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Take home message:

High indoor PM2.5 levels could explain elevated COPD prevalence in rural, high altitude

settings: prevention is key!



Abstract

Studies comparing COPD prevalence across altitudes report conflicting results. Yet,
household air pollution, a major COPD risk factor, was mostly not accounted for in previous
analyses and never objectively measured. We aimed to compare the prevalence of COPD and
its risk factors between low-resource highlands and lowlands, with a particular focus on

objectively-measured household air pollution.

We conducted a population-based, observational study in a highland (~2050m) and lowland
(~750m) setting in rural Kyrgyzstan. We performed spirometry in randomly selected
households, measured indoor particulate matter <2.5um (PM2s), and administered a
questionnaire on other COPD risk factors. Descriptive statistics and multivariable logistic

regressions were used for analyses.

We included 392 participants: 199 highlanders and 193 lowlanders. COPD was more
prevalent among highlanders (36.7% vs. 10.4%,p<0.001). Also, their average PM2 s-exposure
was higher (290.0 vs. 72.0 pg/m?®,p<0.001). Besides high PMzs-exposure (OR 3.174;95%Cl
1.061-9.493), the altitude setting (3.406;1.483-7.825), pack years (1.037;1.005-1.070), and

age (1.058;1.037-1.079) also contributed to a higher COPD prevalence among highlanders.

COPD prevalence and household air pollution were highest in the highlands and were
independently associated. Preventive interventions seem warranted in these low-resource,
highland settings. With this study being one of the first spirometry-based prevalence studies

in Central-Asia, generalisability needs to be assessed.



Introduction

Chronic obstructive pulmonary disease (COPD) is the world’s third leading cause of death,
accounting for 5.7% of all deaths globally[1, 2]. Over 90% of COPD-related deaths occur in
low- and middle-income countries, leading to a substantial clinical, economic and societal
burden[3, 4]. Gaining insight into risk factors and places where the burden of disease is

highest is key to a tailored approach to COPD.

Globally, around 400 million people live at high altitude (>1500 meters above sea-level)[5],
yet it remains equivocal whether COPD prevalence is higher in these settings. Five
observational studies in diverse settings reported contradicting findings[6-10]. Additionally,
two studies pooled data from various prevalence studies, and while one described a lower
COPD prevalence at higher altitude[11], the other observed no difference when adjusting for
several risk factors[12]. However, household air pollution (HAP) was not adjusted for in
either of these pooled studies. Of note, especially in low-resource settings, HAP is

increasingly reported as a major risk factor for COPD[2, 3, 13-18].

HAP is caused by the indoor use of coal and biomass (e.g. animal dung, wood, crop residues),
also known as solid fuels. Cooking and heating with solid fuels — as is common in 90% of
rural households worldwide — leads to variably high levels of lung-damaging pollutants. Most
exposed are women and their children, as women often prepare the meals above the fire in
poorly ventilated houses for several hours daily, keeping their children close to them[13-15].
In 2015, HAP was estimated to be responsible for 4.2 million deaths and 103.1 million lost

years of healthy life[19].



Some of the previous studies did report HAP-exposure across altitudes, but used self-reported
proxies (such as ‘solid fuel use’)[7, 8, 10]. None objectively measured personal particulate
matter (PM) exposure in vivo, which is needed for accurate pollution assessment[20]. Also,
earlier studies focused almost exclusively on urban settings, yet rural settings have more

limited access to clean fuels and are consequently more severely affected by HAP[14].

Therefore, in this study we aimed to compare the prevalence of COPD and its risk factors
between rural, low-resource highlands and lowlands, with a special focus on HAP. We
expected that the more extreme climate conditions at high altitude increase the need for (solid
fuel-based) heating and for limiting ventilation, thereby increasing the risk of COPD. We
therefore hypothesised HAP-exposure to be higher at high altitude and, consequently COPD

prevalence to be higher as well.

Methods

Study design and setting

We conducted an observational, cross-sectional, population-based study in a lowland and
highland setting in rural Kyrgyzstan. This lower-middle income country in Central-Asia has a
population of 5.96 million, with an average life expectancy of 71 years[21]. It has the highest
respiratory mortality of all countries in the European Respiratory Society ‘White Book’[22].
Kyrgyzstan offers a large contrast in altitude. Its lowest region (Chui, ~750 meters above sea
level) and one of its highest regions (Naryn, ~2050 meters) were selected as low- and
highland setting[23]. Chui has 756,000 rural inhabitants (total 922,000) and hosts the
country’s capital Bishkek. It’s neighbouring region, Naryn, counts 245,000 rural inhabitants
(total 284,000)[24]. We collected data in the lowlands between 3 February and 7 May 2015,
and in the highlands between 16 July and 13 September 2014. The colder measurement period

in the year in the lowlands compared to the highlands was considered to involve relatively



more (solid fuel-based) heating and less ventilation in the lowlands. Hence, seasonal
influences would lead to an underestimation of differences in exposure to HAP and in
respiratory symptoms.

This study preceded the Free Respiratory Evaluation and Smoke- exposure reduction by
primary Health cAre Integrated gRoups (FRESH AIR) project (NTR5759), an

Implementation science project targeting chronic lung diseases in low-resource settings[25].

Participants

Given at the time of protocol development no previous studies of COPD prevalence in
Kyrgyzstan or neighbouring countries existed, we aimed for 600 participants based on a
previous FRESH AIR study in Uganda[26] and on the BOLD study[27]. To this end, fifty
households per setting were selected randomly through a multi-stage sampling approach. All
permanent residents >18 years who provided informed consent were included, because people
highly exposed to HAP may develop COPD even before the age of 30[26]. Persons with a
current respiratory infection or a contraindication for spirometry[28] were excluded. We
obtained written, informed consent from all participants. All field-researchers were trained on
ethics and the informed consent procedure. The Research Ethics Committee of the National
Centre for Cardiology and Internal Medicine (Bishkek) approved the study (protocol

9;2014/3/1).

Demographics, COPD risk factors, and respiratory symptoms

A standardised questionnaire, composed of validated questionnaires and used in the FRESH
AIR study in Uganda[26], was tailored to Kyrgyzstan (Appendix 1). It was researcher-
administered in the local language (Kyrgyz or Russian). It included questions on
demographics, cooking- and heating circumstances, COPD risk factors, and respiratory

symptoms (Table 1&2).



Household air pollution

HAP was measured by the time-weighted average concentration of particulate matter with an
aerodynamic diameter <2.5um (PMa;), using the TSI SidePak AM510 Personal Aerosol
Monitor (TSI Inc., Minneapolis, US). Households’ cooks were instructed to wear the device
continuously on their body throughout the measurements. Measurements mostly started in the
morning (median time 11:41 vs. 11:48 respectively) and hence involved preparation of at least
one warm meal. The median time of continuous measurement was 269 minutes in the
lowlands and 284 in the highlands (Appendix 2). Of note, we initially aimed to measure 24-
hour indoor concentrations but this was not feasible due to the limited possibility to charge

the battery of the device in the rural areas.

COPD diagnosis

A local team of medical doctors, trained by teachers from Imperial College London, assessed
lung function using spirometry (EasyOne™; Medizintechnik AG, Zirich, Switzerland)
following joint American Thoracic Society and European Respiratory Society (ATS/ERS)
guidelines[29]. We determined forced expiratory volume in one second (FEV1) and forced
vital capacity (FVC) before and after bronchodilation with 400pg salbutamol using a spacer.
COPD was defined as having a post-bronchodilator FEV1/ FVC ratio of <70%[30], and
classified severity according to the Global Initiative for Chronic Obstructive Lung Disease
(GOLD) stages[31]. Subjects with complete reversibility were included as non-COPD in the
analyses (an asthma diagnosis was suspected.) Oxygen saturation (SpO2) was measured with
pulse-oximetry (Y X302 Fingertip Pulse-Oximeter; Timago International Group, Bielsko-

Biata, Poland).



Data analysis

SPSS version 23 (IBM, Armonk, US) was used for the analysis. Baseline characteristics,
COPD prevalence and HAP exposure across altitudes were compared with independent T-
tests for normally distributed continuous variables, Mann-Whitney U tests for non-normally
distributed variables and Chi-square or Fisher’s exact tests for categorical variables.
Univariable and forced-entry multivariable logistic regression models, adjusting for clustering
within households by Generalised Estimating Equation analyses[32] were used to assess the
independent association between risk factors and COPD. HAP and other known COPD
predictors (age, sex, education level, pack years)[12] and altitude were included as predictors.
Tuberculosis (ever-diagnosed) was not included in the model due to the limited number of
cases. Working in the primary or secondary sector was included as a predictor due to the
assumed higher occupational exposure compared to the tertiary/quaternary sector[33]. HAP
was categorised into tertiles (Appendix 4, Table E1), given the non-normal distribution with
high values (in this high range we did not assume linearity of HAP with the logit of the
outcome). Multicollinearity was not evident in the model. P-values <0.05 and odds ratios with

a 95% confidence interval excluding 1 were considered statistically significant.

Handling of missing data

Inadequate registration of several households and residents resulted in various duplications
and uncertainty about these residents’ PM2.s measurements. To guarantee data quality and
enable adjustment for a clustering effect within households, we discarded both these original
and duplicate measurements from the analysis. Also, participants with missing PM2s- and/or

spirometry values were excluded.



Results

Study population

All 599 invited individuals consented to participate in the study. After exclusion, 193
lowlanders and 199 highlanders from 41 households per setting remained for analysis (Figure
1).

Demographics and distribution of risk factors for COPD

Highlanders were significantly older, and had a lower height and weight (Table 1). They had
a lower level of education, worked more often in the primary sector, and less frequently in the
secondary sector. The highland population consisted of significantly fewer smokers, although
their pack years were significantly higher. Highlanders were (non-significantly) more

frequently ever-diagnosed with tuberculosis.

Household air pollution across altitudes

The time-weighted average PM. s concentration per household in the highlands was
significantly higher than in the lowlands (median [IQR] 290.0 pg/m?3[123.5; 703.5] vs. 72.0
ug/m? [31.0; 167.0]; p<0.001) (Figure 2). Furthermore, higher maximum PMzs
concentrations were measured in the highlands (5822.0 ug/m?[2308.0; 9152.5] vs. 272.0
ug/m? [140.0; 901.5]; p<0.001). In both areas these maxima were mostly reached at the
beginning of the afternoon (median 13:42:04 vs. 13:05:40). Measurement duration is
specified in Appendix 2. Highlanders’ cooking- and heating circumstances were also more at
risk of generating HAP. For example, highlanders significantly more often had higher risk
types of fuel use (e.g. dung vs. gas), stoves (e.g. open fire vs. improved cookstove),
ventilation (e.g. eaves spaces vs open door), and cooking- locations and durations. Details on

these factors across the settings are provided in Appendix 3.



COPD prevalence across altitudes

COPD was more prevalent in the highlands (36.7% vs. 10.4%; p<0.001), although severity
was lower (GOLD> 2 of 24.7% vs. 70.0%; p<0.001) (Table 2, Figure 3). COPD was equally
distributed over men and women in the highlands, while in the lowlands the vast majority of
patients were male (49.3% vs. 80.0%; p<0.001). COPD patients in the highlands were
significantly less frequently smokers and were exposed to significantly higher PMa s levels
compared to lowlanders (Figure 4 and Appendix 4, Figure E1). Additionally, oxygen

saturation was significantly lower among highlanders (SpO2% 93.0 vs 95.0; p<0.001).

Predictors for COPD

Across the two altitudes, a total of 93 participants met COPD criteria. In the univariable
logistic regression model, age, sex, pack years, altitude, and HAP were positively associated
with COPD (Figure 5 and Appendix 4). In the multivariable logistic regression model, age,
pack years, altitude, and the highest HAP-exposure remained significantly positively
associated with COPD. The decline in lung function along with an increase in PM25 exposure

is depicted in Appendix 4 Figure E2.

Discussion

In this study, we have compared the prevalence of COPD and its risk factors between
highlands and lowlands in rural, low-resource settings in Kyrgyzstan, with a special focus on
objectively-measured HAP. Both COPD prevalence and HAP-exposure (peak- and average
PM2s-concentrations) were significantly higher among highlanders. Besides living at high
altitude and being exposed to high HAP-concentrations, more pack years and a higher age

were also independently associated with COPD (and more common in the highlands). Our



results highlight the particular vulnerability of rural highlanders to COPD, and confirm the

increasingly acknowledged impact of HAP on respiratory health.

Overall COPD prevalence in both Kyrgyz settings was high considering our relatively low
age inclusion criterion (>18 years). Our lowlands prevalence was similar to the global ~10%,
yet the prevalence observed in the highlands was more than threefold higher[27]. Our
definition of COPD might have contributed to this high prevalence, especially among
highlanders who were slightly older (a fixed FEV1/FVC ratio is known to overdiagnose
COPD in elderly[35]). Also, we used Caucasian reference values (rural, high-altitude,
Central-Asian values do not exist), while a Kyrgyz study at middle-altitude (~1000-2000m)
reported larger FVC values among their population[36]. Larger physiological FVC values
may result in smaller FEV1/FVC ratios and hence to overdiagnosis. A recent Kazakh
population-based study found a prevalence of 6.7%[37]. The authors only studied a lowland,
adult (>18 years) population, used the same definition of COPD, but studied an urban rather
than a rural setting. Given the lesser use of solid fuels in urban settings, the latter factor may

explain the lower COPD prevalence they observed.

In accordance with our hypothesis, along with a higher COPD prevalence in the highlands we
observed significantly higher HAP-exposures. It seems plausible to observe more HAP at
higher altitude in rural areas, because more extreme climate conditions increase the need for
(solid fuel-based) heating and for limiting ventilation. Furthermore, highlanders more
commonly worked in the primary sector where dung is both cheaper and more easily available
than clean fuels. Hence, particularly in the highlands our HAP-measurements dramatically
exceeded the average 25 pg/m?® as stated in the WHO 24-hour PM_ s air quality guideline[34].
These measurements are consistent with PM2.s-concentrations in other households using

predominantly biomass fuels[13]. Our findings support the assumption that HAP plays a



substantial role in explaining a high COPD prevalence at high altitude. This assumption is
furthermore consistent with the relatively more (non-smoking) female patients in our highland
population, like in other settings where women are highly exposed to biomass fuel smoke[13-
15, 17, 26, 38]. Although the pathogenic mechanisms of the harm of HAP are not yet fully
uncovered, HAP is considered to alter the innate immune response, enhance pulmonary and
systemic inflammation and promote an oxidative stress state. This may cause macromolecular
cell damage, including DNA changes[39]. Nevertheless, BOLD results remind us to remain

alert for causes other than HAP for airflow obstruction[40].

Besides the strong and significant relation between COPD and PM2s-concentrations, altitude
itself was another independent predictor in the multivariable analysis, also after adjusting for
age and pack years. Altitude might either directly impact COPD prevalence as it is associated
with an increase in both airways and total lung capacities. Yet evidence remains inconclusive
if this increase is proportional (hence, if and how FEV1/FVC ratios are affected[41-43]).
Alternatively, altitude could relate to COPD prevalence indirectly via (unmeasured) factors.
These could be a more frequent history of pneumonia/tuberculosis, lower level of physical
activity[44, 45], higher occupational exposure[33], or more (childhood) poverty/lower
sociodemographic development (as again a mediator for other factors)[2, 46].

Remarkably, prevalence of moderate/severe COPD (GOLD > 2) appeared to be lower in the
highlands. This could be due to down-migration of the severely ill for higher ambient oxygen
levels[47], for better access to advanced healthcare in the Kyrgyz capital, or to a potential
relation between severity and solid fuel smoke versus tobacco smoke[38]. The lower highland
oxygen saturation levels we observed seem plausible due to lower ambient oxygen levels in
the highlands. Furthermore, a double exposure of tobacco- and biomass fuel smoke among

COPD patients is associated with lower oxygen saturation levels.[48] Yet, although the



number of COPD patients with a double exposure was significantly higher in the highlands,
the total number of participants with a double exposure was equal.

As mentioned earlier, the seven other studies covering COPD prevalence across altitudes
reported conflicting findings[6-12]. We argue that these conflicting results can be partly
explained by differences in HAP-exposure, which these studies either did not measure, or
measured by proxy, or did not adjust for in the analyses. HAP-exposure, associated COPD
prevalence, and the difference across altitudes may have differed substantially between the
study settings. The settings were almost exclusively urban, sometimes in a high-income
country, meaning more extreme high altitude climates could be less influential on HAP-
exposure due to better access to clean fuels[14]. Furthermore, ethnicity often differed between
the high- and low altitude settings within a study, hampering proper comparison of lung
functions.

We corrected for objectively-measured HAP in our analyses, compared consistently between
rural, low-resource settings and between people of the same ethnicity. Altitude remained an
independent predictor for COPD. The conflicting results between all present studies,
performed in different settings, may indicate COPD prevalence might not be attributable to
altitude itself. Instead, it could be mainly mediated through (unmeasured) factors expressed

by altitude, with HAP being one of them.

A major strength of this study is the objective, personally monitored PM..s.exposure
combined with spirometry according to ATS/ERS guidelines[29], other than self-reported
presence of risk factors or symptoms. This method precisely answers a recent call for
objective measurements on the association between HAP and COPDJ[20]. Also, this study
benefited from a high participation rate. Participants indicated they were eager to receive
extra medical attention as access to healthcare is generally limited in these rural areas. This

high rate impedes selection bias, and enhances generalisability to other settings. Lastly, we



present one of the first spirometry-based COPD prevalence studies in Central-Asia[2].

Some limitations must also be noted. Due to organisational difficulties during data collection,
we had to exclude various participant- and household measurements in both settings.
Differences between the two settings however were still statistically significant, and we were
not able to identify any differences between excluded and included participants. Also, due to
the limited battery- and charging capacity in the rural areas we could not perform 24-hour
PM2s measurements. We therefore measured each household for approximately four hours
and at the same hour during the day, including the preparation of at least one warm meal.
Hence, 24-hour PM2s.concentrations are likely to be lower as those contain a longer period
without meal preparations. Lastly, given that the data in the lowlands were collected in a
relatively colder period of the year, with a relatively higher need for (solid fuel-based) heating
and limiting ventilation, differences in HAP and respiratory symptoms might be

underestimated.

In conclusion, we observed a substantially higher COPD prevalence in high altitude areas
compared to low altitude areas in rural Kyrgyzstan. HAP-exposure was high in both settings,
but particularly in the highlands. There was a strong, significant relation between COPD and
HAP that remained significant when adjusted for other risk factors. Although generalisability
to other rural, low-resource highlands remains to be assessed, our results call for an increased
focus on COPD awareness, diagnosis, and treatment. Policy makers, healthcare workers and
highlanders in these settings should moreover focus on prevention by increasing awareness on
HAP and by reducing it (e.g. by the implementation of clean cooking stoves). This could not
only benefit chronic lung health, but also target other PM. s-related diseases such as ischemic
heart disease, cerebrovascular disease, lung cancer, low birth weight and preterm birth, type 2

diabetes, and lower respiratory infections[16].
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Table 1. Demographics and distribution of risk factors for COPD

Lowlands Highlands P-value
n =193 n=199
Male, n (%) 100 (51.8) 87 (43.7) 0.109
Age (years), mean (SD) 44.4 (13.6) 50.0 (16.3) <0.001
Height (cm), mean (SD) 166.3 (8.9) 161.1 (9.6) <0.001
Weight (kg), mean (SD) 71.7 (14.7) 67.4 (13.7) 0.002
BMI (kg/m?), mean (SD) 259 (4.7) 26.0 (5.6) 0.793
Higher education*, n (%) 54 (28.0) 10 (5.0) <0.001
Profession, n (%) <0.001
- Primary sector 4(2.1) 92 (46.2)
- Secondary sector 23 (11.9) 8 (4.0)
- Tertiary/quaternary sector 90 (46.6) 13 (6.5)
- Housewife/man 31(16.1) 37 (18.6)
- Other 45 (23.3) 49 (24.6)
Smoking status, n (%) <0.001
- Never smoker 110 (57.0) 140 (74.1)
- Former smoker 12 (6.2) 14 (7.4)
- Current smoker 71 (36.8) 35 (18.5)

» Male 58 (81.7) 30 (85.7) 0.604
Pack years, median [IQR] 4.0 [1.6-11.5] 11.0 [2.0-24.5] 0.009
Tuberculosis (ever diagnosed), n (%) 0 (0.0) 3(2.0) 0.086
Solid fuel, n (%)

- Solid fuel use 145 (75.1) 199 (100.0) <0.001
- Non-solid fuel use 193 (100.0) 82 (41.2) <0.001

SD = standard deviation; BMI = body mass index; IQR = interquartile range. *The highest level of completed education
above secondary education. For ‘former smoker’, two values were missing in the lowlands and 14 in the highlands. For ‘pack
years’, two values were missing in the lowlands and six in the highlands. Tuberculosis (ever diagnosed) had 46 missing

values, all in the highlands.



Table 2. Prevalence of COPD and respiratory symptoms

Lowlands Highlands p-value
n =193 n=199
Post-BD FVC (% predicted), median [IQR] 92.0 [84.0; 104.0] 100.0 [92.0; 110.0] <0.001
Post-BD FEV: (% predicted), median [IQR] 90.0 [83.0; 101.5] 92.0 [85.0; 104.0] 0.091
Post-BD FEV1/FVC (%), median [IQR] 82.0 [75.0; 96.0] 76.0 [65.0; 97.0] 0.003
COPD, n (%) 20 (10.4) 73 (36.7) <0.001
» Male 16 (80.0) 36 (49.3) <0.001
»  Moderate/severe (GOLD >2) 14 (70.0) 18 (24.7) <0.001
SpO; (%), median [IQR] 95.0 [95.0; 96.0] 93.0 [92.0; 95.0] <0.001
Chronic cough/sputum*, n (%) 15 (7.8) 47 (23.6) <0.001
Severe breathlessness (MRC >4) 6 (3.1) 22 (11.1) 0.003

BD = bronchodilation; FVC = forced vital capacity; FEV1 = forced expiratory volume < 1 second; IQR = interquartile range;

COPD = chronic obstructive pulmonary disease; GOLD = Global Initiative for Chronic Obstructive Lung Disease. SpO2 =

oxygen saturation; MRC = Medical Research Council Breathlessness scale; *Chronic is defined as having symptoms for > 2

months. Missing outcomes for lung function were excluded from the study (Figure 2). There were no other missing values.



Figure 1. Flowchart of participants
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Figure 2. PMzs levels in lowlands versus highlands
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PM = particulate matter, measured as time-weighted average concentration per household. *Difference is statistically
significant (p<0.001). Dashed line is the maximum average 24-hour PM2s concentration of 25 pg/mé as stated in the WHO
indoor air quality guideline [34]. Missing values were excluded from the study (Figure 1).



Figure 3. COPD prevalence in lowlands versus highlands
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Figure 5. Potential predictors for COPD

A Univariable analysis
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Appendixl. English version of the questionnaire (FRESH AIR Uganda)
Please note: This is the English version used in Uganda. In Kyrgyzstan, a Russian translation was

used.

Screening Questionnaire FRESH AIR
Uganda

Interviewer: Date of screening:
Name patient: ID number:
Date of birth: Age:

Married: O yes O no Number of children alive............... deceased..........

Gender: O male O female

OCCUPATION: ettt v ettt ste st s beraerans Tribal origin:...ccccoeceeeeeeeeeeeeee e,
Village name:.....cvvvevevieerene e Parish.....ccocvevnncinecen, County...coeeveineereriecinene.
Residence: Orural Ourban Osub urban

Respiratory symptoms:

Cough

1a .Do you cough several times most day? 0O yes O no

1b. If ‘yes’, when do you cough? O | wake up with cough
0O in the morning
0O during the day
O during the night

2. Is it a chronic cough? DyesOno

3. Do you cough with exertion? Oyes Ono



4. For how long have you been coughing? i years

Sputum

5a. Do you bring up phlegm or mucus on most days? O yes O no

5b. If ‘yes’, when do you bring up phlegm or mucus: O first thing in the morning
0O during the day

6. Do you have chronic phlegm? O yes Ono

7. Do you have phlegm of mucus when you don’t have a cold? O yes Ono

Wheezing

8a. Do you wheeze or have any whistling on the chest? O yes O no

8b. For how long do you wheeze or have any whistling on the chest?  .............. years

9. Do you wake up with wheezing? O yes O no

10. Have you been at all breathless when wheezing was present? O yes O no

Shortness of breath:

11. Do you get out of breath more easily than others your age? O yes O no

MRC breathlessness Scale

12. Which of the following statements best describes your situation?

01 Not troubled by breathlessness except on strenuous exercise
02 Short of breath when hurrying on the level or walking up a slight hill

03 Walks slower than most people on the level, stops after a mile or so, or stops after 15 minutes
walking at own pace

04 Stops for breath after walking about 100 yards or after walking a few minutes in level ground

() Too breathless to leave house, or breathless when undressing




Exacerbation(s)

13a. Did you have periods of increased breathing difficulty with increased cough with or
without sputum during the last 12 months? O yes O no

13b. If ‘yes’, how many times did you have such a period during the last 12 months?

Tobacco use:

14a. Do you smoke? O current smoker how many per day................
O former smoker how many per day..................
O passive smoker O never smoker

14b. If you currently smoke or have smoked, how many years®................. years

14c. Which products: O cigarettes 0O cigars
O pipes O snuff
O chewing tobacco O water pipe
0O cannabis 0O leaves

O local tobacco products, name: .......ccceeveirrennnen.

Biomass fuel use

15. 0O indoor biomass fuel smoke: years of exposure
16. O outdoor biomass fuel smoke: years of exposure
17. Do you have a chimney in your kitchen? O yes O no
18a. Do you burn wood? DOyesOno
18b. Do you burn dung? O yes O no
18c. Do you burn LPG? O yes O no
18d. Do you burn grass? O yes O no
18e. Do you burn crop residues? O yes O no
18f. Do you burn natural gas? O yes O no
18g. Do you burn charcoal? O yes O no
18h. Do you burn kerosene? O yes O no
18i. Do you use electricity? DOyes Ono

19. Time spent cooking indoor ... hours/day



20. Time spent cooking outdoor ~ .......... hours/day

21. Do you use biomass fuel for heating? Oyes Ono

22. Where do you sleep? 0O same room as kitchen
0O separate room but in the same house as the kitchen
0O separate house from the kitchen

Tuberculosis

23. Did you ever have tuberculosis? O Yes, | have active TB now.

O Yes, | had TB in the past but was treated and | am
cured now.

0O No, | never had TB

0O | don’t know

24a. Is documentation about your TB present? DOyes DO
no 24b. if ‘yes’, the documentation is a

DO aTB card
0O a TB discharge card

O lab reports

O Others.....cveeerecereeeeeeens
Disease history:
26. Did you (recently?) have a cold gone to the chest: O yes O no
27a. Do you have allergies: DOyes Ono

27b. Which allergies do you have?



28. How often do you have a chest infection:

O more than 2 per year
O 1or 2 peryear
O less than 1 per year

29. Do you receive treatment for breathing?
O ves
O no

30. Did you have pulmonary problems in childhood?
O ves
O no

31. What respiratory diagnosis did you receive in the past?

Comorbidity

32. Do you have heart failure?
O ves
O no

33. Do you have AIDS/HIV?
Oyes

DOno

34 a. Do you have other comorbidities?
Dyes
DOno

34 b. Please describe any other comorbidities

Medication:
35a. Do you use medication? Ovyes DOno

35b. What is de name of the medication that you use?.........ccccceeeieiiiiciciiiiieeee s



36a. Were you admitted to hospital during the last 2 years? Ovyes Ono

36b. If you were admitted, please describe for what reason(s)

37a. Did you visit healthcenters during the last 2 years? Ovyes Ono

37b. If you did, please describe for what reason(s)

Symptom score (number 1,2,5and6) ...
Mental state score (humber3and4)

Functional state score (hnumber7,8,9and 10) ...........




Spirometry

preBD: FVC....... (R —— %) 1V R A— %) FEV4/FVC ratio...................

postBD: FVC........... R A— %) FEViooooooreeerennn, R — %) FEV4/FVC ratio....................

ReverSibility.......cueeeevercevierirannnnas

Diagnosis 7 COPD, GOLD stage.......... without reversible component
[J COPD, GOLD stage........... with reversible component

7 asthma [J no objective evidence of obstructive lung disease
L7 restrictive




Appendix 2. Figure E1. Duration of PM2s.measurements per setting
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Appendix 3. Cooking- and heating circumstances

Cooking and heating circumstances relating to household air pollution, across altitudes
Highlanders more commonly used solid fuels for cooking and heating than lowlanders (100%
vs. 75.1%; p<0.001), particularly dung and wood, and their gas and electricity use was
significantly lower (Table E1). Almost all highlanders cooked exclusively on open fires
(95.0% vs. 0.0%; p<0.001) or griddle stoves (100% vs. 66.3%; p<0.001), and less on
improved single pot stoves (34.2% vs. 74.1%; p<0.001). In both areas, almost all participants
cooked indoors (100% in the highlands and 99.0% in the lowlands; p=0.242). Highlanders
more commonly cooked in the same room used for living and sleeping (62.8% vs. 4.1%;
p<0.001). Most of the participants had some type of ventilation in the room where the stove
was used; in the highlands this was significantly less often an open door or window (46.7%
vs. 93.3%; p<0.001), while a room with eaves spaces was more popular (54.8% vs. 1.6%);

p<0.001).



Table E1: Risk factors for household air pollution

Lowlands Highlands p-Value
n =193 (%) n =199 (%)
Solid fuel use 145 (75.1) 199 (100.0) <0.001
Heating* 133 (68.9) 199 (100.0) <0.001
- Dung 28 (14.5) 199 (100.0) <0.001
- Grass 0 0 -
- Crop residues 0 11 (5.5) 0.001
- Wood 124 (64.2) 177 (88.9) <0.001
- Coal 133 (68.9) 109 (54.8) 0.004
Cooking* 46 (23.8) 196 (98.5) <0.001
- Dung 25 (13.0) 191 (96.0) <0.001
- Grass 0 6 (3.0) 0.030
- Crop residues 0 3(1.5) 0.248
- Wood 26 (13.5) 100 (50.3) <0.001
- Coal 24 (12.4) 70 (35.2) <0.001
Non-solid fuel use* 193 (100.0) 82 (41.2) <0.001
- Kerosene 0 7 (3.5) 0.015
- Gas (LPG) 64 (33.2) 7(3.5) <0.001
- Electricity 193 (100.0) 75 (37.7) <0.001
Stove used for cooking*
- Open fire 0 (0.0) 189 (95.0) <0.001
- Surrounded fire 0 (0.0) 19 (9.5) <0.001
- Improved single pot stove 143 (74.1) 68 (34.2) <0.001
- Improved multiple pot stove 37 (19.2) 20 (10.1) 0.010
- Griddle stove 128 (66.3) 199 (100.0) <0.001
Cooking location*
- Outdoors 4(2.1) 32 (16.1) <0.001
- Indoors 191 (99.0) 199 (100.0) 0.242
»  Time cooking indoors 2.0[1.0; 2.0] 2.0 [0.0; 4.0] 0.563
(hours/day), median [IQR]
» Insame room as living/sleeping 8(4.1) 125 (62.8) <0.001
room
Presence of hood/chimney 157 (81.3) 164 (82.4) 0.784
Ventilation*
- Closed room 5(2.6) 3(1.5) 0.497
- Room with open door/window 180 (93.3) 93 (46.7) <0.001
- Room with <3 walls 5(2.6) 16 (8.0) 0.017
- Room with eaves spaces 3(1.6) 109 (54.8) <0.001

LPG = liquefied petroleum gas; IQR = interquartile range. Values are n (%) unless stated otherwise. *Multiple answers
could be given to this question. Sub-questions are shown in italics. There were no missing values.



Appendix 4. COPD and its risk factors

Figure E1: COPD prevalence in lowlands and highlands by sex and smoking status
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Table E1: Univariable and multivariable predictors for COPD

&
@’b

Highlands

Never smoker
{Ex-)smoker

Univariable
OR (95% CI)

P-Value

Multivariable
OR (95% CI)

P-Value

Age (per year increase)

Male
Pack years
Higher education*

Working in primary/secondary sector

High altitude

HAP — middle exposure group

(reference = lowest exposure group)

HAP — highest exposure group

(reference = lowest exposure group)

1.055 (1.036-1.073)
1.460 (1.041-2.047)
1.031 (1.011-1.052)
1.483 (0.800-2.752)
1.194 (0.699-2.039)

5.064 (2.217-11.568)

3.433 (1.329-8.866)

6.714 (2.614-17.249)

<0.001
0.028
0.002
0.211
0.516

<0.001
0.011

<0.001

1.058 (1.037-1.079)
1.614 (0.889-2.930)
1.037 (1.005-1.070)
1.107 (0.376-3.264)
0.908 (0.432-1.908)
3.406 (1.483-7.825)
2.372 (0.763-7.377)

3.174 (1.061-9.493)

<0.001
0.116
0.024
0.853
0.798
0.004
0.136

0.039

COPD (n=91) vs. no COPD (n = 293). Generalised Estimating Equation analyses adjusted for a clustering effect within

households. *The highest level of completed education above secondary education. Household air pollution (HAP) was

categorised into a lowest, middle and highest tertiles of exposure, respectively with time-weighted average concentrations of

particulate matter2s of <72, >72-293 and >293 pg/mé,



Figure E2: Lung function and particulate matter exposure
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