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 Lung Function in Rural Guatemalan Women Before 
and Aft er a Chimney Stove Intervention to Reduce 
Wood Smoke Exposure 
 Results From the Randomized Exposure Study of Pollution Indoors 
and Respiratory Eff ects and Chronic Respiratory Eff ects of Early 
Childhood Exposure to Respirable Particulate Matter Study 

  Michael   Guarnieri ,  MD ,  MPH ;  Esperanza   Diaz ,  MD ,  PhD ;  Daniel   Pope ,  PhD ;  Ellen A.   Eisen ,  ScD ; 

 Jennifer   Mann ,  PhD ,  MPH ;  Kirk R.   Smith ,  PhD ,  MPH ;  Tone   Smith-Sivertsen ,  MD ,  PhD ;  Nigel G.   Bruce ,  MBcHB ,  PhD ; 

and  John R.   Balmes ,  MD  

  BACKGROUND:    COPD is the third most frequent cause of death globally, with much of this 

burden attributable to household biomass smoke exposure in developing countries. As bio-

mass smoke exposure is also associated with cardiovascular disease, lower respiratory infec-

tion, lung cancer, and cataracts, it presents an important target for public health intervention. 

  METHODS:    Lung function in Guatemalan women exposed to wood smoke from open fi res was 

measured throughout the Randomized Exposure Study of Pollution Indoors and Respiratory 

Eff ects (RESPIRE) stove intervention trial and continued during the Chronic Respiratory 

Eff ects of Early Childhood Exposure to Respirable Particulate Matter (CRECER) cohort study. 

In RESPIRE, early stove households received a chimney woodstove at the beginning of the 

18-month trial, and delayed stove households received a stove at trial completion. Personal 

exposure to wood smoke was assessed with exhaled breath carbon monoxide (CO) and per-

sonal CO tubes. Change in lung function between intervention groups and as a function of 

wood smoke exposure was assessed using random eff ects models. 

  RESULTS:    Of 306 women participating in both studies, acceptable spirometry was collected 

in 129 early stove and 136 delayed stove households (n  5  265), with a mean follow-up of 

5.6 years. Despite reduced wood smoke exposures in early stove households, there were no 

signifi cant diff erences in any of the measured spirometric variables during the study period 

(FEV 1 , FVC, FEV 1 /FVC ratio, and annual change) aft er adjustment for confounding. 

  CONCLUSIONS:    In these young Guatemalan women, there was no association between lung func-

tion and early randomization to a chimney stove or personal wood smoke exposure. Future 

stove intervention trials should incorporate cleaner stoves, longer follow-up, or potentially 

susceptible groups to identify meaningful diff erences in lung function.   

    CHEST  2015; 148(5): 1184 - 1192  

 [     Original Research  COPD      ] 

 Manuscript   received February   17, 2015; revision   accepted May 14, 
2015; originally   published Online First June 11, 2015. 

  ABBREVIATIONS:  CO  5  carbon monoxide; CRECER  5  Chronic 
Respiratory Eff ects of Early Childhood Exposure to Respirable Particulate 
Matter; EB co   5  exhaled breath carbon monoxide; ITT  5  intention to 
treat; MMP  5  matrix metalloproteinase; NHANES  5  National Health 

and Nutrition Examination Survey; ppm  5  parts per million; RESPIRE  5  
Randomized Exposure Study of Pollution Indoors and Respiratory Eff ects 

  AFFILIATIONS:  From the   Department of Pulmonary and Critical Care 
(Dr Guarnieri) and Department of Medicine (Dr Balmes), University 
of California, San Francisco, San Francisco, CA; Department of Global 
Public Health and Primary Care (Dr Diaz), University of Bergen, Bergen, 
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  Household air pollution from cooking with solid fuels 

is estimated to be the third most important global risk 

factor for disability-adjusted life years lost and the 

most important environmental health risk factor.  1   It 

has been associated with low infant birth weight and 

acute lower respiratory tract infections in children, as 

well as cardiovascular disease, lung cancer, cataracts, 

and COPD in adults. Household air pollution is 

ubiquitous, with  .  3 billion people worldwide con-

tinuing to use solid fuel for cooking or heating leading 

to dramatic indoor air pollution, with concentrations 

of particulate matter that are often 30 times higher 

than the air quality guidelines of the World Health 

Organization.  2,3   

 Although abundant epidemiologic evidence suggests 

that chronic biomass smoke exposure is associated with 

COPD,  4-7   results from stove trials have been less consis-

tent. Although an intention-to-treat (ITT) analysis from 

the Randomized Exposure Study of Pollution Indoors 

and Respiratory Eff ects (RESPIRE) in Guatemala did 

not identify a difference in lung function decline in 

young adult women receiving a chimney stove com-

pared with open fire users over 12 to 18 months of 

follow-up,  8   an exposure-response analysis showed that 

higher exhaled breath carbon monoxide (EB co ) was 

associated with lower FEV 1 .  
9   Although the stove reduced 

exposures to wood smoke by  .  60% based on personal 

carbon monoxide (CO) measurements, exposure to 

smoke remained high, with significant overlap in 

exposure distributions in the control and intervention 

groups.  10   

 In this same study, receiving a chimney stove reduced 

respiratory symptoms during follow-up, and this reduc-

tion was significant for wheeze (relative risk  , 0.42; 

95% CI, 0.25-0.70).  8   Additionally, increases in proxy 

measures of wood smoke exposure (EB co  and personal 

CO) were associated with increased respiratory symp-

toms, including cough, phlegm, wheeze, and chest 

tightness.  9   In a subgroup of these women, higher expres-

sion of genes associated with COPD pathogenesis was 

identifi ed among continued open fi re users (matrix 

metalloproteinase [MMP]-9) and among those with 

higher personal wood smoke exposure (MMP-9, 

MMP-12, IL-8, and tumor necrosis factor- a ), which 

may suggest future COPD risk.  11   

 In a randomized controlled trial of a diff erent chimney 

stove intervention in Mexico, an ITT analysis again 

showed no diff erence in lung function between inter-

vention and control groups of women. However, women 

who reported regularly using the stove had a slower 

decline in FEV 1  over a 10-month follow-up period.  12   

Both the Mexican and Guatemalan stove intervention 

studies were limited by short follow-up and by following 

a group of young women, who may require many years 

of cumulative exposure before the accelerated lung 

function decline that precedes COPD becomes 

apparent. More recently, in a prospective cohort of 

adults in southern China, switching to cleaner fuels 

(biogas) and/or improving ventilation of biomass 

smoke with the addition of a chimney or exhaust fan 

was associated with a slower decline in FEV 1  and fewer 

new cases of COPD over a 9-year period.  13   Th ese results 

are encouraging but need to be replicated in a study 

with an experimental design. 

 We attempted to address this research gap by taking 

advantage of  .  5 years of spirometry follow-up in 

women participating in RESPIRE and the Chronic 

Respiratory Eff ects of Early Childhood Exposure to 

  Figure 1  – Participant profi le  . CRECER  5  Chronic Respiratory Eff ects of 
Early Childhood Exposure to Respirable Particulate Matter; RESPIRE  5  
Randomized Exposure Study of Pollution Indoors and Respiratory Eff ects.   
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 Materials and Methods 
 Study Design and Participants 

 RESPIRE was a randomized controlled trial that included 534 house-

holds using traditional open wood fi res for cooking located in the rural 

highlands of northwestern Guatemala ( Fig 1 )  . Five hundred four women 

from these households were recruited between October 2002 to May 

2003 to participate in the adult component of RESPIRE. Households 

were randomized in permuted blocks of 10 to receive a chimney wood-

stove ( plancha ) or to continue cooking over an open fire between 

October 2002 and December 2004, aft er which all households received 

the stove. Adult women in the household were followed for 12 months 

to 18 months with health and exposure questionnaires, biomass smoke 

exposure assessments, and spirometry at baseline and every 6 months 

thereaft er. At the end of RESPIRE, all control households (the delayed 

stove group) then received the chimney woodstove. Full details of 

RESPIRE have been published elsewhere.  8,14,15   

 Following the end of RESPIRE, 306 women were recruited to partici-

pate in the CRECER cohort study, during which health and exposure 

questionnaires, spirometry, and exposure assessments were conducted 

between November 2008 and March 2009. As all CRECER participants 

now had a chimney stove, we examined the eff ects of diff erential expo-

sure during the 12- to 18-month RESPIRE trial period on lung function 

over the duration of RESPIRE and the CRECER study. 

 Oral informed consent was obtained by local trained fi eldworkers fl u-

ent in each participant’s primary language. RESPIRE was approved by 

the research ethics committees ( Table 1 )   of   the University of Bergen 

(Bergen, Norway), University of Liverpool (Liverpool, England), Uni-

versity of California, Berkeley (Berkeley, California), and Universidad 

Del Valle Guatemala (Guatemala City, Guatemala). The CRECER 

study was approved by the research ethics committees of University of 

California, Berkeley, the University of California, San Francisco (San 

Francisco, California ), the University of Liverpool, and Universidad Del 

Valle Guatemala. Th ese studies were conducted in accordance with the 

amended Declaration of Helsinki. 

 Spirometry 

 Using a portable spirometer, we measured FEV 1  and FVC without 

a bronchodilator. Spirometry was conducted at enrollment and every 

6 months thereaft er during RESPIRE. Spirometry was repeated one to 

two times during the CRECER study. As a result, spirometry over 4 to 

6 years of follow-up with four to six sessions per participant was 

available for this cohort of women. Only measurements that were 

acceptable and reproducible by 1994 American Th oracic Society criteria 

were included.  16,17   Airfl ow obstruction was defi ned as having FEV 1 /

FVC  �  0.7; new airflow obstruction was defined as having airflow 

obstruction at the fi nal spirometry session but a normal ratio at base-

line. Reference values were calculated from the National Health and 

Nutrition Examination Survey (NHANES) III-derived equation for 

Mexican Americans.  16   A MicroLoop (MDSpiro  ) portable spirometer 

was used for all RESPIRE spirometry, and an EasyOne (ndd Medical 

Technologies, Inc) portable spirometer was used for all CRECER 

spirometry. 

 To account for differences in spirometers, we conducted a valida-

tion study to estimate a correction factor. Spirometry was collected 

on 24 CRECER participants on the same day using both spirometers; 

14 sessions were performed on the MicroLoop fi rst and 10 sessions were 

performed on the EasyOne first. The paired spirometry data were 

regressed against each other to create a correction factor for EasyOne 

results. The EasyOne produced consistently lower values for FEV 1  

(mean correction,  1  76 mL) and FVC (mean correction,  1  131 mL) 

than the MicroLoop and were corrected according to the following 

equations: 

  1FEV MicroLoop :

FVC MicroLoop :

Y 0.81 0.998 EasyOne FEV1

Y 0.24 0.97 EasyOne FVC

  

 Wood Smoke Exposure Assessment 

 In all RESPIRE participants, personal exposures to products of incom-

plete combustion were measured in two ways: EB co  and personal CO 

tube measurements. Personal CO tubes (GASTEC Corporation) passively 

measure personal exposure to CO (in parts per million [ppm]) over a 

48-h period, which correlates well with personal exposure to fi ne partic-

ulate matter in this population.  18,19   Personal CO tubes were collected 4 to 

5 times during RESPIRE, noncoincident with spirometry visits. EB co  

(CareFusion Corporation) is an indirect measurement of serum carboxy-

hemoglobin; measurements were collected following spirometry at 

every 6-month visit during RESPIRE and aft er each spirometry session 

in the CRECER study. EB co  measurements were repeated three times 

at each session, and the mean of the two highest measurements was 

recorded. EB co  monitors were calibrated against a standard CO span 

gas every 2 to 4 weeks during the study periods.  14,20   Personal CO 

measurement calibration and quality control were maintained accord-

ing to previously described protocols.  2   

Respirable Particulate Matter (CRECER) cohort 

study. During the CRECER study, spirometry and 

exposure assessments were collected on nonsmoking 

adult women participants 4 to 5 years aft er the end of 

RESPIRE. 

 We hypothesized that decrements in lung function from 

the beginning of RESPIRE to the end of the CRECER 

study follow-up would be smaller in the group that 

received a chimney stove earlier in RESPIRE because of 

reduced cumulative exposure to wood smoke. 

  TABLE 1   ]     Ethics Committee Approval Numbers 

Institution  RESPIRE No. CRECER Study No.

Universidad del Valle, Guatemala 001-10-2007 002-12-2007

University of Bergen REK Vest nr. 122.02 …

University of California, Berkeley 2010-11-2469 2010-05-1553

University of California, San Francisco 14-14738

University of Liverpool UoL # 00008210 UoL # 00008210

 CRECER  5  Chronic Respiratory Eff ects of Early Childhood Exposure to Respirable Particulate Matter; RESPIRE  5  Randomized Exposure Study of Pollution 
Indoors and Respiratory Eff ects. 
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  TABLE 2   ]     Baseline Characteristics of Guatemalan Women Participants in RESPIRE and the CRECER Study 
From the Early Stove (Intervention) and Delayed Stove (Control) Groups 

Characteristics Early Stove (n  5  129) Delayed Stove (n  5  136)

Age, y 27.9 (7.0) 28.5 (7.0)

Height, cm 144.5 (4.9) 144.5 (4.3)

Weight, kg 50.3 (5.5) 50.4 (7.3)

Cooking location, No. (%)

 Main house, separated by a wall 3 (2.3) 2 (1.5)

 Main house, same area as bedroom 18 (14) 15 (11)

 Separate enclosed cooking structure 99 (77) 106 (78)

 Separate open structure ( �  1 wall missing) 9 (7) 13 (10)

Temazcal use category, No. (%)

 None 16 (12) 12 (8.8)

 1-4 times/mo 62 (48) 63 (46)

  .  4 times/mo 51 (40) 61 (45)

Smoker present in home, No. (%) 26 (20) 37 (27)

Asset index  a  1.26 (0.73) 1.18 (0.76)

Baseline spirometry

 FEV 1 , L 2.67 (0.3) 2.68 (0.4)

 FEV 1  % predicted 104 (11.8) 104 (9.9)

 FVC, L 3.09 (0.4) 3.12 (0.4)

 FVC % predicted 103 (10.6) 104 (12.3)

 FEV 1 /FVC % 86.2 (9.4) 85.8 (5.6)

Airfl ow obstruction (FEV 1 /FVC  ,  0.7), No. (%) 1 (0.8) 1 (0.7)

 Data are presented as mean (SD) unless otherwise noted. See  Table 1  legend for expansion of abbreviations.  
  a Asset index is a number from 0 to 6 calculated based on possession of the following items (each adding 1 point): radio, television, refrigerator, 
bicycle, motorcycle, or automobile. 

 Statistical Analysis 

 Univariate comparisons between the two treatment groups were per-

formed using unpaired  t  tests, Wilcoxon rank sum,  x  2 , and Fisher exact 

tests as appropriate. Pearson correlations and Spearman correlations 

were used to assess correlations. 

 Th e primary end point was the diff erence in FEV 1  during RESPIRE and 

the CRECER study between the early and delayed stove intervention 

groups. Additionally, diff erence in FVC and FEV 1 /FVC ratio was assessed 

between trial arms. Exposure-response analyses were conducted using 

visit-specifi c EB co  measurements and mean postintervention personal 

CO tube measurements for the participants. Random eff ects models 

were used to assess changes in repeated measures of spirometry between 

intervention groups and in exposure-response analyses. All 95% CIs 

were based on a robust estimator. 

 Th e baseline covariates included age (median-centered) and age squared; 

height; weight; baseline FEV 1 , FVC, and FEV 1 /FVC ratio; asset index; 

cooking structure; secondhand smoke exposure; altitude; and frequency 

of temazcal use. Additionally, time-varying covariates included time 

since fi rst spirometry visit and season. Th e asset index, used to assess 

socioeconomic status, is a number from 0 to 6 based on self-reported 

possession of the following items (each adding 1 point): radio, televi-

sion, refrigerator, bicycle, motorcycle, or automobile.  21   Cooking struc-

ture location was dichotomized based on whether the kitchen was 

located within the main living structure or as a separate cooking 

structure. A temazcal is an indigenous wood-fueled sauna that has the 

potential to expose women to extremely high concentrations of biomass 

smoke. Temazcal use was categorized as none, one to four times per 

month, or more than four times per month for all analyses. Secondhand 

tobacco smoke was considered present if anyone in the household was 

a current smoker. Doctor-diagnosed asthma and active tobacco use 

among study participants were excluded from analysis given their rar-

ity in this population (n  5  1 among all participants for both variables). 

 All models included exposure to secondhand tobacco smoke, age, and 

height. A backward elimination process was used for inclusion of other 

potential confounders in the fi nal model if their inclusion resulted in a 

change in the  b  coeffi  cient of  �  5% in the association between the main 

exposure (intervention group in RESPIRE) with the primary outcome 

(FEV 1 ). We also stratifi ed by age in subanalyses. All statistical analysis 

was performed using Stata soft ware version 12.1 (StataCorp LP).    

 Results 

 Among 306 women enrolled in the CRECER study, 

265 women had at least one acceptable spirometry ses-

sion during both RESPIRE and the CRECER study and 

were included in the fi nal analysis, with an average of 

5.6 years (SD, 0.27) of follow-up and 4.1 spirometry 

sessions (SD, 0.84) per participant. Forty-one women were 

excluded for lacking at least one session of acceptable 

http://journal.publications.chestnet.org


 1188   Original Research      [    1 4 8  #  5    C H E S T    N OV E M B E R    2 0 1 5    ]  

  TABLE 3   ]     Exposure Assessments During RESPIRE and the CRECER Study,  EBCO , and Personal 48-h CO Tubes 

Exposure Metric
Early Stove 

(Intervention), Mean (SD)
Delayed Stove 

(Control), Mean (SD) Mean Diff erence (95% CI)

EB CO  (in 1 ppm)

 EB CO  at baseline visit (preintervention) 7.33 (4.6) 8.20 (3.6) 0.87 ( 2 0.12 to 1.85)

 EB CO , RESPIRE follow-up  a  6.14 (2.5)  b  7.55 (1.9) 1.42 (0.88 to 1.96)  c  

 No. of measurements per individual 4.19 (0.8)  b  4.13 (0.9) …

 EB CO , CRECER study 6.32 (4.2)  b  6.18 (4.0)  b   2 0.14 ( 2 1.17 to 0.89)

 Change in EB CO , baseline to RESPIRE 
   follow-up

 2 1.21 (5.0)  c   2 0.66 (3.5)  c   2 0.67 ( 2 1.18 to  2 0.14)  c  

 Change in EB CO , baseline to CRECER study 
   follow-up

 2 0.94 (5.7)  2 2.11 (5.0)  c  1.15 ( 2 0.20 to 2.50)

Personal 48-h CO tubes (in 1 ppm)

 CO tube at baseline visit 3.20 (2.4) 3.49 (3.0) 0.30 ( 2 0.37 to 0.96)

 CO tube at follow-up  d  2.31 (1.9)  b  4.60 (2.5) 2.28 (1.74 to 2.83)  c  

 No. of measurements per individual 2.51 (0.6)  b  2.46 (0.6) …

 Change in CO tubes, baseline to RESPIRE 
   follow-up

 2 0.89 (3.1)  c   1 1.11 (3.5)  c  1.99 (1.19 to 2.80)  c  

 CO  5  carbon monoxide; EB CO   5  exhaled breath carbon monoxide; ppm  5  parts per million. See  Table 1  legend for expansion of other abbreviations. 
  a Mean of 6-mo, 12-mo, and 18-mo EB CO  measurements during RESPIRE  . 
  b Post stove installation exposure measurements. 
  c Statistically signifi cant diff erences ( P   ,  .05). 
  d Mean of three to four rounds of CO tube measurements during RESPIRE. 

  Figure 2  – Kernel density plots of personal CO and exhaled breath CO at baseline and follow-up in the early stove and delayed stove groups. A, Personal CO, 
early stove group. B, EBCO in RESPIRE, early stove group. C, EBCO in CRECER, early stove group. D, Personal CO, delayed stove group. E, EBCO 
in RESPIRE, delayed stove group. F, EBCO in CRECER, delayed stove group. CO  5  carbon monoxide; EBCO  5  exhaled breath carbon monoxide. 
See  Figure 1  legend for expansion of other abbreviations.   

spirometry during RESPIRE (n  5  4), the CRECER 

study (n  5  35), or both (n  5  2). During RESPIRE, 

92% of spirometry sessions were acceptable (799 of 

872 sessions among 306 participants). During CRECER, 

87.3% of sessions were acceptable (283 of 324 sessions). 

 Th e early and delayed stove groups were similar at base-

line with respect to sociodemographic characteristics 

( Table 2 ).   Baseline values of FEV 1 , FVC, and FEV 1 /FVC 

ratio also were similar between the two groups. One 

individual in each stove group met criteria for airfl ow 
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obstruction at baseline. Th e 41 excluded participants were 

similar to included participants with respect to mean base-

line FEV 1  % predicted (excluded 105% vs included 104%), 

FVC (106% vs 104%), age (29.0 years vs 28.2 years), 

height (143.5 cm vs 144.5 cm), and weight (48.2 kg 

vs 50.4 kg). 

 Th ere was a signifi cant decline in EB co  in both groups 

during the RESPIRE follow-up period, with a mean 

decrease of 1.21 ppm in the early stove and 0.67 ppm 

in the delayed stove group ( Fig 2 ,    Table 3 )  . Th ere was a 

signifi cant decline in EB co  in both groups comparing 

baseline measurements collected during RESPIRE to 

measurements during the CRECER study, with a mean 

decrease of 0.94 ppm in the early stove and 2.11 ppm 

in the delayed stove groups. Personal CO tube measure-

ments were similar at baseline for the early stove and 

delayed stove groups, at 3.2 ppm (SD, 2.4) and 3.5 ppm 

(SD, 3.0), respectively ( P   5  .39). Th ere was a mean 

decline in tube CO concentrations in the early stove 

group of 0.89 ppm (SD, 3.1) during the intervention 

period but an increase in the delayed stove group 

of 1.11 ppm (SD, 3.5) during this same period. As 

the distributions for EB co  and personal CO tube 

data were positively skewed, the natural log transforma-

tions of these values were used for all regression analyses. 

Spearman correlation for mean postrandomization 

values of EB co  and personal CO tube measurements 

was 0.30 ( P   ,  .001). 

 Th e fi nal regression model used for all analyses included 

the following covariates: age, height, frequency of 

temazcal use, secondhand smoke exposure, time since 

fi rst spirometry, and baseline lung function. Season, 

age squared, altitude, weight, asset index, and cookstove 

location were excluded from the fi nal model based 

on the model selection criteria outlined previously. 

A restricted  F  test confi rmed that the restricted model 

fi ts as well as the full model. 

 Th ere were no signifi cant diff erences between stove 

groups for any of the measured spirometric variables 

before or aft er adjustment for covariates ( Table 4 )  . Like-

wise, exposure-response analyses did not identify any 

signifi cant associations between either EB co  or personal 

tube CO concentrations and changes in lung function. 

FEV 1  decreased by 11.1 mL/y (95% CI,  2 15.5 to  2 6.8) 

overall, with similar declines of 13.0 mL/y and 9.5 mL/y 

in the early stove and delayed stove groups, respectively 

( Table 5 )  . FVC increased by 15.9 mL/y (95% CI, 10.7-21.1) 

overall. Th ere was one new case of airfl ow obstruction 

in the early stove group (0.8%) and three new cases of 
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airfl ow obstruction in the delayed stove group (2.2%), 

respectively. 

 As lung function typically peaks around age 20 to 

25 years in women, we performed a sensitivity analysis 

among participants who were  �  25 years old (n  5  170) 

at baseline ( Fig 3 )  . Th ere was no association between 

FEV 1  and intervention group ( b   5   2 1.1,  P   5  .95), 

ln-EB co  ( b   5  8.6,  P   5  .49), or ln-CO tubes ( b   5  5.6, 

 P   5  .62) on adjusted analysis. Th e rate of decline of 

lung function was similar to that seen in the full 

analysis when limited to this age group, with a decline 

of 9.8 mL/y (95% CI,  2 14.3 to  2 5.3) for FEV 1  and 

increase of 17.0 mL/y (95% CI, 10.9-23.0) for FVC. 

Finally, in a post hoc power analysis assuming a stan-

dard deviation of 0.35 L for FEV 1  and assuming a 

conservative intraclass correlation of 0.7 for repeated 

measures of FEV 1 , we had 89% power to detect a 5% 

diff erence in FEV 1  with this sample. 

 Discussion 

 In this study of 265 healthy, wood smoke-exposed 

women in rural Guatemala, there was no diff erence in 

lung function between the early stove (intervention) 

and delayed stove (control) groups with 12 to 18 months 

of diff erential exposure to a chimney stove with an 

average of  .  5 years of follow-up. Additionally, no asso-

ciations between personal wood smoke exposure and 

lung function changes were identifi ed. Th ese results 

are novel in that they are from, to our knowledge, the 

fi rst randomized controlled stove intervention trial 

to measure personal exposure and lung function on 

a large cohort of wood smoke-exposed women 

with  .  1,400 person-years of follow-up. 

 If an association between wood smoke exposure and 

lung function exists in this population, there are 

notable study limitations that may explain these nega-

tive fi ndings. Perhaps foremost, the women diff ered in 

their exposure to wood smoke only during the 12- to 

18-month RESPIRE, when the delayed stove group con-

tinued to cook over an open fi re; at the end of this trial 

all women received a chimney stove. Any diff erence in 

lung function that may have existed at the end of this 

short period of diff erential smoke exposure may have 

diminished over the ensuing 3 to 4 years before spirom-

etry was performed in the CRECER study. Moreover, 

both groups remained heavily exposed aft er stove instal-

lation; in the early stove group exposure decreased by 

only 30% following stove installation based on personal 

CO monitoring ( Table 3 ). Many households may not 

have switched fully to using the stove, and use may have 

diminished further over years of follow-up. Additionally, 

personal exposure monitoring does not account for 

dramatic exposures these women experience while 

using the temazcal, with average CO exposures that 

are 10 times higher than the 15-min World Health 

Organization guideline for indoor air quality; additional 

research into the impact of this unique exposure on lung 

health is warranted.  22,23   For these reasons, the overall 

impact of the stove on participants’ cumulative lifetime 

exposure during these two studies was likely small. 

  TABLE 5   ]     Change in Spirometry From the Beginning of RESPIRE to the End of the CRECER Study 

Spirometry  Early Stove (Intervention) (n  5  129) Delayed Stove (Control) (n  5  136)

Follow-up, y 5.59 (0.2) 5.58 (0.2)

Annual change in FEV 1 , mL/y  2 13.0 (3.1)  2 9.5 (3.1)

Annual change in FVC, mL/y 13.6 (3.8) 18.0 (3.7)

Annual change in ratio, %/y  2 0.82 (0.065)  2 0.80 (0.069)

Airfl ow obstruction at baseline, FEV 1 /FVC  ,  0.7, No. (%) 1 (0.8) 1 (0.7)

New cases of airfl ow obstruction, No. (%) 1 (0.8) 3 (2.2)

 Data are presented as mean (SE) unless otherwise noted. See  Table 1  legend for expansion of abbreviations. 

  Figure 3  – Baseline FEV 1  and participant age at baseline, with locally 
weighted scatterplot smoothing fi t line.   
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Finally, because the exposure-response relationship 

between particulate matter and lung function may 

be nonlinear (with smaller eff ects at higher exposure 

levels), more substantial reductions in exposure may 

be necessary to impact lung function.  10   

 Little is known about whether early spirometric changes 

that precede tobacco-associated COPD would also be 

present in these young individuals with biomass expo-

sure. Th ere is evidence to suggest that the age at onset 

and natural history of biomass-associated COPD is 

diff erent than that observed with tobacco-associated 

COPD. In a recent cohort study in Mexico, the rate of 

lung function decline was greater in women with tobacco-

associated COPD compared with biomass-associated 

COPD (42 mL/y vs 23 mL/y), and those with biomass-

associated COPD were older on average and with less 

severe COPD.  24   It is also interesting that these chroni-

cally biomass-exposed women had, on average,  .  100% 

predicted values for FEV 1  and FVC. Although this may 

suggest that lung function decline is a late fi nding in 

biomass smoke-exposed individuals, this could also be 

due to our use of the NHANES equation for Mexican-

Americans for these Guatemalan women, who generally 

self-identify as being of indigenous Mayan extraction. 

Similar overestimations in percent predicted values for 

lung function have previously been observed in children 

from Mexico City using the NHANES prediction.  25   

 Th e use of diff erent spirometers during RESPIRE and 

the CRECER study complicates study interpretation. 

Although a correction factor for spirometer type was 

used, this could contribute to measurement error. As 

the spirometer type was consistent within each of the 

RESPIRE and CRECER studies, thereby aff ecting the 

early and delayed stove groups equally, this likely led to 

nondiff erential misclassifi cation and bias toward the 

null when assessing diff erences due to treatment group. 

However, this does not completely allay concerns about 

the impact of diff erent spirometers on the stove inter-

vention eff ect estimate. Additionally, the evidence of a 

systematic diff erence in lung function measurements 

between spirometers limits conclusions that can be 

drawn about longitudinal changes in lung function that 

may not be fully addressed by the correction factor. 

 As COPD is a disease that typically takes decades of 

exposure to develop, it may not be surprising that large 

diff erences in lung function were not identifi ed between 

the early and delayed stove groups in our study, given a 

diff erence of only 12 to 18 months of partial reduction 

in smoke exposure. Because of the protracted natural 

history of the disease, better short-term biomarkers of 

airway infl ammation and injury that may herald COPD 

risk from biomass smoke exposure need to be identifi ed, 

and promising candidate markers should be evaluated 

in future intervention studies. 

 Conclusions 

 In rural Guatemalan women followed with spirometry 

over an average of 5 years, diff erential exposure to wood 

smoke during 12 to 18 months at the beginning of this 

period was not associated with change in lung function. 

Given the recognized association of biomass smoke 

exposure with COPD, our results suggest that future 

studies may need to incorporate cleaner stoves or 

cleaner fuels, longer follow-up, greater exposure hetero-

geneity, or inclusion of more susceptible individuals to 

further explore this association. Such studies are vital 

given the tremendous burden of disease associated with 

COPD from biomass smoke exposure in the developing 

world. 
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