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B A C K G R O U N D :   Exposure  to  household  air  pollution 
(HAP) causes 4 million deaths annually, and strategies 
to reduce HAP exposure are urgently required. 
O B J E C T I V E :   To  evaluate  the  acceptability  and  feasibil-
ity of conducting a trial of a cookstove intervention in 
rural Malawi. 
D E S I G N :   Non-smoking women were randomised to con-
tinuing to use an open fire (control) or to using a wood-
burning clay cookstove (intervention). Symptom burden, 
oxygen saturation and exhaled carbon monoxide (eCO) 
were assessed at baseline and 7-day follow-up. A subset 
of women underwent HAP exposure monitoring. 
R E S U LT S :   Of 51 women recruited, 50 (98%) completed 
the main study. The methodology was acceptable to par-
ticipants. Headache, back pain and cough were the most 

commonly  reported  symptoms at baseline  and  follow-
up. Median eCO was within normal limits, but with a 
difference  of  0.5  parts  per  million  (ppm)  in  median 
change of eCO from baseline to follow-up seen between 
the two groups (P ∙ 0.035). The peak ambient CO con-
centration detected was 150 ppm. 
C O N C L U S I O N :   This  study  suggests  that  a  large  cook-
stove intervention trial in Malawi would be feasible with 
careful  community  sensitisation.  Monitoring  exposure 
to  HAP  is  challenging,  and  further  studies  evaluating 
potential biomarkers of exposure, including eCO, should 
be undertaken.
K E Y  W O R D S :   po�����t�on; s�o�e; resp�r�tor� s��pto�s; 
c�r�on �onox�de; ��o��r�er

Ex�o�U��E �o A��� �o��U��on res���t�ng �ro� 
��rn�ng so���d ��e��s �wood�� c���rco����� �n����� d�ng�� 
crop res�d�es�� co���) �or essent���� ��o�se��o��d �ct���t�es�� 
s�c�� �s coo��ng �nd ��e�t�ng�� �s t��o�g��t to �e respon�
s����e �or 4 �������on de�t��s per �e�r.1 �o�se��o��d ��r 
po�����t�on ��A�) �s �ssoc��ted w�t�� c�����d��ood pne��
�on�� �t��e ��ggest ������er �n �nder�fi�es wor��dw�de)�� 
poor neon�t��� o�tco�es �nd c��ron�c o�str�ct��e p����
�on�r� d�se�se.1–8 D�e to �ts re���t��e ���ord������t� 
co�p�red to c��e�ner ��e��s s�c�� �s e��ectr�c�t� �nd g�s�� 
so���d ��e�� �se �s w�despre�d; �n �����w��� 95% o� peo�
p��e re��� on so���d ��e��s �s t��e�r do�est�c energ� so�rce.9 
Coo��ng on open fires �n poor��� �ent����ted ��o�es c�n 
��e�d to po�����t�nt ��e�e��s ��c�� gre�ter t���n �s cons�dered 
s��e �� t��e Wor��d �e���t�� org�n�z�t�on �W�o).10 

�nter�ent�ons to red�ce �A� expos�re—w���c�� 
need to �e e�fic�ent�� cost�e��ect��e �nd �ccept����e to 
t��e t�rget pop����t�ons—�re ��r�ed�� �nd �ddress ��c�
tors �nc���d�ng t�pe o� sto�e�� �ent����t�on�� ��e�� t�pe �nd 
�e�����o�r �od�fic�t�on.11 none o� t��ese ��ctors c�n 
�e e������ted �n �so���t�on�� ����ng �nter�ent�on st�d�es 
�n t���s fie��d co�p��ex. W��en co���ned w�t�� t��e ��og�s�

t�c��� d��fic���t�es o� cond�ct�ng rese�rc�� �n reso�rce�
poor sett�ngs �nd potent���� c���t�r��� ��rr�ers�� st�d�es 
o� s�c�� �nter�ent�ons c�n �e c�������eng�ng.

Coo�sto�es �re � pro��s�ng �nter�ent�on str�teg� 
�or red�c�ng �A� expos�re. ���ree r�ndo��sed con�
tro����ed tr����s ���C�s) o� coo�sto�e �nter�ent�ons ����e 
�een cond�cted to d�te �nd ����e s��own ��pro�e�
�ents �n s��pto� ��rden�� resp�r�tor� ��nct�on �nd 
c�����d��ood pne��on���� ��t t��e�r find�ngs were �����ted 
�� poor �d��erence to t��e �nter�ent�on �nd expos�re 
��sc���ss�fic�t�on.12–14 F�rt��er�ore�� t��e�r find�ngs �re 
not d�rect��� tr�ns�er����e to s��������r�n A�r�c��� g��en 
t��e w�de ��r��t�on �n coo��ng pr�ct�ces �nd ��e��s 
�cross t��e g��o�e.

���e ���o���� A������nce �or C��e�n Coo�sto�es ��ACC; 
www.c��e�ncoo�sto�es.org) ���s �een est�����s��ed to �d�
dress t��e p�����c ��e���t�� ��rden o� �A�. �ACC recog�
n�ses t��e need �or ��rt��er st�d�es to �ssess t��e ��e���t�� 
��p�ct�� e��ect��eness �nd �ccept������t� o� �nter�en�
t�ons �n d���erent sett�ngs�� to �n�or� po���c� dec�s�ons 
�nd ��st��� ���rge�sc���e �nter�ent�on progr���es. ���en 
t��e pre��o�s��� d�sc�ssed c�������enges o� cond�ct�ng t��ese 
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st�d�es�� �t �s ��t��� t���t e�p���s�s �s p���ced on ens�r�ng 
t���t t��e st�d� des�gn �s �ppropr��te �or t��e sett�ng. 
���e pr���r� ��� o� t���s st�d� w�s t��ere�ore to �ssess 
t��e �e�s������t� �nd �ccept������t� o� cond�ct�ng �n ��C� 
o� � coo�sto�e �nter�ent�on �n r�r��� �����w� to �n�
�or� ��t�re ���rger st�d�es �n t���s or s������r sett�ngs. 

���e C���tetezo sto�e �s � s��p��e c���� coo�sto�e 
�F�g�re 1) �or ��rn�ng so���d ��e��s t���t w�s c��osen �s 
t��e �nter�ent�on �n t���s st�d� �ec��se �t red�ces ��e�� 
cons��pt�on �� �pprox���te��� 40% co�p�red to � 
tr�d�t�on��� ‘t��ree�stone’ fire��15 �t �s prod�ced �� ��oc��� 
wo�en’s gro�ps �s�ng ��oc��� ��ter����s �nd �t �s ��ow 
cost ��pprox���te��� U�$2).

METHODS 

Participants
Wo�en �����ng �n t��e ntc��e� D�str�ct o� �����w� w��o 
coo�ed on tr�d�t�on��� open wood fires�� ��t w�s��ed to 
p�rc���se � C���tetezo sto�e�� were �n��ted to t��e p�rt 
�n t���s p���ot�� p�r�����e�� ��C�. For ��og�st�c��� re�sons�� co��
��n�t� eng�ge�ent �eet�ngs were ��e��d �n d���erent 
�������ges on d���erent d��s to �n�or� wo�en ��o�t t��e 
st�d�. �n�or�ed wr�tten consent w�s o�t��ned �n pr��
��te �nd w�s co�p��eted �n C���c��ew��� t��e ��oc��� ���n�

g��ge. �nd���d����s were exc���ded �� t��e� were c�rrent 
s�o�ers or ����ed w�t�� � s�o�er.

Randomisation
Wo�en were �nd���d������� r�ndo��sed to one o�  
two p�r�����e�� gro�ps �n � 1:�1 r�t�o w�t�� ���oc� r�n�
do��s�t�on ����oc� s�ze 10)�� gener�ted �s�ng � r�n�
do� n���er t����e. ���ndo��s�t�on w�s conce���ed 
�s�ng pre�prep�red�� seq�ent������� n���ered�� op�q�e 
se���ed en�e��opes. 

Intervention 
Wo�en �n t��e �nter�ent�on gro�p p�rc���sed � C����
tetezo sto�e on t��e d�� o� recr��t�ent or t��e �o����ow�
�ng d��. ���e� were �s�ed to stop �s�ng t��e�r tr�d��
t�on��� open wood fire �nd co��ence coo��ng on 
t��e�r C���tetezo sto�e w�t�� ���ed��te e��ect�� �o����ow�
�ng �nstr�ct�ons �ro� t��e st�d� wor�ers reg�rd�ng t��e 
�se �nd ���nten�nce o� t��e�r C���tetezo sto�e. Wo�en 
�n t��e contro�� gro�p were �s�ed to cont�n�e coo��ng 
on � tr�d�t�on��� open wood fire �nd were ����e to p�r�
c���se t��e�r C���tetezo sto�e 7 d��s ���ter�� �t t��e end o� 
t��e st�d�.

Outcomes
D�t� were co����ected �t ��se���ne ��e�ore r�ndo��s��
t�on) �nd �t 7�d�� �o����ow��p. ���e pr���r� o�tco�e 
o� t���s st�d� w�s to �ssess t��e �e�s������t� o� cond�ct�
�ng � coo�sto�e �nter�ent�on st�d� �n t���s sett�ng�� �n�
c���d�ng exp��or�ng �n� ��og�st�c��� c�������enges ��ced. ���e 
�ccept������t� to t��e st�d� pop����t�on o� t��e �et��od�
o��og� �sed w�s ���so cons�dered. D�t� reg�rd�ng ��e���t�� 
�nd �A� expos�re were co����ected �s second�r� o�t�
co�es�� ���t��o�g�� g��en t��e p���ot n�t�re o� t���s st�d��� 
we d�d not ��� to �ssess t��e per�or��nce or ��p�ct 
o� t��e C���tetezo sto�e. Q�est�onn��res reg�rd�ng de�
�ogr�p���cs�� ��o�se��o��d det����s �nd s��pto� ��rden�� 
p���se ox��etr� �or ox�gen s�t�r�t�on ��po2) �nd ex�
�����ed c�r�on �onox�de �eCo) ��e�e��s �s�ng � ���nd�
��e��d �on�tor were ����� �sed. 

Expos�re to po�����t�on w�s �on�tored �or � ��nor�
�t� o� wo�en w��o �o���nteered to t��e p�rt�� �nd �����
�ted �� t��e n���er o� �on�tors ����������e. A ��dep�� 
�on�tor ���� �nc�� ���ore��ew�� �n�� U�A)�� �sed to �e��
s�re ��r p�rt�c����te ��tter ��� < 2.5 μ� �n s�ze)�� 
w�s p���ced �n � wo��n’s ��o�e �or 24 �� �t ��se���ne 
�nd 7�d�� �o����ow��p. �erson��� Co �on�tors ���sc�r 
U�B D�t���oggers; ��sc�r E��ectron�cs�� �����s��r��� UK)�� 
w���c�� c���p to t��e c��ot��es�� were worn cont�n�o�s��� �or 
24 �� �t ��se���ne �nd 7�d�� �o����ow��p.

D�t� were co����ected �n t��e �������ges �s�ng � p�per�
��sed c�se report �or� �nd t��en co�����ted �n �n Exce�� 
���croso�t�� ��ed�ond�� WA�� U�A) spre�ds��eet �� � 
st�d� wor�er.

Sample size
A s��p��e s�ze o� 50 ��nc���d�ng �ot�� gro�ps) w�s c��o�
sen ��sed on t��e req��re�ent to �ssess t��e �e�s������t� 

Figure 1 The Chitetezo stove is a simple clay cookstove for 
burning solid fuels that aims to reduce exposure to household 
air pollution by burning fuel more efficiently than an open fire, 
thereby reducing fuel consumption and producing fewer waste 
combustion products.
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o� st�d� �et��odo��og��� r�t��er t���n to detect �n� c���n��
c��� d���erence �etween t��e two gro�ps. 

Compensation
���e wo�en were co�pens�ted �or t��e �ncon�en�ence 
w�t�� � g��t to t��e �����e o� �pprox���te��� U�$2. ����s 
g��t ��r�ed �etween �������ges�� depend�ng on w���t w�s 
�greed �e�ore t��e recr��t�ent process�� �nd �nc���ded 
e�t��er p�geon pe� seeds �or c���t���t�on or � C���te� 
tezo sto�e. 

Statistical methods and analysis
�B� ���� �t�t�st�cs 19 w�s �sed to �n����se d�t� ��B� 
Corpor�t�on�� �o�ers�� nY�� U�A). ��stogr��s were re�
��ewed to �ssess d�t� d�str���t�on�� χ2 tests or F�s��er’s 
ex�ct tests were �sed �or co�p�r�son o� c�tegor�c��� 
d�t� �etween t��e two gro�ps�� �nd ��nn W���tne� U�
tests �or cont�n�o�s d�t�. P < 0.05 w�s cons�dered 
st�t�st�c������ s�gn�fic�nt. ��ss�ng d�t� were exc���ded 
�ro� t��e �n����s�s on � c�se����c�se ��s�s �or ��e���t�� 
�nd expos�re o�tco�es. Fe�s������t� �nd �ccept������t� 
�spects were re��ewed t��ro�g�� d����og�e w�t�� ����� 
�e��ers o� t��e st�d� gro�p d�r�ng �nd ��ter co�p��e�
t�on o� t��e st�d�. 

Ethical approval
����s st�d� w�s � co������or�t�on �etween t��e ���er�
poo�� �c��oo�� �or �rop�c��� �ed�c�ne �����)�� Concern 
Un��ers��� �CU; www.concern�n��ers���.org) �nd C����

o�� �td ������w�). �t��� �ro� CU pro��ded t��e st�d� 
gro�p w�t�� �ccess to t��e co���n�t�es�� �nd t��e �p�
pro���� o� �������ge e��ders w�s so�g��t. 

���e st�d� rece��ed et���c��� �ppro���� �ro� t��e ���� 
��ese�rc�� Et���cs Co���ttee �11.74) �nd t��e Co����ege 
o� �ed�c�ne ��ese�rc�� Et���cs Co���ttee�� Un��ers�t� 
o� �����w��� Zo����� �����w� ��.07/11/1103). �t w�s 
reg�stered w�t�� t��e ��n�A�r�c�n C���n�c��� �r����s ��eg�s�
tr� ��AC���201110000324321).

RESULTS 

Recruitment and randomisation
���e st�d� too� p���ce �n no�e��er–Dece��er 2011. 
A���� wo�en �ppro�c��ed were �een to p�rt�c�p�te. �wo 
wo�en were not e���g����e �or p�rt�c�p�t�on d�e to t��e 
exc���s�on cr�ter�� �F�g�re 2). Fo����ow�ng �ssess�ent �� 
two st�d� wor�ers�� one e��der��� wo��n w�s dee�ed 
�n����e to g��e �n�or�ed consent d�e to � ���c� o� �n�
derst�nd�ng. A tot��� o� 51 wo�en were recr��ted �ro� 
fi�e �������ges�� �nd recr��t�ent stopped once t��e de�
s�red s��p��e s�ze ���d �een re�c��ed:� 26 wo�en �51%) 
were r�ndo��sed to t��e contro�� gro�p �nd 25 �49%) 
to t��e �nter�ent�on gro�p �F�g�re 2). 

Retention
���e ���or�t� o� t��e wo�en �n = 50�� 98%) co�p��eted 
t��e ���n st�d�—one wo��n �ro� t��e �nter�ent�on 
gro�p d�d not �ttend t��e �o����ow��p sess�on. 

Figure 2 Consort flow diagram showing recruitment to the study, randomisation and loss to 
follow-up.
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Feasibility
no o��ect�ons were r��sed to t��e r�ndo��s�t�on pro�
cess or to � de���� �n rece���ng � C���tetezo sto�e. A���
t��o�g�� ����� o� t��e recr��ted wo�en w�s��ed to p�rc���se 
� C���tetezo sto�e�� ��n� were �n����e to do so on t��e 
d�� o� t��e ��s�t�� �nd ��n� t��ere�ore opted to ����e � 
C���tetezo sto�e �s t��e�r co�pens�t�on g��t to �����ow 
t��e� to p�rt�c�p�te. no �d�erse e�ents occ�rred d�r�
�ng t��e st�d�.

A���� o� t��e recr��ted wo�en co�p��eted t��e q�es�
t�onn��re�� w�t�� no o��ect�ons r��sed to �n� o� t��e 
q�est�ons �s�ed. no pro���e�s w�t�� �e�s�r�ng �po2 
or eCo were enco�ntered. 

one o� t��e �o�r wo�en w��o �o���nteered to we�r 
t��e Co �on�tor dec���ned to do so �t �o����ow��p d�e to 
s�perst�t�o�s �e���e�s reg�rd�ng t��e �on�tor re�o��ng 
ox�gen �ro� t��e ��r. one st�t�c �� �on�tor w�s 
p���ced �n t��e ��o�e o� � p�rt�c�p�nt �or 24 �� �t ��se�
���ne �nd �o����ow��p �d�t� not s��own). As �t w�s not 
poss����e to ��e��e t��e �on�tor �n t��e sep�r�te �����d�ng 
w��ere t���s wo��n coo�ed d�e to sec�r�t� concerns�� �t 
w�s �nste�d p���ced �ns�de ��er ���n �����ng �re� �w��ere 
t��ere w�s no fire).

Baseline data
As s��own �n �����e 1�� �����ted reso�rces were ����������e 
to t��e p�rt�c�p�nts. �o�rces o� �A� expos�re �re re�
ported �n �����e 2:� 98% �sed wood �s t��e�r pr���r� 
��e�� so�rce�� �nd �ost coo�ed �ns�de � �����d�ng sep��

r�te �ro� t��e�r ���n ��o�se �n �ot�� dr� �nd wet se��
sons. ���e ���or�t� o� t��e wo�en d�d not �se �n� �or� 
o� ��e�t�ng. ���p��e ��tter� powered ���g��t�e��tt�ng d��
ode ���g��ts were �sed �� 90% o� t��e wo�en. A���� t��e 
wo�en den�ed �n� ot��er �or�s o� s�o�e expos�re.

Symptom burden and oxygen saturation
�e�d�c��e�� ��c� p��n �nd co�g�� were t��e �ost co��
�on��� reported s��pto�s �t ��se���ne ������e 3). o� 
t��ose report�ng � ��e�d�c��e �t ��se���ne�� t��e �ed��n 
n���er o� d��s t��e ��e�d�c��e ���d �een exper�enced 
�n t��e 7 d��s preced�ng ��se���ne w�s 3 ��nterq��rt���e 
r�nge [�Q��] 2–4)�� w�t�� t��ose report�ng ��c� p��n 
�����ng exper�enced �t �or � �ed��n o� 5 d��s ��Q�� 2–
7). ���pto� ��rden �t �o����ow��p w�s �er� s������r 
������e 3). ���ere w�s no s�gn�fic�nt d���erence �n c���nge 
�n s��pto�s o�er t��e 7�d�� per�od �etween t��e two 
gro�ps �d�t� not s��own). �ed��n �po2 w��en �re�t���
�ng roo� ��r were respect��e��� 98% �nd 99% �n t��e 
contro�� gro�p �nd �nter�ent�on gro�p �t ��se���ne�� �nd 
99% �n �ot�� gro�ps �t �o����ow��p. 

Exposure measurements
�ed��n eCo w�s respect��e��� 2 ��Q�� 2) �nd 3 ��Q�� 2) 
�or t��e contro�� �nd �nter�ent�on gro�p �t ��se���ne. At 
�o����ow��p�� �ed��n eCo w�s respect��e��� 3 ��Q�� 2) 
�nd 2 ��Q�� 1) �or t��ese gro�ps. ���e �ed��n c���nge 
�n eCo �ro� ��se���ne to �o����ow��p w�s s�gn�fic�nt��� 
d���erent �etween t��e two gro�ps ��ed��n c���nge  

Table 1 Baseline characteristics of the study participants

Parameter

Control group (n = 26) Intervention group (n = 25)
Total

(N = 51)
n (%)n (%)

Missing data
 n (%) n (%)

Missing data
 n (%)

Age, years, median [IQR] 36.5 [36.0] 2 (7.7) 33.0 [18.0] 0 38.1 [15.5]
Rooms in household, mean ± SD  2.5 ± 0.�0.� 0  2.6 ± 1.01.0 0  2.5 ± 0.�0.�
Adults in household, mean ± SD  1.8 ± 0.40.4 2 (7.7) (7.7)7.7)  2.2 ± 0.60.6 1 (4.0) (4.0)4.0)  2.0 ± 0.50.5
Children in household, median [IQR]  1.5 [2.0] 2 (7.7)  2.0 [2.0] 1 (4.0)  1.� [1.6]
Roof type
 Corrugated iron
 Grass

21 (80.8)
 5 (1�.2)

0 
22 (88.0)
 3 (12.0)

0 
43 (84.3)
 8 (15.7)

Window type
 No window
 Space only
 Glass

 6 (25.0)
10 (41.7)
 8 (33.3)

2 (7.7)
 2 (8.7)
12 (52.2)
 � (3�.�)

2 (8.0)
 8 (17.0)
22 (46.8)
17 (36.2)

Water supply type
 Communal pipeCommunal pipe
 Well/bore holeWell/bore hole
 River/otherRiver/other 
 Communal pipe and well or bore hole

 5 (1�.2)
 8 (30.8)
 1 (3.8)
12 (46.2)

0 
 7 (28.0)
10 (40.0)
 0 
 8 (32.0)

0 
12 (23.5)
18 (35.3)
 1 (2.0)
20 (3�.2)

Owned by a member of the household
 Car
 Motorcycle
 Bicycle
 Radio
 Refrigerator
 Television
 Telephone
 Computer

 0 
 0 
10 (38.5)
 7 (26.�)
 0 
 1 (3.8)
 5 (1�.2)
 0 

0 
 0 
 0 
11 (44.0)
11 (44.0)
 0 
 0 
 7 (28.0)
 0 

0 
 00
 00
21 (41.2)
18 (35.3)
 00
 1 (2.0)1 (2.0)
12 (23.5) 
 00 

IQR = interquartile range; SD = standard deviation.
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Table 2 Participants smoke exposure at baseline

Parameter

Missing data

Control group
n (%)

Intervention group
n (%)

Control group 
(n = 26)

n (%)

Intervention group 
(n = 25)

n (%)

Primary cooking method
 Wood
 Mbaula* 

1 (3.8) 1 (4.0)
24 (�6.0)
 1 (4.0)

24 (100.0)
 0 

Secondary cooking method
 None used
 Wood fire
 Mbaula* 
 Crop residue fire

1 (3.8) 1 (4.0)
21 (84.0)
 1 (4.0)
 2 (8.0)
 1 (4.0)

24 (100.0)
 0 
 0 
 0 

Dry season primary cooking location
 Inside main living areaInside main living area
 Elsewhere inside main houseElsewhere inside main house
 Separate buildingSeparate building
 OutsideOutside

1 (3.8) 0 
 0 
 2 (8.0)
17 (68.0)
 6 (24.0)

 1 (4.0)
 2 (8.0)
21 (84.0)
 1 (4.0)

Wet season primary cooking location
 Inside main living areaInside main living area
 Elsewhere inside main houseElsewhere inside main house 
 Separate buildingSeparate building
 OutsideOutside

1 (3.8) 0 
 0 
 2 (8.0)
17 (68.0)
 6 (24.0)

 1 (4.0)
 2 (8.0)
21 (84.0)
 1 (4.0)

Primary heating method
 No heating used
 Wood fire
 Mbaula*

0 0 
21 (80.8)
 3 (11.5)
 2 (7.7)

21 (84.0)
 4 (16.0)
 0 

Primary lighting method
 No lighting usedNo lighting used
 Paraffin/kerosene lampParaffin/kerosene lamp
 Battery powered torchBattery powered torch
 Hurricane lampHurricane lamp

0 3 (12.0)
 2 (7.7)2 (7.7)
 2 (7.7)2 (7.7)
21 (80.8)
 1 (3.8)1 (3.8)

 00 
 00 
22 (100.0)
 00 

*Traditional stove.

Table 3 Symptoms reported at baseline and follow-up

Symptom

Missing data Number of individuals  
reporting symptom

P value

Control group 
(n = 26)

n (%)

Intervention group 
(n = 25)

n (%)
Control group

n (%)
Intervention group

n (%)

Baseline
 Cough 0 0  � (34.6)  7 (28.0)7 (28.0) 0.611*
 MucusMucus 0 0  2 (7.7)2 (7.7)  00 0.4�0†

 Shortness of breathShortness of breath 0 0  2 (7.7)2 (7.7)  3 (12.0)3 (12.0) 0.668†

 Wheezing or whistling in chest 1 (3.8) 0  1 (4.0)1 (4.0)  1 (4.0)1 (4.0) 1.000†

 Sneezing or runny noseSneezing or runny nose 1 (3.8) 1 (4.0)  7 (28.0)7 (28.0)  2 (8.3)2 (8.3) 0.138†

 HeadacheHeadache 0 1 (4.0) 12 (46.2) 13 (54.2) 0.571*
 Burning or watery eyesBurning or watery eyes 0 0  6 (23.1)6 (23.1)  3 (12.0)3 (12.0) 0.465†

 Back painBack pain 0 1 (4.0) 12 (46.2)  5 (20.8)5 (20.8) 0.05�*
 BurnsBurns 2 (7.7) 2 (8.0)  2 (8.3)2 (8.3)  1 (4.3)1 (4.3) 1.000†

 Family member with burnsFamily member with burns 0 0  2 (7.7)2 (7.7)  1 (4.0)1 (4.0) 1.000†

Follow-up
 CoughCough 0 1 (4.0)  5 (1�.2)5 (1�.2)  5 (20.8)5 (20.8) 1.000†

 MucusMucus 0 1 (4.0)  2 (7.7)2 (7.7)  1 (4.2)1 (4.2) 1.000†

 Shortness of breathShortness of breath 0 1 (4.0)  1 (3.8)1 (3.8)  00 1.000†

 Wheezing or whistling in chest 1 (3.8) 1 (4.0)  1 (4.0)1 (4.0)  00 1.000†

 Sneezing or runny noseSneezing or runny nose 0 1 (4.0)  3 (11.5)3 (11.5)  5 (20.8)5 (20.8) 0.456†

 HeadacheHeadache 0 1 (4.0)  8 (30.8)8 (30.8)  6 (25.0)6 (25.0) 0.650*
 Burning or watery eyesBurning or watery eyes 0 1 (4.0)  6 (23.1)6 (23.1)  1 (4.2)1 (4.2) 0.100†

 Back painBack pain 1 (3.8) 1 (4.0)  6 (24.0)6 (24.0)  2 (8.3)2 (8.3) 0.247†

 BurnsBurns 0 1 (4.0)  5 (1�.2)5 (1�.2)  3 (12.5)3 (12.5) 0.704†

 Family member with burnsFamily member with burns 0 1 (4.0)  00  00 —

* The statistical difference between the two groups for ‘Number of individuals reporting symptom’ was tested using the χ2 test.
† The statistical difference between the two groups for ‘Number of individuals reporting symptom’ was tested using Fisher’s exact test.
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�n eCo 0.0 p�rts per �������on [pp�] [�Q�� 3] �nd 
−0.5 pp� [�Q�� 3] �or t��e contro�� gro�p �nd �nter�
�ent�on respect��e����� P = 0.035). Fo�r wo�en wore 
person��� Co �on�tors �or 24 �� �t ��se���ne�� �nd pe��s 
o� �p to 150 pp� were detected �F�g�re 3). ���e re�
s���ts �or t��e t��ree wo�en �t �o����ow��p �re s��own �n 
F�g�re 3. 

DISCUSSION 

����s st�d� ���s de�onstr�ted t���t �t �s �e�s����e to con�
d�ct �n ��C� o� � coo�sto�e �nter�ent�on �n r�r��� 
�����w�. W�t�� t��e ���g�� ��e�e�� o� �nterest we o�ser�ed 
�n p�rt�c�p�t�ng �������ges�� �nc���d�ng �������ge e��ders�� we 
�re enco�r�ged t���t � ���rger tr���� w����� �e poss����e. 
��ecr��t�ent �nd retent�on r�tes o�er t���s s��ort 
st�d� per�od were exce����ent. ���e ���n find�ngs o� t���s 
�e�s������t� st�d� were t���t t��e �et��odo��og�es �sed�� 
�nc���d�ng r�ndo��s�t�on�� t��e s��ort de���� �n rece���ng 
t��e coo�sto�e�� t��e person��� ��e���t�� q�est�onn��res �nd 
�po2/ex�����ed Co �e�s�re�ent�� were �ccept����e to 
t��e p�rt�c�p�nts. D��fic���t�es re���t�ng to expos�re �e��
s�re�ents �nd s�perst�t�o�s �e���e�s were enco�n�
tered w�t�� on��� � ��nor�t� o� wo�en. ��rger tr����s 
w����� req��re c�re���� co���n�t� sens�t�s�t�on to �d�
dress s�perst�t�o�s �e���e�s �nd �c���e�e exce����ent reten�
t�on r�tes.

���e C���tetezo sto�e w�s c��osen �or t���s st�d� d�e 
to �ts ��ow cost �nd e�s� ������������t�. �owe�er�� desp�te 
t���s�� ��n� o� t��e wo�en were �n����e to ���ord � 
C���tetezo sto�e �nd so rece��ed t��e�r sto�e �s � co��

pens�t�on g��t. F�t�re st�d�es ����ng to detect c���nges 
�n c���n�c��� o�tco�es s��o���d cons�der t��e ������t� o� t��e 
sto�es to s�gn�fic�nt��� red�ce �A� expos�re. A st�d� 
o� c�����d��ood pne��on�� �o����ow�ng � coo�sto�e �nter�
�ent�on s��owed t���t gre�ter ��e���t�� �enefit �s �c���e�ed 
w�t�� ���rger red�ct�ons �n �A� expos�re.13 �to�es 
t���t �re pro�en to �c���e�e ���rger red�ct�ons �n expo�
s�re �re ����������e�� ��t �re cons�der����� �ore expen�
s��e t���n t��e C���tetezo. F�t�re st�d�es or �nter�en�
t�on progr���es ��� need to cons�der s��s�d�s�ng 
coo�sto�es�� ��t t���s ��� ����e ��p���c�t�ons �or st�d� 
�����d�t�.

As on��� � �r�e� sn�ps��ot o� po�����t�on expos�re w�s 
c�pt�red �� t��e present st�d��� conc���s�ons reg�rd�ng 
d���erences �etween ��se���ne �nd �o����ow��p c�nnot 
�e �n�erred. �owe�er�� Co pe�� ��e�e��s o� 150 pp� de�
tected �n t��ese ��o�se��o��ds s�ggest worr��ng ��e�e��s o� 
�A� expos�re; t��e W�o A�r Q�����t� ���de���nes rec�
o��end t���t �nd���d����s s��o���d not �e exposed to 
Co concentr�t�ons o� >26 pp� �or >1 �� �F�g�re 3) or 
to concentr�t�ons exceed�ng 87 pp� �or >15 ��n.16 
�on�tor�ng expos�re to ��r po�����t�on w�s ��og�st�c������ 
c�������eng�ng�� req��r�ng �dd�t�on��� ��s�ts to retr�e�e t��e 
eq��p�ent. �n � reso�rce�poor sett�ng�� t���s s�gn�fic�nt 
�dd�t�on��� de��nd on tr�nsport �nd ��e�� reso�rces 
s��o���d �e cons�dered w��en p���nn�ng ���rger st�d�es. 

�re��o�s st�d�es ����e �sed �ntens��e �et��ods o� 
�on�tor�ng �� �nd Co �t �nd���d���� �nd ��o�se��o��d 
��e�e��s.10��13 �owe�er�� t��ese tec��n�q�es �re expens��e 
�nd c�������eng�ng�� �nd �nterpret�t�on o� res���ts �s not 
st�nd�rd�sed. �o e��ect��e��� e������te t��e ��p�ct o� 

Figure 3 Personal exposures to CO at baseline and at follow-up in four participants. These graphs show the detected level of am-
bient CO over two separate 24-h periods, measured by personal CO monitors (Lascar USB Dataloggers), which clipped to the clothes 
of four participants at baseline (left) and three participants at 7-day follow-up (right). A peak reading of 150 ppm was detected. The 
black dotted line indicates the level the WHO considers unsafe if exposed for >1 hour (26 ppm). WHO = World Health Organiza-
tion; ppm = parts per million; CO = carbon monoxide.
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�A� red�ct�on str�teg�es�� � st�nd�rd�sed �nd con�
�en�ent �ppro�c�� to �ssess�ng �A� expos�re �s re�
q��red. De�e��op�ent o� � ��o��r�er t���t �s represen�
t�t��e o� �A� expos�re o�er t��e preced�ng wee�s or 
�ont��s co���d re�o�e t��e need �or co�p��ex ��r s���
p���ng�� �nd ��d �n t��e t��e��� de����er� o� e��ect��e �nter�
�ent�ons to t��e ��r�et. �e�er��� potent���� ��o��r�ers 
����e �een exp��ored�� ��t none �re �et s��t����e �or ro��
t�ne �se.17–19 �n t���s st�d��� �e�s�re�ent o� eCo w�s 
tr������ed ��t t��e ���or�t� o� re�d�ngs were w�t���n t��e 
nor���� r�nge. �owe�er�� � s�gn�fic�nt red�ct�on o� 
0.5 pp� w�s seen �t �o����ow��p �n t��e �nter�ent�on 
gro�p�� �nd ���t��o�g�� t���s �s �n����e��� to �e c���n�c������ 
s�gn�fic�nt�� s������ c���nges �n eCo ��e�e��s ��� �e � sen�
s�t��e �nd respons��e ��r�er o� �A� expos�re. F�r�
t��er test�ng o� � ���rger s��p��e s�ze �s req��red to 
est�����s�� t���s. F�rt��er�ore�� �n t���s st�d��� t��e eCo 
�e�s�re�ents were t��en o�tdoors�� �w�� �ro� t��e 
fires/sto�es; �e�s�r�ng eCo �n t��e ��c�n�t� o� s�o�e 
expos�re ��� ��pro�e t��e sens�t���t� o� eCo �s � 
��o��r�er. A��tern�t��e����� ����eo���r ��crop���ge c�r�
�on ��o�d �A�C�) o�t��ned �� �nd�ced sp�t���� 
w���c�� ��� represent � ��onger expos�re per�od t���n 
eCo�� ��� pro�e � �se���� ��o��r�er. �ncre�sed A�C� 
���s �een detected �n �nd���d����s w��o report expos�re 
to �A� co�p�red to t��ose w��o do not��20 ���t��o�g�� 
��rt��er de�e��op�ent o� t���s �et��odo��og� �or t���s �p�
p���c�t�on �s req��red. 

A we��ness o� t���s st�d� �s t���t p�rt�c�p�nts’ expe�
r�ences o� �s�ng t��e sto�e were not �or������� �ssessed 
�nd �ct���� �se w�s not q��nt�fied. �nd���d����s ��� 
�n�t������� �e re���ct�nt to �se � new sto�e exc���s��e��� 
�n t��e p���ce o� tr�d�t�on��� �et��ods. �n � ��t�re st�d��� 
�ssess�ng �se �nd t��e ��p�ct t���s ���s on expos�re�� 
��e�� cons��pt�on �nd expend�t�re s��o���d �e � �e� 
cons�der�t�on.

����s p���ot st�d� w�s not ���rge eno�g�� to detect c���n�
�c��� c���nges; � st�d� w�t�� �ore p�rt�c�p�nts �nd ��on�
ger �o����ow��p per�od wo���d �e req��red to detect �n� 
d���erences �n s��pto� ��rden �etween t��ese gro�ps. 
As t��e �po2 ��e�e��s �e�s�red were w�t���n nor���� �����
�ts �t �ot�� t��e po�nts�� t���s �s �n����e��� to �e � �se���� 
��r�����e �or detect�ng c���nges ��ter �nter�ent�on. A���
t��o�g�� not �sed �n t���s p���ot st�d��� ���ng ��nct�on test�
�ng wo���d en����e �n o��ect��e �ssess�ent o� ��rw�� 
d���ge �n ��t�re st�d�es�� ���t��o�g�� depend�ng on t��e 
��engt�� o� �o����ow��p �n t��e st�d��� c���nges �n t��ese p��
r��eters �o����ow�ng �nter�ent�on ��� �e d��fic���t to 
detect. �p�ro�etr� test�ng �n t��e co���n�t� ���s �een 
s��own to �e s�ccess���� �n �����w� �n t��e recent��� con�
d�cted B���nt�re �e���t�� �t�d� �p�����c�t�on �n prog�
ress)�� �nd w����� �e extens��e��� �sed �n � p���nned ��C� 
o� � coo�sto�e �nter�ent�on �n �����w� �Coo��ng �nd 
�ne��on�� �t�d��� www.c�pst�d�.org).

CONCLUSIONS 

F�rt��er st�d�es exp��or�ng str�teg�es �or �A� red�c�
t�on �nd t��e�r ��p�ct on ��e���t�� �re �rgent��� needed. 

A��t��o�g�� t��e co�p��ex n�t�re o� t��ese �nter�ent�ons 
�e�ns t���t s�c�� st�d�es �re c�������eng�ng�� we �re en�
co�r�ged t���t � ���rger sc���e ��C� o� � coo�sto�e �n�
ter�ent�on w����� �e �e�s����e �nd �ccept����e �n r�r��� 
�����w�. Adeq��te co���n�t� sens�t�s�t�on �nd c�re�
���� cons�der�t�on o� �ppropr��te o�tco�e �e�s�res 
w����� �e req��red. �ntens��e �on�tor�ng o� �A� expo�
s�re ��e�e��s or de�e��op�ent o� � ��o��r�er o� ex�
pos�re �re w�rr�nted�� ��t s�gn�fic�nt �n�est�ent w����� 
�e req��red to �c���e�e t���s. 
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C O N T E X T E  :   L’exposition à  la pollution domestique  est 
à l’origine de 4 millions de décès chaque année ; il faut 
donc  élaborer  d’urgence  des  stratégies  de  lutte  contre 
cette pollution.
O B J E C T I F  :   Evaluer l’acceptabilité et la faisabilité d’une 
intervention liée aux fours de cuisine dans une zone ru-
rale du Malawi.
S C H é M A  :   Des femmes non fumeuses ont été réparties de 
façon aléatoire en deux groupes, le premier groupe (té-
moins) continuant à utiliser un feu ouvert, le deuxième 
groupe  (intervention)  recourant  à un  four amélioré  en 
argile brûlant du bois. Les symptômes présentés par les 
femmes,  leur  saturation  en  oxygène  et  le  taux  de  mo-
noxyde de carbone expiré (COe) ont été mesurés au début 
et après 7 jours. Un sous-groupe de femmes a bénéficié 
d’un suivi de son exposition à la pollution domestique.
R é S U LTAT S  :   Sur  51  femmes  recrutées,  50  (98%)  ont 

terminé l’étude principale. La méthode a été bien accep-
tée par les participants. Les céphalées, les lombalgies et 
la  toux  étaient  les  symptômes  les  plus  fréquents  au 
départ et pendant le suivi. Le COe médian restait dans 
des  limites normales, mais on notait une différence de 
0.5 ppm de modification médiane entre les deux groupes 
(P ∙ 0.035). La concentration maximale de CO ambiant 
était de 150 ppm. 
C O N C L U S I O N  :   Cette  étude  suggère  qu’une  vaste  inter-
vention en termes de mise à disposition de fours amélio-
rés serait faisable au Malawi à condition de bien sensi-
biliser  les  communautés.  Le  suivi  de  l’exposition  à  la 
pollution domestique constitue un défi et il serait judi-
cieux d’entreprendre d’autres évaluations de marqueurs 
biologiques potentiels de cette exposition, notamment 
le COe.

M A R C O  D E  R E F E R E N C I A :   La  exposición  a  la  contami-
nación del aire interior causa 4 millones de muertes cada 
año. Se precisan con urgencia estrategias que reduzcan 
esta exposición. 
O B J E T I V O :   Evaluar la aceptabilidad y la factibilidad de 
la realización de un estudio de  intervención sobre  las 
estufas de cocción en una zona rural de Malawi. 
M é T O D O S :   Se asignaron en forma aleatoria mujeres no 
fumadoras  a un grupo que  continuó  la  cocción  en un 
fogón al aire libre (grupo testigo) o a otro grupo que co-
cinó en un fogón de barro con combustión de madera 
(grupo experimental). Se evaluaron los síntomas, la satu-
ración de oxígeno y el monóxido de carbono espirado 
(COe) al comienzo del estudio y al séptimo día de segui-
miento. En un subgrupo de mujeres se supervisó la ex-
posición a la contaminación del aire interior. 
R E S U LTA D O S :   Participaron en el estudio 51 mujeres; 50 
de ellas completaron la parte principal de la  investiga-

ción  (98%).  El  método  fue  aceptable  para  las  partici-
pantes.  Los  síntomas  referidos  con  mayor  frecuencia 
fueron cefalea, dorsalgia y tos al comienzo del estudio y 
durante el seguimiento. La mediana de la concentración 
de COe estuvo dentro de  los  límites normales, pero se 
observó una diferencia entre ambos grupos de 0,5 partes 
por millón (ppm) en la mediana del cambio entre el co-
mienzo  del  estudio  y  el  seguimiento  (P ∙  0,035).  La 
concentración máxima de CO detectada en el ambiente 
fue 150 ppm. 
C O N C L U S I ó N :   Los resultados del presente estudio indi-
can que una intervención sobre las estufas de cocción en 
gran escala en Malawi sería factible, tras una cuidadosa 
sensibilización de la comunidad. La medición de la ex-
posición a la contaminación del aire interior es difícil y 
es necesario realizar nuevas investigaciones que evalúen 
los posibles biomarcadores de la exposición, entre ellos 
el CO en el aire espirado.
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