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Abstract

Background: Low socioeconomic status (SES) is consistently associated with higher mortality in high income countries. Only
few studies have assessed this association in low and middle income countries, mainly because of sparse reliable mortality
data. This study explores SES differences in overall and cause-specific mortality in the Seychelles, a rapidly developing small
island state in the African region.

Methods: All deaths have been medically certified over more than two decades. SES and other lifestyle-related risk factors
were assessed in a total of 3246 participants from three independent population-based surveys conducted in 1989, 1994
and 2004. Vital status was ascertained using linkage with vital statistics. Occupational position was the indicator of SES used
in this study and was assessed with the same questions in the three surveys.

Results: During a mean follow-up of 15.0 years (range 0–23 years), 523 participants died (overall mortality rate 10.8 per 1000
person-years). The main causes of death were cardiovascular disease (CVD) (219 deaths) and cancer (142 deaths).
Participants in the low SES group had a higher mortality risk for overall (HR = 1.80; 95% CI: 1.24–2.62), CVD (HR = 1.95; 1.04–
3.65) and non-cancer/non-CVD (HR = 2.14; 1.10–4.16) mortality compared to participants in the high SES group. Cancer
mortality also tended to be patterned by SES (HR = 1.44; 0.76–2.75). Major lifestyle-related risk factors (smoking, heavy
drinking, obesity, diabetes, hypertension, hypercholesterolemia) explained a small proportion of the associations between
low SES and all-cause, CVD, and non-cancer/non-CVD mortality.

Conclusions: In this population-based study assessing social inequalities in mortality in a country of the African region, low
SES (as measured by occupational position) was strongly associated with overall, CVD and non-cancer/non-CVD mortality.
Our findings support the view that the burden of non-communicable diseases may disproportionally affect people with low
SES in low and middle income countries.

Citation: Stringhini S, Rousson V, Viswanathan B, Gedeon J, Paccaud F, et al. (2014) Association of Socioeconomic Status with Overall and Cause Specific Mortality
in the Republic of Seychelles: Results from a Cohort Study in the African Region. PLoS ONE 9(7): e102858. doi:10.1371/journal.pone.0102858

Editor: Monica da Silva Nunes, Universidade Federal do Acre (Federal University of Acre), Brazil

Received January 16, 2014; Accepted June 24, 2014; Published July 24, 2014

Copyright: � 2014 Stringhini et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Funding: SS is supported by an Ambizione Grant (n u PZ00P3_147998) from the Swiss National Science Foundation (SNSF) and was supported by a fellowship
awarded by the Swiss School of Public Health (SSPH+) during the preparation of this manuscript. The funders had no role in study design, data collection and
analysis, decision to publish, or preparation of the manuscript.

Competing Interests: The authors have declared that no competing interests exist.

* Email: silvia.stringhini@chuv.ch

Introduction

In high income countries, low socioeconomic status (SES)

consistently predicts higher adult mortality for most causes of

death [1–3]. This issue remains largely unexplored in low and

middle income countries (LMIC) because of limited availability of

reliable mortality data. In addition, although the few studies

examining social differences in mortality in LMICs have generally

reported an inverse association between SES and mortality, some

studies have found higher mortality in the higher SES groups.

An inverse association between education and all-cause

mortality has been observed in rural Bangladesh [4], and between

occupational status and all-cause mortality in Sao Paolo, Brazil

[5]. In rural south India, low SES individuals had a higher

incidence of mortality due to all causes in all age groups [6], while

the Indian Human Development Study showed that a low income

was associated with a higher mortality burden [7]. In China, each

additional year of school was associated with a 5% reduction in

mortality among elderly men and women [8]. In the Beijing Multi-

dimensional Longitudinal Study on Aging, people with high vs.

low SES (according to several indicators) had a greater life

expectancy [9]. One study found higher mortality among the least

educated in several countries in Latin America, India and China

[10]. In the African region, one study using a demographic

surveillance system in Ethiopia reported lower survival among

those with lower compared to higher literacy levels [11], and in

two different South African studies low SES was related to a

higher adult mortality risk [12,13]. On the contrary, in a rural

South African community SES was not associated with adult

mortality [14], and a longitudinal study of elderly Costa Ricans
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showed increasing mortality with higher levels of education and

wealth [15].

If studies in LMICs generally show a greater overall mortality

among the most disadvantaged SES groups, fewer studies have

assessed the social patterning of cause-specific mortality. Given the

higher burden of communicable diseases among the most

disadvantaged (with the possible exception of HIV/AIDS [16]),

it is reasonable to assume that low SES individuals also share a

higher mortality burden for these diseases. However, the issue is

more complex for non-communicable diseases (NCDs), as the

social distribution of NCDs and their risk factors is part of the

health transition, is related to socioeconomic development, and as

such may change over time [17–19].

A limited number of studies have examined socioeconomic

differences in cause-specific mortality among adults in LMICs. In

rural south India, people with a low SES had higher mortality for

all specific causes of death (including for infectious diseases,

cancer, cardiovascular diseases and respiratory diseases) [6].

However, in another Indian study [20], although a strong

educational gradient in cardiovascular mortality was observed

among people who could read and write, people who could not

read and write (illiterates) had lower cardiovascular mortality than

those with primary or middle education. Finally, a recent meta-

analysis showed that mortality was overall higher in low vs. high

SES individuals in low and middle income Asian countries [21].

With regards to Latin America, a report from the 1990s in Sao

Paolo, Brazil, showed higher cancer mortality among people with

low education, with the exception of lung cancer for which an

opposite pattern was observed [22]. A recent Colombian study

showed higher mortality in people with low vs. high education for

all-specific causes of death examined, including NCDs and injuries

[23].

Several factors have been proposed to explain social inequalities

in mortality, including SES differences in several domains such as

lifestyle factors, social norms, physical living and working

environments, health education, health consciousness, attitude

and motivation, and access to and utilization of health care [24–

26]. Recent evidence suggests a prominent role of SES differences

in lifestyle factors in explaining social inequalities in chronic

disease incidence and mortality [27–29]. To our knowledge, no

study has so far examined the extent to which lifestyle-related risk

factors explain social inequalities in mortality in a LMIC.

The main objective of this study is to examine SES differences

in both overall and cause-specific mortality in the Republic of

Seychelles, a small island state in the African region. Additionally,

this study explores the extent to which social inequalities in

mortality are explained by socioeconomic variations in the

prevalence of common risk factors for chronic diseases.

Data and Methods

Study population
The Republic of Seychelles is a rapidly developing small island

state in the Indian Ocean (African region), located east of Kenya

and north of Mauritius. The population size was 67,000 in 1989

(44% aged$25 years) and 84,000 in 2004 (57% aged$25 years).

The majority (.80%) of the population is of African descent. Life

expectancy at birth increased from 63 to 69 years in men and from

73 to 76 years in women between 1989 and 2004 [30]. The gross

domestic product (GDP) per capita rose, in real terms, from $2927

in 1980 to US$ 5239 in 2004. Health care, including access to

medications, has been available with no fee to all inhabitants

through a national health system during the whole study period.

The prevalence of several lifestyle-related risk factors was high in

Seychelles as early as in the late 1980s, with risk factors decreasing

over time (particularly smoking), plateauing (blood pressure, blood

cholesterol) or increasing (mainly obesity and diabetes) [31–34].

CVD has been the leading cause of mortality in Seychelles since

the late 1980s, but age-adjusted rates have decreased substantially

between 1989 and 2010 [35].

Three independent population-based examination surveys of

lifestyle-related risk factors were conducted in 1989, 1994 and

2004. Participation was voluntary and participants gave informed

consent. In 1989 and 1994, verbal consent was obtained in view of

the large number of illiterate participants. In 2004, written consent

was obtained. All surveys were approved by the Ministry of

Health’s Health Research and Ethics Committee. The committee

approved the consent procedure. The sampling frames, methods

and main results of the three surveys have been described

previously [36–38]. Briefly, each survey consisted of an age- and

sex-stratified random sample of the total population aged 25-64

years. Inclusion criteria were unchanged in the three surveys. For

each survey, eligible participants were selected from an electronic

database derived from population censuses, regularly updated on a

yearly basis by civil status authorities. The surveys were attended

by 1081 persons in 1989 (86.4% participation rate), 1067 in 1994

(87%), and 1255 in 2004 (80.2%). A total of 1585 men and 1818

women participated in the three surveys. In all surveys, trained

officers administered a structured questionnaire on demographic

and lifestyle factors to the participants, using similar questions.

Analyses were based on 3246 participants with complete data on

all risk factors considered for the study. Data are available from

the authors.

Measures
Mortality. The vital status of all survey participants was

ascertained by linkage with deaths registries for the period 1989–

2012. All deaths occurring in Seychelles are medically certified

using death certificates as recommended by the World Health

Organisation (http://www.who.int/classifications/icd/ICD-10_

2nd_ed_volume2.pdf). Information for each field is registered into

a central database as entered by the certifying doctors. For the

sake of internal consistency in causes of deaths over the 23-year

period of the study, this raw textual information this raw textual

information was therefore reviewed and recoded and the

underlying cause of death was selected using WHO rules

[35,39]. The International Classification of Diseases, 10th Revision
(ICD-10) was used to define cancer (C00-C97) and cardiovascular

disease (CVD, I00-I99) mortality. In this study, the category

‘‘Non-cancer/non-CVD mortality’’ includes all remaining deaths

not classified as cancer or CVD. This category includes various

causes of death, particularly infectious diseases and external causes

of death.

Measurement of cardiovascular risk factors (CVRF). Smoking
was defined as smoking at least one cigarette every day. Alcohol

intake was assessed from a set of questions on drinking frequency

and volume for the six main alcoholic beverages (beer, wine/liquor,

spirits and locally made homebrews), taking advantage of the fact

that only a limited number of brands and contents were available in

the country up to 2004 [40]. Mean daily ethanol intake per week

was calculated. Heavy drinking was defined as consuming more

than 75 g of ethanol per week.

Weight was measured with calibrated medical electronic scales

(Seca) and height was measured using fixed stadiometers. Body

mass index (BMI) was calculated as weight divided by height

squared (kg/m2). Obesity was defined as BMI$30. Blood pressure

(BP) was measured with a mercury sphygmomanometer using a

cuff adapted to the arm circumference and was based on the two
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last of three readings taken at intervals of at least two minutes,

after the participants had been quiet in the study center for at least

30 minutes and seated for .10 minutes. Hypertension was defined

as BP$140/90 mmHg or taking treatment.

Fasting blood was collected in all three surveys the early

morning after an overnight fast, blood was spun at the study

centers, and serum was immediately frozen to 220uC. All

analyses, except for capillary glucose, were performed at university

laboratories in Switzerland. In 1989 and 1994, total cholesterol

was measured enzymatically (CHOD-PAP method) using reagents

from Boehringer (Manheim, Germany). In 2004, blood lipids were

measured using a Hitachi 917 instrument and Roche reagents.

High total cholesterol was defined as total cholesterol $6.2 mmol/l

(240 mg/dl). Fasting blood glucose (FBG) was determined

immediately after blood drawing using point-of-care instruments

in 1989 and 2004. In 1989, venous blood glucose was measured

using a reflectance meter (Reflomat with Hemoglucotest reagent

strips, Boerhinger), a validated and frequently used glucometer at

the time. In 1994, presence of sugar in the urine was tested in all

participants using dipsticks (Glukotest, Boehringer, Mannheim,

Germany). In 2004, glucose was measured on venous blood using

a Cholestec LDX analyzer (Cholestec, Hayward, USA), a reliable

alternative to conventional laboratory devices. Diabetes was

defined as FBG$7.0 mmol/l (126 mg/dl) (1989, 2004) or positive

glucosuria or history of diabetes (1994) [41].

Socioeconomic status (SES). In all three surveys, the same

question classified occupation in six categories, based on the

participant’s current occupation or his/her past occupation if a

participant was not currently employed. More than 80% of

participants were currently employed at each survey. Since

participants were aged less than 65 years at baseline, and in view

of high employment rate in Seychelles for both sexes, a large

majority of persons could report a current or recent occupation. In

rare occurrences of participants who declared to have never

worked, they were categorized as ‘‘non-qualified’’. In this paper,

we grouped the 6 categories into three categories. The highest

category includes ‘‘professionals’’ and ‘‘skilled non manuals’’, the

intermediate category includes ‘‘semi-skilled non-manuals’’,

‘‘skilled manuals’’, and ‘‘semi-skilled manuals’’ and the lowest

category includes ‘‘unskilled workers’’ and ‘‘non-qualified’’ [34].

Statistical analysis
In a preliminary analysis, we tested whether there was a

modification effect by gender in the association between SES and

mortality, and found no evidence for such an effect (p for

interaction = 0.560). Men and women were thus analyzed

together and all analyses adjusted for sex. Age- and sex-

standardized mortality rates per 1000 person-years were calculat-

ed for all-cause, CVD, cancer, and non-cancer/non-CVD

mortality. The associations between SES and mortality and

between other risk factors and mortality were assessed using Cox

proportional regression analysis with age as the time scale.

Participants who were still alive at the end of follow-up were

censored at December 31st, 2012. Participants were considered at

risk of dying in our analyses only from the age they reached when

they were enrolled into the study (i.e. from their age in 1989, 1994

or 2004). Participants for whom no certificate of death could be

found were considered as alive and were censored on December

31st, 2012. To estimate the baseline survival function (referring to

the participants with all covariates equal to zero in a regression

model), we used the Breslow’s method [42]. Since the youngest

participants included into our study were 25 years old, estimates of

survival are conditional on having reached the age of 25 years.

The Cox regression model for the association between SES and

mortality outcomes was first adjusted for sex and year of birth

(model 1). Subsequently, the model was further adjusted for

modifiable risk factors one at a time and then simultaneously. The

contribution of each risk factor to the SES-mortality association

was determined by the percentage reduction in the coefficient for

SES after inclusion of the considered risk factor, using the formula:

100 * (Model 1 2Model 1risk factor)/(Model 1)[29,43]. Although

this approach (‘‘difference method’’) may provide biased estimates

under some circumstances, particularly when the outcome is

frequent [44,45], in our study this potential problem was limited

by the relative low frequency of our health outcome (mortality), by

the absence of exposure-mediator interaction (all p values for

Table 1. Characteristics of the participants included in the study by socioeconomic status.

Socioeconomic status

High Middle Low Pa Overall

N (%) 474 (14.6) 1481 (45.6) 1292 (39.8) 3246

Mortality, N (Rate) 32 (7.1) 221 (10.1) 270 (12.9) 0.046 523 (10.8)

Cardiovascular, N (Rate) 11 (2.4) 91 (4.3) 117 (5.3) 0.324 219 (4.5)

Cancer, N (Rate) 11 (2.8) 57 (2.5) 74 (3.6) 0.218 142 (2.9)

Non-cancer/Non-CVD, N (Rate) 10 (1.9) 77 (3.4) 84 (4.2) 0.013 171 (3.5)

Smoking, N (%b) 55 (17.7) 360 (21.9) 329 (26.0) ,0.001 744 (22.9)

Heavy drinking, N (%b) 21 (7.3) 182 (11.1) 190 (15.0) ,0.001 393 (12.1)

Obesity, N (%b) 79 (16.3) 276 (19.9) 319 (23.4) 0.001 674 (20.8)

Diabetes, N (%b) 22 (7.9) 133 (8.9) 144 (10.0) 0.159 299 (9.2)

Hypertension, N (%b) 178 (46.5) 663 (45.8) 642 (45.2) 0.560 1483 (45.7)

High cholesterol, N (%b) 125 (28.4) 367 (26.4) 351 (24.5) 0.048 843 (26.0)

SD: Standard Deviation; Rate: Age- and sex- adjusted mortality rate per 1000 person-years (mean follow-up for mortality 15.0 years).
ap for linear trend across socioeconomic categories.
bAge- and sex-adjusted prevalence. Heavy drinking is defined as consuming $75 g of ethanol per week; obesity as body mass index$30 kg/m2; diabetes as fasting
blood glucose $7.0 mmol/l (126 mg/dl) (1989, 2004) or positive glucosuria or history of diabetes (1994); hypertension as blood pressure$140/90 mm Hg; high
cholesterol as total cholesterol $6.2 mmol/l (240 mg/dl).
doi:10.1371/journal.pone.0102858.t001
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interaction between SES and risk factors .0.05), and by

controlling for potential mediator-outcome confounders (age and

gender).

The proportional hazard assumption for Cox regression models

assessed using Schoenfeld residuals was not violated. Analyses

were performed using Stata 12.1 (Stata- Corp, College Station,

Texas). The graphical display of the results was produced using R

(R Project for Statistical Computing version 2.5.1).

Results

During the follow-up period (0–23 years; mean 15.0 years), 523

participants died (mortality rate 10.8 per 1000 person-years). The

main causes of death were CVD (219 deaths) and cancer (142

deaths) (Table 1). Participants in the low vs. high SES groups

were more likely to be smokers, heavy drinkers, and obese (p,

0.001). The prevalence of diabetes and hypertension was similar

across socioeconomic categories (p.0.05), while high cholesterol

was more prevalent in the high vs. low SES group (p = 0.048).

Tobacco use and heavy drinking were strongly associated with

mortality from all-causes, cancer and non-cancer/non-CVD

(Table 2). Obese participants had a higher risk of CVD mortality

and participants with diabetes were at higher risk of mortality from

all-cause, CVD and for non-cancer/non-CVD mortality. Hyper-

tension was associated with all-cause and CVD mortality.

Participants in the low SES group had an 80% increased risk of

dying compared with participants in the high SES category

(95%CI:1.24; 2.62) (Table 3 and Figure 1). Smoking was the

single largest contributing factor, and all risk factors combined

explained about one fourth of the association between SES and

all-cause mortality.

Results for CVD mortality and non-cancer/non-CVD mortality

are presented in Table 4. The association of SES with cancer

mortality did not reach statistical significance at conventional

levels (HR = 1.44, 95%CI:0.76–2.75) and the contribution of risk

factors to this association was thus not evaluated (results available

upon request). Participants in the low vs. high SES groups had a

greater risk of dying of cardiovascular mortality (HR = 1.95, 95%

CI:1.04–3.65) and of non-cancer/non-CVD mortality (HR = 2.14,

95%CI: 1.10–4.16). Common lifestyle-related risk factors (smok-

ing, heavy drinking, obesity, diabetes, hypertension, hypercholes-

terolemia) explained about 10% of the association between low

SES and CVD mortality and about 20% of the association

between low SES and non-cancer/non-CVD mortality.

Sensitivity analysis
To make sure that cause-specific results were not affected by

competing risks, we re-run our analysis for the SES-mortality

association using a Fine-Gray model, allowing to study the

relationship between covariates and cumulative incidences (via

‘‘subdistribution hazards’’, i.e. treating the participants who died

from another cause than the cause under study as if they were still

alive). Results were similar to those reported in main analysis.

Discussion

We found that SES (as measured by occupational position) was

strongly associated with overall, CVD, and non-cancer/non-CVD

mortality in the population of the Seychelles. A non significant

trend was also found for cancer mortality. Common lifestyle-

related risk factors explained a small proportion of social

differences in mortality. This is one the first studies to examine

social inequalities in cause-specific mortality in the African region.
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This study shows disparities in mortality for chronic diseases

such as CVD and cancer. There is currently a debate on whether

actions to prevent the spread of NCDs in LMICs will benefit the

‘‘rich’’ more than the ‘‘poor’’ [46]. Our study suggests that NCDs

disproportionally affect people with low SES, at least in a middle

income country. This finding implies that prevention and control

of NCDs should be tailored accordingly. Notably, the large social

differences in mortality observed in this study arose despite the

favorable social situation in Seychelles (free education and health

care, social housing policy, price control of several essential foods,

and high employment rates) comparing to most countries in the

African region.

This is also one of the few studies to explore the role of the social

distribution of lifestyle-related risk factors in shaping social

differences in mortality in a middle income country. We found

that a few major risk factors for chronic diseases (smoking, heavy

drinking, and being obese or diabetic) explained a fairly small

proportion of social differences in all-cause and CVD mortality,

the main factor being smoking. Surprisingly, the contribution of

lifestyle-related risk factors to social differences in mortality was

smaller for CVD than for all-cause or non-cancer/non-CVD

mortality. This may be related to the fact that heavy drinking,

quite prevalent in the Seychelles[40], explained a substantial part

of the SES gradient in all-cause and non-cancer/non-CVD

mortality, while its contribution for CVD mortality was almost

zero, as expected.

Several factors might explain the relatively small contribution of

lifestyle-related risk factors to social differences in mortality in this

study (10–20% compared to proportions of 20–75% often found in

high income countries) [1]. First, risk factors were assessed only at

a single point in time, while follow-up period could extend to more

than 20 years for some participants; their contribution to the SES

gradient in mortality might have been underestimated because of

measurement error and changes of behaviors and biological risk

markers over time[29]. Second, two main cardiovascular risk

factors (diabetes and hypertension) were not patterned by SES in

our study and hypercholesterolemia was more prevalent in high

SES groups. Third, the contribution of two important risk factors

for chronic diseases, physical activity and dietary patterns, were

not evaluated because of lack of this information in the three

surveys. Finally, the social patterning of lifestyle-related risk factors

was relatively weak in this study, suggesting that other factors (for

example living/working conditions, cultural or psycho-social

factors) might be driving social inequalities in mortality in this

Figure 1. Survival probability from the age of 25 years by socioeconomic category.
doi:10.1371/journal.pone.0102858.g001
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population. Further studies should examine other potential

mechanisms explaining social differences in mortality in

Seychelles.

Strengths and limitations
This is one of the first studies in the African region, and one of

the few in LMICs, to use population-based data for examining

Table 3. Socioeconomic differences in all-cause mortality and contribution of modifiable risk factors (N = 3246, deaths = 522).

SOCIOECONOMIC STATUS

High Middle Low

HR (95% CI) HR (95% CI) % D HR (95% CI) % D

ALL-CAUSE MORTALITY

Model 1a 1.00 1.45 (1.00–2.10) 1.80 (1.24–2.62)

Model 1 + smoking 1.00 1.37 (0.94–1.99) 215 1.64 (1.13–2.39) 216

Model 1 + heavy drinkingb 1.00 1.41 (0.97–2.05) 27 1.68 (1.16–2.44) 212

Model 1 + obesityb 1.00 1.43 (0.94–2.08) 24 1.81 (1.24–2.62) 0

Model 1 + diabetesb 1.00 1.44 (0.99–2.09) 22 1.83 (1.26–2.66) 3

Model 1 + hypertension 1.00 1.43 (0.99–2.08) 23 1.81 (1.25–2.63) 1

Model 1 + high cholesterolb 1.00 1.45 (1.00–2.10) 0 1.79 (1.23–2.60) 21

Model 1 + all risk factors 1.00 1.30 (0.89–1.89) 230 1.57 (1.08–2.28) 224

CARDIOVASCULAR MORTALITY

Model 1a 1.00 1.66 (0.88–3.11) 1.95 (1.04–3.65)

Model 1 + smoking 1.00 1.62 (0.86–3.04) 25 1.87 (1.00–3.51) 26

Model 1 + heavy drinkingb 1.00 1.65 (0.88–3.09) 22 1.91 (1.02–3.58) 23

Model 1 + obesityb 1.00 1.58 (0.84–3.08) 210 1.95 (1.04–3.65) 0

Model 1 + diabetesb 1.00 1.64 (0.84–2.97) 22 1.99 (1.07–3.73) 3

Model 1 + hypertensionb 1.00 1.62 (0.87–3.12) 24 1.98 (1.05–3.69) 2

Model 1 + high cholesterolb 1.00 1.66 (1.00–2.10) 1 1.97 (1.03–3.60) 2

Model 1 + all risk factors 1.00 1.47 (0.78–2.77) 223 1.82 (0.97–3.42) 211

CI: Confidence Interval; HR: Hazard ratio; SES: Socioeconomic status; D: Difference.
aSex- and year of birth-adjusted.
bHeavy drinking is defined as consuming $75 g of ethanol per week; obesity as body mass index $30 kg/m2; diabetes as fasting blood glucose $7.0 mmol/l (126 mg/
dl) (1989, 2004) or positive glucosuria or history of diabetes (1994); hypertension as blood pressure$140/90 mm Hg; high cholesterol as total cholesterol $6.2 mmol/l
(240 mg/dl).
doi:10.1371/journal.pone.0102858.t003

Table 4. Socioeconomic differences in cardiovascular mortality (N = 3246, deaths = 219) and in non cancer non cardiovascular
mortality (N = 3246, deaths = 171), and contribution of modifiable risk factors.

Socioeconomic status

High Middle Low

HR (95% CI) HR (95% CI) % D HR (95% CI) % D

Model 1a 1.00 1.66 (0.88–3.11) 1.95 (1.04–3.65)

Model 1 + smoking 1.00 1.62 (0.86–3.04) 25 1.87 (1.00–3.51) 26

Model 1 + heavy drinkingb 1.00 1.65 (0.88–3.09) 22 1.91 (1.02–3.58) 23

Model 1 + obesityb 1.00 1.58 (0.84–3.08) 210 1.95 (1.04–3.65) 0

Model 1 + diabetesb 1.00 1.64 (0.84–2.97) 22 1.99 (1.07–3.73) 3

Model 1 + hypertensionb 1.00 1.62 (0.87–3.12) 24 1.98 (1.05–3.69) 2

Model 1 + high cholesterolb 1.00 1.66 (1.00–2.10) 1 1.97 (1.03–3.60) 2

Model 1 + all risk factors 1.00 1.47 (0.78–2.77) 223 1.82 (0.97–3.42) 211

CI: Confidence Interval; HR: Hazard ratio; SES: Socioeconomic status; D: Difference.
aSex- and year of birth-adjusted.
bHeavy drinking is defined as consuming $75 g of ethanol per week; obesity as body mass index $30 kg/m2; diabetes as fasting blood glucose $7.0 mmol/l (126 mg/
dl) (1989, 2004) or positive glucosuria or history of diabetes (1994); hypertension as blood pressure$140/90 mm Hg; high cholesterol as total cholesterol $6.2 mmol/l
(240 mg/dl).
doi:10.1371/journal.pone.0102858.t004
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socioeconomic differences in all-cause and cause-specific mortality.

This study benefited from the availability of data on several

exposures arising from population-based surveys (e.g. lifestyles,

blood tests), reliance on a same methodology over time, and

reliable causes of death derived from medically certified death

certificates.

This study also has some limitations. First, because of the fairly

small number of deaths, we could not examine mortality according

to age or other categories. For the same reason, we could not

examine cancer mortality separately by cancer site. The fact that

the direction of the association between SES and cancer mortality

is generally found to differ by cancer site might explain the lack of

association between SES and cancer mortality in this study.

Second, it can sometimes be difficult to ascertain the main cause of

death among the elderly, because of multimorbidity and for deaths

occurring outside of a hospital. These problems were minimized in

this study because main paraclinical investigations were available

throughout the study period; a substantial proportion of deaths

occurring outside of a hospital underwent autopsy; and free health

care in Seychelles reduces access barriers and improves conditions

for adequate diagnosis. Third, a potential limitation is related to

the fact that certain deaths could have been missed (and thus

considered as alive on December 31st, 2012) when linking survey

data with vital statistics, e.g. if participants left the country or

changed their names. This would have lead to an overestimation

of the probability of survival, but not necessarily to a bias in the

estimated hazard ratios. Also, survival analysis for specific causes

of death is complicated by the issue of competing risks. In Table 4,

we have assessed the relationship between various covariates and

cause-specific hazards. In a context of competing risks, however, a

cause-specific hazard is not one-to-one related to the probability

(or cumulative incidence) of dying from this cause, and the way

covariates are associated with the former may differ from the way

they are associated with the latter (see e.g.[47]). Fourth, although

we controlled our analysis for estimating the contribution of

common lifestyle-related risk factors to the SES-mortality associ-

ation for known confounders (ie: age and gender), we cannot

exclude the presence of unmeasured mediator-outcome or

exposure-outcome confounders[48]. Finally, although we recog-

nize that SES is a multifaceted concept involving different

dimensions (from resources to prestige), in this study we only

used occupational position as the indicator of SES. This measure

has been extensively used in social epidemiology[49] and provides

a valid approximation of SES in settings with high employment

rates such as the Seychelles. Fairly similar distributions of SES

based on occupation were found across surveys, in contrast, for

example, to changing distributions of education categories across

successive surveys, consistent with a large secular increase in the

mean number of school years.

More generally, the situation in Seychelles, which has now

become an upper middle income country, does not reflect the

predominant social and health conditions of several other

countries in the region. Yet, because most countries in the African

region lack vital statistics with coverage at the entire population

level or otherwise reliable mortality data, our study provides an

important account. It is important that future studies in the region,

for example using existing cohorts [50,51], examine social

inequalities in cause-specific mortality in settings characterized

by less favorable socioeconomic conditions and at an earlier stage

of the health transition.

Conclusions

In one of the first population-based studies to assess social

inequalities in cause-specific mortality in the African region, low

SES (as measured by occupational position) strongly predicted

overall and cardiovascular mortality. Major risk factors for chronic

diseases, particularly smoking, explained part of this association.

Our findings support the view that the burden of NCDs may

disproportionally affect people with a low SES in LMICs and

suggest that interventions to prevent and control NCDs should be

tailored accordingly.

Acknowledgments

The authors thank all the participants to the survey and all the survey

officers, particularly J. Quilindo, O. Choisy, J. Tsang Kwai Kew, L. Chow,

A. Rwebogora, J. William-Fostel and G. Madeleine. Special thanks go to

the Ministry of Health, Seychelles, for continuous support to epidemio-

logical research. We also thank the reviewers of this manuscript for their

thoughtful comments.

Author Contributions

Conceived and designed the experiments: SS PB. Performed the

experiments: SS VR PB. Analyzed the data: SS VR. Contributed

reagents/materials/analysis tools: BV JG PB. Wrote the paper: SS VR

BV JG FP PB. Data collection: BV PB.

References

1. Stringhini S, Dugravot A, Shipley M, Goldberg M, Zins M, et al. (2011) Health

behaviours, socioeconomic status, and mortality: further analyses of the British

Whitehall II and the French GAZEL prospective cohorts. PLoS Medicine 8:

e1000419.

2. Mackenbach JP, Bos V, Andersen O, Cardano M, Costa G, et al. (2003)

Widening socioeconomic inequalities in mortality in six Western European

countries. International journal of epidemiology 32: 830–837.

3. Strand BH, Groholt EK, Steingrimsdottir OA, Blakely T, Graff-Iversen S, et al.

(2010) Educational inequalities in mortality over four decades in Norway:

prospective study of middle aged men and women followed for cause specific

mortality, 1960–2000. British Medical Journal 340: c654.

4. Hurt LS, Ronsmans C, Saha S (2004) Effects of education and other

socioeconomic factors on middle age mortality in rural Bangladesh. Journal of

Epidemiology and Community Health 58: 315–320.

5. Duncan BB, Rumel D, Zelmanowicz A, Mengue SS, dos Santos S, et al. (1995)

Social inequality in mortality in Sao Paulo State, Brazil. International Journal of

Epidemiology 24: 359–365.

6. Mohan VR, Muliyil J (2009) Mortality patterns and the effect of socioeconomic

factors on mortality in rural Tamil Nadu, south India: a community-based

cohort study. Transactions of the Royal Society of Tropical Medicine and

Hygiene 103: 801–806.

7. Po JY, Subramanian SV (2011) Mortality burden and socioeconomic status in

India. PLoS ONE 6: e16844.

8. Liang J, McCarthy JF, Jain A, Krause N, Bennett JM, et al. (2000)

Socioeconomic gradient in old age mortality in Wuhan, China. Journals of

Gerontology Series B, Psychological Sciences and Social Sciences 55: S222–233.

9. Kaneda T, Zimmer Z, Tang Z (2005) Socioeconomic status differentials in life

and active life expectancy among older adults in Beijing. Disability and

Rehabilitation 27: 241–251.

10. Ferri CP, Acosta D, Guerra M, Huang Y, Llibre-Rodriguez JJ, et al. (2012)

Socioeconomic factors and all cause and cause-specific mortality among older

people in Latin America, India, and China: a population-based cohort study.

PLoS Medicine 9: e1001179.

11. Berhane Y, Hogberg U, Byass P, Wall S (2002) Gender, literacy, and survival

among Ethiopian adults, 1987–96. Bull World Health Organ 80: 714–720.

12. Sartorius B, Kahn K, Collinson MA, Sartorius K, Tollman SM (2013) Dying in

their prime: determinants and space-time risk of adult mortality in rural South

Africa. Geospat Health 7: 237–249.

13. Sartorius B, Sartorius K (2013) Identifying and Targeting Mortality Disparities:

A Framework for Sub-Saharan Africa Using Adult Mortality Data from South

Africa. PLoS ONE 8: e71437.

14. Nikoi CA, Odimegwu C (2013) The association between socioeconomic status

and adult mortality in rural Kwazulu-Natal, South Africa. Oman Med J 28:

102–107.

15. Rosero-Bixby L, Dow WH (2009) Surprising SES Gradients in mortality, health,

and biomarkers in a Latin American population of adults. Journals of

Gerontology Series B, Psychological Sciences and Social Sciences 64: 105–117.

Socioeconomic Status and Mortality in the Seychelles

PLOS ONE | www.plosone.org 7 July 2014 | Volume 9 | Issue 7 | e102858



16. Fox AM (2010) The social determinants of HIV serostatus in sub-Saharan

Africa: an inverse relationship between poverty and HIV? Public Health Reports
125 Suppl 4: 16–24.

17. Stringhini S, Viswanathan B, Gedeon J, Paccaud F, Bovet P (2013) The social

transition of risk factors for cardiovascular disease in the African region:
Evidence from three cross-sectional surveys in the Seychelles. International

Journal of Cardiology 168: 1201–1206.
18. Fleischer NL, Roux AV, Hubbard AE (2012) Inequalities in body mass index

and smoking behavior in 70 countries: evidence for a social transition in chronic

disease risk. American Journal of Epidemiology 175: 167–176.
19. Chang CL, Marmot MG, Farley TM, Poulter NR (2002) The influence of

economic development on the association between education and the risk of
acute myocardial infarction and stroke. Journal of Clinical Epidemiology 55:

741–747.
20. Pednekar MS, Gupta R, Gupta PC (2011) Illiteracy, low educational status, and

cardiovascular mortality in India. BMC Public Health 11: 567.

21. Vathesatogkit P, Batty GD, Woodward M (2014) Socioeconomic disadvantage
and disease-specific mortality in Asia: systematic review with meta-analysis of

population-based cohort studies. J Epidemiol Community Health 68: 375–383.
22. Bouchardy C, Parkin DM, Khlat M, Mirra AP, Kogevinas M, et al. (1993)

Education and mortality from cancer in Sao Paulo, Brazil. Annals of

Epidemiology 3: 64–70.
23. Arroyave I, Burdorf A, Cardona D, Avendano M (2014) Socioeconomic

inequalities in premature mortality in Colombia, 1998–2007: The double
burden of non-communicable diseases and injuries. Prev Med.

24. Wardle J, Steptoe A (2003) Socioeconomic differences in attitudes and beliefs
about healthy lifestyles. Journal of Epidemiology and Community Health 57:

440–443.

25. van Lenthe FJ, de Bourdeaudhuij I, Klepp KI, Lien N, Moore L, et al. (2009)
Preventing socioeconomic inequalities in health behaviour in adolescents in

Europe: background, design and methods of project TEENAGE. BMC Public
Health 9: 125.

26. Chen WQ, Wong TW, Yu IT (2008) Association of occupational stress and

social support with health-related behaviors among Chinese offshore oil workers.
Journal of Occupational Health 50: 262–269.

27. Kivimaki M, Shipley MJ, Ferrie JE, Singh-Manoux A, Batty GD, et al. (2008)
Best-practice interventions to reduce socioeconomic inequalities of coronary

heart disease mortality in UK: a prospective occupational cohort study. Lancet
372: 1648–1654.

28. Woodside JV, Yarnell JW, Patterson CC, Arveiler D, Amouyel P, et al. (2012)

Do lifestyle behaviours explain socioeconomic differences in all-cause mortality,
and fatal and non-fatal cardiovascular events? Evidence from middle aged men

in France and Northern Ireland in the PRIME Study. Preventive Medicine 54:
247–253.

29. Stringhini S, Sabia S, Shipley M, Brunner E, Nabi H, et al. (2010) Association of

socioeconomic position with health behaviors and mortality. JAMA 303: 1159–
1166.

30. Bovet P, Gedeon J (2013) Life expectancy in Seychelles. The Lancet 382: 23.
31. Bovet P, Romain S, Shamlaye C, Mendis S, Darioli R, et al. (2009) Divergent

fifteen-year trends in traditional and cardiometabolic risk factors of cardiovas-
cular diseases in the Seychelles. Cardiovascular Diabetology 8: 34.

32. Faeh D, William J, Tappy L, Ravussin E, Bovet P (2007) Prevalence, awareness

and control of diabetes in the Seychelles and relationship with excess body
weight. BMC Public Health 7: 163.

33. Danon-Hersch N, Chiolero A, Shamlaye C, Paccaud F, Bovet P (2007)

Decreasing association between body mass index and blood pressure over time.

Epidemiology 18: 493–500.

34. Bovet P, Chiolero A, Shamlaye C, Paccaud F (2008) Prevalence of overweight in

the Seychelles: 15 year trends and association with socio-economic status.

Obesity Reviews 9: 511–517.

35. Stringhini S, Sinon F, Didon J, Gedeon J, Paccaud F, et al. (2012) Declining
stroke and myocardial infarction mortality between 1989 and 2010 in a country

of the African region. Stroke 43: 2283–2288.

36. Bovet P, Shamlaye C, Gabriel A, Riesen W, Paccaud F (2006) Prevalence of

cardiovascular risk factors in a middle-income country and estimated cost of a

treatment strategy. BMC Public Health 6: 9.

37. Bovet P, Shamlaye C, Kitua A, Riesen WF, Paccaud F, et al. (1991) High

prevalence of cardiovascular risk factors in the Seychelles (Indian Ocean).

Arteriosclerosis and Thrombosis 11: 1730–1736.

38. Bovet P, Perret F, Shamlaye C, Darioli R, Paccaud F (1997) The Seychelles

Heart Study II: methods and basic findings. Seychelles Medical & Dental

Journal 5.

39. World Health Organization (2003) ICD-10: international statistical classification

of diseases and related health problems: tenth revision.

40. Perdrix J, Bovet P, Larue D, Yersin B, Burnand B, et al. (1999) Patterns of

alcohol consumption in the Seychelles Islands (Indian Ocean). Alcohol and
Alcoholism 34: 773–785.

41. American Diabetes Association (2009) Diagnosis and classification of diabetes

mellitus. Diabetes Care 32 Suppl 1: S62–67.

42. Breslow NE (1972) Discussion of the paper by D. R. Cox. Journal of the Royal
Statistical Society 34: 216–217.

43. Stringhini S, Tabak AG, Akbaraly TN, Sabia S, Shipley MJ, et al. (2012)

Contribution of modifiable risk factors to social inequalities in type 2 diabetes:

prospective Whitehall II cohort study. BMJ 345: e5452.

44. Valeri L, Vanderweele TJ (2013) Mediation Analysis Allowing for Exposure-

Mediator Interactions and Causal Interpretation: Theoretical Assumptions and

Implementation With SAS and SPSS Macros. Psychological Methods.

45. Richiardi L, Bellocco R, Zugna D (2013) Mediation analysis in epidemiology:

methods, interpretation and bias. Int J Epidemiol 42: 1511–1519.

46. Subramanian S, Corsi DJ, Subramanyam MA, Davey Smith G (2013) Jumping

the gun: the problematic discourse on socioeconomic status and cardiovascular

health in India. International Journal of Epidemiology 42: 1410–1426.

47. Andersen PK, Geskus RB, de Witte T, Putter H (2012) Competing risks in

epidemiology: possibilities and pitfalls. Int J Epidemiol 41: 861–870.

48. Ozer EJ, Fernald LC, Weber A, Flynn EP, VanderWeele TJ (2011) Does

alleviating poverty affect mothers’ depressive symptoms? A quasi-experimental

investigation of Mexico’s Oportunidades programme. Int J Epidemiol 40: 1565–

1576.

49. Galobardes B, Shaw M, Lawlor DA, Lynch JW, Davey Smith G (2006)
Indicators of socioeconomic position (part 1). Journal of Epidemiology and

Community Health 60: 7–12.

50. Kouanda S, Bado A, Yameogo M, Nitiema J, Yameogo G, et al. (2013) The

Kaya HDSS, Burkina Faso: a platform for epidemiological studies and health

programme evaluation. International Journal of Epidemiology 42: 741–749.

51. Chihana M, Floyd S, Molesworth A, Crampin AC, Kayuni N, et al. (2012) Adult

mortality and probable cause of death in rural northern Malawi in the era of

HIV treatment. Tropical Medicine and International Health 17: e74–83.

Socioeconomic Status and Mortality in the Seychelles

PLOS ONE | www.plosone.org 8 July 2014 | Volume 9 | Issue 7 | e102858


