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Abstract

Background: Colorectal cancer is the fourth leading cancer among men and sixth leading cancer among women
in Sri Lanka.

Objective: To estimate the prevalence of ‘being at risk’ of developing colorectal cancer among adults using a
colorectal cancer risk prediction model developed and validated to the Sri Lankan setting.

Methods:  A community-based cross-sectional descriptive study was conducted among a representative sample
of 811 adults aged 30 years and above in the districts of Colombo and Gampaha, selected using a multi-stage
cluster sampling technique. The validated risk prediction model in the form of an interviewer-administered
questionnaire was used to gather information. The prevalence of those ‘at risk’ of colorectal cancer was assessed
based on a validated cut-off score, and those ‘at risk’ were further divided as ‘moderate’ and ‘high risk’ based on
cut-off values agreed upon by the experts.

Results:  The age-adjusted prevalence of those ‘at risk’  was 12.5% (95% CI=12.3, 12.7). Age-adjusted prevalence
of those at ‘moderate’ and ‘high’ risk were 11.8% (95% CI=11.6, 12.0) and 0.72% (95% CI=0.7, 0.8), respectively.

Conclusions:  The high prevalence of being ‘at risk’ of colorectal cancer indicates the necessity of screening for
colorectal cancer as a programme in Sri Lanka. Considering the logistic difficulties in offering follow-up diagnostic
colonoscopy examinations for all, the study recommends that those found as ‘high-risk’ be referred for colonoscopy.

Key words:  at-risk prevalence, colorectal neoplasm, risk prediction model, Sri Lanka

Introduction

Being the fourth commonest cancer worldwide

as well as in South East Asian countries, colorectal

cancer has become an important public health problem

globally (1). Though the majority of colorectal cancers

have occurred in Western countries, there is evidence

of rapid increase in the incidence and mortality in many

countries which were previously considered as being

at low-risk (2).

According to the latest published cancer incidence
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data by the National Cancer Control Programme in

2010, colorectal cancer is the fourth leading cancer

among men and the sixth leading cancer among women

in Sri Lanka (3). Colorectal cancer accounted for 6.3%

out of all cancers in both males and females, while the

incidence has shown an upward trend over the past

years (3).

In colorectal cancer, early detection is associated

with better survival (4). An early stage colorectal cancer

which has not extended beyond the bowel wall at the

time of diagnosis is associated with a five-year survival

of more than 90%. However, this decreases up to 60%

for patients with tumours with lymph node involve-

ment, and to less than 10% if metastases are present.

This indicates that colorectal cancer has a better

survival if detected and treated at an early stage. The

screening tests available for detecting colorectal cancer

vary from a simple test such as the faecal occult blood

test to more advanced and invasive methods such as

flexible sigmoidoscopy and colonoscopy. Most of the

developed countries offer colonoscopy or flexible

sigmoidoscopy as a screening test for all those

above 50 years of age to be done every ten years (5).

Limitations in the availability of skilled health personnel,

high cost and logistic issues of having to perform this

invasive procedure within a health institute are important

factors, that have prevented the developing countries

considering colonoscopy or flexible sigmoidoscopy as

a routine test in their population-level screening

programmes.

In the absence of a screening programme for

colorectal cancer, Sri Lanka uses flexible sigmoido-

scopy or colonoscopy for diagnosing colorectal cancer

in patients with symptoms. Clear evidence on its high

burden and better survival associated with early

detection signifies that Sri Lanka will benefit from

introduction of a cost effective and affordable

screening programme for colorectal cancer. However,

being a low- and middle-income country, Sri Lanka

cannot afford to provide colorectal cancer screening

services using colonoscopy or flexible sigmoidoscopy

to all above 50 years of age. As an alternative, evidence

suggests that it would be efficient to follow a two-

step process where population groups at risk of

colorectal cancer can be identified using a risk

prediction tool and thereafter, colonoscopy or flexible

sigmoidoscopy offered only to those who are identified

as ‘being at risk’ via this risk stratification (2).

There are many risk prediction models developed

in different parts of the world, such as ‘Freedman

Model’, ‘Harvard Colorectal Cancer Risk Index,’

‘Imperiate’s Model’ and ‘Driver’s Model’ (6). The

‘Freedman Model’ has been developed and validated

separately for men and women in the United States.

The risk factors included are cancer negative sigmoi-

doscopy/colonoscopy in the last 10 years, polyp

history in the last 10 years, history of colorectal cancer

in first degree relatives, non-steroidal anti-inflammatory

drugs, cigarette smoking, body mass index (BMI),

physical activity and fibrous food consumption (7).

The ‘Harvard Cancer Risk Index’ is another

comprehensive risk prediction model developed by the

Harvard school of Public Health for all cancers (8),

while the ‘Driver’s Model’ which includes age, alcohol

use, smoking status and BMI has been developed from

a cohort study of only males (9). However, the fact

that these models and their strengths are specific for a

population or setting at which they were estimated,

precludes their use in Sri Lanka. This highlights the

requirement of country-specific risk prediction models

that are developed based on risk factors identified for

the country and validated for detecting those ‘at risk’

for developing colorectal cancer.

Sri Lanka offers free healthcare services and has

initiated healthy lifestyle centres (HLCs) at the lowest

level of primary care institutions since 2011 to offer

adults a structured non-communicable disease (NCD)

screening service (10). More than 900 such centres

are distributed throughout the country at present. The

main service objective of HLCs is to reduce the risk of

NCDs of 40-65 year old adults by early detection of

risk factors and improving the access for specialized

care for those found to be at high-risk. As for colorectal

cancer, the first step in introducing a screening

programme in Sri Lanka is to establish a referral system

and services for those found to be ‘at risk’ to undergo

colonoscopy or flexible sigmoidoscopy in a hospital

setting. Advocating for such referral systems with

health authorities requires an estimation of the number

that is likely to be referred for colonoscopy or flexible

sigmoidoscopy. In other words, the information

required is the prevalence of those ‘at risk’ for

colorectal cancer among adults. There is lack of

evidence pertaining to this locally in Sri Lanka.

In this background, the present study aimed at

determining the prevalence of those ‘at risk’ of

colorectal cancer among adults using a risk prediction
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model. This information would form the basis to

advocate for a policy decision to include screening for

colorectal cancer among the high-risk population

during HLCs in Sri Lanka.

Methods

A community-based descriptive cross-sectional

study was carried out in the districts of Colombo and

Gampaha in the Western Province of Sri Lanka. These

two districts are known to have the largest population

with the highest incidence of colorectal cancer (11).

Adults aged 30 years and above, with no past history

of any type of cancer and permanently residing in the

above two districts were the study units of this study.

Estimation of the sample size was based on the

minimum number required to detect the expected

prevalence of increased risk for developing colorectal

cancer among adults (12). Based on an expected

prevalence of 50% with 5% precision, at 95% con-

fidence interval along with an allowance for design

effect of two and an anticipated non-response of 5%,

the required sample size was rounded off to be 825

(13).

In selecting the sample, multi-stage cluster

sampling technique was used. Each district of Colombo

and Gampaha comprises 13 district secretariat (DS)

divisions and the study was conducted in all 26 DS

divisions. A cluster was defined as a group of adults in

a Grama Niladhari (GN) division while the cluster size

was taken as 25. In order to recruit 825 participants,

the number of clusters to be included in the study was

calculated as 33. Clusters were allocated to each DS

division with probability proportionate to the size (PPS)

of the adult population living in DS divisions. The

sampling frame was based on census data 2012 of

each GN division. The index house in each cluster

was selected randomly from the updated map of

respective GN division, and was located with the help

of public health midwife and GN officer. All other

houses on the same side of the road immediately to

the right of the index house were selected to each

cluster. Out of the eligible members in each selected

household, one was selected randomly after tossing a

coin. Data collection was mostly done during week-

ends and public holidays to ensure that all those selected

were available at home, especially the adult working

males. Informed written consent was obtained from

the study participants and at the end of data collection,

they were made aware of their risk for colorectal cancer

and the available screening tests.

A country-specific risk prediction model in the

form of an interviewer-administered questionnaire was

used to gather information on the risk of an adult

developing colorectal cancer. The model used had been

developed and validated by the authors, based on the

findings of an unmatched case-control study conducted

in the districts of Colombo and Gampaha among 65

clinically confirmed incident colorectal cancer cases

and 130 colonoscopy negative controls. Its criterion

validity and reliability had been assessed in another

case-control study of 65 incident colorectal cancer

cases and 65 hospital controls. The results proved the

risk prediction model to be valid to detect those ‘at

risk’ of developing colorectal cancer at the cut-off of

5.5 (score range: 0-25); sensitivity 76.9% (95%

CI=66.7, 87.1); specificity 83.1% (95% CI=74.0, 92.2;

area under the curve 0.849 (95% CI=0.8, 0.9; p<0.001)

and reliable (test re-test kappa coefficient 0.88). The

population ‘at risk’ was further categorized as having

‘moderate’ and ‘high’ risk using the cut-off scores of

5.5 to 9 and more than 9.1, respectively (14). Table 1

shows the model comprising eight risk predictors and

their assigned weighted scores according to the risk

category.

Data analysis was carried out using Statistical

Package for Social Sciences (SPSS) version 20

software. The overall prevalence and 95% confidence

interval (CI) of those ‘at risk’ of developing colorectal

cancer among adults was assessed. Further, the

prevalence of ‘moderate-risk’ and ‘high-risk’ categories

along with 95% CI was assessed. Age-adjusted

prevalence rates were calculated via direct method of

standardization (15). The national population data

according to 2012 census was used as the standard

population to adjust for differences in the age

distribution of the selected sample.

Results

Of the invited 825 eligible adults, 14 did not

participate in the study, thus the response rate was

98%. Reason for non-participation was unwillingness

to spend time to respond to the questionnaire. Table 2

shows the socio-demographic characteristics of the

study population while Table 3 depicts the presence

of each predictor in the risk prediction model in the

study population.
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Predictor variable Categories Score

Older age Less than 50 years 0

50 years or more 3

Frequent consumption of deep fried food Rare or never: less than 3 times per 0

for a period of 20 years or more week or never

Frequent: 3 or more times per week 2

Frequent consumption of red meat for a Rare or never: less than 3 times per 0

period of 20 years or more week or never

Frequent: 3 or more times per week 3

Diagnosis of colorectal cancer at or before No 0

60 years among first degree relatives Yes 5

Diagnosis of other cancer at or before No 0

60 years (breast, endometrial, ovary) Yes 3

among first degree relatives

Personal history of intestinal polyps No 0

diagnosed before 10 years Yes 3

(histologically confirmed)

Personal history of hypertension for more No 0

than 10 years (medically confirmed) Yes 3

Diagnosis of inflammatory bowel disease No 0

before 10 years (histologically confirmed) Yes 3

Total 25

Characteristic No. %

Age

Less than 50 years 332 40.9

50 years or more 479 59.1

Sex

Female 428 52.8

Male 383 47.2

Ethnicity

Sinhala 695 85.7

Tamil 55 6.8

Muslim 59 7.3

Other 2 0.2

Religion

Buddhist 628 77.4

Hindu 44 54.4

Islam 58 7.2

Catholic/Christian 81 10.0

(Continued)

Table 1. Predictor variables included in the risk prediction model for colorectal cancer

Table 2. Socio-demographic characteristics of the study population (N=811)1
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Highest educational level

No schooling 21 2.6

Grade 1 - 5 72 8.9

Grade 6 - 10 168 20.7

GCE O/L completed 2 314 38.7

Grade 11 - 12 7 0.8

GCE A/L completed 2 187 23.1

Technical/Professional diploma 12 1.5

University education 30 3.7

Current marital status

Single 29 3.6

Legally married or living together 727 89.6

Separated, widowed or divorced 55 6.8

Current occupation

Unemployed/ Housewife/ Retired 281 34.6

Professional 27 3.3

Clerical 33 4.1

Service workers 55 6.8

Skilled 86 10.6

Trade 161 19.9

Elementary 147 18.1

Armed Forces 21 2.6

Predictor variable Categories No. %

Older age Less than 50 years 332 40.9

50 years or more 479 59.1

Frequent consumption of deep fried food for a Rare or never: less than 3 times 606 74.7

period of 20 years or more per week or never

Frequent: 3 or more times per week 205 25.3

Frequent consumption of red meat for a Rare or never: less than 3 times 681 84.0

period of 20 years or more per week or never

Frequent: 3 or more times per week 130 16.0

Diagnosis of colorectal cancer at or No 798 98.4

before 60 years among first degree relatives Yes 13 1.6

Diagnosis of intestinal polyps No 804 99.1

before 10 years (histologically confirmed) Yes 7 0.9

Diagnosis of other cancer at or No 743 91.6

before 60 years (breast, endometrial, ovary) Yes 68 8.4

among first degree relatives

Personal history of hypertension for more No 745 91.9

than 10 years (medically confirmed) Yes 66 8.1

Diagnosis of inflammatory bowel disease No 809 99.8

before 10 years (histologically confirmed) Yes 2 0.2

1Total for each variable; 2General Certificate of Education Ordinary Level and Advanced Level

1Total for each variable

Table 3. Distribution of the study population by each predictor of the risk prediction model (N=811)1
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The distribution of summary risk score was

positively skewed (standardized skewness: 0.747). The

range of summary risk score was 0 to 15. The median

of the summary score was 3 (IQR=2 to 5). According

to the risk prediction model, among the study

population (n=811), 125 individuals had scored more

than 5.5 points. After adjusting for the differences in

age categories, the age-adjusted prevalence rate of the

population ‘at risk’ of developing colorectal cancer was

12.5% (95% CI=12.3, 12.7). Among the ‘moderate-

risk’ individuals (n=114) who have scored between

5.5 and 9, the age-adjusted prevalence was 11.8% (95%

CI=11.6, 12.0) while the age-adjusted prevalence of

high-risk individuals (n=11) who have scored more

than 9.1 was 0.72% (95% CI=0.7, 0.8) (Table 4).

Prevalence of being ‘at risk’ of developing

colorectal cancer among the males (10.4%; 95%

CI=8.4, 12.6) was significantly higher than that among

the females (4.8%; 95% CI=3.7, 6.8). Similarly, the

prevalence of being ‘at risk’ of developing colorectal

cancer among Sinhalese (11.2%; 95% CI=9.2, 13.6)

was significantly higher than that among the non-

Sinhalese (4.2%; 95% CI=3.0, 5.8). Finally, the

prevalence of being ‘at risk’ of developing colorectal

cancer among the participants who had highest

education level of GCE O/Level or more (8.6%; 95%

CI=6.9, 10.8) was overlapping and not significantly

different from that among the participants who had

highest education level of less than GCE. O/Level

(6.8%; 95% CI=5.2, 8.7) (Table 5).

Table 4. Prevalence of ‘at risk’ population by age categories and age-standardized prevalence

Age High-risk Moderate-risk Low-risk

prevalence (>9.1) prevalence (5.5-9.1) prevalence (<5.5)

(95% CI) (95% CI) (95% CI)

Less than 50 years 0.23% (0.2-0.3%) 7.82% (7.7-8.0%) 68.35% (68.1-68.6%)

50 years or more 0.49% (0.4-0.5%) 3.94% (3.8-4.1%) 19.17% (18.9-19.4%)

Age standardized prevalence 0.72% (0.7-0.8%) 11.77% (11.6-12.0%) 87.52% (87.3-87.7%)

(n=11) (n=114) (n=686)

Table 5. Prevalence of those ‘at risk’ for developing colorectal cancer among the study
population by selected socio-demographic characteristics (N=811)1

Characteristic No. ‘at risk’ % 95% CI

(N=125)a  (a/811)

Age

50 years or more 90 11.1 (9.1-13.4)

Less than 50 years 35 4.3 (3.1-5.9)

Sex

Female 41 4.8 (3.7-6.8)

Male 84 10.4 (8.4-12.6)

Ethnicity

Sinhalese 91 11.2 (9.2-13.6)

Non-Sinhalese 34 4.2 (3.0-5.8)

Highest level of education

≥ GCE O/Level 70 8.6 (6.9-10.8)

< GCE O/Level 55 6.8 (5.2-8.7)

1Total Population; aIncludes the 125 persons who were ‘at risk’ of developing colorectal cancer
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research on the prevalence of those ‘at risk’ of deve-

loping colorectal cancer, which prevents the

opportunity of comparing the validity of results with

similar studies. The only study available was by Kumari

BV in 2013 (17), demonstrating the ‘at risk’ prevalence

of developing breast cancer of 39.4% (95% CI=36.7,

42.1) among adults in the district of Colombo, based

on a locally developed and validated risk prediction

model for breast cancer in Sri Lanka.

Having a high ‘at risk’ prevalence (12.5%) of

developing colorectal cancer can have major

implications. Providing definitive diagnostic test

facilities such as colonoscopy or flexible sigmoi-

doscopy examinations for those with positive results

which are invasive and costly becomes an issue. On

the other hand, human resources to perform this

procedure in the state sector is also lacking widely.

Keeping this in mind, the present risk prediction model

was designed with two further cut-offs to assess

moderate- and high-risk groups. The plan was to

identify a sub-group of the high-risk population on

whom the diagnostic test can be applied immediately

following the screening, while identifying a sub-group

with moderate-risk to be monitored with preventive

advice and follow-up screening. The results indicate

that the model was successful in identifying a

proportion of ‘high-risk’ population which is amenable

to be referred for colonoscopy or flexible sigmoi-

doscopy examination.

Conclusions and Recommendations

Age-adjusted estimated prevalence of the

population ‘at risk’ for developing colorectal cancer

among adults in the districts of Colombo and Gampaha

was relatively high, with 12 out of every 100 persons

identified as being at risk. While it indicates the need

for advocating a screening test for colorectal cancer

in Sri Lanka within the existing health system, it further

highlights the logistical difficulties in offering follow-

up diagnostic tests to all those screened-positive. Thus,

the study recommends this risk prediction model to

be incorporated into the NCD screening programme

at HLCs in Sri Lanka. Consequently, the identified high-

risk groups can be referred for diagnostic tests, while

those at moderate-risk can be advised on lifestyle

modification and monitored with follow-up screening.

Discussion

A descriptive cross-sectional study design was

used to estimate the prevalence of those ‘at risk’ of

developing colorectal cancer among adults, using a

risk prediction model developed and validated locally.

The study employed the most feasible technique to

obtain the sample in a community-based study, the

cluster sampling technique further minimizing the

selection bias. Non-response was kept to a minimum

by visiting the households during times when the

working or employed study units were likely to be

present at home and re-visiting them by given

appointments to suit the respondent with minimum

discomfort. Several measures were also taken to

maintain the quality of the data gathered. The model

contained only eight predictors and was formulated as

an interviewer-administered questionnaire which

allowed uniform collection of data from study units

with any educational background and even from the

illegible persons. Including simple comprehensive close-

ended questions needing less effort to recall also

addressed the issue of recall bias. Accuracy of the

information related to medical or surgical conditions

were verified through records. However, it should be

noted that the cut-off scores to identify ‘high-risk’

and ‘moderate-risk’ was through group consensus of

the expert panel and not via a psychometric validation

method which is a drawback in this study.

The sample included a higher proportion of

individuals aged 50 years or more, which is not

representative of the age distribution of the general

population. To overcome this measure, the study

incorporated the direct method of standardization in

comparison with the general population from the

census in 2012 as the standard population. This

produced the age- adjusted prevalence of the population

at risk to be 12.5% (95% CI=12.3, 12.7) from the

non-adjusted prevalence rate of 15.4%.

Since this study used a validated risk prediction

model and cut-off points determined through validation

using a gold standard, this value can be considered to

be a valid estimate of the ‘at risk’ adults for developing

colorectal cancer in the population. More than 50

countries have adopted the use of risk prediction models

for identifying the high-risk population for colorectal

cancer, since risk stratification has benefitted on giving

the diagnostic services for the needed (16). However,

an extensive search on global literature failed to identify
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Public health implications

The relatively high ‘at risk’ prevalence denotes

the burden of colorectal cancer on the health

system in future. It is likely that the quality of

life and survival of colorectal cancer will be

improved by early detection, if the risk pre-

diction model is successful at primary care level.

With the availability of a risk prediction model

for early detection of colorectal cancer, the scope

of healthy lifestyle centres can be extended to

cancer screening. This study also provides the

baseline for future research on possible

interventions for those at moderate-risk.
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