN [2]. Moreover, a
global survey by LANDIS et al. [31] showed a comparable COPD prevalence of 7–12% in a panel of 12
countries. From these findings it is tempting to conclude, contrary to the common assumption, that the
prevalence of COPD in Tanzania is higher than in developed countries, but is in accordance with the
prevalence reported from other parts of Africa.
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The prevalence of COPD exhibited increased trends with age and male sex in our study, similar to other
previous studies [31]. Also similar to previous studies, cigarette smoking was an important risk factor for
COPD [2, 23]. The fact that 25.2% of responders were smokers could partly explain the observed
predominance of COPD in males. 42% of current smokers had significant nicotine dependency, constituting
an at-risk population who are not likely to quit smoking and thus are prone to develop COPD.

Apart from tobacco smoking, exposure to indoor biomass smoke and occupational exposures, including
farming, are recognised as important risk factors for COPD, especially in developing countries [12]. In our
cohort, we did not find any significant association between the prevalence of COPD and the use of
biomass fuel for cooking or farming as an occupation. However, this does not mean that indoor biomass
smoke and farming were not risk factors for COPD, because in our cohort 99.5% used biomass fuel for
cooking and 96.4% were involved in farming. There was no power in our study to detect any difference
between cases and controls because the control population (not biomass users and not farmers) was too
small to detect any differences and identify indoor biomass smoke and farming as risk factors associated
with COPD. The mean indoor CO levels were >2-fold higher than the WHO safety limit of 9 ppm over
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8 h, which is in agreement with other studies conducted in Africa [32], and indicates that indoor air
pollution due to the burning of biomass fuel may have indeed contributed to the burden of COPD in our
population. It is thus evident that control of indoor pollution should be integrated in the intervention
packages for COPD in Africa [24, 33]. We could not associate the high levels of indoor air pollution with
the type of housing, but we could correlate it with the type of fuel used for cooking and heating. The
association between air pollution and COPD has not been detailed in this article; the correlation between
air pollution levels and respiratory symptoms and COPD will be discussed in a subsequent article
(manuscript in preparation).

Patients with COPD present with a range of respiratory symptoms suggestive of chronic bronchitis and
emphysema. In the current study, cough was the major presenting respiratory symptom. In addition, a
substantial proportion of females with COPD presented with dyspnoea or shortness of breath and
increased frequency of exacerbations, probably indicating severity of disease and a considerably poor
quality of life. Dyspnoea has been shown to be a better predictor of survival than airway limitation [34].
The influence of sex on the progression of COPD remains unknown; however, it has been reported
recently that females exposed to wood smoke exhibit increased bronchial hyperresponsiveness [35].
Stratification of patients under the GOLD classification did not reveal sex differences, but the majority of
patients had mild to moderate airway limitation that was significantly associated with cough, dyspnoea and
wheezing. Intriguingly, patients with severe airway limitation were relatively few amid the patients who
were found to have spirometrically defined COPD. It remains elusive whether this observation is a result
of premature mortality. Interestingly, the study population which did not show airflow limitation on
spirometry also had considerable symptoms. 51.7% of patients with spirometrically defined COPD were
found to have cough, 35.6% had phlegm in the chest which was difficult to bring up, 32.3% had a wheeze,
25% reported shortness of breath, 84.6% reported walking slower than their healthy counterparts, 69.2%
had to stop for breath when walking, 38.5% had to stop for breath when walking just 100 yards (91.4 m)
and 46.2% were short of breath when leaving the house or resting. Compared with the population that did
not show airflow limitation on spirometry, only wheeze was a symptom significantly associated with
COPD, whereas the prevalence of all other symptoms was no different from those subjects who did not
have airflow limitation on spirometry. This leads us to conclude that in the rural setting of Tanzania, the
common symptoms of COPD are sensitive although not really specific. However, studies have shown that
spirometry alone may not be effective in identifying many cases of airflow limitation [36, 37].

Of all assessed comorbidities among COPD patients, 10% were reported to have a history of pulmonary
TB as opposed to the 2.2% TB found in the non-COPD population; this is increasingly reported as a risk
factor for developing COPD [38]. The severe forms and recurrent pulmonary TB cause irreversible airway
damage that results in a reduction of pulmonary function and increased risk of developing COPD [39].
However, TB and COPD may coexist in a patient due to shared risk factors, with the presence of active TB
exacerbating the underlying subclinical COPD [40]. In our study, the prevalence of self-reported past
history of TB was found to be 3.63%. Nine out of 87 COPD patients and nine out of 409 non-COPD
participants self-reported a past history of TB, with a 5.93-fold increased risk (OR 5.93, 95% CI 2.05–
17.18; p<0.001) among COPD subjects. Moreover, the overlap of respiratory symptoms in pulmonary TB
and COPD on the background of inadequate expertise and diagnostic tools may result in misdiagnosis and
inappropriate management. In our study, we found suboptimal management of patients with COPD, often
with less effective drugs, inappropriate routes of drug administration and inadequate duration of
treatment. Notably, only 1.7% of the study subjects (including both COPD and non-COPD subjects)
received medication for respiratory complaints. Only one female who had COPD was using an inhaler,
whereas all the other COPD subjects received a single or a combination of oral pills. Our study also
showed a higher rate of exacerbations and more symptoms in people with mild and moderate disease. It is,
however, interesting to note that only two of the 57 male COPD patients and two of the 30 female COPD
patients received medication for their disease. This could explain the higher frequency of exacerbations
and symptoms even in people with mild and moderate disease. The existing clinical practice exposes
patients to suboptimal therapy, adverse effects and poor health-related quality of life. Furthermore, all
respondents, including COPD patients, were assessed for additional comorbidities such as heart diseases,
heart failure, hypertension, diabetes, lung cancer and stroke.

Our study has some limitations. The high number of nonresponders (43%) could potentially affect the
power of this study. This is also likely to introduce a bias to the study. 43% of the participants refused to
perform spirometry for the following reasons: need for monetary compensation (22%), local belief and
fear of blowing into a spirometer despite repeated reassurances (6%), absence of symptoms and hence not
wanting to perform the test (7%), and a feeling of interference with daily routine (8%). We made every
possible attempt to ensure that all participants would attempt spirometry. However, for the
aforementioned reasons, not all participants were ready to perform spirometry. While we understand that
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this is a limitation, this is the first study performed in Tanzania to determine the prevalence of COPD in
rural Tanzania using post-bronchodilator spirometry.

This was a cross-sectional study that could only identify the prevalence of COPD in the study population
at one point in time. It would be worthwhile exploring if people detected with airflow obstruction have a
greater risk of disease progression. Hence, there is an urgent need to conduct longitudinal studies to
observe the progress of disease to understand any impending risk of disease progression. Similar such
studies would be required in this region to gain a better understanding of the disease process in Tanzania.

Conclusions
This first-ever population-based survey in a predominantly rural setting of Tanzania revealed a high
burden of COPD. The study highlighted major challenges in the diagnosis and treatment of patients with
COPD, largely due to a lack of disease awareness together with a shortage of expertise and diagnostic
tools. These research findings call for an urgent national action plan for the prevention and control of
COPD specifically in the rural areas. The intervention package should include cigarette smoking cessation
programmes, improvement in the design of cooking stoves and kitchens, use of alternative clean energy
together with empowerment of health facilities with skills and capacity for the diagnosis and management
of COPD. Furthermore, in order to effectively plan for a comprehensive national COPD intervention
package, we recommend additional studies to explore the role of outdoor air pollution resulting from
vehicular and industrial emissions on the development of COPD, both in rural as well as urban Tanzania.
We acknowledge that these recommendations are based on prior knowledge of risk factors for COPD
rather than the results of our study. The current smoking cessation campaign is not very robust and
definitely does not percolate into rural Tanzania. Of course smoking intervention is required, but the
current smoking rates for adults in our study are lower than in most countries where smoking cessation
programmes are well established. Biomass burning is a known risk factor for COPD and interventions are
important, but our study was not designed to provide compelling evidence for an association between
biomass burning and COPD prevalence.
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