
 
 

e-Appendix 1.1 

Study Setting 

 

Peru, like many middle-income countries is undergoing rapid urbanization and economic 

development, with major changes in its environment and the lifestyle of its people that could affect 

lung health 
1
.  Lima, is an industrialized coastal desert city of over 10 million people that has high 

levels of air pollution. Many inhabitants migrated from rural villages where the use of bio-combustible 

fuels for cooking is common, as it is in poorer parts of Lima 
2
. Tuberculosis is common, with incidence 

rates exceeding 120 per 100,000 per year despite an effective national tuberculosis program 
3
. Multi-

drug resistant tuberculosis (MDR-TB) is a significant problem in Lima, which established the first 

community based MDR tuberculosis treatment programs in the 1990’s with the assistance of Partners 

in Health (Socios En Salud) 
4
. This presents an excellent setting to evaluate the respiratory health 

outcomes of patients successfully treated for both drug susceptible (DS) and MDR-TB.  

 

 

e-Appendix 1.2 

Sample size calculation 

 

A sample size of 150 participants per group was calculated as sufficient to give 95% confidence 

intervals with 80% power using the assumptions of a 5% or greater incidence of disease among the 

unexposed and an Odds Ratio of 3 or more. 

 

 

 

 

 

 

 

 

 



 
 

e-Appendix 1.3 

Definitions of drug susceptible (DS) and multi-drug resistant (MDR) tuberculosis: 

DS tuberculosis was defined as a subject with culture-confirmed Mycobacterium tuberculosis species 

from sputum or broncho-alveolar lavage, found to be susceptible to both isoniazid and rifampicin on 

drug-susceptibility testing (DST), or a subject with a clinical diagnosis of pulmonary tuberculosis that 

was successfully treated with 6 months of standardized DS tuberculosis treatment. Patients with 

mono-resistance to isoniazid were suitable for inclusion in the DS tuberculosis group if they received 

first line (standard category 1) TB treatment 
5
.  

 

MDR tuberculosis was defined as a subject with culture-confirmed Mycobacterium tuberculosis 

species, from sputum or broncho-alveolar lavage, found to be resistant to isoniazid and rifampicin on 

DST, or a molecular diagnosis (Gene Xpert® or other rapid laboratory based test) of genotypic 

resistance. Eligible MDR tuberculosis subjects were required to successfully complete at least 18 

months of standardized or individualized TB treatment (the sum of treatment complete or cured WHO 

outcome categories. Any subject with mono-resistance to Rifampicin was eligible for inclusion in the 

MDR tuberculosis treatment group if they received a MDR tuberculosis treatment regimen.   

 

Active tuberculosis disease at time of study 

Participants with active tuberculosis disease were not eligible for study inclusion. Potential study 

participants that were currently taking medications for active tuberculosis disease were excluded. All 

potential study participant was also asked if they have current symptoms that could be consistent with 

active tuberculosis. These questions were; In the last month have you coughed up blood? In the last 

month have you had fever or night sweats? In the last month have you had a cough with phlegm 

lasting more than 2 weeks? Any participant giving a positive response to any of these three questions 

was flagged as having possible tuberculosis to the study physician. If the study physician considered 

active tuberculosis to be possible (with a low threshold of referral) the participant was referred to their 

local health care center for sputum smear microscopy and other standard testing for tuberculosis and 

they were not eligible for inclusion in the study.  

 

 



 
 

e-Appendix 1.4 

Selection of study controls using the “random walk” method 

Subjects for the control group were randomly selected from the community using a modified version of 

the World Health Organization’s random walk 
6
 as described in detail here; 

The study areas of La Victoria and Cercado de Lima are made up of several government 

“Establecimentos de Salud” (health care establishments or “EESS”). Each of these “EESS” have a 

designated geographical area which defines the residential area from which their patients come. The 

maps for each “EESS” were divided into blocks that were numbered sequentially from 1-24. A number 

between 1 and 24 was then randomly selected (pulled from a hat) and the field personnel 

commenced their random walk from this street block. 

 

The four corners of the selected street block were then allocated a letter from A to D and a coin was 

tossed to decide if corner A (heads) or C (tails) would be the starting point. From this point, field 

personnel would walk in a clockwise direction and knock on the door of the 7
th
 residence, which would 

be the selected household. If there was more than one level of the selected residence (an apartment 

building for example), then the level would also be selected at random and the 7
th
 apartment would be 

selected. For apartment floors with less than 7 apartments, the 3
rd

 apartment was chosen (if there 

were less than 3 apartments then the 1
st
 apartment was selected).  

 

All members of the selected household that were current residents of the house, aged between 10 

and 70 years and with no prior history of tuberculosis disease were invited to participate in the study. 

If no members of the household were home at the time of household selection, field personnel 

returned on another occasion to give residents an opportunity to participate. Also, to maximize the 

probability of a variety of subjects being home at the time of sampling, different days (both week days 

and weekends) as well as times (630am until 1600hrs) were used.  

Field personnel continued in this way for each of the “EESS” until the required number (150) of control 

subjects was reached. 

 

 

  



 
 

e-Appendix 1.5 

Description of data collection methods and procedures used in the study 

Questionnaires 

Largely based on the BOLD (Burden of Obstructive Lung Disease 
7
) and PLATINO (Proyecto 

Latinamericano de Investigacion en Obstruccion Pulmonar 
8
) studies, these contained a number of 

questions (in Spanish) pertaining to socio-demographic information, respiratory symptoms, current 

respiratory treatment, medical co-morbidities (asthma, hypertension, diabetes, cancer). Additional 

questions related to past tuberculosis diagnosis and management as well as the subject’s home 

environment (flooring, windows open or closed, distance from main road) were added “a priori” to 

assess the effect of TB and environmental conditions on lung health.  

 

Respiratory symptoms included questions regarding Cough; “Do you usually cough when you do 

not have a cold?  Are there months where you cough most days? Do you cough on most days for as 

much as 3 months each year?” Phlegm; Do usually bring up phlegm, or do you have phlegm in your 

chest that is difficult to bring up (when you do not have a cold)? Are there months when you cough up 

phlegm most days? Wheeze; Have you had wheezing or whistling in your chest at any time in the last 

12 months? In the last 12 months, have you only had this wheezing or whistling only when you have a 

cold? In the last 12 months, have you ever had an attack of wheezing or whistling that has made you 

feel short of breath? Shortness of breath; Are you unable to walk due to a condition other than 

shortness of breath (describe)? Are you troubled by shortness of breath when hurrying on the level or 

walking up a slight hill? Do you have to walk slower than people of your age on level ground because 

of shortness of breath? Do you ever have to stop for breath when walking at your own pace on level 

ground? Do you ever have to stop for breath after walking about 100 yards (or after a few minutes) on 

level ground? Are you too short of breath to leave the house or short of breath on dressing or 

undressing?  

 

Clinical assessment 

Anthropometric measurements as well as the recording of vital signs (heart rate, respiratory rate, 

oxygen saturation, temperature and blood pressure) were performed by trained study personnel 

according to standardized guidelines. Blood pressure was recorded with the subject in a seated, 



 
 

resting position (for at least 15 minutes’ prior) using an automatic sphygmomanometer, shown to be a 

useful and reliable tool in research settings that avoids reading bias. In all cases, a comprehensive 

physical examination was conducted by the study Pulmonologist, who was blinded to the subject’s 

group and used a standardized data-collection tool.   

 

Skin Prick Testing 

Atopy was assessed using skin prick tests to eleven aeroallergens along with positive and negative 

controls (Inmunotek Pty Ltd). Atopy was defined as any allergen skin prick test weal ≥ 3mm and less 

than the negative control. Following the application of a customized stamp testing pad to the volar 

aspect of the subject’s forearm, a single drop of 11 aeroallergen extracts (Dermatophagoides 

pteronyssinus, Dermatophagoides farinae, Blomia tropicalis, Blatella germanica, Periplaneta 

americana, cat, dog, Grass mix 6, Lolium perenne, Aspergillus fumigatus, Alternaria alternata) one 

positive control (histamine) and one negative control (saline buffer/50% glycerol) were placed on the 

skin in their respective squares (Inmunotek Pty Ltd). Single use, disposable blood lancets were used 

to pierce the skin with an epidermis “prick and lift” technique at an angle of 45 degrees (GF Health 

Products, Inc). The reaction was read using a standardized measuring device after 20 minutes. Weal 

size was quantified as the mean of the longest diameter and its perpendicular. Weals that were 3mm 

and greater than the negative control was considered positive. If the positive control weal was < 3mm 

and there were no positive allergen weals, the test was considered void. We defined atopy as a 

positive SPT weal to one or more aeroallergens. 

 

Spirometry 

Spirometry was performed before and after bronchodilator administration by the study pulmonologist 

(salbutamol 400mcg via metered dose inhaler) using an Easy-One spirometer (NDD™, Andover, 

United States of America) in accordance with American Thoracic Society (ATS) and European 

Respiratory Society (ERS) guidelines 
9
. Only spirometric records that met ATS/ERS standards for 

quality and reproducibility (classified as scores A, B or C) were included in the analysis.  All 

spirometric examinations were carried out with the subject seated and a single-use mouthpiece 

(spirettes). 

 



 
 

Exhaled Nitric Oxide (FeNO) 

Airway inflammation was assessed using exhaled nitric oxide breath analysis (NIOX-MINO; Aerocrine 

™) and quantified as fractional of nitric oxide in exhaled breath (FeNO) in parts per billion. The 

procedure was performed by the study Pulmonologist as according to the manufacturer’s instructions. 

The ambient humidity and temperature was also recorded daily. The subject exhaled at a constant 

flow rate for a period of 10 seconds through an individual use mouthpiece. This was repeated until a 

satisfactory quality assurance result was achieved and the result validated by the instrument.  

 

6-minute walk test 

Exercise capacity was measured by the 6-minute walk test and quantified as 6-minute walk distance.  

The American Thoracic Society (ATS) guidelines were followed by trained study staff 
10

. Subjects 

were asked to walk the length of a 20m track (over a flat piece of ground) as many times as they are 

able within the space of 6 minutes. The course was defined by two bright orange cones and 

participants were given standard instructions on how to perform the test as well as for encouragement 

to minimize variability. 
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