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Abstract

Background

Data is lacking on outcomes among COPD patients in sub-Saharan Africa. The objective of
the study was to assess the incidence and predictors of mortality among COPD patients
enrolled in the Uganda Registry for Asthma and COPD.

Research question

What is the Incidence and predictors of mortality among COPD patients in Uganda?

Study design and methods

Individuals with a diagnosis of COPD at six hospitals in Uganda were enrolled into the regis-
try, and followed every six months. Mortality was ascertained through post-mortem reports
and verbal autopsies. Mortality rates (MR), mortality rate ratios (MRR), and hazard ratios
(HR) were computed to assess associations between socio-demographic, behavioural, and
clinical characteristics at enrolment into the registry and mortality up to two years after.

Results

We enrolled 296 COPD patients. Median age was 60 years, and 51-3% were male. The
overall mortality rate was 95-90 deaths/1000 person-years. COPD severity by post-bron-
chodilator FEV4 was the strongest risk factor for mortality. Compared to stage 1, adjusted
hazard ratios were as follows for stage 4: 9-86 (95%Cl: 1-70-57-14, p = 0-011), stage 3:
6:16 (95%ClI: 1-25-30-32, p = 0-025), and stage 2: 1-76 (95%Cl: 0-33-9-48, p = 0-51).
Underweight patients had a higher incidence of mortality compared to normal weight
patients (MRR: 3-47 (95%Cl: 1-45-8-31, p = 0-0026).
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Conclusion

Among COPD patients in Uganda, two-year mortality is high, and disease severity at base-
line was the strongest risk factor for mortality. Our findings suggest the need for early, accu-
rate, diagnosis and management of COPD, to potentially improve survival.

Introduction

An estimated 210 million people suffer from Chronic Obstructive Pulmonary Disease (COPD)
globally. COPD is projected to be the third leading cause of death in 2020, and the substantial
number of people suffering from COPD is expected to increase [1, 2]. A preventable chronic
airway disease characterized by progressive airflow limitation, COPD is associated with airway
inflammation [3]. The airflow limitation is irreversible, and patients commonly present with
symptoms of dyspnoea, cough and sputum production in the background of exposure to ciga-
rette smoke or noxious stimuli. COPD is punctuated with episodes of worsened symptoms
that are termed as exacerbations. Patients may be asymptomatic, with clinically significant
COPD starting from GOLD stage II [3], and most patients present when a lot of damage has
already been done.

Globally, it is estimated that 3-17 million deaths were caused by COPD in 2015, which is
about 5% of all deaths globally. Cigarette smoking has been established as the most important
risk factor for COPD in high-income countries, but non-traditional risk factors such as house-
hold air pollution or bio-mass exposure have since been identified in low- and middle-income
countries (LMICs) [4, 5]. COPD has thus evolved to become a disease of smokers and non-
smokers alike, with a prevalence of 3% - 11% in lifelong non-smokers globally [6, 7].

Most data on morbidity and mortality from COPD come from high-income countries,
even though 90% of COPD attributable deaths occur LMICs like Uganda [8]. Studies con-
ducted so far have found a significant burden of COPD in Uganda, with prevalence ranging
from 6-1%- 16-8% among rural participants, and 1-5% in urban participants [9, 10]. In
Uganda, COPD has been found to occur in a significantly younger population, with one study
finding the highest prevalence among people aged 30 to 39 years [5, 6]. Previous studies, most
from high income countries, have found varied factors to be associated with COPD mortality;
these factors include low forced expiratory volume in 1 second (FEV), cardiovascular diseases,
cancer [11, 12], as well as low forced vital capacity (FVC) [13, 14].

There is paucity of data on COPD mortality and predictors of mortality in LMICs, particu-
larly countries within sub-Saharan Africa. Most data used to guide clinical practice in this set-
ting has been generated from high-income countries. The aim of the current study was to
assess the incidence and predictors of COPD mortality in Uganda.

Methods
Design and setting

This was a prospective cohort study nested within the Uganda Registry for Asthma and
Chronic Obstructive Pulmonary Disease (URAC).

In August 2013, the registry began enrolling consecutive physician-diagnosed asthma and
COPD patients attending chest clinics of six tertiary hospitals across Uganda. The URAC was
established in six tertiary hospitals in Uganda, namely Mulago National Referral Hospital,
Mbale Regional Referral Hospital, Hoima Hospital, Arua hospital, and Gulu Hospital. Patients
that came to the facilities with chest symptoms underwent clinical evaluation as per the
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standard of care and those that had history and clinical findings in keeping with COPD under-
went spirometry. For the current study, we only considered COPD patients who presented to
the Mulago National Referral Hospital URAC site. This is currently the only national referral
hospital in Uganda, thus patients referred from across the country present here. Although the
patient population that presents at this facility may be subject to selection bias, we believe the
heterogeneity of the patient population that was seen is representative of the larger population
of Uganda.

At baseline (i.e., the date of enrolment into the registry), each subject that met the clinical
criteria for COPD was requested to undergo spirometry testing according to American Tho-
racic Society/European Respiratory Society (ATS/ERS) guidelines using a Pneumotrac® spi-
rometer with Spirotrac® V software (Vitalograph Ltd., Buckingham, UK). Lung function was
quantified using predicted parameters based on NHANES III models for African-Americans
[15]. Parameters collected were forced vital capacity (FVC), Forced Expiratory Volume in I
second (FEV,), FEV % predicted and FEV,/FVC ratio which was used as part of the diagnosis
of COPD. The spirometer was calibrated daily to ensure accuracy of the measurements.

The process of diagnosing COPD was as follows; First, a COPD diagnosis was made clini-
cally, with a clinician evaluating the patient symptoms, physical findings and exposures they
had in their background, like cigarette smoking and biomass use. The Symptoms evaluated
included cough, chest pain, sputum, wheezing, shortness of breath and body swelling. After a
clinical evaluation by the physician, individuals that had a clinician diagnosis of COPD then
underwent spirometry. Finally, the spirometry diagnosis of COPD was made if the subject had
a post bronchodilator FEV,/FVC of < 0.7. A test was considered acceptable if it met the quality
checks, which included a good start, rise to peak, smooth descent with absence of cough in the
first 1 second and good end of test. For the test to meet the repeatability criteria, the subject
had to have at least two acceptable tests with FVC and FEV; within 150mls of each other. In
addition, we collected information on patient’s socio-demographics, behavioural, and clinical
profiles using a standardised clinical record form (CRF) developed by our team (S1 and S2
Appendices). More detailed Information on risk factors that subjects were exposed to was also
collected to concretize the COPD diagnosis as per GOLD guidelines. Subjects were requested
to return every six months for follow-up.

At follow-up visits, information was collected on respiratory symptoms, vital signs, anthro-
pometry, medications, visits to health facilities and hospitalizations since the last visit. In addi-
tion, spirometry was performed and nurses reminded patients of their next follow-up
appointments. Where necessary, follow-up information was collected by phone. Registry med-
ical officers prescribed and advised treatment based on local practice guidelines. Patients con-
tinued to obtain medications from hospital pharmacies or other health centres, and attended
regular chest clinic visits as requested by attending physicians. The registry did not provide
medications and incentives to participants.

The main outcome was all-cause mortality. For patients who died in hospital, mortality
information was obtained from hospital charts or post-mortem reports. For patients who died
outside the hospital, a verbal autopsy form was used to collect information about the circum-
stances and possible cause of death from relatives or caretakers of the deceased. The verbal
autopsy form was developed using WHO guidelines [16].

Ethical considerations

Ethical approval for URAC was obtained from the Mulago Hospital Research and Ethics Com-
mittee and the Uganda National Council for Science and Technology (MREC number 461).
All COPD patients provided written informed consent prior to enrolment into URAC.
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Statistical analysis

The information included in this manuscript is based on subjects enrolled between August
2013 to April 2016. First, we assessed distributions of baseline socio-demographic (sex, age),
behavioural (tobacco smoking, exposure to biomass) and clinical profiles (COPD severity,
HIV status, previous tuberculosis treatment, hypertension, medication use, blood oxygen satu-
ration (SPO,), body mass index), and summarized them using counts and percentages, means
(and standard deviations), and medians (and interquartile ranges) as appropriate. We com-
puted mortality rates (per 1,000 person-years) over two years of follow-up (using total number
of deaths as the numerator and total follow-up time in years as the denominator); and corre-
sponding mortality rate ratios, and 95% confidence intervals (CI).

We fitted unadjusted and adjusted Cox regression models to assess relative hazards of mor-
tality within two years post-enrolment. The time origin was the date on which each participant
was enrolled into the study, as such there was no late entry. Selection of the final multivariable
Cox regression model was guided by a priori hypotheses about biological plausibility, clinical
relevance, assessment of multicollinearity among selected factors, and comparisons of Akaike
Information Criteria (AIC) within candidate final models. Furthermore, we avoided relying
on a p-value cut-off for selecting risk factors, as potentially important factors were likely to
lack statistical significance in our modest sample size. We assessed whether the proportional
hazards assumption held using a combination of visual comparisons (via Kaplan-Meier
curves) and Schoenfeld tests. From the Schoenfeld test, a non-significant relationship (a ran-
dom pattern) between time and the residuals supports the assumption of proportionality. The
graphs for survival suggested proportionality for all variables except sex over the course of the
two years. Specifically, relative hazards of mortality changed substantially after the first year of
follow-up. As such, and due to substantial differential attrition by sex after the first year of fol-
low-up, we conducted additional analysis in which observations were censored at 1-year post-
enrolment. The proportional hazards assumption held for all variables when outcome assess-
ment was limited to 1-year follow-up. All statistical tests were two-sided with alpha set at 0-05.
Analyses were performed using STATA 14 (Stata Corp, College Station, TX, USA).

Results
Baseline characteristics of COPD patients in the URAC registry

Between August 2013 and April 2016, a total of 296 patients with a physician diagnosis of
COPD were enrolled in the URAC registry (51-:3% male, median age was 60 years (interquar-
tile range: 44-70)). The majority of patients were enrolled at Mulago Hospital Chest Clinic,
Pulmonary Ward or Accident and Emergency Ward (n = 212), and Nsambya Hospital

(n = 30). The remaining 54 patients were enrolled from other hospitals and clinics. While all
patients completed a pre-bronchodilator spirometry at baseline, only 225 (76-0%) successfully
completed post-bronchodilator FEV/FVC readings (Table 1).

Respiratory symptoms were highly prevalent at baseline, with 88-1% reporting cough,
70-9% sputum, 80-4% wheezing, 92-2% shortness of breath, and 72-9% chest pain (Table 1).
With regard to known behavioural risk factors for COPD, 20-9% reported that they had ever
been treated for tuberculosis, 42-9% identified as current or former smokers, and the majority
of participants (92-5%) reported use of biomass—i.e., use of wood, or charcoal for domestic
purposes. In terms of treatment and management of symptoms, a total of 48-7% reported use
of salbutamol inhalers, 10-1% reported use of inhaled corticosteroids, and 8-5% reported use of
combination inhalers (steroids and long-acting beta2-agonists (LABA)). No patient (0%)
reported using long acting muscarinic antagonists (LAMAs) like Tiotropium because they
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Table 1. Characteristics of COPD patients at baseline (n = 296).

Characteristics N (%)
Female 144 (48-7%)
Age, years
Median (IQR) 60 (44, 70)
Marital Status
Single 33 (11-2%)
Married 173 (58-4%)
Separated 32 (10-8%)
Widowed 58 (19-6%)
Employed, yes 140 (47-3%)

Education, highest level

None

41 (13-9%)

Some/Completed Primary

141 (47-8%)

Some/Completed Secondary

64 (21-7%)

Tertiary

49 (16-6%)

Respiratory Symptoms, yes

Cough 261 (88-1%)
Sputum 210 (70-9%)
Wheezing 238 (80-4%)
Shortness of breath 273 (92:2%)
Chest pain 216 (72:9%)
Lung Function (baseline post-bronchodilator FEV,/FVC ratio), %
Median (IQR) 61 (49, 68)
Missing 71 (23-9%)

Severity of COPD by GOLD stage (based on baseline post-bronchodilator FEV,)

Stage 1 (FEV; > 80%)—mild

71 (23-9%)

Stage 2 (FEV, 50-79%)—moderate

86 (29-1%)

Stage 3 (FEV; 30-49%)—severe

49 (16-6%)

Stage 4 (FEV, < 30%)-very severe

19 (6-4%)

Missing

71 (23-9%)

Medications, yes

Salbutamol inhaler

144 (48-7%)

Inhaled corticosteroids

30 (10-1%)

Combination inhalers (steroid, LABA)

25 (8-5%)

Leukotriene modifiers

13 (4:39%)

Any medications for COPD

153 (51-69%)

Risk factors and co-morbid conditions

History of tobacco smoking

Never smoked tobacco

169 (57-1%)

Former tobacco smoker

89 (30-1%)

Current tobacco smoker

38 (12-8%)

Use of biomasst, yes

274 (92-6%)

Ever been treated for TB, yes

62 (20-9%)

HIV status 31 (10-4%)
Positive 31 (10-5%)
Negative 241 (81-4%)
Unknown 24 (8:1%)

Nasal congestion or rhinorrhea, yes

156 (52-7%)

(Continued)
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Table 1. (Continued)

Characteristics N (%)
Heart burn, yes 168 (56-7%)
Body mass index (BMI), kg/mz, (median and IQR) 214 (19-1, 25-0)

Underweight (BMI < 18-5 kg/m?), % 58 (19-7%)
Normal weight (BMI 18-5 to 24-99 kg/mz), % 165 (55-9%)
Overweight (BMI 25kg/m* to 29-99 kg/m?), % 42 (14-2%)
Obese (BMI > 30 kg/m?), % 30 (10-2%)
Hypertensive, i-e-, SBP/DBP cutoff 140/90 mmHg 101 (34-1%)
SPO,, % (median and IQR) 96 (92, 98)

Number of moderate/severe exacerbations (within the past one year)
<3 194 (65-8%)
>3 101 (34-2%)

Abbreviations used in the table: BMI: body mass index; COPD: chronic obstructive pulmonary diseases; CS:
Corticosteroid; DBP: diastolic blood pressure; FEV: forced expiratory volume in the first second; FVC: forced vital
capacity; IQR: interquartile range; LABA: long acting beta2 agonist; SBP: systolic blood pressure; TB: tuberculosis;
SPO,: peripheral capillary oxygen saturation, %.

Biomass refers to wood and charcoal (typically used for cooking purposes).

https://doi.org/10.1371/journal.pone.0246850.t001

were largely unavailable in the country at time of the study. Among the 225 participants who
completed acceptable post-bronchodilator spirometry readings at baseline, median post-bron-
chodilator FEV,/FVC reading was 61%, with an interquartile range of 49% to 68%.

Incidence of mortality

Fig 1 illustrates the probability of survival over two years. Deaths were registered for a total of
33 (11-2%) patients, translating into an overall mortality rate of 95-90 deaths per 1000 person-
years. Cumulative incidence of death (Kaplan-Meier estimate) was 16-39% over two years.

Predictors of mortality

In Table 2, we present mortality rates (MR) and mortality rate ratios (MRR) according to
patients’ characteristics.

These MR and MRR were from sub-group analysis of the 84-5% participants (250/296) who
returned for at least one subsequent clinic visit, or whose survival status could be ascertained
at a later time. Severity by post-bronchodilator FEV; was prognostic for mortality. Specifically,
MRR and corresponding 95% CI were as follows for GOLD stage 3 [MRR = 4-07 (0-97, 23-85)]
and for GOLD stage 4 [MRR = 7-41 (1-58, 45-84)]. We observed higher, but not statistically
significant MR per 1,000 person-years for males compared to females (113-63 vs. 79-88), as
well as for former and current smokers (118.36 and 181.47) compared with those who have
never smoked (72-24).

In Table 3, we present results of the Cox regression models over two years.

Results of the Schoenfeld test showed that the proportional hazards assumption held for all
factors in the final model except sex (rho = 0-607, p = 0-0042), indicating an increasing log-
hazard ratio over time. In the multivariable Cox regression model, severity by COPD GOLD
stage at baseline was the strongest predictor of mortality. Compared to GOLD stage 1, HR for
GOLD stage 3 was 6-16 (95% CI: 1-25, 30-32, p = 0-025), and for GOLD stage 4, HR = 9-86
(95% CI: 1-70, 57-14, p = 0-011). In the unadjusted model, being underweight at baseline was
associated with higher rate of mortality, compared with being of normal weight at baseline;
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Fig 1. Survival probability among COPD patients over 2 years (n = 250).
https://doi.org/10.1371/journal.pone.0246850.9001

Table 2. Mortality rates and mortality rate ratios among COPD patients, stratified by baseline characteristics.

Characteristic Number of COPD Number of Total follow-up Mortality rate® Mortality rate p-
patients, N, % deaths N (row) | time (in person- (Deaths /1000 p- ratio, (95% CI) | value
(column) years) years)
Overall 250 32 333-67 95-90 -- --
Sex
Female 123 (49-2%) 14 175-26 79-88 1-0 (Ref)
Male 127 (50-8%) 18 158-41 113-63 1-42 (0-67, 3-09) 0-32
Age in years
<35 33 (13-2%) 3 47-84 62-71 1.0 (Ref)
35-44 25 (10-0%) 1 35-43 28-22 0-45 (0-01, 5-60) 0-54
45-54 43 (17-2%) 8 5636 141-95 2.26 (0-54,13-24) | 0-23
55-64 55 (22-0%) 7 73-89 94-73 1-51 (0-34, 9-05) 0-58
65+ 94 (37-6%) 13 120-15 108.20 1-73 (0-47, 9-44) 0-41
Severity of COPD by GOLD stage (based on
baseline post-bronchodilator FEV,)
Stage 1 (FEV; > 80%)—Mild 59 (23-6%) 3 79-95 37-52 1-0 (Ref)
Stage 2 (FEV; 50-79%)—Moderate 73 (29-2%) 5 97-16 51-46 1-37 (0-27, 8-83) 0-69
Stage 3 (FEV; 30-49%)—Severe 40 (16:0%) 8 52:32 15291 4-07 (0-97,23-85) | 0-032
Stage 4 (FEV; < 30%)-Very Severe 17 (6-8%) 6 21-55 278-37 7-41 (1-58, 45-84) | 0-0047
Missing 61 (24-4%)

(Continued)
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Table 2. (Continued)

Characteristic Number of COPD Number of Total follow-up Mortality rate® Mortality rate p-
patients, N, % deaths N (row) | time (in person- (Deaths /1000 p- ratio, (95% CI) | value
(column) years) years)
History of tobacco smoking
Never smoked tobacco 147 (58-8%) 15 207-65 7224 1-0 (Ref)
Former tobacco smoker 75 (30-0%) 11 92.93 118.36 1.64 (0.68,3.82) | 0.22
Current tobacco smoker 28 (11-2%) 6 33.09 181.47 2.51 (0.80, 6.85) 0.08
Exposure to biomass
No 18 (7-2%) 3 1816 165-18 1-0 (Ref)
Yes 232 (92-8%) 29 315-51 91-92 0-56 (0-17,2-85) | 0-35
Use of any COPD medications (salbutamol inhaler,
inhaled corticosteroids, Combined CS/LABA,
Leukotriene modifiers
No 120 (48-0%) 13 15815 82:0 1.0 (ref) 0-44
Yes 130 (52-0%) 19 175-16 108-47 1-32 (0-62, 2-91)
HIV status
Negative 202 (80-8%) 25 262-58 95-21 1-0 (Ref)
Positive 27 (10-8%) 6 32-01 187-44 1-97 (0-66,4-91) | 0-16
Unknown 21 (8-4%) 1 39-08 25-58 0-27 (0-01,1-64) | 0-16
Previous TB treatment
No 197 (78-8%) 24 264-21 90-83 1.0 (Ref)
Yes 53 (21-2%) 8 69-46 115-17 1-27 (0-49,2-92) | 0-55
Hypertensive (140/90 mmHg criteria)
No 88 (35-2%) 24 21679 110-71 1-0 (Ref)
Yes 162 (64-8%) 8 116-88 68-45 0-62 (0-24, 1-42) 0-24
SPO,. %
>90 248 (83-8%) 21 76-84 27332 1-0 (Ref)
<90 45 (15-2%) 9 159-30 56-50 2-07 (0-84,4-72) | 0-082
BMI categories
Underweight (BMI < 18-5 kg/mz) 53 (21-3%) 13 59-32 219-16 3-47 (1-45, 8-31) | 0-0026
Normal weight (BMI 18.5 to 24.99 kg/mz) 136 (54-6%) 12 189-99 63-16 1-0 (Ref)
Overweight (BMI 25kg/m? to 29.99 kg/m?) 35 (14-1%) 4 4675 8557 1-35(0-32,447) | 0-59
Obese (BMI > 30 kg/mz) 25 (10-0%) 3 36-46 82.-28 1-30 (0-24,4-83) | 0-66
Number of moderate or severe exacerbations at
baseline (within one year prior to baseline)
<3 166 (66-4%) 20 223-15 89-63 1-0 (Ref)
>3 83 (33-2%) 12 108-52 110-57 1-23 (0-55,2-65) | 0-56

https://doi.org/10.1371/journal.pone.0246850.t002

however, the association was not statistically significant in the multivariable model (HR = 1-91
(95% CI: 0-61, 6-01, p = 0-27). When we added use of any COPD medications at baseline into
the model, we observed higher relative hazard of death with medication use (HR = 2-72 (95%
CI: 0-97, 7-65, p = 0-057), without substantial changes to the hazard ratios of the other variables
in the model (not shown in tables). Figs 2 and 3 show Kaplan-Meier curves for survival proba-

bility by COPD GOLD stage and underweight (log-rank test for both comparisons were

p<0-0001). A sub-analysis of only participants with a self-reported HIV positive or negative

status (n = 172), and controlling for previous tuberculosis treatment suggested higher HR of
death among HIV positive individuals compared to HIV negative individuals (HR: 5-09; 95%

CI: 1-43, 18-08, p = 0-012). Due to limited variation in biomass use (92-6% were biomass
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Table 3. Unadjusted and multivariable adjusted hazard ratios for mortality among COPD patients across two years.

Characteristics Crude Adjusted
HR 95% CI P-value HR 95% CI P-value

Sex: Female vs. Male 0-71 0-35, 1-42 0-33 0.56 0-18,1-76 0-32
Age in years 1-01 0-99, 1-03 0.41 1-01 0-98 1-05 0.35
Severity of COPD by GOLD stage (based on baseline post-bronchodilator FEV,)

Stage 1 REF REF

Stage 2 1-36 0-33,5:76 0-67 1-76 0-33,9-48 0-51

Stage 3 4-01 1-06,15-11 0-040 6-16 1-25, 30-32 0-025

Stage 4 7-20 1-80, 28-79 0-0050 9-86 1.70, 57-14 0-011
Hypertensive: Yes vs. No 0-62 0-28,1-37 0-24 0-56 0-18,1-72 0-31
BMI categories (kg/m?)

Normal weight (BMI 18-5-24-99 kg/m?) REF REF

Underweight (BMI < 18-5 kg/mz) 3.73 1-68, 8-:30 0-0010 191 0-61, 6-:01 0-27

Overweight/obese (BMI 225kg/m2) 1-46 0-56, 3-84 0-44 1-52 0-43, 5-41 0-52
History of tobacco smoking

Never smoked tobacco REF REF

Former tobacco smoker 1-63 0-75, 3-54 0-22 0-37 0-10, 1-38 0-14

Current tobacco smoker 2-55 0-988, 6-58 0-053 122 0-30, 491 0-78
SPO, level: <90% vs. 90% (Ref) 2-13 0-98, 4-66 0-057 1-34 0-45, 3-98 0-60

Multivariable adjusted model included all variables in the table; HR: Hazards Ratio.
Overweight and obese BMI categories were collapsed due to few events within the obese category.

https://doi.org/10.1371/journal.pone.0246850.t003
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Fig 2. Survival probability according to COPD severity (staging by baseline post-bronchodilator FEV,).
https://doi.org/10.1371/journal.pone.0246850.9002
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Fig 3. Survival probability according to underweight status.
https://doi.org/10.1371/journal.pone.0246850.g003

users), we were unable to examine the association of this variable with mortality in the adjusted
Cox models.

In Table 4, we present results of Cox regression analysis with all observations censored after
one year of follow-up.

The proportional hazards assumption held for all variables, and women had a much lower
relative hazard of death compared to men (HR: 0-18, 95% CI: 0-021, 0-64, p = 0-014). More-
over, although not statistically significant, hazards ratios were congruent with higher mortality
by COPD GOLD stage 4, and by underweight status. We present baseline differences in men
and women within S1 Table. Of note, at baseline, women had better median baseline lung
function, were less likely to smoke tobacco, but reported more wheezing.

Discussion

This is one of the first observational prospective studies evaluating mortality among COPD
patients in Uganda. We assessed data for a total of 296 COPD patients. Median age was 60
years (interquartile range: 44-70). The cumulative incidence of death using Kaplan Meier esti-
mates was 16-39% over the study period, and COPD GOLD stage severity (using baseline post-
bronchodilator FEV ) was the strongest predictor of mortality, followed by underweight status.
Mortality rates were 79-9/1000 person-years and 113-6/1000 person-years for females and
males, respectively.

The cumulative incidence of death of 16.39% among COPD patients observed in our study
was high, but comparable to the TORCH and UPLIFT study, and much lower than some
study findings such as the BOLD study in South Africa. The TORCH study was a randomised
double-blind clinical trial carried out across 444 centres in 42 countries including the United
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Table 4. Multivariable adjusted hazard ratios for mortality among COPD patients, for the first year under
observation.

Characteristics Period (baseline to year 1)
HR 95%CI P-value

Sex: Female vs. Male (Ref) 0-18 | 0-021,0-64 | 0-014
Age in years 1-02 | 0-98,1-07 0.24
Severity of COPD by GOLD stage (based on baseline post-bronchodilator FEV,)

Stage 2 vs. Stage 1 2-59 | 0-25,26-48 0-42

Stage 3 vs. Stage 1 9-59 | 1-03,89-01 | 0-047

Stage 4 vs. Stage 1 6-67 | 0-53,84-11 0-14
Hypertensive: Yes vs. No (Ref) 0-49 | 0-11,2-08 0-13
BMI categories (kg/m?)

Normal weight (BMI 18-5-24-99 kg/m?) REF -- --

Underweight (BMI < 18-5 kg/m?) 1-86 | 0-49,7-12 0-36

Overweight/obese (BMI >25kg/m°) 0-64 | 0-072, 5-67 0-67
Smoking history

Never smoked tobacco REF -- --

Former tobacco smoker 0-25 | 0-05,1-19 0-082

Current tobacco smoker 0-81 | 0-17,3-92 0-79
SPO, level: <90% vs. >90% (Ref) 2-37 | 0-65,8:61 0-19

Multivariable adjusted model included all variables in the table; HR: hazards ratio.

Overweight and obese BMI categories were collapsed due to few individuals within the overweight category.

https://doi.org/10.1371/journal.pone.0246850.t1004

States of America, and countries in eastern Europe, western Europe and Asia-Pacific. The
study evaluated the effect of long-acting beta agonists and inhaled corticosteroids on survival
in COPD patients over a period of three years. All-cause mortality rate was 12-6% for the com-
bination therapy group, 13-5% for the salmeterol group, 16.0% for the fluticasone group, and
15-2% for the placebo group. Although the study setting and design differed from ours (RCT
vs cohort), and the population involved had largely been smokers, the mortality rates were
comparable to our population [12]. Similarly, in the UPLIFT study, which was a randomised
placebo control study evaluating long term effects of tiotropium therapy on COPD patients,
patients were followed for a period of four years for primary end points of rate of decline of
FEV, before and after bronchodilation beginning at day 30, and secondary end points
included mortality. They observed a mortality rate of 14-9% in the tiotropium group and
16-5% in the placebo group, though both of the above-mentioned studies did not evaluate or
account for biomass exposure [17], which would be rare in the setting that participants were
recruited from.

Conversely, our mortality rate was lower than that found in some studies such as the BOLD
study in South Africa, where 107 patients with COPD were followed up for a period of 5 years
and mortality rate was found to be 23% [18]. The difference in mortality with the BOLD study
could have been the length of follow up, having evaluated their outcomes over a five-year fol-
low-up period compared to the two years period for our study. Similarly, a longitudinal study
conducted in the primary health care setting in Greece by Markos et al, in which 263 partici-
pants with COPD were followed up for two years, found a mortality rate of 27.9% [19]. While
the study by Markos and colleagues had the same follow-up period as ours (two years), the
higher mortality observed within their study could have been due to their older patient popula-
tion (median age of 74 years vs. median age of 60 years in URAC). As with our study, the high-
est proportion of participants in both the BOLD study, and the study by Markos and
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colleagues had moderate COPD. Within the Ugandan setting, biomass exposure was the most
ubiquitous exposure, with 92% of the participants having a history of biomass exposure, com-
pared to cigarette smoking where only 41.2% of the participants had ever smoked. In contrast,
the BOLD study had cigarette smoking as the predominant exposure among their participants,
with 56.1% of them being current smokers and another 31.8% being ex-smokers. Similarly, the
study by Markos et al also had cigarette smoking as the most prevalent exposure with 50.85%
and 49.15% of the participants being current and ex-smokers respectively.

We observed a higher mortality rate for males than for females, though not statistically sig-
nificant, similar to findings by Torres et al, who evaluated differences in COPD mortality
between women and men across five countries (USA, Spain, Chile, Uruguay, Venezuela)
where 265 females were enrolled between 1997 and 2006, and 272 matched males by region,
BODE index and COPD stage enrolled and followed up for more than one year. The authors
found higher all-cause mortality of 40% versus 18%, and respiratory-cause mortality of 24%
versus 10% in males versus females respectively [20]. There are a number of possible explana-
tions for this. As we observed, men were more likely to be at a later COPD GOLD stage than
women and were more likely than females to be lost to follow-up after the first year, suggesting
that men may be accessing care at a point when the disease process is much further along and
thus may be more likely to deteriorate. The disease process may also be different overall in
men and women, given that a combination of both tobacco smoking and biomass exposure
could have an additive effect on the pathogenesis of COPD [21]. However Ringbaek et al who
analysed mortality among 869 COPD patients seeking pension who were followed up for a
mean period of 13-3 years found a higher standardized mortality rate in females than in males,
with standardized mortality rates of 2-7 (2-5-3-0) in males compared to 4-8 (4-2-5-4) in
females [22].

We noted important differences between male and female participants at baseline, with sig-
nificantly more males having a tobacco smoking history compared to females (64-5% versus
20-1%), as well as greater COPD GOLD stage severity. After adjusting for covariates, males
had significantly higher relative hazard of death compared to women in the first year, but not
in the entire two-year period.

We found that the predictors with the greatest strengths of association after controlling for
relevant covariates were GOLD stages of COPD severity, followed by underweight status. The
association of being underweight with mortality is similar to findings in other studies
highlighted in a meta-analysis by Yibin Guo and team [23]. This has been postulated to be due
to impaired gaseous exchange, respiratory muscle weakness, impaired immune response, and
loss of metabolically and functionally active fat-free mass in patients with low body mass [24].
Some studies have demonstrated other parameters as being stronger predictors of mortality,
like exacerbation history [25]. Additionally, the BODE index (body mass index (B), airflow
obstruction (O), dyspnoe (D), and exercise capacity (E)), has been demonstrated to be a better
tool for measuring risk of mortality among these patients [26], but is challenging to use in clin-
ical practice because of the requirement for a field exercise test.

We observed high prevalence of co-morbidity with cardiovascular disease (hypertension),
which is in keeping with other studies globally that have found the most prevalent co-morbid-
ity in COPD patients to be cardiovascular disease, though the direction of the association
appeared to be counterintuitive, probably because they received treatment. Although we are
unable to exhaustively examine biomass exposure as a risk factor due to lack of exposure varia-
tion in our sample, we believe that efforts to reduce biomass exposure, with as much effort as
is done for smoking cessation, could also potentially lead to reduction of lung function decline
among COPD patients, particularly in low and middle-income countries with high prevalence
of household biomass usage.
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The strengths of the study are that we used a prospective approach, and as such are able to
establish temporality between the socio-demographic, behavioural, and clinical factors and the
outcome. Our study provides seminal information on factors associated with mortality among
COPD patients within Uganda.

Despite the prospective study design, our findings should be interpreted within the context
of certain limitations. We experienced substantial attrition in number of patients returning for
follow-up visits after the first year of the study, which limited statistical power to examine asso-
ciations between the first and second year. We did not use a random sampling of COPD
patients within the general population, but rather relied on a convenience sample of COPD
patients who were visiting the health facilities and were willing to participate. Therefore, our
findings are likely to have limited generalizability for patients seeking care outside of the hospi-
tal system. Due to our relatively small sample size, estimates are at times imprecise, particularly
within the multivariable adjusted models.

Conclusion

We have reported evidence on the incidence and the predictors of mortality among COPD
patients in Uganda, which are more advanced disease by GOLD stage and low BMI. Preventa-
tive measures aimed at reducing biomass exposure, and early diagnosis by increasing aware-
ness, establishment of diagnostic capacity in health facilities and screening those at risk in the
population could potentially reduce incidence of COPD and capture those with early disease,
and give opportunity for early intervention to reduce mortality. Among diagnosed COPD
patients, non-pharmacological management approaches like diet that address BMI should be
diligently incorporated into the management approaches of COPD patients in this setting to
reduce mortality. More robust prospective studies are still needed in this setting to assess, as
well as explain potential biological and social mechanisms from risk factors to mortality, put-
ting into consideration factors such as exercise capacity, degree of dyspnoea, and biomarkers
such as fibrinogen and troponins.

Supporting information

S1 Table. Comparison of baseline characteristics among men and women.
(DOCX)

S1 Appendix.
(PDF)

S$2 Appendix.
(PDF)

Acknowledgments

We thank all participants and the clinic team involved in the Uganda Registry of Asthma and
COPD.

Author Contributions

Conceptualization: Bruce Kirenga.

Data curation: Abdallah Mahofa, Winceslaus Katagira.

Formal analysis: Adaeze C. Wosu, Levicatus Mugenyi, Daniel Semakula.

Funding acquisition: Bruce Kirenga.

PLOS ONE | https://doi.org/10.1371/journal.pone.0246850 February 11, 2021 13/15


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0246850.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0246850.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0246850.s003
https://doi.org/10.1371/journal.pone.0246850

PLOS ONE

COPD mortality and predictors in a low and middle income country setting

Methodology: Bruce Kirenga.

Supervision: Patricia Alupo, Bruce Kirenga.

Writing - original draft: Patricia Alupo, Adaeze C. Wosu, Winceslaus Katagira.

Writing - review & editing: Patricia Alupo, Adaeze C. Wosu, Abdallah Mahofa, Levicatus

Mugenyi, Daniel Semakula, Winceslaus Katagira, Bruce Kirenga.

References

1.

10.

11.

12

13.

14.

15.

16.
17.

Lange P, Marott JL, Vestbo J, et al. Prediction of the clinical course of chronic obstructive pulmonary
disease, using the new GOLD classification: a study of the general population. Am J Respir Crit Care
Med. 2012; 186(10):975-81. https://doi.org/10.1164/rccm.201207-12990C PMID: 22997207

Lopez AD, Mathers CD, Ezzati M, et al. Global and regional burden of disease and risk factors, 2001:
systematic analysis of population health data. Lancet. 2006; 367(9524):1747-57. https://doi.org/10.
1016/S0140-6736(06)68770-9 PMID: 16731270

Strategy G, The FOR, Of P, Obstructive C, Disease P. Global Initiative for Chronic Obstructive L ung D
isease.

Siddharthan T, Grigsby MR, Goodman D, 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; 197(5):611-20. https://doi.org/10.1164/rccm.201709-18610C PMID:
29323928

Montes de Oca M, Zabert G, Moreno D, et al. Smoke, biomass exposure, and COPD risk in the primary
care setting: The PUMA study. Respir Care. 2018; 62(8):1058—66.

Buist AS, McBurnie MA, Vollmer WM, et al. International variation in the prevalence of COPD (the
BOLD Study): a population-based prevalence study. Lancet. 2007; 370(9589):741-50. https://doi.org/
10.1016/S0140-6736(07)61377-4 PMID: 17765523

Eisner MD, Anthonisen N, Coultas D, et al. An official American Thoracic Society public policy state-
ment: Novel risk factors and the global burden of chronic obstructive pulmonary disease. Am J Respir
Crit Care Med. 2010; 182(5):693—-718. https://doi.org/10.1164/rccm.200811-1757ST PMID: 20802169

Mufunda J, Chatora R, Ndambakuwa Y, et al. Emerging non-communicable disease epidemic in Africa:
preventive measures from the WHO Regional Office for Africa. Ethn Dis. 2006; 16(2):521-6. PMID:
17682258

Siddharthan T, Grigsby M, Morgan B, et al. Prevalence of chronic respiratory disease in urban and rural
Uganda. Bull World Health Organ. 2019; 97(5):318-27. https://doi.org/10.2471/BLT.18.216523 PMID:
31551628

Gemert F Van, Kirenga B, Chavannes N, et al. Prevalence of chronic obstructive pulmonary disease
and associated risk factors in Uganda (FRESH AIR Uganda): a prospective cross-sectional observa-
tional study. Lancet Glob Heal [Internet]. 3(1):e44-51. Available from: https://doi.org/10.1016/S2214-
109X(14)70337-7 PMID: 25539969

Sin DD, Anthonisen NR, Soriano JB, et al. Mortality in COPD: role of comorbidities. Eur Respir J. 2006;
28(6):1245-57. https://doi.org/10.1183/09031936.00133805 PMID: 17138679

McGarvey LP, John M, Anderson JA, et al. Ascertainment of cause-specific mortality in COPD: opera-
tions of the TORCH Clinical Endpoint Committee. Thorax. 2007; 62(5):411-5. https://doi.org/10.1136/
thx.2006.072348 PMID: 17311843

Kannel WB, Hubert H, Lew EA. Vital capacity as a predictor of cardiovascular disease: the Framingham
study. Am Heart J. 1983; 105(2):311-5. https://doi.org/10.1016/0002-8703(83)90532-x PMID: 6823813

Fried LP, Kronmal RA, Newman AB, et al. Risk factors for 5-year mortality in older adults: the Cardio-
vascular Health Study. Jama. 1998; 279(8):585-92. https://doi.org/10.1001/jama.279.8.585 PMID:
9486752

Hankinson JL, Odencrantz JR, Fedan KB. Spirometric reference values from a sample of the general
US population. Am J Respir Crit Care Med. 1999; 159(1):179-87. https://doi.org/10.1164/ajrccm.159.1.
9712108 PMID: 9872837

Candidate R. Verbal autopsy standards: 2012;

Fong P, Boss D, Yap T,et al, Mergui-Roelvink M. New England Journal CREST. Science (80-).
2010;609-19.

PLOS ONE | https://doi.org/10.1371/journal.pone.0246850 February 11, 2021 14/15


https://doi.org/10.1164/rccm.201207-1299OC
http://www.ncbi.nlm.nih.gov/pubmed/22997207
https://doi.org/10.1016/S0140-6736%2806%2968770-9
https://doi.org/10.1016/S0140-6736%2806%2968770-9
http://www.ncbi.nlm.nih.gov/pubmed/16731270
https://doi.org/10.1164/rccm.201709-1861OC
http://www.ncbi.nlm.nih.gov/pubmed/29323928
https://doi.org/10.1016/S0140-6736%2807%2961377-4
https://doi.org/10.1016/S0140-6736%2807%2961377-4
http://www.ncbi.nlm.nih.gov/pubmed/17765523
https://doi.org/10.1164/rccm.200811-1757ST
http://www.ncbi.nlm.nih.gov/pubmed/20802169
http://www.ncbi.nlm.nih.gov/pubmed/17682258
https://doi.org/10.2471/BLT.18.216523
http://www.ncbi.nlm.nih.gov/pubmed/31551628
https://doi.org/10.1016/S2214-109X%2814%2970337-7
https://doi.org/10.1016/S2214-109X%2814%2970337-7
http://www.ncbi.nlm.nih.gov/pubmed/25539969
https://doi.org/10.1183/09031936.00133805
http://www.ncbi.nlm.nih.gov/pubmed/17138679
https://doi.org/10.1136/thx.2006.072348
https://doi.org/10.1136/thx.2006.072348
http://www.ncbi.nlm.nih.gov/pubmed/17311843
https://doi.org/10.1016/0002-8703%2883%2990532-x
http://www.ncbi.nlm.nih.gov/pubmed/6823813
https://doi.org/10.1001/jama.279.8.585
http://www.ncbi.nlm.nih.gov/pubmed/9486752
https://doi.org/10.1164/ajrccm.159.1.9712108
https://doi.org/10.1164/ajrccm.159.1.9712108
http://www.ncbi.nlm.nih.gov/pubmed/9872837
https://doi.org/10.1371/journal.pone.0246850

PLOS ONE

COPD mortality and predictors in a low and middle income country setting

18.

19.

20.

21.

22,

23.

24,

25.

26.

Allwood BW, Gillespie R, Bateman M, Olckers H, Taborda-Barata L, Calligaro GL, et al. Five-year fol-
low-up of participants diagnosed with chronic airflow obstruction in a south african burden of obstructive
lung disease (BOLD) survey. South African Med J. 2018; 108(2):138—43.

Minas M, Verrou-Katsarou |, Mystridou P,et al. Two-year mortality of patients with COPD in primary
health care: An observational study. Int J Gen Med. 2012; 5:815-22. https://doi.org/10.2147/IJGM.
S27411 PMID: 23055771

De Torres JP, Cote CG, Lopez M V., et al. Sex differences in mortality in patients with COPD. Eur
Respir J. 2009; 33(3):528—-35. https://doi.org/10.1183/09031936.00096108 PMID: 19047315

Olloquequi J, Jaime S, Parra V, et al. Comparative analysis of COPD associated with tobacco smoking,
biomass smoke exposure or both. Respir Res. 2018; 19(1):1-8. https://doi.org/10.1186/s12931-017-
0698-3 PMID: 29295703

Ringbaek T, Seersholm N, Viskum K. Standardised mortality rates in females and males with COPD
and asthma. Eur Respir J. 2005; 25(5):891-5. https://doi.org/10.1183/09031936.05.00099204 PMID:
15863648

GuoY, Zhang T, Wang Z, et al. Body mass index and mortality in chronic obstructive pulmonary dis-
ease. 2016;(June): 1-6.

Schols AMWJ, Broekhuizen R, Weling-Scheepers CA,. Body composition and mortality in chronic
obstructive pulmonary disease. Am J Clin Nutr. 2005; 82(1):53-9. https://doi.org/10.1093/ajcn.82.1.53
PMID: 16002800

Cardoso J, Coelho R, Rocha C, et al. Prediction of severe exacerbations and mortality in COPD The
role of exacerbation history and inspiratory capacity/total lung capacity ratio. Int J COPD. 2018;
13:1105-13. https://doi.org/10.2147/COPD.S155848 PMID: 29670346

Celli BR, Cote CG, Marin JM, et al. The Body-Mass Index, Airflow Obstruction, Dyspnea, and Exercise
Capacity Index in Chronic Obstructive Pulmonary Disease. N Engl J Med. 2004; 350(10):1005-12.
https://doi.org/10.1056/NEJMoa021322 PMID: 14999112

PLOS ONE | https://doi.org/10.1371/journal.pone.0246850 February 11, 2021 15/15


https://doi.org/10.2147/IJGM.S27411
https://doi.org/10.2147/IJGM.S27411
http://www.ncbi.nlm.nih.gov/pubmed/23055771
https://doi.org/10.1183/09031936.00096108
http://www.ncbi.nlm.nih.gov/pubmed/19047315
https://doi.org/10.1186/s12931-017-0698-3
https://doi.org/10.1186/s12931-017-0698-3
http://www.ncbi.nlm.nih.gov/pubmed/29295703
https://doi.org/10.1183/09031936.05.00099204
http://www.ncbi.nlm.nih.gov/pubmed/15863648
https://doi.org/10.1093/ajcn.82.1.53
http://www.ncbi.nlm.nih.gov/pubmed/16002800
https://doi.org/10.2147/COPD.S155848
http://www.ncbi.nlm.nih.gov/pubmed/29670346
https://doi.org/10.1056/NEJMoa021322
http://www.ncbi.nlm.nih.gov/pubmed/14999112
https://doi.org/10.1371/journal.pone.0246850

