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The role of smoke from cooking indoors over
an open flame and parental smoking on the risk
of cleft lip and palate: A case- control study in 7
low-resource countries

Allyn Auslander'?, Roberta : Background Cleft is one of the most common birth defects globally and the
McKean-Cowdin'?, Frederick lack of access to surgery means millions are living untreated. Smoke expo-
Bri ndopke3r4’ Beau Sylvester:", sure from cooking occurs infrequently in developed countries but represents

i d 4 4 a high-proportion of smoke exposure in less-developed regions. We aimed
Melissa DiBona’, Kathy Magee”, to study if smoke exposure from cooking is associated with an increased
risk in cleft, while accounting for other smoke sources.

Rijuta Kapoor!, David V Conti',
Sylvia Rakotoarison®, William

. . Methods We conducted a population-sampled case-control study of chil-
Magee 111" Operation Smile Pop P Y

dren with cleft lip and/or palate and healthy newborns from Vietnam, Phil-

International Family Study ippines, Honduras, Nicaragua, Morocco, Congo, and Madagascar. Multivari-
Group” able regression models were used to assess associations between maternal

cooking during pregnancy, parental smoking, and household tobacco smoke
! Department of Preventive Medicine, Keck with cleft.

School of Medicine of the University of
Southern California, California, USA

2 USC Eye Institute, Department of Oph-

Results 2137 cases and 2014 controls recruited between 2012-2017 were
included. While maternal smoking was uncommon (<1%), 58.3% case and
thalmology, Keck School of Medicine 36.1% control mothers cooked over an open fire inside. Children whose
of the University of Southern California, mothers reported cook smoke exposure were 49% (95% confidence inter-
California, USA val (CI)=1.2-1.8) more likely to have a child with a cleft. This was consis-

3 Children’s Hospital Los Angeles, Los tent in five of seven countries. No significant associations were found for

Angeles, California, USA any other smoke exposure.
* Operation Smile, Inc.; Virginia Beach, Conclusions Our finding of maternal cook smoke and cleft in low-resource
Virginia, USA countries, similar to maternal tobacco smoke in high-resource countries, may
® Operation Smile Madagascar; reflect a common etiology. This relationship was present across geograph-
Antananarivo, Madagascar, USA ically diverse countries with variable socioeconomic statuses and access to
“ See Acknowledgements for members/ care. Exposures specific to low-resource settings must be considered to de-
affiliations of the Operation Smile Study velop public health strategies that address the populations at increased risk
Group of living with cleft and inform the mechanisms leading to cleft development.

Surgically treatable conditions account for approximately one-third of all global
disease and an additional 2.2 million providers would be needed to treat the ex-
isting surgical need [1]. Although such conditions are treatable, many impacted

Correspondence to: children and adults do not have adequate access to care. Prevention of surgically
Allyn Auslander, MPH treatable birth defects is therefore a necessary goal as provision of surgical treat-
USC Department of Preventive Medicine ment for all patients is unlikely — especially for diseases such as orofacial clefts

Keck School of Medicine of the University ~ that require complex multidisciplinary care.
of Southern California

92001 N. Soto Street Cleft lip with or without palate is one of the most common birth defects world-

Los Angeles, CA 90033 wide. The global incidence is approximately 1 in 700 live births [2], however
USA ' incidence ranges from 1.28-1.90 per 1000 live births in Asians, 0.96-1.87 per
aausland@usc.edu 1000 in Hispanics, 1 per 1000 in non-Hispanic Whites, and 0.73-1.22 per 1000
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in populations of African descent [2-5]. Although there is clear variability by ethnicity, the majority of
etiologic data comes from individuals of European descent [6]. Disruptions in craniofacial development
occur during the first trimester of pregnancy during weeks 4 to 13 of development [7]. Cleft is character-
ized as an embryologic failure of fusion of facial elements that normally develop into the lip and palate.
In the absence of any other birth defect, the patient is considered to be non-syndromic (approximately
70% of cleft lip with or without palate and 50% of isolated cleft palate patients) [2,6-8]. While the origins
of syndromic clefts are considered largely genetic, the etiology of non-syndromic clefts remains unclear.

Parental smoking has been considered an important determinant of developmental disorders, but the
environmental impact of smoke exposure from cooking and cleft risk has only been mentioned in two
existing studies [9,10]. In low-resource countries, biomass cooking fuel is used by approximately 80%
of rural households and has been associated with a wide variety of diseases, including stillbirths [11].
While maternal smoking has been associated with risk of cleft [12-14], the association between smoke
from cooking remains uncharacterized. Beyond different types of smoke exposure, the main established
risk factors for cleft are low maternal education [15,16], lack of folic acid supplementation [17,18], ad-
vanced maternal age [19,20], family history of clefts [21], and ethnicity [22]. Other factors that have been
less consistently associated with cleft are periconceptional alcohol use [23,24] and diabetes (either pre-
gestational or gestational) [25,26].

In the current analysis, we used data from over 4000 children and their mothers collected on surgical mis-
sions conducted by Operation Smile. Specifically, we assessed the relationship between smoke exposure
from cooking and the risk of non-syndromic cleft. Other sources of smoke investigated include maternal
smoking, paternal smoking, and household tobacco smoke. This study is the first to evaluate cooking prac-
tices as an environmental determinant of cleft in a population-recruited sample of children from diverse,
low-resource countries. Data were collected from 7 countries (Vietnam, Philippines, Morocco, Madagas-
car, Democratic Republic of Congo (DRC), Honduras, Nicaragua) to evaluate the association overall and
to explore factors that may influence heterogeneity of effects by country. Clarifying the role of prenatal
exposure to smoke from sources common to different populations and cleft risk may help to improve
our understanding of risk factors contributing to non-syndromic cleft and inform preventive strategies.

METHODS

Data for this study was collected from 2012-2017 as part of a coordinated series of population-sampled
case-control studies focusing on genetic, lifestyle and environmental exposures and cleft in children 6
months to 4 years of age. This study was conducted with Operation Smile (OS), an internationally rec-
ognized not-for-profit that has been providing free cleft surgery and related care to patients for over 36
years. Data for the current analysis represents children from 7 countries sampled over multiple missions
(Table S1 in the Online Supplementary Document). Participation rates in the study varied by site from
77%-96% for cases and 45%-100% for controls. The methods of this study have been previously pub-
lished in depth [25,27]. All work was approved by the Institutional Review Board at the University of
Southern California including country-specific authorizations.

Case definition

This study includes non-syndromic cases of cleft lip and / or cleft palate (ICD10 35-37) [28] Cleft lip and
palate (CLP) is the most common phenotype, followed by isolated cleft lip (iCL) and isolated cleft palate
(iCP). Cleft lip with or without palate (CL+/-P) is used to denote CLP and iCL. Cases were screened to
confirm diagnosis and absence of any genetic syndrome or other birth defect by medical practitioners at
the mission site. This included pediatricians, nurses, anesthesiologists and surgeons who are all formally
licensed, trained and OS certified to work with cleft patients.

Patients were included in the study if they were accompanied by their biological mother (18 years or old-
er), 6 months to 4 years of age, and presented for cleft treatment at the time of the OS mission. Patients
were excluded if the child was not the most recent pregnancy, a multiple birth, had a genetic syndrome,
or had another co-morbid condition.

Case recruitment

Cases for the International Family Study (IFS) are recruited on site during OS missions. IFS countries
were selected from sites OS identified a priori as having adequate infrastructure to support research and
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the specific hospital was chosen based on its ability to meet the organization’s ‘Global Standards of Care’.
Extensive regional recruitment and community outreach efforts are conducted by OS prior to each mis-
sion to assure saturation of the communities. All patients arrive to the mission site to be screened for care
over the span of one or two days with all costs covered by OS. The patients are registered and seen by
general practitioners, nurses, anesthesiologists, surgeons, and dentists to assess surgical eligibility. Case
recruitment for the study occurs at the end of the screening process. Study eligibility criteria were iden-
tical for cases in all countries.

Control definition

Controls were newborns identified from regional neighborhood, clinic, and hospital-based birth centers
around the mission site (Table S1 in the Online Supplementary Document) whose mother agreed to
complete informed consent and the study interview. Individuals were excluded if they had a cleft or any
other birth defect, were a multiple birth, or if the mother was younger than 18.

PAPERS

Control recruitment

Multiple neighborhood, clinic, and hospital-based birth centers were identified prior to each mission
by in-country OS partners to represent the catchment area of the OS mission and improve case-control
comparability. All maternity wards selected were public to better match demographics of the mission pa-
tients. The leadership at the birth center was approached and debriefed on the study, and local authori-
zation was obtained to recruit families along with IRB approval prior to the mission. Each site was visited
daily during the mission.

Data collection

Local volunteers with medical training (ie, nursing/medical students) were identified by OS and under-
went training by study members. Local interviewers were used to assure high recruitment and allow com-
pletion of the interview in the language of the families; however, the study supervisor was present during
all interviews for consistency and to maintain quality. Informed consent was completed before the inter-
view and parents were assured that participation was not required for their child to receive care. Fami-
lies were interviewed in a private to semi-private area (depending on screening space). Questionnaires
have been translated and back translated by certified translators to ensure consistency across countries.

Mother's interviews took approximately 40 minutes. The interview included questions on family history
of cleft, lifestyle and environmental exposures (smoke, alcohol, diet, water source), medical history (pa-
rental medical history, use of prescription and nonprescription drugs), demographics (age, pregnancy his-
tory, education, employment), and paternal factors (smoke, alcohol, age, employment, education). When
the father was present, a limited interview is independently completed on medical history, environmen-
tal, and lifestyle exposures. Our current analysis included data exclusively from the mothers’ interviews.

Statistical analysis

Descriptive statistics, including proportions for categorical variables and means for continuous variables,
were constructed for the child characteristics, parental characteristics, and lifestyle factors. Tests of statis-
tical significance included t tests for continuous and y? tests for categorical variables. Maternal exposure
to indoor cook smoke was categorized as a dichotomous variable (yes/no). Maternal smoking was dichot-
omized (ever/never) for the three months prior to pregnancy and during pregnancy. Smoking pre-preg-
nancy was not collected in Vietnam, so they are not included in those analyses. Fathers were dichotomized
into lifetime smokers (ever) or never smokers and the definition included any type of tobacco product
(cigarettes, pipes, chewing tobacco, cigars, other). Household tobacco smoke is defined as any member
of the household smoking inside during the mothers pregnancy with the child (yes/ no). All education
variables were harmonized as less than secondary school or secondary school or higher for mothers and
fathers separately. Family history of cleft was defined as any first or second degree relative having any
cleft. Number of children was classified into 1, 2, or 3 or more.

Logistic regression was used to calculate odds ratios and 95% confidence intervals for smoke exposure
(indoor cook smoke, maternal smoking, paternal or household tobacco smoke) and cleft overall and
by subtype (iCP, CL+/-P). Models were specified as minimal (adjusted for country, maternal age at the
child’s birth, mothers education, fathers education, and family history of cleft), full (adjusted for minimal
model and rural/urban residence and maternal alcohol consumption during pregnancy), and a mutual-
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Water source before/ during pregnancy:§

32 7 7 . 236
(10.1%)  (14.9%) 57 (16.1%) (36.3%)

(37.6%)

104
(19.7%)

447

365
(54.5%) (22.2%) (1.4%)

167
(29.1%)

40
(32.3%)

19 122 48 15
(13.4%) (31.4%) (37.5%) (13.5%)

776
(36.3%)

‘Well water

119 44 44 28 250
225%)  (51.8%)  (63.8%) (59.6%) 0 252%) (35754

242

102 100 40 83 52 127 118 816
(71.8%) (25.7%) (31.2%) (74.8%)  (41.9%) (22.2%)  (17.6%) (40.5%) (85.8%)

622
(29.1%)

Public water

12
(3.4%)

22
(1.1%)

44
(6.6%)

32
(5.6%)

83

(3.9%)
issin country (n cases, n controls): Congo A , Honduras B , Madagascar (3,1), Morocco (15,9), Nicaragua (6, , Philippines B , Vietham ) .
M g by Ty ( 1s): Congo (13,93), Hond (22,38), Madag; (3,1), M (15,9, N gua (6,13), Philipp (32,33), Vi (54,45)

TMissing by country (n cases, n controls): Congo (3,7), Honduras (1,5), Madagascar (2,0), Morocco (5,2), Nicaragua (1,9), Philippines (21,22), Vietnam (7,5).

River/ lake

water

(1.1%)

(0%) (0%) (2.9%) (0%)

(0.4%)

0%)

(0%) (1.6%) (0%)

(3.5%)

#Missing by country (n cases, n controls): Congo (2,6), Honduras (2,7), Madagascar (3,0), Morocco (2,2), Nicaragua (1,10), Philippines (36,48), Vietnam (13,8).

§Percentages will not add up to 100 because the question allowed multiple responses.

vs 66.4%) and fathers (78.2% vs 64.2%; both
P<0.001) were more likely to have a second-
ary education. No difference was observed in fa-
thers age, father's employment status, or maternal
smoking (prior to or during pregnancy). A high-
er proportion of cases reported cooking indoors
over an open flame (58.3% vs 36.1%). Fewer
case mothers reported drinking alcohol pre-preg-
nancy (8.5% vs 12.4%; P<0.001); however, they
were more likely to report drinking during preg-
nancy (P=0.09), living in a rural area, smoking
in the household, and that the father of the child
smoked (all P<0.001). The distribution of all five
smoking variables significantly differed across
countries (all P<0.05).

The relationship between smoke exposures and
the odds of all cleft is shown in Table 4. A strong
positive association was found between cooking
indoors over an open flame and risk of all cleft
types. Mothers who reported cooking over an
open flame indoors were 49% more likely to
have a child with a cleft after adjusting for coun-
try, maternal age, mother and father education,
family history of cleft, rural/ urban residence, al-
cohol consumption during pregnancy and all
smoke variables [Model 3]. With respect to ma-
ternal smoking during pregnancy, the odds ra-
tio (OR) was elevated but the confidence inter-
val included the null (OR=1.65,95% confidence
interval (CI)=0.5, 5.6). The prevalence of moth-
ers who smoked prior to or during pregnancy
was low (prior: 39 cases (1.8%) and 39 controls
(1.9%); during: 15 cases (0.7%) and 18 controls
(0.9%)). No association was found with smoking
the three months prior to pregnancy or exposure
to household tobacco smoke. There was a posi-
tive association with ever paternal smoking and
cleft (OR=1.18,95% CI=0.96,1.5) however the
confidence interval included the null. The results
of Table 4 were nearly identical when restricted
to women with no history of smoking (n=4057).
No evidence of interaction by country was found
(all P>0.05).

The analyses restricting to CL+/-P (cases=1751;
excluding iCP) are explored in Table 5. Cook-
ing indoors over an open flame was associated
with a modest increase in risk of cleft (OR=1.55,
95% CI=1.3, 1.9) compared to the full case set.
For iCP (cases=306), only cooking indoors over
an open flame in the minimally adjusted model
showed elevated risk (OR=1.65, 95% CI=1.2,
2.3) (Table S2 in the Online Supplementary
Document). No other smoking variables were
associated with iCP in any model.

The impact of rural/ urban residence, parental
education, and case age on risk of all cleft types
was explored in stratified analyses. Cooking in-
doors over an open flame was associated with
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Tahle 4. Adjusted odds ratios (OR) of smoke related factors and cleft lip and/or palate in all countries (N=4151)

_mm

95% CI P-value 95% CI P-value  OR 95% CI P-value
Cooking indoors over open flame 1.93 (1.64,2.27) <.0001 151 (1.26,1.81) <.0001 149 (1.23,1.79) <.0001
Smoking Pre-pregnancy- Mother 0.88 (0.49,1.58) 0.67 0.92  (0.49,1.70) 0.78 1.65 (0.50, 5.61) 0.52
Smoking during pregnancy- Mother 1.20 (0.45,3.34) 0.72 1.39  (0.49, 4.05) 0.54 0.79  (0.38,1.61) 0.41
Smoking- Father 1.11  (0.95, 1.30) 0.19 1.10 (0.93,1.31) 0.28 1.18 (0.96, 1.47) 0.12

Smoking in the household during pregnancy 1.04 (0.89, 1.23) 0.61 0.98 (0.83,1.17) 0.86 0.85 (0.68, 1.06) 0.14

OR — odds ratio, CI — confidence interval

*Model 1 — Adjusted for country, maternal age, mother and father education (primary or less/ secondary or more), family history of cleft.
tModel 2 — Additionally adjusted for rural/ urban home and alcohol consumption during pregnancy.

F#Model 3 — Mutually adjusted for all smoke variables and Model 2 covariates.

PAPERS

Table 5. Adjusted odds ratios (OR) of smoke related factors and cleft lip with or without cleft palate (excluding iCP) in all countries

(N=3765)
MopeL 1* Mope 2 t Mober 3 ¥
OR 95% CI P-value OR 95% CI P-value OR 95% CI P-value
Cooking indoors over open flame 2.02 (1.70,2.41) <.0001 1.56 (1.29,1.90) <.0001 155 (1.27,1.89) <.0001
Smoking Pre-pregnancy- Mother 0.91 (0.50, 1.66) 0.76 0.95 (0.50, 1.80) 0.87 2.08 (0.61, 7.30) 0.43
Smoking during pregnancy- Mother 1.43 (0.53,4.02) 0.48 1.65 (0.57,4.86) 0.35 0.74 (0.34,1.57) 0.24
Smoking- Father 1.08 (0.92,1.28) 0.35 1.08 (0.90,1.29) 0.42 1.14 (0.91,1.43) 0.26

(0.89, 1.25) 0.54 1.00
CI — confidence interval, OR — odds ratio, iCP — cleft palate only

*Model 1 — Adjusted for country, maternal age, mother and father education (primary or less/ secondary or more), family history of cleft.
tModel 2 — Additionally adjusted for rural/ urban home and alcohol consumption during pregnancy.

#Model 3 — Mutually adjusted for all smoke variables and Model 2 covariates.

Smoking in the household during pregnancy 1.06 (0.83, 1.20) 0.98 0.87  (0.69, 1.10) 0.25

2001 = cleft in both rural and urban residence. However, the mag-
nitude was higher for urban (OR=1.71, 95% CI=1.3,2.3)
aabes than rural (OR=1.28, 95% CI=1.0, 1.7) (data not shown).
Sensitivity analyses showed that the results were as strong
® by education group for both parents (less than secondary vs
1501 secondary or higher) using stratification, by paternal smok-
ing status (yes v. no) using stratification, after adjusting for
income, and when restricting to cases under one year of age
S (group most comparable to newborn controls).

1.754

Qdds Ratio
@

|
I

1.254

Effect estimates after exclusion of individual countries are
shown in Figure 1. The overall effect was not dramatical-
ly influenced by data from any single country with the ex-
ception of Vietnam. The association was slightly reduced
(OR=1.25 (1.0,1.6)) with the removal of Vietham, which
contributed 31.8% of the data set. The individual associa-
tion of cooking indoors over an open flame by country is
1 3 shown in Figure 2. Positive associations were found in every
country besides Nicaragua. The most extreme results were
observed in Vietham (OR=2.05,95% CI=1.5, 2.8) followed
by the Congo (OR=1.82, 95% CI=1.0, 3.4), and the Phil-
ippines (OR=1.47, 95% CI=1.0,2.2). Madagascar did not
contribute to the figures due to minimal variation (93.9%
reported cooking indoors over an open flame). The results
observed for CL+/-P were comparable and slightly further
from the null with Congo, Honduras and the Philippines
reaching statistical significance (Figure S1 and S2 in the On-

1.00 ==

Wv’\go Honduras Maﬂa:gascar Morocco N'car'agua Pl‘!lllp'mnes Vienam
Excluded Country

Figure 1. Cooking indoors over an open flame — odds ratio and
95% confidence interval excluding each country (all cleft types
combined).

Odds Ratio

1t 1
e

0 = : ; line Supplementary Document). The iCP results showed a

Cango Honduras Morocco Nicaragua Philippines Vietnam

Country

Figure 2. Cooking indoors over an open flame — odds ratio and
95% confidence interval by country (all cleft types combined).

generally positive association with cooking indoors over an
open flame (Figure S3 and S4 in the Online Supplemen-
tary Document).
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DISCUSSION

This is the first study to report on the association between cooking indoors over an open flame and
non-syndromic cleft using data from multiple low-resource countries. Mothers who reported in-door
cook smoke exposure were approximately 50% more likely to have a child with a cleft. This result was
present after controlling for suspected confounders (including other sources of smoke exposure) and in
countries with different socioeconomic characteristics and access to care, as well as being consistent
for 5 of 7 countries (Vietham, the Philippines, Honduras, DRC, and Morocco). The negative association
found in Nicaragua was underpowered and will need to be explored further as the sample size increases.
No association was found with maternal smoking (prior to or during pregnancy), paternal smoking (life-
time), environmental tobacco smoke, or folic acid supplementation.

Similar to our findings, a prior case-control study by Liu et al. in China found that indoor air pollution
was associated with an increased odds of cleft if the house was not ventilated (OR=4.5, 95% CI=1.6-
12.9)) and attributed this to coal-burning heating sources [9]. A second study in the Congo found the
odds of cleft was 6-times higher among mothers who reported cooking indoors [10]. However, the sam-
ple size was small (n=162 cases; 162 matched controls) and they didn’t adjust for additional confound-
ing factors beyond matching. Notably, they also found no maternal smoking effect but did find a positive
association with paternal smoking.

Although we did not observe an effect of mothers smoking on the risk of cleft, the frequency of ma-
ternal smoking was very low, and smoking is most often not economically accessible or culturally ac-
cepted for women in low-resource populations. According to 2016 World Bank data, 1% of women
smoke in Vietnam, 7.8% in the Philippines, 2% in Honduras, and 0.80% in Morocco [29]. Although
the US Surgeon General report identified maternal smoking during pregnancy as a risk factor for cleft
[30], it is unclear if these findings are generalizable to low-resource settings. The literature consistent-
ly supports an association between maternal smoking and risk of cleft. Specifically, a meta-analysis of
23 case-control and 6 cohort studies found that mothers who smoked were 37% more likely to have a
child with CL+/-P than never smokers [12,14,31]. It is worth noting that 27 of 29 studies were con-
ducted in populations of European decent and developed countries, which may reflect a different risk
profile than the individuals in our study.

The effects of paternal smoking and ETS on cleft is less conclusive. Paternal smoking was evaluated in a
subset of the current data from Vietnam, the Philippines, Morocco, and Honduras (n=626 father/child
duos) and no association with cleft was found [32]. Studies in Norway [33], India [34], and China [35]
have found that exposure to ETS, defined as an exposure to passive tobacco smoke during the first tri-
mester at home or work, is associated with an increased risk of cleft (OR=1.6,95% CI=1.0-2.5; OR=2.0,
95% Cl=1.2-3.4; OR=2.46, 95% CI=0.99-6.08, respectively), however a case-control study based in
a large American birth defect registry found no effect [31]. Our study did not see an effect of either pa-
ternal smoking or ETS, where ETS is defined as maternal report of passive smoke exposure in the home
during pregnancy.

The mechanism for a role of smoke on cleft formation in embryonic development has been described in
the current literature. An association between maternal periconceptional exposure to secondhand tobacco
smoke and cleft in offspring has been consistently found [36-41] in epidemiological studies, while 2 stud-
ies have linked clefting with maternal exposure to other indoor air pollutants and combustion byproducts
[9,42]. The incomplete combustion of tobacco and other organic compounds, including fuels for cooking
and heating, produces numerous airborne chemicals. Secondhand smoke from tobacco and smoke from
fuel combustion contain known teratogens, including polycyclic aromatic hydrocarbons (PAHs), carbon
monoxide (CO), and heavy metals. Shum et al. demonstrated that periconceptional maternal exposure to
the PAH benzo[a]pyrene causes cleft in genetically “nonresponsive” inbred mice, which were metaboli-
cally deficient [43]. Maternal exposure to low levels of CO has been shown to cause tissue hypoxia in rat
fetuses [44], which diminishes cellular metabolism of benzo[a]pyrene [45], suggesting a potential role of
CO in cleft development. Combustion of both tobacco and biomass fuels emit heavy metals, including
cadmium, which has been shown to cause cleft development in rats [46,47]. At the human population
level, Langlois et al. showed that maternal occupational exposure in work environments with greater lev-
els of PAHs was associated with greater odds of cleft [42].

Bias due to control selection is a concern common to all case-control studies. Selection of more affluent
controls could influence the representativeness of cooking methods in the sample with respect to the un-
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derlying base population. The replication of the association across sites (Figure 2) suggests that selection
of non-comparable controls is unlikely to explain the finding due to the variability of SES and access to
medical care across countries. In support of this, the association between indoor cook smoke exposure
and cleft was present in countries with a variety of surgical care and those where medical missions are
the primary care source. Further, differential recruitment by age of cases and controls did not explain the
results as the effect magnitude was not diminished when restricting to cases one-year of age and under.
The original design restricted to cases age 4 years and under to limit recall bias and in fact approximately
70% of our cases were under one year. Correction for differential selection due to SES was addressed by
adjustments for household income and parental education in the analysis. Both the adjusted and strati-
fied models by SES were consistent with the original findings.

A limitation of our study is that we cannot be certain cases are fully population-based. However, region-

PAPERS

al recruitment efforts were extensive and conducted at least four months prior to each mission. Control

samples were collected from women at public neighborhood, clinic, and hospital-based birth centers to
limit the oversampling of higher income families. Another concern may be underreporting of smoking
or alcohol history by case mothers due to stigma around these behaviors while pregnant. While we did
ask information on amount of tobacco products parents used weekly, the data was too sparse and vari-
ability too low among mothers to conduct a detailed analysis. Similarly, we did not have data on poten-
tial changes in the father's smoking habits during the pregnancy, which would not adequately classify the
fathers smoking status by trimester.

CONCLUSIONS

Exposure to smoke while cooking is already a well-established health risk in low-resource countries for
a wide variety of diseases but has been minimally studied with respect to cleft. We found a 50% increase
in cleft risk for mothers reporting cooking over an open flame indoors compared to controls in a diverse
group of LMIC:s. It is necessary to take risk factors specific to low resource settings into account, as those
individuals are at the highest risk of being unable to access care and therefore live with the negative health
consequences of disease. This information can inform public health interventions and education to po-
tentially prevent disease in populations where care is sparse, and children are most likely to feel the det-
rimental, lifelong medical and social effects of cleft. Modifiable, patient-centric solutions, such as pro-
viding a clean-burning cookstove, will be critical for efforts to decrease the burden of cleft globally and
improve lives around the world.
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