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abstract

PURPOSEWe investigated the association between gastric cancer and environmental and dietary exposures. In
addition, we explored probable mechanistic pathways for the influence of biomass smoke on gastric
carcinogenesis.

PATIENTS AND METHODS The study was conducted in Lusaka, Zambia. Questionnaires were used to collect data
on risk factors, whereas enzyme-linked immunosorbent assays and high-performance liquid chromatography
were used to measure biologic exposures. Study data were analyzed using contingency tables and logistic
regression.

RESULTS We enrolled 72 patients with gastric adenocarcinoma and 244 controls. Gastric cancer was positively
associated with rural residence (odds ratio [OR], 2.9; 95% CI, 1.5 to 5.3), poverty (OR, 4.2; 95% CI, 1.9 to 9.1),
and daily consumption of processed meat (OR, 6.4; 95% CI, 1.3 to 32) and negatively associated with
consumption of green vegetables (OR, 0.2; 95% CI, 0.1 to 0.5). Gastric cancer was also associated with biomass
smoke exposure (OR, 3.5; 95% CI, 1.9 to 6.2; P , .0001), an association that was stronger for intestinal-type
cancers (OR, 3.6; 95% CI, 1.5 to 9.1; P = .003). Exposure to biomass smoke in controls was associated with
higher urinary levels of 8-isoprostane (P, .0001), 8-hydroxydeoxyguanosine (P = .029), and 1-hydroxypyrene
(P = .041). Gastric cancer was not associated with biochemical measures of current exposure to aflatoxins or
ochratoxins.

CONCLUSION In Zambia, exposure to biomass smoke, daily consumption of processedmeat, and poverty are risk
factors for gastric cancer, whereas daily consumption of green vegetables is protective against gastric cancer.
Exposure to biomass smoke was associated with evidence of oxidative stress and DNA damage, suggesting
mechanistic plausibility for the observed association, and the association was restricted to intestinal-type gastric
cancer.
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INTRODUCTION

Gastric cancer is one of the leading causes of cancer-
related deaths worldwide,1 but in Africa, data on its
occurrence are scanty.2 Scarce resources limit the
ability to diagnose, treat, and stage gastric cancer,
compromising the ability to clearly understand the
epidemiology of the disease in Africa.3 Furthermore,
there are limited population-based registries and poor
record keeping in many African centers.4 Our pre-
liminary work on gastric cancer in Zambia provided the
basis to further explore risk factors associated with
gastric carcinogenesis. We observed that the diag-
nosis of early-onset gastric cancer was unexpectedly
high and that patient outcomes were poor.5-7 These

preliminary data also showed no association between
gastric cancer and the Helicobacter pylori virulence
factor CagA.6,8 Therefore, we endeavored to evaluate
environmental and dietary influences on gastric can-
cer in Zambia.

The role of nutrition in the development of gastric
cancer has been widely investigated with inconsistent
results,9 and much of the data have been obtained
from observational studies.10 Mycotoxins are one of the
most common dietary contaminants in Africa.12-14

They are small-molecular-weight compounds pro-
duced by filamentous fungi or molds under suitable
temperatures and humidity. Aflatoxins are such toxins,
produced by fungi of the Aspergillus species and
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known to contaminate peanuts and maize, whereas
ochratoxins mainly contaminate cereals, coffee, and grape
berries. These mycotoxins have the potential to be carci-
nogenic. Biomass smoke is produced by the combustion of
any organic matter, such as firewood, charcoal, grass, or
dung. These are common sources of fuel in Africa, with .
70% of the population depending on biomass fuels.15

However, the health consequences of long-term, or even
lifetime, exposure to biomass smoke have been poorly
investigated. Several researchers have linked squamous
cell carcinoma of the esophagus to biomass smoke
exposure,16-18 but the evidence for gastric cancer is scanty.
For example, a study involving fire fighters in Sweden
showed that they had an increased risk of developing
gastric cancer,19 but this was indirect evidence.

We explored a possible link of gastric carcinogenesis to
dietary factors including exposure to mycotoxins and bio-
mass smoke. In addition, we explored measurable bio-
markers including urinary 1-hydroxypyrene (1-OHP),
a metabolite of one of the major constituent groups of bio-
mass smoke, polycyclic aromatic hydrocarbons. Evidence
of oxidative stress measured by urinary 8-isoprostanes was
also evaluated. Oxidative stress to DNA double bonds
was estimated using urinary 8-hydroxydeoxyguanosine
(8-OHdG) and serum γ-H2AX. H2AX is one of the histone
octamers that DNA is wrapped around and could be
used to estimate double-stranded breaks. Although
some of these biomarkers reflect only short-term ex-
posure, we looked for early evidence that they could illu-
minate the connection between exposure and cancer
development. The University of Zambia Biomedical Re-
search Ethics Committee (reference No. 000-03-16) ap-
proved this study.

PATIENTS AND METHODS

Patient Recruitment

This was a case-control study conducted at the University
Teaching Hospital (UTH) in Lusaka, Zambia, between July
2016 and April 2018. UTH is the largest referral hospital in

Zambia, serving patients from all ten provinces of the
country. Patients referred for a diagnostic esophagogas-
troduodenoscopy (EGD) were targeted for enrollment.
Patient cases were patients diagnosed with gastric cancer,
whereas controls had no endoscopic or histologic evidence
of malignancy. All patients presenting to the UTH endos-
copy unit for EGD were considered for study enrollment.
Patients who gave written informed consent were in-
cluded in the study. From these, we excluded individuals
with prior history of gastric or esophageal cancer diag-
nosis or therapy. For assessment of lifestyle risk factors,
we used interviewer-administered questionnaires, which
included questions on diet, biomass smoke exposure,
and socioeconomic factors. Biologic samples were col-
lected to search for biochemical corroboration of reported
exposures.

EGD

After obtaining consent, an EGD was performed in fasted
patients. During the EGD, biopsies were taken from gastric
lesions suspected of being malignant. In all cases, at least
six biopsies were taken from various sites of the lesions. For
those without suspicious lesions, six biopsies were taken,
two each from the antrum, incisura, and body. All bi-
opsies were immediately placed in formalin and sent for
histopathology. An experienced technician using standard
methods processed biopsies sent for histopathology. The
study histopathologist (A.S.) evaluated all the slides to
determine the histologic diagnosis. Gastric adenocarci-
nomas were divided using the Lauren classification into
intestinal type, diffuse type, and mixed type (composed of
both the intestinal and diffuse types). Peripheral blood
(serum later extracted) and urine samples were collected
and stored at −80°C until analysis using the techniques
outlined in the following sections.

Urinary 8-OHdG

Urine levels of 8-OHdG were measured using enzyme-
linked immunosorbent assay (ELISA) kits (MyBioSource,
San Diego, CA) following the manufacturer’s instructions.

CONTEXT
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Optical density was read at 450 nm. Results were corrected
for creatinine excretion and reported as nanograms of
8-OHdG per milligram of creatinine.

Urinary 8-Isoprostanes

Following the manufacturer’s instructions, urinary levels of
8-isoprostane were measured using ELISA (Detroit R&D,
Detroit, MI). Optical density was read at 450 nm. These
readings were also corrected for creatinine, and the final
results were reported as nanograms of 8-isoprostanes per
milligram of creatinine.

Serum Human H2AFX

Sera were analyzed for human H2AFX (histone H2AX) by
ELISA (MyBioSource) at 1:10 dilution, as instructed by the
manufacturer. Optical density was again read at 450 nm,
and the results are reported in picogram per milliliter.

Urinary 1-OHP

High-performance liquid chromatography (HPLC) was
used to measure urinary concentration of 1-OHP after en-
zymatic hydrolysis of the conjugates. The phenolic com-
pound stock standard (Clincal; reference No. 9925;
Recipe Chemicals, Munich, Germany) was used as the
calibrator to make up standards from concentrations of
0.55 to 3.00 mg/L in deionized water. To all samples,
calibrators, and controls (600 mL volume), β-glucuronidase
enzyme mix (300 mL) was added. The enzyme mix was
prepared by adding β-glucuronidase (50 mL) to 0.1 M of
sodium acetate buffer pH 5 (5 mL). All samples, controls,

and calibrators were incubated at 37°C for 4 hours followed
by analysis on the HPLC system. Two certified reference
controls (ClinChek; reference Nos. 8923 and 8924; Recipe
Chemicals), levels 1 and 2, were used and run after the
calibration and after every 10 samples. The percent re-
covery of the 2 certified reference controls, ClinCheck levels
1 and 2, are 97% and 95%, respectively. The limit of
quantitation was 0.052 mg/L. A Waters (Milford, MA) sys-
tem HPLC was used, with a 1525 binary pump, 717
autosampler, and 2475 fluorescence detector. The mobile
phase consists of a methanol-to-water ratio of 3:1. The
volume injected was 100 mL, and separation was per-
formed on a Phenomenex SphereClone 3 mmODS (2) 80 Å
100 × 4.6 mm column (Phenomenex, Torrance, CA). The
excitation wavelength was set at 242 nm and the emission
wavelength at 388 nm. The flow rate was 1 mL/min for
5 minutes. The levels of 1-OHP were reported in microgram
per gram of creatinine.

Testing for HIV

Serum was tested for HIV antibodies using Uni-Gold rapid
diagnostic kits (Trinity Biotech, Wicklow, Ireland).

Statistical Analysis and Data Availability

Medians and interquartile ranges were used to summarize
continuous variables. Two-way analyses were used to look
for associations between gastric cancer and the exposures
of interest using either the Fisher’s exact or χ2 test. In
addition, stepwise unconditional logistic regression was
used to assess the relative contributions of different
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FIG 1. A flowchart showing the enrollment of patients into the study. Patients without histology reports, unconfirmed
cancer, or cancer other than gastric adenocarcinoma were excluded from the analysis.
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exposure variables. Odds ratios (ORs) were computed with
95% CIs. Nonparametric trend tests were used to assess
ORs for ordered outcomes. The Kruskal-Wallis test was
used to determine associations between various outcome
continuous variables. P , .05 was considered statistically
significant. Data were analyzed using STATA version 15
(Stata Corp, College Station, TX).

RESULTS

We recruited and studied 388 participants, 92 of whom
(24%) had gastric cancer seen during endoscopy and 296
of whom were initially recruited as controls. For analysis of
risk factors, only those with confirmed adenocarcinoma
were included as patient cases (n = 72). The remaining 20
patients with gastric cancer seen during endoscopy had
either no confirmatory histology report (n = 8) or other types
of gastric cancer, including squamous cell or unclassified
carcinomas (n = 8), gastric stromal cancer (n = 2), non-
Hodgkin lymphoma (n = 1), or a hematolymphoid tumor
(n = 1). Patients without any detectable gastric premalignant
lesions seen on histology were used as controls (n = 244).
We excluded patients with either gastric atrophy or in-
testinal metaplasia from the final risk factor analysis (Fig 1).

Characteristics of Enrolled Patients and Their Association

With Gastric Cancer

Patients with gastric cancer were significantly older than
those without cancer (Table 1). Therefore, age was ad-
justed for in subsequent analyses. Gastric cancer was
significantly associated with poor housing, poor water, and
lack of a kitchen (all P , .05; Fig 2). Patients with gastric
cancer had higher odds of having a low socioeconomic
status assessed using the previously mentioned parame-
ters (OR, 4.2; 95% CI, 1.9 to 9.1; P = .0002). Applying an
unconditional logistic regression analysis adjusted for age,
sex, and residence, patients with gastric cancer had sig-
nificantly higher odds of not having good housing (OR, 5.3;
95% CI, 2.1 to 13.5; P , .0001) or a kitchen (OR, 3.4;
95% CI, 1.5 to 7.4; P = .003).

Association Between Gastric Cancer and Biomass

Smoke Exposure

Overall, 110 (35%) of 316 participants reported that they
were completely reliant on biomass fuel for cooking,
whereas another 107 (34%) of 316 used it occasionally
because they had access to electric stoves. Thirty-nine
percent of participants (99 of 316 participants) did not

TABLE 1. Basic Characteristics of Patient Cases and Controls

Characteristic

No. (%)a

OR (95% CI) P
Patients With GA

(n = 72)
Controls
(n = 244)

Female 39 (54) 128 (52) 1.1 (0.5 to 1.9) .89

Age, years — .0001

, 30 1 (2) 10 (4)

30-44 10 (14) 89 (37)

45-59 24 (33) 86 (35)

≥ 60 37 (51) 59 (24)

Resident in rural area 28 (39) 45 (18) 2.9 (1.5 to 5.3) .0004

Median body mass index, kg/m2 (IQR) 18 (16-21) 25 (21-28) — .0001

Married 40 (56) 151 (62) 0.8 (0.4 to 1.4) .41

Educational level attained — .0001

None 13 (18) 16 (7)

Primary 27 (37) 57 (23)

Secondary 20 (28) 98 (40)

Tertiary 12 (17) 74 (30)

No employment 26 (36) 58 (24) 1.8 (1.0 to 3.3) .048

Family history of gastric cancer 1 (1) 6 (2) 0.6 (0.01 to 4.7) 1.00

HIV positive (total, n = 281) 13 (21) 44 (20) 1.1 (0.5 to 2.3) .86

History of smoking

Current 7 (10) 12 (5) 2.3 (0.7 to 6.7) .21

Ever 12 (17) 23 (9) 2.0 (0.9 to 4.6) .08

History of alcohol intake 12 (17) 58 (24) 0.6 (0.3 to 1.3) .21

Abbreviations: GA, gastric adenocarcinoma; IQR, interquartile range; OR, odds ratio.
aValues are numbers and percentages unless otherwise noted.
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use biomass fuels in their homes at all. There was an
association between gastric cancer and reliance on bio-
mass fuel (OR, 3.5; 95% CI, 1.9 to 6.2; P, .0001). Two of
the 3 unconditional logistic regression models factoring in
parameters used to assess socioeconomic status and basic
characteristics showed that biomass smoke exposure was
an independent risk factor gastric cancer (Table 2). Of the
patients with results for Lauren tumor classification, 28
(62%) of 45 had intestinal, 15 (34%) of 45 had diffuse, and
2 (4%) had mixed type of gastric cancer. Intestinal-type
gastric cancer was associated with biomass smoke (OR,
3.6; 95% CI, 1.5 to 9.1; P = .003), whereas the diffuse type
was not (OR, 0.9; 95% CI, 0.2 to 3.1; P = 1.00).

Associations Between Biomass Smoke Exposure and

Measurable Biomarkers in Patients Without

Gastric Cancer

We compared levels of 1-OHP, 8-OHdG, γ-H2AX, and
8-isoprostanes between patients frequently, occasionally,
and rarely exposed to biomass smoke. Patients with history
of cigarette smoking (n = 19) were excluded from this
analysis. The median 1-OHP level among the patient cases
was 0.2 μg/g creatinine (interquartile range [IQR], 0.1-0.3
μg/g creatinine), and in the control group, it was 0.2 μg/g
creatinine (IQR, 0.1-0.4 μg/g creatinine; P = .18). Urinary
concentrations of 8-OHdG were higher among patient
cases (median, 7.1 ng/mg creatinine; IQR, 3.2-20.8 ng/mg

Poor house

Poor kitchen

Poor water

No television

No decoder

No computer

No internet

No car

No microwave

No fridge

No job

No education

Socioeconomic Indicator

26.21.0382

OR (95% CI)

10.00 (4.10 to 26.20)

5.20 (2.70 to 9.80)

5.20 (2.40 to 10.90)

3.60 (1.80 to 6.90)

3.50 (1.90 to 6.30)

2.10 (1.10 to 4.00)

2.00 (1.00 to 4.00)

2.10 (1.10 to 3.90)

2.00 (1.10 to 4.10)

3.20 (1.80 to 5.70)

1.80 (1.00 to 3.30)

3.10 (1.30 to 7.40)

2.98 (2.45 to 3.61)

4.35

9.00

6.53

8.28

10.41

8.97

7.78

9.34

8.64

11.26

10.49

4.95

100.00

Weight, %

FIG 2. Socioeconomic indicators of gastric adenocarcinoma patients compared with controls. OR, odds ratio.

TABLE 2. Logistic Regression Models Assessing the Association Between Gastric Cancer and Biomass Smoke Exposure Including 72 Patients
With Gastric Cancer and 244 Controls
Potential Confounders Included in the Model Odds Ratio 95% CI P

Model 1a

Biomass smoke exposure 2.76 1.56 to 4.90 .001

Age 1.05 1.56 to 4.90 , .001

Model 2b

Biomass smoke exposure 2.44 1.30 to 4.58 .005

Age 1.05 1.03 to 1.07 , .001

Model 3c

Age 1.05 1.03 to 1.07 , .001

Poor housing 4.14 1.39 to 12.29 .011

Poor water source 3.33 1.46 to 7.57 .004

aModel 1 adjustment was done for age and sex.
bModel 2 adjustment was done for age, sex, rural residence, occupation, household goods, and cigarette smoking.
cModel 3 adjustment was done for age, sex, rural residence, occupation, household goods, cigarette smoking, housing, and water source.
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creatinine) than controls (median, 4.0 ng/mg creatinine;
IQR, 2.0-10 ng/mg creatinine; P = .012).

We then analyzed the influence of biomass smoke expo-
sure on these biomarkers among controls only. Using the
nonparametric test for trend, measured levels of 1-OHP,
8-OHdG, and 8-isoprostanes were significantly higher with
increased use of biomass fuels (Fig 3).

Dietary Exposures and Gastric Cancer

Table 3 compares daily and regular (at least once a week)
consumption of various food types and groups in patients
with gastric cancer and controls. There was a significant
negative association between gastric cancer and regular
consumption of green vegetables, eggplants, or fruit
(Table 3). Despite the small numbers, daily consumption of
processed sausages was associated with gastric cancer.
Using unconditional logistic regression adjusted for age,
sex, and residence, gastric cancer was negatively associ-
ated with daily consumption of green vegetables (OR, 0.2;
95% CI, 0.1 to 0.5; P = .0001) and positively associated

with daily consumption of processed meat (OR, 6.4;
95% CI, 1.3 to 31.8; P = .022).

Gastric Cancer and Dietary Exposure to Mycotoxins

Of 254 patients with aflatoxin M1 results, 149 (63%) had
detectable toxin in their urine. The median urinary aflatoxin
M1 level was 33 ng/mL (IQR, 22-53 ng/mL); after correcting
for urine creatinine, the median level was 35 ng/mg cre-
atinine (IQR, 11- 397 ng/mg creatinine). This was not
dependent on age (P = .38) or sex (P = .37) but was
significantly higher in patients living in urban areas (Fig 4).
Having aflatoxin in urine was not affected by lack of basic
household goods (P = .40) or good housing (P = .34). Of the
patients with ochratoxin results, 278 (96%) of 289 had
evidence of ochratoxin A in their blood. The median level
was 0.1 ng/mL (IQR, 0.06-0.16 ng/mL). There was no
significant difference in ochratoxin levels for patients living
in rural or urban areas (Fig 4). Similarly, ochratoxin levels
were not different between patient cases and controls
(Fig 4). Age, sex, and socioeconomic class had no influence
on ochratoxin levels (P = .65, .56, and .82, respectively).
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FIG 3. Association between biomass smoke exposure and urinary 8-hydroxydeoxyguanosine, 8-isoprostanes, 1-hydroxypyrene, and serum humanH2AFX
in patients without gastric cancer. nptrend, nonparametric test for trend.
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DISCUSSION

In this study, gastric cancer was associated with low so-
cioeconomic status, frequent exposure to biomass smoke
(an effect restricted to intestinal-type cancers), and regular
consumption of processed meat. Regular consumption of
fruits and vegetables was protective against gastric cancer,

and exposure to biomass smoke was associated with evi-
dence of oxidative DNA damage in controls.

As previously published, the median age for patients with
gastric cancer was at least a decade lower than that re-
ported from developed countries, with 20% of the patients
being under the age of 45 years (early-onset cancers).6 The

TABLE 3. Regular and Daily Dietary Intake for Patient Cases and Controls

Food Type

Regular Consumption (at least 2-4 times a week) Daily Consumption

Patients With
GA Controls

Univariate OR
(95% CI) P a

Patients With
GA Controls

Univariate OR
(95% CI) P a

Chicken 42 (60) 175 (71) 0.6 (0.3 to 1.1) .08 2 (3) 8 (3) 11 (0.1 to 4.6) 1.00

Unprocessed meat

Beef 27 (39) 128 (52) 0.6 (0.3 to 1.0) .04 4 (6) 6 (2) 2.5 (0.5 to 10) .23

Pork 13 (18) 39 (16) 1.2 (0.5 to 2.4) .72 1 (1) 0 (0) — .22

Goat 4 (6) 25 (10) 0.5 (0.1 to 1.6) .35 1 (1) 1 (0.4) 3.6 (0.1 to 284) .39

Game 2 (3) 3 (1) 2.4 (0.2 to 20) .31 0 (0) 0 (0) — —

Processed red meat

Polony 9 (13) 29 (12) 1.1 (0.4 to 1.6) .84 0 (0) 2 (0.1) — 1.00

Hungarian sausage 20 (29) 78 (32) 0.9 (0.4 to 1.6) .66 3 (4) 1 (0.1) 11 (0.9 to 581) .03

Bacon 3 (4) 9 (4) 1.2 (0.2 to 4.9) .73 2 (3) 0 (0) — .05

Ham 2 (3) 8 (3) 0.9 (0.1 to 4.5) 1.00 1 (1) 0 (0) — .22

Canned meat 0 (0) 2 (0.8) — 1.00 0 (0) 0 (0) — —

Other sausage 23 (33) 76 (31) 1.1 (0.6 to 2.0) .77 3 (4) 0 (0) — .01

Salami 1 (1) 3 (1) 1.2 (0.02 to 15) 1.00 0 (0) 0 (0) — —

Fish

Bream 34 (49) 152 (62) 0.6 (0.3 to 1.0) .05 2 (3) 3 (1) 2.4 (0.2 to 21) .31

Kapenta 33 (47) 122 (50) 0.9 (0.5 to 1.6) .69 2 (3) 5 (2) 1.4 (0.1 to 9.0) .65

Buka buka 11 (16) 43 (18) 0.9 (0.4 to 1.9) .86 0 (0) 0 (0) — —

Tiger fish 3 (4) 11 (5) 0.9 (0.2 to 3.7) 1.00 0 (0) 0 (0) — —

Vegetables

Green leafy 63 (91) 239 (98) 0.2 (0.1 to 1.9) .02 52 (75) 227 (93) 0.2 (0.1 to 0.5) .0001

Egg plants 20 (29) 118 (48) 0.4 (0.2 to 0.8) .004 3 (4) 21 (9) 0.5 (0.1 to 1.7) .31

Tomatoes 66 (96) 236 (97) 0.7 (0.2 to 4.5) .71 62 (90) 232 (95) 0.5 (0.2 to 1.4) .15

Onions 62 (90) 232 (95) 0.5 (0.2 to 1.4) .15 60 (88) 225 (94) 0.5 (0.2 to 1.4) .11

Fruits (available throughout the year)

Bananas 30 (43) 132 (54) 0.6 (04 to 1.1) .15 10 (14) 28 (11) 1.3 (0.5 to 2.9) .54

Oranges 27 (39) 105 (43) 0.8 (0.5 to 1.5) .58 4 (6) 22 (10) 0.6 (0.1 to 1.9) .47

Lemons 18 (26) 73 (30) 0.8 (0.4 to 1.5) .55 4 (6) 14 (6) 1.0 (0.2 to 3.3) 1.00

Apples 23 (33) 113 (46) 0.6 (0.3 to 1.0) .06 4 (6) 14 (6) 1.0 (0.2 to 3.3) 1.00

Pineapples 8 (11) 36 (15) 0.7 (0.3 to 1.7) .56 4 (6) 14 (6) 1.0 (0.2 to 3.3) 1.00

Strawberries 2 (3) 12 (5) 0.8 (0.1 to 2.7) .74 0 (0) 0 (0) — —

Fruit combined 38 (54) 167 (68) 0.5 (0.3 to 0.98) .03 14 (20) 41 (17) 1.2 (0.6 to 2.5) .59

Seasonal fruitb 58 (81) 182 (75) 1.4 (0.7 to 2.9) .35 — — — —

NOTE. Data presented as No. (%) unless otherwise indicated.
Abbreviations: GA, gastric adenocarcinoma; OR, odds ratio.
aSignificance testing was performed using Fisher’s exact test or χ2 for proportions.
bSeasonal fruit included mangos, papayas, baobabs, watermelons, and mulberries.
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prevalence was not significantly different between males
and females, which is another point of distinction from
industrialized countries, where male patients predominate.1

Biomass smokewas associated with gastric cancer, a finding
that requires further corroboration. Controls exposed to
biomass smoke had significantly higher levels of urinary
8-OHdG and 8-isoprostanes than those not frequently
exposed, suggesting a link between biomass smoke and
oxidative stress. This is consistent with a Norwegian study
that showed that oxidative damage to DNA and repair was
induced by wood smoke particles in human A549 and THP-1
cell lines.23 Cigarette smoking is a well-described risk factor for
gastric cancer.24,25 Some of the carcinogenic compounds that
are found in cigarette smoke (eg, benz[a]anthracene and
benzo[a]pyrene) are also found in biomass smoke.26 There
may be molecular parallels between swallowed biomass
smoke and inhaled tobacco smoke, both of which increase
cancer risk by inducing oxidative stress in epithelial cells.

Measured urinary levels of 1-OHP, a metabolite of poly-
cyclic aromatic hydrocarbons (PAHs), were not associated
with gastric cancer but were increased with exposure to
biomass smoke in a stepwise manner. 1-OHP is not the
best biomarker for assessment of long-term biomass
smoke exposure because metabolism of PAH is rapid, and
therefore, checking for metabolites in urine might not
necessarily be an accurate reflection of such exposure in
patients whose cancer has already developed and who
would already have adapted to severe ill health. Changes in
behavior when gastric cancer developed could have led
to reduced exposure to biomass smoke, resulting in lower

1-OHP levels, perhaps because ill health reduces activities of
daily living. In addition, measured PAH metabolites could
have also come from other sources such as fumes from
diesel engines, resulting in higher readings in patients not
reliant on biomass fuels. This might be especially true in
urban areas or near main roads. A study cohort including
256,357 men in Sweden showed that there was an in-
creased risk of gastric cancer in workers exposed to diesel
fumes.27 In addition, a 15-year United Kingdom (UK) cohort
study involving more than 34 000 employees in eight UK oil
refineries found that gastric cancer risk was increased in
laborers with long service compared with the UK general
population.28 All these data illustrate the need for further
research on environmental pollution and gastric cancer.

Studies from developed countries have linked gastric
cancer to low socioeconomic status.29 In this study, pa-
tients with gastric cancer had less basic household items
and were living in poorer-quality houses without ready
access to piped or treated water. This effect remained
significant after adjusting for rural residence, which is
where many of the patients lived. We believe that the effect
of poverty may operate through some of the risk factors we
have identified. Many Zambians do not eat fruit on a daily
basis, and the widely available or affordable fruits are
predominantly seasonal. These data add more evidence in
support of the protective properties of regular fruit intake.
Some investigators have reported a benefit of Allium veg-
etables, such as onions, for protection against gastric
cancer.30,31 Our data did not show any significant pro-
tection of Allium vegetables against gastric cancer probably
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FIG 4. Urinary aflatoxin M1 and serum ochratoxin A stratified by residence and the presence of gastric adeno-
carcinoma (GA).
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because of the low number of patients not eating onions on
a daily basis. Regular consumption of eggplants (auber-
gines) was found to reduce the odds of having gastric
cancer. Eggplants are not part of the traditional Zambian
diet, but their consumption is increasing, particularly in
urban areas. They are solanaceous plants containing gly-
coalkaloids, which are believed to have some anticarci-
nogenic properties.32 This could explain their negative
association with gastric cancer.

The proportion of patients with detectable aflatoxin M1 in
their urine was high, particularly for those living in urban
areas. It could be an indication of poor grain storage, es-
pecially maize, which is the staple food in Zambia. So-
cioeconomic status did not show any influence on exposure
to aflatoxins, suggesting that the source of the toxin could
also be from well-packaged commercially available maize
and groundnut products consumed by urban dwellers, rich
or poor alike. Patients with gastric cancer had significantly
lower aflatoxin M1 levels than the controls. This could be
a result of changes in food intake as a result of the illness
itself. In addition, the metabolism of aflatoxins is quite
rapid, and the assay we used was only validated to

determine exposure of aflatoxin ingestion in the prior 2 to 3
days.33 Exposure to ochratoxins was high in this patient
group. The proportions found were much higher than those
reported among Koreans (42%).34 However, unlike the
aflatoxins, there was no significant difference between
urban and rural residents or between patient cases and
controls.

Despite the known limitations of a hospital-based study,
mapping the town of permanent residence showed a fairly
good representation of patients across the country, cor-
relating well with the population distribution in Zambia. We
do acknowledge that these data represent a convenience
sample based on referral for EGD and not a population-
based sample; therefore, they may not reflect epidemiology
across the whole nation.

In conclusion, biomass smoke exposure is a risk factor for
gastric cancer, possibly mediated through oxidative stress.
Regular consumption of green vegetables and eggplants
reduces the odds of developing gastric cancer, whereas
regular consumption of processed meat increases the odds
of developing gastric cancer.
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