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ABSTRACT

BACKGROUND: There is no study conducted on the association between disinfection byproducts (DBPs) in chlorinated drinking water and
colorectal cancer (CRC) in Ethiopia. Therefore, this study aimed to determine the relation between chlorine based DBPs in drinking water
and CRC in Addis Ababa, Ethiopia.

METHODS: A facility based matched case control study was conducted involving 224 cases and 448 population controls from June 2020
to May 2021. Cases were defined as histologically confirmed CRC cases. Cases were matched with controls by residence, age, and sex
using frequency and individual matching. Geocoding of cases, health facility, and georeferencing of controls were carried out. Data was col-
lected using a pretested structured questionnaire. Pearson Chi square and Fisher’s exact tests were employed to assess associations. Strati-
fied analysis was used to detect confounding factors and effect modification. A multivariable conditional logistic regression was used to
identify risk factors of CRC.

RESULTS: Of 214 CRC cases, 148 (69.2%) used chlorinated water whereas out of 428 controls 161 (37.6%) used chlorinated water. In the
final regression model, drinking chlorinated surface water (adjusted matched odds ratio [adjusted mOR]=2.6; 95% CI| 1.7-4.0), history of
swimming (adjusted mMOR =2.4; 95% CI 1.4-4.1), years at the place of current residence (adjusted mOR=1.5; 95% Cl 1.1-2.2), hot tap water
use for showering (adjusted mOR; 3.8 =95% CI 2.5-5.9) were significantly associated with CRC. The stratified analysis confirmed that smok-
ing and meat ingestion were not effect modifiers and confounders.

CONCLUSION: Drinking chlorinated water for extended years is a significant risk factor for CRC in Addis Ababa, Ethiopia. In addition, hot
tap water use for showering, and swimming history are risk factors for CRC. This information is essential to design integrated interventions
that consider chlorination by-products and exposure routes toward the prevention and control of CRC in Ethiopia. Initiating alternative meth-

ods to chlorine disinfection of drinking water is also essential.
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Background
Colorectal cancer (CRC) represents nearly 10% of all cancer
incidences that showed an increasing rate over the last 2 dec-
ades.! Studies from African and Asian countries have shown
that the annual diagnosis of CRC is increasing.>® Evidence
also indicates that the incidence of the disease has increased in
most developing countries due to the emergence of potential
risk factors such as smoking, obesity, an unhealthy diet, and
lifetime exposure to drinking water chlorination by-prod-
ucts.*7 However, high dietary intake of meat was not identified
as risk factor in these countries because of the limited supply to
the larger population.®-10

Chlorination has been the primary treatment process to
improve the quality of drinking water.* However, chlorine, as a
disinfectant in drinking water, is known to produce

trihalomethanes (THMs).!t THMs in chlorinated drinking
water may cause health threats due to its carcinogenicity.!? In
water treatment utilities, DBPs, like chloroform, bromate,
trichloroacetic acid, and bromodichloromethane are mostly
formed through the reaction of chlorine with natural organic
matter (NOM). The DBPs are divided into 2 categories:
hydrophilic and hydrophobic.!

THMs were regulated by the USEPA (United States
Environmental Protection Authority) shortly after their discov-
ery in disinfected drinking water, with a maximum contaminant
limit (MCL) of 100 g/L for TTHM s (Total trihalomethanes).'3
The Stage 1 D-DBP Rule!* reduced the MCL (maximum con-
taminant levels) for TTHM to 80g/L and set MCLs of 60, 10,
and 1000g/L for HAAs (haloacetic acids), bromate, and chlorite
respectively. Although the maximum acceptable concentrations

@ @@ Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial
4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without

Downloa 1T BRSO RRE R R RIS AR R SPRRIRF R DR SAFE AR B3 cooss ages (ntpsi/us.sagepub.comjen-us/namiopen-access-t-sage).

Terms of Use: https://complete.bioone.org/terms-of-use


https://uk.sagepub.com/en-gb/journals-permissions
mailto:nebiyoutafesseta@gmail.com

Environmental Health Insights

(MAGCs) for TTHM and HAAs are 100 and 80g/L, respec-
tively, and more DBP species are controlled in Canada,” the
standards are similar to those in the United States. The South
African National Standards has set the MCLs for total THMs
in drinking tap water at 300 pug/L.16

THMSs and HAAs, which occur in high amounts in drink-
ing water, are the most commonly investigated and quantified
DBPs. THMs are used as a proxy by drinking water utilities in
several countries, including Southern Africa, the United States,
and Canada, to monitor and control DBPs in drinking water
distribution systems.!”

In Ethiopia, water treatment utilities use chlorine for the
disinfection of water for public distribution.!® However, drink-
ing water utilities in Ethiopia in general and in Addis Ababa in
particular not measured drinking water DBPs at all. There is
also no monitoring and controlling system of DBPs in drink-
ing water distribution systems in Ethiopia. In addition, the
water utilities in Ethiopia not set the MAC of disinfection
byproducts for total THMSs and other DBPs. Therefore in the
absence of historical data on the level of chlorination byprod-
ucts (DBPs), estimates of past exposure have been based on
previous information about the water sources (ground and sur-
face water sources).!?

Studies showed that people drinking chlorinated water, par-
ticularly chlorinated surface water, had increased risk of colon
and rectal cancers.??! Several case-control studies on exposure
to chlorination by-products reported positive findings for colon
and rectal cancers but the interpretation was limited.??-24 Case-
control studies of cases related with drinking water chlorina-
tion have the potential to overcome the limitations of the early
studies, but relatively few have been conducted.?>?” Moreover,
there is no available study on the association between disinfec-
tion byproducts (DBPs) in chlorinated drinking water and
colorectal cancer (CRC) in Ethiopia. Hence, this study aimed
to determine the effects of drinking chlorinated water on CRC
in Addis Ababa, Ethiopia.

Methods
Study area and population

This study was conducted in Tikur Anbessa Specialized
Hospital (TASH), College of Health Sciences, Addis Ababa
University, Addis Ababa, Ethiopia. TASH serves as a cancer
registry and treatment center for the country. The departments
in TASH are gynecology and obstetrics, internal medicine, sur-
gery, pediatrics, radiotherapy, adult oncology, pediatric oncol-
ogy/hematology, nuclear medicine, psychiatry, laboratory,
orthopedics pharmacy, and others.?® Incident CRC cases were
collected from adult oncology and pediatric oncology/hema-
tology respectively. In 2017, the Central Statistical Agency
(CSA) projected the population of Addis Ababa to 3,434,000,
of which 1,624,999 were males.?” The target of this study was
CRC cases and controls living in Addis Ababa, Ethiopia
(Figure 1).

Study design and period

A hospital-based matched case-control study design was
employed from June 2020 to May 2021. Histologically con-
firmed CRC cases were included in the present analysis

(ICD-O [C18, C19, C20]).30

Sample size determination

The sample size was calculated using a matched case-control
study design®® by considering the pitman efficiency assumption
of the matched pair sample size.3? A matched sample size of 224
pairs using individual matching (1 case-2 controls: which means
224 cases: 448 controls) was selected by taking into account (1) a
type I error of 5%; (2) a probability of type II error 10%; (3) a
power of 90%; (4) assumption that 30% of the control house-
holds use non-chlorinated water supply in Addis Ababa’l
(5) expected odds ratio of 2; and (6) a 15% non-response rate. A
50% of matched pair samples of case and control (112 cases:224
controls) was taken as the minimum requirement for exposure
discordant pairs for testing disease and exposure association.33

Inclusion and exclusion criteria

Inboth case and control, study participants were in the age range
of 20 to 85years; residents of Addis Ababa for at least 10years
before recruitment and lived at the time of contact and answered
study questionnaire. Only CRC cases diagnosed from June 2020
to May 2021 with histological confirmation (C18, C19, C20),

without previous cancer history were included.

Matching of Cases and Controls

Controls were both individual and frequency matched to cases
by sex and age (£5years) ensuring 2 controls of the same sex
and a 5-year interval for each case.3? In addition, controls were
matched based on their residence location.

Case and control selection

Cases were interviewed directly after diagnosis and identified
through active checkups and periodic visits to hospital depart-
ments (adult oncology and pediatric oncology/hematology).
To identify population control subjects, households ran-
domly selected from the 10 sub cities in Addis Ababa. The
matching population controls sample size (428) randomly
selected from the 10 sub cities in Addis Ababa (Figure 2).
Controls were selected from the general population per each
sub cities (the largest city under Addis Ababa) and “woredas” (the
smallest administrative unit under the sub city). The population
controls randomly selected from the same residence area for the
cases per each sub city. Then the allocated sample size selected
from identified household in the “woredas” using matching crite-
ria. Simple random sampling technique was used to select the
study participants from selected households (per each woreda). If
the household was not had the matching person after interview
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Figure 1. Location of cases households (HHs), controls households, and study hospital, 2021.

or refused to participate, the next households were approached.
The frequency matching was done based on the age and sex dis-
tribution of cases. Person with previous cancer diagnosis was
excluded from consideration as controls.

Data collection

Hospital-based survey data was collected using a standardized
and pre-tested questionnaire. The questionnaire was adapted
from different works of literature and/or developed from other
related studies.!343% Some variables signifying these factors
were also coded using the operational definitions (1A).

For both cases and controls, 12 trained nurse professionals (6
them were Oncology nurses) administered the survey by inter-
viewing study participants using a pre-tested structured question-
naire. Interviewers were health professionals with BSc and above
and fluent speaker of Ambharic language trained on the tools. The
data collectors and supervisors received three days training to
ensure that study’s objectives were met. In addition COVID-19
prevention protocol training was provided. The instruments were
also pretested (5% of the sample) in the health care facility (non-
selected facility). The tools were validated based on the results of
the pretest. The final number of total cases and controls and the
water types used are described in Figure 3.

Water type verification

To identify the type of water sources used by patients, geoco-
ding was done immediately after data collection of cases

using their residential information. Administrative units,
roads’lines, and spatial datasets were used for geocoding. The
administrative unit data sets included administrative bounda-
ries as areas and allocation centers as points for sub-cities (the
largest administrative unit in Addis Ababa City) and woredas
(the least administrative unit per sub-city) and geo-referenc-
ing of control households were also done.

The water supply system of both cases and controls were
identified using Geographic Information System (GIS) data
from the Addis Ababa Water and Sewerage Authority
(AAWSA) water supply network.’® Following the water
source distribution network, each household was classified
either as chlorinated or non-chlorinated. Then, all cases and
controls were classified into chlorinated surface water and
non-chlorinated groundwater. AAWSA assisted in the iden-
tification of some households where there was a difficulty in
distinguishing the source of water supply. The water supply
operations in Addis Ababa contain 13 sub-systems. The chlo-
rinated surface water sources are located in the western and
eastern parts of the city. The groundwater sources (non-chlo-
rinated) are located in the southeastern and various sites of

the Addis Ababa*® (Figure 4).

Dietary history before diagnosis

Data on major recognized diets related with colorectal cancer
were collected by structured interviews using semi-quantita-
tive food frequency questionnaire (FFQ) previously used in a
study in Ethiopia and other countries.?®¥ Usual dietary
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Figure 2. Population control selection procedure of Drinking water source, chlorinated water, and colorectal cancer,Addis Ababa, Ethiopia, 2021.

intake of the year before the interview was assessed. The FFQ_
included egg, meat, fish, fat-rich food, fruits, vegetables, sweet
food, and beverages. Frequency variables were labeled as “at
least once a day,” “4-6 times per week,” “2-3 times per week,”
“once a week,” “2-3 times per month,” “once a month,” and
“never or ever in a year3°.”

Survey of Shower Water Temperature

A survey of shower water temperature was conducted in the
homes of chosen patients and controls. The study included
45 individuals from the case households and 45 people from
the control households. First, the participants’ shower water
temperature was adjusted as usual in their homes. The water
that had been drained from the shower was then collected in
a bucket. In addition, household with no facility of shower
were requested to bring the type of water used for shower.
Finally, the investigator took the temperature of the water
with a thermometer. The sample size was proportional to the
number of cases and controls (1:1).

Variables and measurements

The outcome variable was CRC. Water supply type (chlorin-
ated surface water or non-chlorinated groundwater) was the
primary exposure variable. The remaining variables were covar-
iates (Supplemental Table 1A).

Statistical analysis

Data entry and analysis was conducted using EpiData Version 3.1
software (EpiData Association, Odense, Denmark) and STATA
version 14.0 (Statistical Software: College Station, TX, USA)
respectively. For continuous variables, descriptive statistics (n [%)])
were produced, as well as median IQR (interquartile range). For
categorical variables, Pearson Chi-square and Fisher’s exact tests
were employed to assess associations. All reported P-values were
2-tailed and considered statistically significant if P<<.05.
Conditional Logistic regression model was used to estimate
matched odds ratios (unadjusted and adjusted odds ratios).
Variables with P<<.2 from bivariate analyses and variables with
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known biological plausibility were included in the multivaria-
ble model. Our analysis did not take account of age, sex and
residence area, as all were used as matching variables.

Cochran Mantel-Haenszel stratified analyses were used to
exclude cofactors, and to ascertain and designate effect modifi-
ers. Mantel-Haenszel test of equality of stratum-specific ORs
was used to detect effect modifiers. First, the equality of

stratum-specific ORs was tested to confirm significant changes,
indicating that the exposure and other factors were modifying
the effect. The presence of confounding was next investigated if
the results were not different. By correcting the effects of the
third variable and the crude estimate, the Mantel-Haenszel test
provided a single weighed estimate of the predictor. The pres-
ence of confounding was then determined by measuring the
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Table 1. Characteristics of case and control of study participants in Tikur Anbessa Specialized Hospital, Addis Ababa, Ethiopia, 2021.

VARIABLES

Age (year) (median and IQR)

Monthly income in USD2 (median and IQR)

Last two years drinking water consumption (I/c/d) (median and IQR)

Years at the place of longest residence (median and IQR)

BMI (mean + SD)

CASE (N=214) CONTROL (N=428)

50 (41-61) 49 (40-60)

125.0 (31.3-187.5) 136.5 (71.8-250.0)

1.5 (1.5-2.0) 1.5 (1.5-2.0)
40 (30-47) 40 (30-50)
22.54+3.70 24.88+3.24

Abbreviations: I/c/d, liter per capita per day; $US, United States Dollars; BMI, body mass index; IQR, interquartile range.
aThe average exchange rate of $ US=38.0 ETB (Ethiopia birr) from June 2020 to May 2021.

difference between the crude and adjusted ORs. The evidence
of confounding was confirmed using a relative difference in the
effect estimate with a limit of 10%.4! The variables was set a
priori to take place, if an interaction term between smoking or
meat ingestion and each of the reported variables was
significant.

Results

Socio-demographic characteristics of cases and
controls

The response rate for fully matched paired data was 95.5%
(214 matched pairs). Ten cases did not match any controls
(Figure 3). Median ages of the cases were 50years (Inter
Quartile Range [IQR]: 40-61years) and of controls 49years
(IQR: 40-60years). The median monthly income was $125.0
(IQR: 31.3-187.5 USD) and $ 136.6 (IQR: 71.9-250.0 USD)
for the case and control respectively (Table 1).

Regarding the age distribution of cases and controls, 133
(20.7%) were between 20 and 39 years old, 403 (62.8%) between
40 and 64years old, 83 (12.9%) between 65 and 74years old,
and 23 (3.5%) above 75 years old. Out of 214 cases, 43.9%, and
out of 428 controls, 45.3% were males. About 188 (29.3%) of

the cases and controls have stable source of income (Table 2).

Water supply type, chlorination status, and residence
history

Around 92% of cases and 73.4% of controls consumed water
from private taps, whereas 26.6% of controls and 7.9% of cases
fetched water from public taps. Similarly, about two-thirds
(69.2%) of the cases and one-third of the controls (37.6%) used
chlorinated water. About 96.7% of the cases and 93.2% con-
trols used shower. In addition, 54.2% and 41.6% of the cases
and controls had lived more than 40years at their place of cur-
rent residence respectively (Table 3)

Health related characteristics and dietary information. Around
3.7% of the cases and 9.4% of the controls had high BMI,
respectively. Similarly, 13.1% and 21.3% the cases and controls
ever smoked cigarette, respectively. Almost two-thirds of the

cases and controls drank coffee about 20 times per week.
Around 22% of the cases and 27% of the controls had usual
exercise at least once a week (Supplemental Table 2A).

About 82.5% of the women in the cases and 85.6% in the
controls were pregnant at least once in the last 1year. Around
50% of both cases and controls took sweet food at least once
per week for the last 1year. Almost 39% of the cases and 14%
of the controls consumed meat at least once a week for last
1year. About 57% of both cases and controls ate fruit at least
once a week for last 1year (Supplemental Table 2A).

Shower temperature

A total of 90 households (45 case households and 45 control
households) were used to measure shower temperature. The mean
shower temperature among cases and controls were 28.8°C and
22.5°C respectively (Supplemental Table 3A). According to one
way analysis of variance (ANOVA) depicted that shower temper-
ature does influence colorectal cancers (Supplemental Table 4A).

Mantel-Haenszel analysis for proving co-factors
and interactions

The stratified analysis confirmed that there was no significant
variation between stratum-specific ORs, showing no interaction
between the predictors and smoking or meat consumption.
Stratified analysis also depicted no variation between the pooled
and adjusted ORs, indicating that both smoking and meat con-
sumption were not co-factors for the effect of predictors on CRC.

However, smoking was a co-factor for the effects of alcohol
ingestion, educational status, BMI, stable source of income,
previous GIT diseases, family history of CRC, physical exer-
cise and meat ingestion. Additional table files show the deter-
minants of CRC by meat ingestion (Supplemental Tables 5A
and 6A).

Multivariable conditional logistic regression
analysis

In the multivariable analysis, we found that drinking water
chlorination status, type of water source, years at place of
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Table 2. Sociodemographic characteristics of cases and controls in Tikur Anbessa Specialized Hospital, Addis Ababa, Ethiopia, 2021.

VARIABLES CASES (N=214) CONTROLS (N=428) PEARSON'’S %2

N (%) N (%)

Age category (y)

20-39 38 (17.8) 95 (22.2) 133 (20.7) 0.610
40-64 138 (64.5) 265 (61.9) 403 (62.8)

65-74 30 (14.0) 53 (12.4) 83 (12.9)

=75 8 (3.7) 15 (3.5) 23 (3.5)

Sex

Men 94 (43.9) 194 (45.3) 288 (44.9) 0.736
Women 120 (56.1) 234 (54.7) 354 (55.1)

Educational level

Lowera 129 (0.58) 244 (0.57) 373 (0.58) 0.428
Higher 85 (0.40) 184 (0.43) 269 (0.42)

Marital status

Unmarried 85 (39.7) 173 (40.4) 258 (40.2) 0.864
Married 129 (60.3) 255 (59.6) 384 (59.8)

Stable source of income

Yes 59 (27.6) 129 (30.1) 188 (29.3) 0.500
No 155 (72.4) 299 (69.9) 454 (70.7)

Employment status

Yes 122 (57.0) 251 (58.6) 373 (58.1) 0.692
No 92 (42.9) 177 (41.4) 269 (41.9)

Average monthly income

>126 ($US) 87 (46.3) 177 (51.9) 264 (49.9) 0.215
<126 ($US) 101 (53.7) 164 (48.1) 265 (50.1)

alncludes from not capable to read or write based on self-reporting.

current residence, and swimming history were significantly
associated with CRC. Our main findings show that the odds of
developing CRC in households with chlorinated water supply
was 2.6 times the odds of non-chlorinated water supply
(adjusted mOR =2.6; 95% CI 1.7-4.0). Similarly, the odds of
CRC of study participants with history of swimming were 2.4
times that of those with no history of swimming (adjusted
mOR=2.4; 95% CI 1.4-4.1). Study participants who lived for
more than 40years in their current residence had 50% higher
risk of CRC (adjusted mOR=1.5; 95% CI 1.1-2.2) compared
with participants who lived for less than 40years (Table 4).
The odds of developing CRCs among those who used hot
water for showering were 3.8 times the odds of those who used
cold water for showering (adjusted mOR=3.8; 95% CI 2.5-
5.9). Alcoholic drinks, sweet foods, eggs consumption, coffee,

and usual physical exercise were not significantly associated

with CRCs (P>.05) (Table 4).

Discussion

To the best of our knowledge, this study is the first of its kind
to investigate the association of drinking water source, chlo-
rination, and CRC in Addis Ababa, Ethiopia. In this facility
based matched case-control study drinking water chlorination
status, years at the place of longest residence, type of water used
for showering and swimming history were significantly associ-
ated with CRC.

Our main findings showed that the odds of developing
CRC in households with chlorinated surface water supply were
higher than those with less-chlorinated groundwater supply.
This finding agreed with that of studies from Ontario,
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Table 3. Water supply type, chlorination status and residence history in Tikur Anbessa Specialized Hospital, Addis Ababa, Ethiopia, 2021.

VARIABLE CASES (N=214)

PEARSON'’S %2

CONTROLS (N=428)

N (%)

Piped water supply

Private tap 197 (92.1)
Public tap 17 (7.9)
Chlorination status

Chlorinated surface water 148 (69.2)
Non-chlorinated groundwater 66 (30.8)
Drinking of water (I/d)

>1.5 114 (53.7)
<15 100 (46.7)
Regular showering

Yes 207 (96.7)
No 7 (3.3)
Water used for shower

Hot water 86 (40.2)
Cold water 128 (59.8)
Swimming history

Ever 106 (49.5)
Never 108 (50.5)
Types of swimming

Qutdoor 58 (37.9)
Indoor 49 (56.3)
Years at place of current residence

=40 116 (54.2)
<40 98 (45.8)

Canada,* and Iowa, USA* showing that users of surface water
had much greater exposure to chlorination byproducts and had
a high risk of CRC than consumers of non-chlorinated ground
water.

A meta-analysis performed by Morris et al** supported this
finding by indicating chlorinated surface water has substan-
tially larger amounts of chlorination by-products than chlorin-
ated groundwater (medians of 50.7 and 0.8 ppb, respectively)
even when the surface water is collected from protected reser-
voirs. Therefore consumption of surface water was found to be
an indirect indicator of exposure to chlorination by-products
used in different studies.*546

In addition, other studies from USA and Taiwan showed
that colon and rectal cancers were found to be more common

N (%)

314 (73.4) 511 (79.6) 0.001
114 (26.6) 131 (20.4)
161 (37.6) 309 (48.1) 0.001
267 (62.4) 333 (51.9)
223 (52.1) 337 (52.5) 0.780
205 (47.9) 305 (47.5)
399 (93.2) 606 (93.2) 0.169
29 (6.8) 36 (6.7)
59 (13.8) 145 (22.6) 0.001
369 (86.2) 497 (77.4)
134 (31.3) 240 (37.4) 0.001
294 (68.7) 402 (62.6)
95 (62.1) 153 (63.7) 0.567
38 (43.7) 87 (36.3)
178 (41.6) 294 (45.8) 0.002
250 (58.4) 348 (54.2)

in those who drank chlorinated water, especially chlorinated
surface water.#”# A related finding from southern Ontario
Canada showed that those who drank chlorinated surface
water for at least 30 years had a 49% higher risk of colorectal
cancers than those who drank groundwater for at least
30years.*? On the contrary, a studies from Louisiana,*
North Carolina,? and Iowa*’ did not find a link between
chlorinated surface water and CRC . This could be due to
differences in methodology, water characteristics, and popu-
lation parameters.

In our study, the odd of developing CRC of study partici-
pants with long history of swimming was higher than those
with no history of swimming. A similar related finding was
reported from USA Environmental Protection Authority
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Table 4. Multivariable analysis of factors associated with CRCs in Addis Ababa, 2021.
VARIABLES CASE (N=214) CONTROL (N=428) UMOR (95% CI)A AMOR (95% Cl) P-VALUE
Water used for shower
Hot water 86 59 4.3 (2.8-6.5) 3.8 (2.5-5.9)** .001
Cold water 128 369 1.0 1.0
Years at longest residence?
=40 116 178 1.6 (1.2-2.2) 1.5 (1.1-2.2)** .027
<40 98 250 1.0 1.0
Coffee (drinks/wk)
=21 times 123 280 0.7 (0.5-1.0) 0.7 (0.50-1.0) .058
0 91 148 1.0 1.0
Chlorination status of drinking water
Yes 148 161 3.8 (2.7-5.5) 2.6 (1.7-4.0)** .001
No 66 267 1.0 1.0
Swimming history
Yes 106 134 2.25 (1.57-3.22) 2.37 (1.39-4.07)** .002
No 108 294 1.0 1.0
Types of swimming
Outdoor 58 95 1.51 (0.65-3.47) 1.30 (0.54-3.13) .550
Indoor 49 38 1.0 1.0
Regular showering
Yes 207 399 2.2(1.0-5.2) 1.5 (0.6-3.9) .920
No 7 29 1.0 1.0
Exercise(times/wk)
=1 47 117 0.7 (0.5-1.1) 0.7 (0.4-1.0) .065
<1 167 311 1.0 1.0
Smoking
Ever 28 91 0.5 (0.3-0.8) 0.4 (0.2-0.8) .004
Never 186 337 1.0 1.0
Sweet food (times/wk)
=1 120 214 1.3 (0.9-1.8) 1.3 (0.9-1.9) 153
<1 94 214 1.0 1.0
Alcohol (drinks/wk)
=8 times 101 228 0.7 (0.5-1.1) 0.7 (0.3-1.5) .344
0 113 200 1.0 1.0
Meat consumption (times/wk)
=1 84 60 4.6 (2.9-7.2) 3.5 (2.0-5.9)** .001
<1 130 368 1.0 1.0
(Continued)
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Table 4. (Continued)

VARIABLES CASE (N=214)
Eggs consumption (times/wk)
=1 62 147

<1 152 281

CONTROL (N=428)

UMOR (95% Cl)A AMOR (95% Cl) P-VALUE
0.7 (0.5-1.0) 0.8 (0.5-1.2) 340
1.0 1.0

Abbreviations: AmOR, adjusted matched odds ratio; Cl, confidence interval; UmOR, unadjusted matched odds ratio.
aDenotes unadjusted mOR using 95% confidence interval from bivariate conditional logistic regression analysis in matched case-control pair.

bYears at longest residence.
**Statistically significant at P <.05.

(EPA) indicated that swimming pool has been linked to a
threefold increase of cancer risk (all cancers).’® A similar con-
sistent result was also reported from Thailand.”?

Another related study by Lévesque et al®? supported this
observation that the daily dose of chloroform (chlorine disin-
fection byproduct) resulting from 1-hour swimming in com-
monly found public swimming pools was 141 times greater
than that of a 10-minutes shower and 93 times greater than
that for tap water ingestion.” In addition, swimming is associ-
ated with higher DBP concentration than drinking water,**
which results in an increase of genotoxicity of pool water com-
pared with tap water.>

Study participants who used hot water for showering were at
more risk of developing CRC in this study. This could be due to
exposure to THMs that is when the water is hot it is higher due
to 2 main reasons: volatility of the THMs that may increase the
inhalation exposure and reduce the concentration of the same in
water, and the increase diffusivity of the THMs inside the body
through dermal contact. Similarly, measurement of study partici-
pants shower water temperature also showed a significant differ-
ence between case and control households.

A similar related finding reported from western
Massachusetts, USA depicting that the concentrations of tri-
halomethanes (THMs), trichloroacetic acid (TCAA), and
chloropicrin (CP) were substantially higher in the hot water
shower than in the cold water shower.5”

In the multivariable adjustment, consumption of alcoholic
drinks, sweet foods, eggs, and coffee, as well as doing the usual
physical exercise were not associated with CRC. This might be
due to the similarity of the socioeconomic status of case and
control households. In contrast to our findings, several studies
reported that alcohol intake, even in small amounts,”®>” sweet
foods consumption,®® usual physical exercise,®! and eggs con-
sumption®? were significantly associated with CRC.

Our study gained its strength from using a matched case-
control study where the matching helped to control for poten-
tial confounders. Matched case-control studies have minimal
bias relative to unmatched case-control designs due to their
internal comparison property. In addition to its being a pioneer
to investigate the effect of drinking water chlorination on CRC
in Ethiopia, high response rate (95.5%) of both cases and con-
trols and broad data on potential confounders were other
strengths of our study. Contrary to the previous studies of chlo-
rination byproducts and CRC!?7#% in which control for

confounding was minimal or absent, we were able to test a
number of variables as potential confounders and effect
modifiers.

This study has several limitations.

Although studies measured disinfection byproducts and
then showed the association with colorectal cancers?”63 and
bladder cancer,” in this study, we were not able to measure the
disinfection byproducts levels. Therefore, this study proposes
further study on measurements of disinfection by products in
urine and/or water for the same population in the study area.

Some households of the cases and controls received a mixed
water supply system, which made it difficult to confirm whether
the water source is chlorinated or not. Cases and controls might
have changed their residential address in such a way that it may
affect the true classification of the exposure. Case selection
from health facilities can be prone to bias since patients usually
do not represent the general population. Recall bias could have
been introduced during historical exposure measurement.

Conclusion

Drinking chlorinated water for extended years is a significant
risk factor for CRC in Addis Ababa. In addition, hot tap water
use for showering, and swimming history are risk factors for
CRC. This information is essential to design integrated inter-
ventions that consider chlorination by-products and exposure
routes toward the prevention and control of CRC in Ethiopia.
Initiating alternative methods to chlorine disinfection of drink-
ing water is also essential.
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