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ABSTRACT
Objective To describe patterns and predictors of mortality 
in a semi- urban population in Sri Lanka.
Design A prospective population- based cohort study.
Setting Ragama Medical Officer of Health area in the 
Gampaha district, Sri Lanka.
Participants Adults between 35 and 64 years of age 
were recruited using an age stratified random sampling 
technique in 2007.
Measures At baseline, we recorded socio- demographic, 
lifestyle, anthropometric, biochemical and clinical data 
of the participants. Over 10 years, we obtained the 
cause and date of death from the death registration 
documents of deceased participants. We determined 
the survival probability of the cohort over 10 years and 
estimated Hazard ratios (HRs) for all- cause mortality 
(ACM), cardiovascular mortality (CVM) and cancer- related 
mortality (CRM) using Cox’s proportional hazards model. 
We also estimated the survival probabilities for men and 
women in each 10- year age group and standardised 
mortality ratio relative to the source population.
Results There were 169 deaths over 10 years with 
standardised mortality rates of 5.3 and 2.4 per 1000 years 
of follow- up for men and women, respectively. Independent 
predictors of: ACM were older age, lower income, smoking 
and diabetes mellitus while gender, education, occupation, 
harmful alcohol use, waist circumference and hypertension 
were not; CVM were older age, lower income, smoking, 
diabetes and hypertension while gender and harmful alcohol 
use were not; CRM was older age while gender, smoking and 
diabetes were not. Those engaged in clerical and technical 
occupations or unemployed had a lower risk of CRM as 
compared with those engaged in elementary occupations.
Conclusions Older age, lower income, smoking, diabetes 
and hypertension strongly predict mortality in this cohort. 
Addressing the identified modifiable predictors through 
behavioural modification will improve longevity in similar 
populations.

INTRODUCTION
Mortality is one of the strongest indicators 
of the health status in a population and the 

easiest to measure due to it being an unambig-
uous endpoint.1 Due to rapid socio- economic 
development and improved living conditions, 
significant reductions in adult mortality have 
been observed in all regions of the world in 
the last three decades. In both high- income 
and middle- income countries the the most 
common cause of death is cardiovascular 
disease. South Asia, with a population of 
1.9 billion, records over 12 million deaths 
annually2 and the majority of these deaths are 
due to cardiovascular causes which are linked 
to intermediate metabolic conditions such as, 
diabetes mellitus and hypertension.3 It has 
been documented that people of South Asian 
origin develop diabetes mellitus at a younger 
age and at lower levels of metabolic risk when 
compared with Caucasians.4 South Asians 
who make up a considerable proportion of 
the migrant population in high- income coun-
tries have also shown a higher risk of diabetes 
at lower metabolic risk levels.5 6 Mortality 
due to cancer is estimated to be about 
1.3 million deaths in South- East Asia region7 

Strengths and limitations of this study

 ► This is a population- based prospective cohort study 
which provides high quality epidemiological evi-
dence on temporal associations.

 ► We used national vital registration data with a high 
coverage and completeness (99.9%), but they may 
have inaccuracies in documenting the cause of 
death.

 ► Loss to follow- up of the original cohort (8.7%) is a 
limitation of this study.

 ► Relationships observed may be distorted by con-
founding, but multivariable analysis that have been 
carried out is likely to have minimised this.
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and accounts for about 10% of mortality in the region.8 
All cause, cardiovascular and cancer mortality in Asia 
have shown strong links to socio- economic disadvan-
tage.9 However, only a few studies have been conducted 
to describe the patterns and predictors of mortality in 
South Asian populations and even fewer are based on 
population- based cohorts.10

Well organised and functioning vital registration systems 
provide high quality and timely mortality data that are of 
great value for epidemiological purposes. At present, the 
rate of death registration in Sri Lanka exceeds 99% and on 
registration, a death certificate is issued. The death certif-
icate includes the identification data of the deceased, the 
time, date, place and the medical cause of death and the 
designation and credentials of the officer certifying the 
death; it is required for the disposal of the deceased.11 
Although data from the vital registration system and 
hospital statistics provide evidence on the importance 
of cardiovascular disease as the leading cause of death 
across South Asia,12 13 there is limited epidemiological 
information on the patterns and predictors of mortality 
from population- based studies conducted in this region. 
This dearth of information hampers creating the aware-
ness it deserves for better decision- making and resource 
allocation for appropriate public health and preventive 
measures for control of behavioural and metabolic risk 
factors of cardiovascular disease. Results from studies 
conducted outside South Asia have a limited impact on 
attracting the attention of local decision- makers and 
health administrators.

To address this dearth of information and the resultant 
gaps in practice, we conducted an analysis to describe 
the patterns of all- cause mortality (ACM), cardiovascular 
mortality (CVM) and cancer- related mortality (CRM) 
and their predictors in a population- based cohort in Sri 
Lanka, using baseline data of the cohort and mortality 
data reported by the vital registration system.

METHODS
Study design
We prospectively followed- up participants of a population 
based cohort study over a period of 10 years to correlate 
their baseline characteristics and mortality outcomes.

Study setting and population
Our cohort lives in the Ragama Medical Officer of 
Health (MOH) area in the Gampaha district of Sri 
Lanka. Gampaha district is the second most populous 
district of Sri Lanka with a population of approximately 
2.3 million.14 Sri Lankans enjoy universal free education 
and free healthcare facilities at the point of delivery. 
Universal franchise was introduced in 1931 and all citi-
zens above 18 years of age are included in the electoral 
register since 1959.15 Gampaha district with mostly rural 
and semi- urban characteristics, records the country’s 
highest overall adult literacy rate of 98.5% and an overall 
life expectancy at birth of 73.2 years for men and 79.9 

years for women.14 The district is divided into 16 MOH 
areas to provide population based preventive healthcare 
services.16 The Ragama MOH area, which has semi- urban 
characteristics and a population of 81 687 living in an area 
of 21 km2, is the smallest of these and is the field practice 
area of the Faculty of Medicine, University of Kelaniya.17

At the commencement of the study in 2007, 3012 adults 
between 35 and 64 years of age living in the Ragama MOH 
area were recruited using age stratified random sampling 
from the electoral register (sampling frame) conforming 
to the ratio of 1:2:2 from each of the three 10- year age 
groups (35 to 44, 45 to 54 and 55 to 64 years, respec-
tively).18 Participant recruitment was done between July 
2007 and March 2008. At the baseline assessment 2985 
of the recruited participants had complete data and were 
followed- up as the Ragama Health Study (RHS) cohort. 
We included all the participants of the RHS cohort in this 
analysis.

Data and data sources
After providing informed written consent at recruitment, 
the study participants underwent baseline screening that 
included anthropometric, clinical and biochemical assess-
ments and their socio- demographic, lifestyle, medical and 
health- related information were obtained through an 
interviewer- administered questionnaire developed in the 
local languages. Medical history provided by the partici-
pants was verified with medical records by the medically 
qualified research staff. The assessment covered a wide 
range of risk factors attributed to cardiovascular diseases 
including biochemical tests for assay of blood glucose and 
lipids, serum insulin, glycated haemoglobin and alanine 
transaminase levels. In 2010 and 2014, two follow- up 
assessments of the cohort were conducted using similar 
methods. In 2014, 2148 (72%) of the 2985 original partic-
ipants attended follow- up. The rest of the participants 
were followed- up in the community by research staff and 
their vital status was determined. If any participant had 
died, a copy of his/her death certificate was obtained and 
details were recorded. From July 2017 to November 2018, 
we conducted a population based follow- up of the RHS 
cohort at household level by contacting all households by 
telephone or by post, followed by home visits if a death 
was reported. The follow- up visits were conducted by 
trained research assistants with a medical/health sciences 
background, who met family members of the deceased 
participants to collect information on their cause of 
death. They obtained a copy of the death certificate to 
correctly ascertain the date and the cause of death. If the 
death certificate was not available with the family, more 
preliminary hospital or field death declaration docu-
ments were perused to ascertain the date and the cause 
of death. The vital status of 2724 (91.3%) participants was 
obtained. The database was updated with the outcome 
data obtained during the follow- up assessment after a 
cleaning and verification process. At each stage of this 
prospective cohort study, participants who did not partic-
ipate were (1) those who did not wish to be followed- up 
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in the study, (2) those who migrated out of the area or 
(3) those who migrated overseas. The flow of participants 
through the follow- up period and how their outcome was 
ascertained in given in figure 1.

Data analysis
We constructed Kaplan- Meier survival curves to deter-
mine the survival probability of the cohort after 
accounting for all- cause mortality, and mortality due 
to cardiovascular and cancer- related causes, at 10 years 
from recruitment. The participants who were not trace-
able in 2017 were censored at their last date of contact. 
We compared deceased persons and persons alive by 
important baseline characteristics. We considered socio- 
demographic variables defined as follows: age defined 
by number of completed years at recruitment, sex as the 
reported biological sex, low educational level as having 
an educational level below General Certificate of Educa-
tion (G.C.E.) Ordinary Level completion, low income 
as belonging to the lowest income quartile of the study 
population and occupation based on the classification 
of International Labour Office.19 Smoking status was 
defined by reported use on an average day (current 
smoker/past smoker/never smoker). Harmful alcohol 
use was defined by Asian cut- offs for harmful alcohol 
consumption (14 IU/week for men and 7 IU/week for 
women) estimated using reported weekly consumption. 
Obesity was defined as a body mass index ≥25 kg/m2. 
A waist circumference >90 cm for men and >80 cm for 
women was defined as a high waist circumference. Pres-
ence of diabetes was defined as a verifiable past history of 
diabetes or having a fasting blood glucose level ≥126 mg/
dL at baseline. Hypertension was defined as a verifiable 
past history of high blood pressure or persistent systolic 
blood pressure ≥140 mm Hg and/or diastolic blood pres-
sure ≥90 mm Hg at baseline. Dyslipidaemia was defined as 
a verifiable past history of dyslipidaemia or having a total 
cholesterol level ≥240 mg/dL or a low- density lipoprotein 
cholesterol level ≥160 mg/dL or a serum triglyceride level 

≥150 mg/dL or a high- density lipoprotein (HDL) choles-
terol level below sex specific cut- offs for HDL (≤40 mg/
dL for men and ≤50 mg/dL for women) at baseline.

Survival analysis was done using right censored data. 
Follow- up time was defined as the time between 2007 to 
death, or the date at which the patient was last confirmed 
to be alive (censoring time). Comparison of survival rates 
due to ACM, CVM and CRM by age- sex strata within ACM, 
CVM and CRM were conducted using Kaplan- Meier 
survival function curves. Cox’s proportional hazards 
(CPH) models were used to identify independent risk 
factors of mortality due to ACM, CVM and CRM. Initially 
the probable risk factors were screened with simple CPH 
models and the risk factors with a p<0.2 were considered 
for constructing multivariable CPH models for ACM, 
CVM and CRM. Effects of risk factors on mortality are 
presented as HRs and their 95% CIs.

We standardised the observed mortality rates using the 
method of indirect standardisation for the district and 
the country and constructed life tables for the cohort.

Missing data
Among variables collected at baseline, the percentage of 
missing data was small. We censored our outcome vari-
ables, ACM, CVM and CRM at the last date of contact 
with the research staff, if they could not be traced in the 
community or if they were already lost to follow- up. We 
did not perform sensitivity analyses. We have indicated 
the numbers available for each variable in table 1. We 
have also compared the baseline socio- demographic 
characteristics of the participants who were and were not 
traced in online supplemental table 1.

Potential sources of bias
We have attempted to address potential sources of bias 
using a set of strategies in the design of this study. The 
participants were sampled using stratified random 
sampling allowing for representative sampling from the 
reference population within the specific age strata to 
address selection bias. Information bias was minimised 
through the use of standard interviewer- administered 
questionnaires for data collection and regular in- service 
training of data collectors who were from a medical or 
health sciences background. Certain data collected from 
participants have been verified with documented infor-
mation, for example, medical history. Outcome data 
have been obtained from official documents minimising 
information bias. We have also attempted to minimise 
confounding through use of multivariable models to 
determine predictors of mortality.

Patient and public involvement
The study was designed in 2007. At the design stage, 
participants were not consulted on development of 
research questions or outcome measures. However, non- 
communicable diseases, especially cardiovascular disease, 
diabetes and hypertension were recognised as important 
public health problems by the public and the study 

Figure 1 The flow of participants through the follow- up 
period.
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addressed a well- recognised gap in knowledge. The public 
was involved in participant recruitment and follow- up in 
this study. Community volunteers provided support to the 
research team to access selected participants throughout 
the recruitment phase. In the follow- up phase, the death 
registration documents available with the family members 
of the participants was the main source of outcome infor-
mation. They were retrieved with the co- operation of 
the family members. The results of this analysis will be 
disseminated to the study participants and their families 
through the RHS clinic and information leaflets deliv-
ered to their homes via post.

RESULTS
At recruitment, the mean age of our cohort was 52.4 
(SD=7.8) years with 1349/2985 (45.2%) men. Respectively 

17.2, 38.2% and 44.6% of the sample were distributed 
in the three 10- year age groups 35 to 45 years, 45 to 54 
years and 55 to 64 years. Overall, 45.5% had received an 
education below G.C.E. Ordinary Level and 14.3% were 
in the lowest income quartile. Selected baseline socio- 
demographic, lifestyle, anthropometric and clinical char-
acteristics of the participants are presented in relation 
to their vital status in table 1. During the period 2007 
to 2018, 169 (107 men) participants had died giving an 
overall crude mortality rate of 7.9% for men and 3.8% for 
women. Standardised mortality rates were 5.3 and 2.4 per 
1000 years of follow- up for men and women, respectively. 
Survival probability of the cohort overall and in relation 
to cardiovascular and cancer- related causes are shown 
in figure 2. Overall survival of the cohort at 10 years was 
95.1% (94.3 to 95.9). Survival probabilities of men and 

Table 1 Baseline characteristics of the RHS cohort

Characteristic* Total Alive

Deceased 
from all 
causes

Deceased from 
cardio- vascular 
causes

Deceased from 
cancer- related 
causes

Mean age (SD) years (n=2985) 52.4 (7.8) 52.2 (7.8) 56.9 (6.0) 57.4 (5.4) 57.5 (5.2)

Age group: 35–44 years 514 (17.2) 509 (18.1) 5 (3.0) 1 (1.4) 0 (0.0)

  45–54 years 1140 (38.2) 1092 (38.8) 48 (28.4) 19 (26.0) 9 (29.0)

  55–64 years 1331 (44.6) 1215 (43.1) 116 (68.6) 53 (72.6) 22 (71.0)

Gender: Males (n=2985) 1349 (45.2) 1242 (44.1) 107 (63.3) 46 (63.0) 19 (61.3)

Education (n=2971)

  Below G.C.E. Ordinary Level 1358 (45.7) 1263 (45.1) 95 (56.2) 35 (47.9) 16 (51.6)

Occupation (n=2964)

Administrative and professional 285 (9.6) 273 (9.8) 12 (7.1) 5 (6.9) 2 (6.4)

Clerical and technical 619 (20.9) 582 (20.8) 37 (21.9) 17 (23.3) 6 (19.4)

Elementary occupations 188 (6.3) 170 (6.1) 18 (10.6) 6 (8.2) 6 (19.4)

Unemployed 1872 (63.2) 1770 (63.3) 102 (60.4) 45 (61.6) 17 (54.8)

Monthly family income (n=2921)

  Lowest income quartile 426 (14.6) 385 (14.0) 41 (25.0) 17 (23.9) 8 (26.7)

Smoking (n=2985)

  Non- smokers 2131 (71.4) 2045 (72.6) 86 (50.9) 39 (53.4) 16 (51.6)

  Ex- smokers 368 (12.3) 323 (11.5) 45 (26.6) 20 (27.4) 7 (22.6)

  Current smokers 486 (16.3) 448 (15.9) 38 (22.5) 14 (19.2) 8 (25.8)

Alcohol (n=2985)

Harmful alcohol users 554 (18.6) 505 (17.9) 49 (29.0) 21 (28.8) 9 (29.0)

Overweight and obese (n=2974)

  BMI ≥25 kg/m2 1164 (39.1) 1105 (39.4) 59 (34.9) 29 (39.7) 13 (41.9)

High waist circumference (n=2983)

Men >90 cm, Women >80 cm 1618 (54.2) 1539 (54.7) 79 (46.7) 37 (50.7) 16 (51.6)

Diabetes (n=2983) 709 (23.8) 629 (22.4) 80 (47.4) 39 (53.4) 13 (41.9)

Hypertension (n=2984) 1311 (43.9) 1215 (43.2) 96 (56.8) 49 (67.1) 18 (58.1)

Dyslipidaemia (n=2969) 1909 (64.3) 1802 (64.3) 107 (63.7) 50 (68.5) 17 (56.7)

*Presented as number (percentage) unless specified otherwise.
BMI, body mass index; G.C.E., General Certificate of Education; RHS, Ragama Health Study.
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women in baseline age groups 35 to 44, 45 to 54 and 55 
to 64 years for ACM, CVM and CRM are presented in 
figure 3.

HRs of selected individual variables for ACM, CVM 
and CRM are presented in table 2. Older adults (45 to 54 
years HR=4.35 (95% CI: 1.73 to 10.92)), (55 to 64 years, 
HR=9.21 (95% CI: 3.76 to 22.5), men (HR=2.15 (95% 
CI: 1.58 to 2.95)), those with a lower educational level 
(HR=1.55 (95% CI: 1.15 to 2.11)) and a lower income 
(HR=1.95 (95% CI: 1.37 to 2.78)), smokers (ex- smokers 
HR=3.20 (95% CI: 2.23 to 4.60)) and (current smokers 
HR=1.97 (95% CI: 1.34 to 2.88)), harmful alcohol users 
(HR=1.80 (95% CI: 1.29 to 2.51)), those with diabetes 
(HR=3.03 (95% CI: 2.24 to 4.11)) and hypertension 
(HR=1.69 (95% CI: 1.25 to 2.30)) had a significantly 
higher risk of ACM. The unemployed (HR=0.54 (95% CI: 
0.32 to 0.88)), professionals or administrators (HR=0.44 
(95% CI: 0.21 to 0.91)) and those with a higher waist 
circumference (HR=0.72 (95% CI: 0.53 to 0.98)) had a 
significantly lower risk of ACM. Older adults (45 to 54 
years HR=8.61 (95% CI: 1.15 to 64.28)), (55 to 64 years 
HR=20.80 (95% CI: 2.88 to 150.45)), males (HR=2.12 
(95% CI: 1.32 to 3.41)), those with a lower income 
(HR=1.86 (95% CI: 1.08 to 3.22)), ex- smokers (HR=3.20 
(95% CI: 1.86 to 5.50)), harmful alcohol users (HR=1.81 
(95% CI: 1.09 to 3.01)), those with diabetes (HR=3.95 
(95% CI: 2.48 to 6.27)) and hypertension (HR=2.61 (95% 

CI: 1.60 to 4.26)) had a significantly higher risk of CVM. 
Older adults (55 to 64 years HR=3.14 (95% CI: 1.45 to 
6.83)), ex- smokers (HR=2.64 (95% CI: 1.09 to 6.42)) and 
those with diabetes (HR=2.41 (95% CI: 1.18 to 4.92)) 
had a significantly higher risk of CRM. The unemployed 
(HR=0.27 (95% CI: 0.10 to 0.68)) and clerical and tech-
nical workers (HR=0.29 (95% CI: 0.09 to 0.91)) had a 
significantly lower risk of ACM.

Results of multiple variable analysis performed to deter-
mine independent predictors of mortality are presented 
in table 3. The risk of ACM increased in those between 
45 and 54 years of age by 3.42 (95% CI: 1.35 to 8.63) and 
in those between 55 and 64 years of age by 5.99 (95% CI: 
2.42 to 14.83) as compared with those between 35 and 
44 years of age; in those in the lowest income quartile 
by 1.91 (95% CI: 1.33 to 2.75) as compared with those 
with a higher income; in a past smoker by 2.95 (95% CI: 
2.02 to 4.32) and a current smoker by 2.60 (95% CI: 1.75 
to 3.87) as compared with a non- smoker; and in those 
with diabetes at baseline by 2.86 (95% CI: 2.08 to 3.93) as 
compared with non- diabetics. The risk of CVM increased 
in those between 55 and 64 years of age by 10.10 (95% 
CI: 1.37 to 74.61) as compared with those between 35 and 
44 years of age; in those in the lowest income quartile by 
1.83 (95% CI: 1.04 to 3.21) as compared with those with a 
higher income; in a past smoker by 2.77 (95% CI: 1.55 to 
4.97) and a current smoker by 2.31 (95% CI: 1.21 to 4.41) 
as compared with a non- smoker; in those with diabetes 

Figure 2 Survival probability of the cohort overall and in 
relation to cardiovascular and cancer- related causes. ACM, 
all- cause mortality; CRM, cancer- related mortality; CVM, 
cardiovascular mortality.

Figure 3 Survival probabilities of men and women in 
baseline age groups. ACM, all- cause mortality; CRM, cancer- 
related mortality; CVM, cardiovascular mortality.
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at baseline by 3.30 (95% CI: 2.07 to 5.58) and those with 
hypertension at baseline by 1.90 (95% CI: 1.12 to 3.25) as 
compared with those without. The risk of CRM increased 
in those between 55 and 64 years of age by 3.19 (95% 
CI: 1.44 to 7.05) as compared with those between 35 and 
54 years of age. Those in clerical and technical occupa-
tions (HR=0.31 (95% CI: 0.10 to 0.96)) and those who 
are unemployed (HR=0.21 (95% CI: 0.08 to 0.55)) had 

a lower risk of CRM as compared with those in elemen-
tary occupations. Indirect standardisation of observed 
mortality rates for men and women showed that mortality 
in this cohort was about 50% lower compared with the 
district and national populations (table 4).

Comparison of basic socio- demographic characteris-
tics of the RHS cohort who were traced and not traced 
in 2017/2018 for outcome ascertainment is presented in 

Table 2 HRs of individual level baseline characteristics for all cause, cardiovascular and cancer- related morality

Characteristic

HR* (95% CI)

All- cause mortality Cardiovascular mortality Cancer- related mortality

Age 1.09 (1.07 to 1.12) 1.11 (1.07 to 1.15) 1.11 (1.05 to 0.18)

Age group*
35–44 years

  Reference level   Reference level   Reference level

45–54 years 4.35 (1.73 to 10.92) 8.61 (1.15 to 64.28) Reference level

55–64 years 9.21 (3.76 to 22.5) 20.80 (2.88 to 150.45) 3.14 (1.45 to 6.83)

Gender       

Females Reference level Reference level Reference level

Males 2.15 (1.58 to 2.95) 2.12 (1.32 to 3.41) 1.99 (0.97 to 4.10)

Education       

  Above G.C.E. Ordinary Level Reference level Reference level Reference level

  Below G.C.E. Ordinary Level 1.55 (1.15 to 2.11) 1.13 (0.71 to 1.80) 1.27 (0.63 to 2.57)

Occupation       

Elementary occupations Reference level Reference level Reference level

Administrative and professional 0.44 (0.21 to 0.91) 0.54 (0.17 to 1.78) 0.22 (0.04 to 1.10)

Clerical and technical 0.61 (0.34 to 1.06) 0.84 (0.33 to 2.13) 0.29 (0.09 to 0.91)

Unemployed 0.54 (0.32 to 0.88) 0.70 (0.30 to 1.65) 0.27 (0.10 to 0.68)

Monthly family income       

Upper income quartiles Reference level Reference level Reference level

  Lowest income quartile 1.95 (1.37 to 2.78) 1.86 (1.08 to 3.22) 2.08 (0.93 to 4.69)

Smoking       

  Non- smoker Reference level Reference level Reference level

  Ex- smoker 3.20 (2.23 to 4.60) 3.20 (1.86 to 5.50) 2.64 (1.09 to 6.42)

  Current smoker 1.97 (1.34 to 2.88) 1.62 (0.88 to 2.99) 2.19 (0.94 to 5.12)

Alcohol       

Non- harmful alcohol user Reference level Reference level Reference level

Harmful alcohol user 1.80 (1.29 to 2.51) 1.81 (1.09 to 3.01) 1.76 (0.81 to 3.83)

BMI       

  BMI <25 kg/m2 Reference level Reference level Reference level

  BMI ≥25 kg/m2 0.81 (0.59 to 1.11) 0.98 (0.61 to 1.58) 1.10 (0.54 to 2.25)

Waist circumference       

Males ≤90 cm, Females ≤80 cm Reference level Reference level Reference level

Males >90 cm, Females >80 cm 0.72 (0.53 to 0.98) 0.84 (0.53 to 1.34) 0.88 (0.43 to 1.78)

Diabetes 3.03 (2.24 to 4.11) 3.95 (2.48 to 6.27) 2.41 (1.18 to 4.92)

Hypertension 1.69 (1.25 to 2.30) 2.61 (1.60 to 4.26) 1.80 (0.88 to 3.67)

Dyslipidaemia 0.97 (0.71 to 1.33) 1.19 (0.73 to 1.96) 0.73 (0.35 to 1.50)

Bold statistics indicate significant variables - that is, 1 is not included in the 95% CI.
*The age groups 35 to 44 years, 45 to 54 years and 55 to 64 years have been sampled in 1:2:2 ratio
BMI, body mass index; G.C.E., General Certificate of Education.
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online supplemental table 1. Life tables constructed for 
the RHS cohort are presented in online supplemental 
table 2.

DISCUSSION
We have demonstrated the patterns and predictors of 
ACM, CVM and CRM in a cohort of semi- urban adults 
living in Sri Lanka, using baseline data of a prospec-
tive population- based cohort study and mortality data 
from the national vital registration system. Our cohort 
comprised middle- aged adults with a mean age of 52.4 
(SD=7.8) years at baseline and 45% men. The overall 
survival probability of the cohort was 95.1% at 10 years 
after recruitment. ACM was associated with older age 
groups, low income, both current and previous smoking 
and diabetes at baseline. CVM was associated with older 
age groups, low income, both current and previous 
smoking, diabetes and hypertension at baseline. CRM 
was associated with older age and those engaged in cler-
ical and technical occupations and those who are unem-
ployed had a lower risk of CRM as compared with those in 
elementary occupations.

Older age is the main risk factor for mortality glob-
ally.20 We found that low income was associated with both 
ACM and CVM, while CRM was associated with elemen-
tary occupations. The association between poverty and 
mortality is well documented.21 22 Diabetes was also 
associated with both ACM and CVM. Diabetes has been 

identified as the third leading contributor for deaths in 
Sri Lanka, behind ischaemic heart disease and stroke.23 
Similar to documented findings,24–26 both current and 
past smoking was associated with ACM. Hypertension 
at baseline was associated with CVM, similar to findings 
from a number of cohorts across settings in both high- 
income and middle- income regions.12 20 Our findings 
highlight the importance of well- known non- modifiable 
predictors of mortality, such as, older age, while at the 
same time demonstrating that well- recognised modifi-
able risk factors of mortality like low income, elementary 
occupations, current and past smoking, diabetes and 
hypertension are associated with ACM and CVM in this 
population.

Standardisation of the mortality data of our cohort for 
the district showed that our population is healthier than 
the general population. The RHS cohort population lives 
in the catchment area of the Colombo North Teaching 
Hospital which is the second largest tertiary care hospital 
in the country in terms of bed strength and healthcare 
facilities. The area also has two large private hospitals 
and many general practice clinics. In addition, the popu-
lation has exclusive access to long- term and continuing 
health facilities in the RHS clinic at the Faculty of Medi-
cine, University of Kelaniya, since the formation of the 
cohort to- date. This service has offered routine follow- up 
care, health advice and a continuous supply of medica-
tion to all participants who have metabolic conditions 

Table 3 Risk factors of all- cause, cardiovascular and cancer mortality from multiple variable analysis

Risk factor (at baseline) HR 95% CI P value

All- cause mortality

Age group : 45–54 vs 35–44 years 3.42 1.35 to 8.63 0.009

  55–64 vs 35–44 years 5.99 2.42 to 14.83 <0.001

Lowest income quartile 1.91 1.33 to 2.75 <0.001

Smoking : Ex- smokers vs non- smoker 2.95 2.02 to 4.32 <0.001

  Smokers vs non- smoker 2.60 1.75 to 3.87 <0.001

Diabetes 2.86 2.08 to 3.93 <0.001

Cardiovascular mortality

Age group : 45–54 vs 35–44 years 5.54 0.73 to 41.81 0.097

  55–64 vs 35–44 years 10.10 1.37 to 74.61 0.023

Lowest income quartile 1.83 1.04 to 3.21 0.035

Smoking : Ex- smokers vs non- smoker 2.77 1.55 to 4.97 <0.001

  Smokers vs non- smoker 2.31 1.21 to 4.41 0.011

Diabetes 3.30 2.07 to 5.58 <0.001

Hypertension 1.90 1.12 to 3.25 0.018

Cancer- related mortality

Age group : 55–64 vs 35–54 years* 3.19 1.44 to 7.05 0.004

Occupation: Professional/administration vs elementary 0.22 0.04 to 1.07 0.061

  Clerical/technical vs elementary 0.31 0.10 to 0.96 0.042

  Unemployed vs elementary 0.21 0.08 to 0.55 0.001

*There were no cancer- related deaths in 35 to 44 age group. Therefore, age groups 35 to 44 and 45 to 54 were merged together.
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like diabetes and hypertension with referral links to 
specialised care based on requirement. Volunteer bias in 
participation in screening and research programmes and 
intensified health services available to the participants of 
this cohort could be responsible for their apparent better 
health status.

Our cohort of 2985 participants is a relatively small cohort 
from South Asia. However, our comprehensive baseline 
data and stringent follow- up mechanisms, together with a 
reliable vital registration system strengthen the relevance 
of our findings and their applicability for the country and 
the region. Population based cohort studies provide the 
most robust methodology for determining the temporal 
association between a risk factor and its outcome in a 
population.27 We have taken steps to address the effect 
of confounding on these relationships through multiple 
variable analysis. Sri Lanka’s vital registration system has 
been in operation for over 100 years.28 Transformations 
in knowledge and technology over the last two to three 
decades have led to improvement in documentation of 
vital events and the use of modern information tech-
nology for collecting, storage and retrieval of vital statis-
tics.11 It is a legal requirement for all births and deaths 
to be registered in the vital registration system.28 Further-
more, availability of the death certificate issued by the 
Registrar General’s Department is mandatory for death 

benefits and property settlements, and are retained by the 
next- of- kin of the deceased and the local public adminis-
tration system.29 In the absence of complete and up- to- 
date health information systems covering risk levels and 
outcome information, the methods we have employed, 
which are straightforward and simple enough to be easily 
replicated by other researchers with similar data sources, 
can be used to determine the patterns and predictors of 
mortality in any low- income and middle- income setting 
with a reasonable vital registration system.

The predictors of mortality reported in this study are 
well known. However, this is the first time this has been 
reported for this setting. The added benefits of reporting 
these results are (1) it can increase the emphasis on 
preventing identified modifiable risks, (2) allocation of 
limited health resources can be planned to target these 
conditions and (3) increase the attention of policymakers 
to prevent premature mortality.

Limitations
The relatively small size of the cohort and the modest 
number of mortality outcomes reported over the first 10 
years of follow- up is our main limitation. Due to the small 
number of outcomes we were compelled to categorise 
mortality into three main groups as ACM, CVM and CRM. 
We expect to follow- up this cohort long- term and examine 

Table 4 Indirect standardisation of mortality for men and women

Age group (years)

Total number of person 
years within the age 
group

Total number of 
observed deaths

Expected number of 
deaths if applied to 
Gampaha district

Expected number of 
deaths if applied to
Sri Lanka

Men

35–39 237 0 0 1

40–44 839 0 2 3

45–49 1555 3 8 8

50–54 2168 3 17 17

55–59 2657 20 31 31

60–64 2790 22 47 49

65–69 2090 40 55 58

70–74 763 18 31 33

75+ 36 1 2 2

Total 13 135 107 193 202

Women

35–39 298 0 0 0

40–44 962 0 1 1

45–49 1870 2 3 4

50–54 2765 4 8 9

55–59 3422 6 16 17

60–64 3420 18 25 27

65–69 2566 20 34 37

70–74 1014 12 24 26

75+ 45 0 2 2

Total 16 362 62 113 123
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the mortality trends over the next 10 years to address this 
limitation. Despite improvements in recording cause of 
death in mortality statistics, deficiencies can exist in the 
death registration process that can reduce the accuracy 
of documenting the cause of death. Validating the docu-
mented cause of death in official documents was beyond 
the scope of this study and we acknowledge this as a 
potential limitation.

Sri Lanka being a small country with access to free 
education and healthcare has minimal country- wide varia-
tion. Given the diversity of the study area in the Gampaha 
district, we believe that the risk factor prevalences and 
associations reported in different subpopulations in this 
study will be the same for generalising the findings of the 
study both in Sri Lanka and the South Asian region.

Recommendations
Low income is known to be associated with increased 
ACM across high- income, middle- income and low- income 
countries and even where health systems are tax funded 
and provided free at the point of delivery.22 30 Many 
underlying mechanisms that link poverty with poorer 
health outcomes like socio- economic barriers for access to 
healthy behaviours, and the resulting choice of unhealthy 
alternatives, exist at population level.31 32 Universal 
measures to improve living standards by addressing 
poverty can create manifold benefits including the 
promotion of healthy behaviours that can reduce the 
incidence and improve the control of intermediate meta-
bolic risk factors of common mortality outcomes, and 
thus improve longevity. Along with this, preventive health 
services should increase their emphasis on behavioural 
modification for healthy lifestyles at population level to 
address tobacco control, and prevention and control of 
diabetes and hypertension.
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