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Objectives.Non-communicable diseases have become the leading cause of death inmiddle-income countries,
but mortality from injuries and infections remains high. We examined the contribution of specific causes to
disparities in adult premature mortality (ages 25–64) by educational level from 1998 to 2007 in Colombia.

Methods. Data from mortality registries were linked to population censuses to obtain mortality rates by
educational attainment. We used Poisson regression to model trends in mortality by educational attainment
and estimated the contribution of specific causes to the Slope Index of Inequality.

Results.Men andwomenwith only primary education had higher prematuremortality thanmen andwomen
with post-secondary education (RRmen= 2.60, 95% confidence interval [CI]: 2.56, 2.64; RRwomen= 2.36, CI: 2.31,
2.42).Mortality declined in all educational groups, but declineswere significantly larger for higher-educatedmen
and women. Homicide explained 55.1% of male inequalities while non-communicable diseases explained 62.5%

of female inequalities and 27.1% of male inequalities. Infections explained a small proportion of inequalities in
mortality.

Conclusion. Injuries and non-communicable diseases contribute considerably to disparities in premature
mortality in Colombia. Multi-sector policies to reduce both interpersonal violence and non-communicable
disease risk factors are required to curb mortality disparities.
© 2014 Elsevier Inc. All rights reserved.
Introduction

In most high-income countries, approximately two thirds of socio-
economic inequalities in mortality are attributable to cardiovascular
disease and cancer, with less than 5% attributable to injuries and
communicable diseases (Huisman et al., 2005). This pattern may be
markedly different in low- and middle-income countries, where non-
communicable diseases have become a leading cause of death, but mor-
tality from both communicable diseases and injuries remains relatively
high (Frenk et al., 1991). While lower socioeconomic status is often
associated with higher mortality from ‘poverty-related diseases’ such
as preventable infections (Singh and Singh, 2008), it is less clear how so-
cioeconomic status might relate to conditions associated with modern
Arroyave),
co (D. Cardona),
lifestyles such as cardiovascular disease (Singh and Singh, 2008). The
contribution of different causes to socioeconomic inequalities inmortal-
ity has been documented in wealthy nations (Fawcett et al., 2005;
Huisman et al., 2005; Kunst et al., 1998b; Wong et al., 2002), while
few studies have focused on low- and middle-income countries (Belon
et al., 2012).

Colombia faces relatively high mortality from communicable dis-
eases and injuries, as well as high mortality from non-communicable
diseases (Mayorga, 2004). Rates of premature mortality from non-
communicable diseases are comparable to those in high-income coun-
tries, while mortality rates from infections and injuries are four times
higher (Appendix Fig. 1) (World Health Organization, 2012). This pat-
tern has resulted in a double burden, with injuries and communicable
diseases accounting for approximately half of all deaths, and non-
communicable diseases for another half (Mayorga, 2004; World
Health Organization, 2012). A potential hypothesis is that the increasing
burden of non-communicable disease mortality (Mayorga, 2004) has
disproportionately affected the lower socioeconomic groups, which
also have higher mortality from infectious diseases and injuries
(Mayorga, 2004).
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Classified as a middle-high income country (World Bank, 2011),
Colombia has experienced improvements in socioeconomic and
healthcare indicators over the last decades. Between 1998 and 2007,
constant GDP per capita grew on average by 1.9% per year. The percent-
age of population living in poverty (less than US$2 per day) declined
from 14.1% in 1998 to 7.5% in 2007 (World Bank, 2011), and healthcare
insurance coverage increased from 59.8% to 92.5% (Arroyave et al.,
2013). Educational attainment has also risen (Appendix Fig. 2), with
noticeable increases in the proportion of population with secondary
and tertiary education (IIASA/VID, 2010). Despite these improvements,
inequalities in Colombia remain high by international standards; in
1999–2003, the Gini coefficient of income inequality was 55.9%
(World Bank, 2011).

In this study, we examine trends in socioeconomic inequalities in
mortality and estimate the contribution of specific causes of death to
these differentials between 1998 and 2007 in Colombia. We hypoth-
esized that mortality from non-communicable diseases, infections
and injuries contributes each to socioeconomic differences in
mortality. However, we expected an increasing concentration of
non-communicable diseases in the lower socioeconomic groups,
leading to widening socioeconomic inequalities in total mortality.
Methods

Data

Data were obtained from official registries of the National Administra-
tive Department of Statistics, which collects and harmonizes data on
deaths based on international guidelines. For all deceased individuals
(633,906 deaths), data were collected on sex, age of death and educational
level. Causes of death were coded according to the International Classifi-
cation of Diseases (ICD-10) and aggregated into 10 major causes of death
grouped into four broad categories: non-communicable diseases, injuries, infec-
tions and other causes. Table-Appendix 1 shows specific ICD-10 codes for each
cause of death.

Data on population countswere obtained based on the following procedure:
First, we estimated the distribution of education by 5-year age group, sex and
year, based on data from censuses and national surveys harmonized by the In-
ternational Institute of Applied SystemAnalysis (IIASA) and the Vienna Institute
of Demography (VID) as part of the IIASA/VID database (IIASA/VID, 2010). We
then combined this information with data on national population counts from
the National Statistics Office to obtain the number of population by educational
attainment. IIASA/VID data were only available per quinquennium; therefore,
we performed demographic projections to obtain population counts for in-
between years using the demographic software PASEX (U.S. Census Bureau,
2011).

Data on educational level was missing for approximately a third of the
deceased cases. We used multiple imputation methods implemented in SAS
through the IMPUTE procedure to impute educational level for these cases.
This was done to avoid bias due to the potentially higher rates of missing edu-
cation for lower educated individuals, and tominimize the potential for numer-
ator/denominator bias (Kunst et al., 1998a). This procedure fits a sequence of
regression models and draws values from the corresponding predictive distri-
butions. The sequential regression procedure was applied based on a model
that included sex, region, age and marital status as covariates. Imputation was
not possible in 6.8% of the cases. Full details on the procedure are available
elsewhere (Raghunathan et al., 2001).

We distinguished three groups based on their highest educational level
attained: (a) completed primary school, (b) completed secondary school,
and (c) completed tertiary education. We excluded individuals below age
25, because many would not have completed their education before this
age. In addition, we focused on adult premature mortality (mortality below
age 65), an indicator of population health believed to be strongly influenced
by social, economic and environmental factors (World Health Organization,
2008), and a common indicator of health system performance (Smith et al.,
2009). While some premature deaths are unavoidable, a substantial part of
premature mortality is avoidable through public health programs and policies
that address the social determinants of health (World Health Organization,
2008).
Methods of analysis

We first calculated age-standardized mortality rates by educational level,
sex and year. Rates were standardized using the direct method based on the
WHO standard population of 1997, which better reflects the age structure of
the world population than the Segi standard population (Ahmad et al., 2001).
Subsequently, we implemented separate Poisson regression models with
deaths as the dependent variable and the natural log of person-years as offset
variable, incorporating age and educational level as the independent variables.

To assess mortality trends by educational level, we estimated the annual
percent change in mortality (APC) based on a Poisson model that incorporated
an interaction between educational level and year. The APCmeasures the aver-
age rate of change in themortality rate per year (Clegg et al., 2009). At a second
stage, we estimated rate ratios (RR) of mortality by educational level. To assess
changes in inequalities ‘controlling’ for changes in the educational distribution,
we estimated the Slope Index of Inequality (SII) and the Relative Index of
Inequality (RII). To construct these measures, educational groups are first or-
dered from lowest to highest. The population in each educational level covers
a range in the cumulative distribution of the population. Mortality is then
regressed on the mid-point of the cumulative distribution of education for
each group (Mackenbach and Kunst, 1997). The RII can be interpreted as the
ratio of mortality between a hypothetical personwhose relative rank in the dis-
tribution of education is zero and a person whose relative rank in the cumula-
tive distribution of education is 100% (Mackenbach and Kunst, 1997). The SII
corresponds to the equivalent absolute rate difference between these two
points. Further details on the RII and SII are available elsewhere (Mackenbach
and Kunst, 1997).

Regression analyses were conducted in each of the five multiple databases
generated by the multiple imputation process. Since results were nearly identi-
cal for all imputations, we used the PROCMIANALYZE procedure in SAS to com-
bine estimates from all databases and adjust standard errors, accounting for the
uncertainty in the imputation (SAS Institute, 2008). This procedure reads the
parameter estimates and associated covariance matrix for each imputed
dataset, and then derives valid multivariate inferences for these parameters.
This allows for valid statistical inference that appropriately reflects uncertainty
due to missing values (SAS Institute, 2008). All analyses were conducted in
SAS® version 9.2.
Results

Table 1 shows mortality rates at ages 25–64 years between 1998
and 2007 in Colombia. 633,905 deaths occurred from 1998 to 2007,
with male deaths accounting for two thirds of overall deaths (66.0%),
mainly owing to exceptionally high rates of homicide mortality. Non-
communicable diseases accounted for half of all female mortality
(50.4%) while 46.3% of mortality amongmen was due to injuries. Infec-
tions accounted for around 7% of deaths.

Fig. 1 shows premature mortality rates by educational level. Men
and women with lower levels of education had higher premature mor-
tality from any cause of death than their higher-educated counterparts.
Rate ratios summarizing differences in mortality across educational
groups are presented in Table 2. Less-educated men and women had
higher rates of mortality for all causes than their higher-educated
counterparts (RRmen = 2.60, 95% confidence interval [CI]: 2.56–2.64;
RRwomen = 2.36, 95% CI: 2.31–2.42). Inequalities were largest for inju-
ries among men (RR = 3.64, 95% CI: 3.54–3.3), while among women,
they were largest for infections (RR= 4.22, 95% CI: 3.83–4.65), particu-
larly for tuberculosis and HIV/AIDS.

Appendix Fig. 3 shows that premature mortality declined among
both men and women over the study period. However, mortality rates
for those with primary and secondary education remained relatively
constant or grew for deaths from infectious disease and other causes,
while rates for higher educated men steadily declined for all causes.
Whilemortality from injuries declined steadily amongmenwithmiddle
and higher education, it increased during the first few years for lower-
educated men, and only started to decline in 2002. Fig. 2 summarizes
trends in mortality differences by education on the basis of the RII. For
both men and women, inequalities in total and cause-specific mortality



Table 1
Premature mortality rates per 100,000 person-years by educational level, ages 25–64, 1998–2007, Colombia.

Deaths Percentage of deaths Standardized mortality rates
per 100,000 person-yearsa

Men Women Men Women Men Women

Deaths by cause
Cardiovascular diseases (CVD) 70,757 51,976 18.1% 25.8% 44.0 30.5
Malignant neoplasm 49,809 65,601 12.7% 32.5% 37.1 47.9
Diabetes mellitus (DM) 9769 10,616 2.5% 5.3% 5.6 5.0
Chronic lower respiratory diseases (CLRD) 7298 5729 1.9% 2.8% 3.0 2.4
Total non-communicable diseases 137,633 133,922 35.2% 66.4% 89.7 85.8
Traffic accident 29,104 6373 7.4% 3.2% 33.1 6.8
Suicide 9399 1929 2.4% 1.0% 10.5 1.9
Homicide 121,983 9966 31.2% 4.9% 124.3 10.0
Other injuries 25,056 4057 6.4% 2.0% 28.7 4.3
Total Injuries 185,542 22,325 47.4% 11.1% 196.6 23.0
Tuberculosis (TB) and sequelae 4200 1861 1.1% 0.9% 4.0 1.9
HIV disease (AIDS) 14,369 3218 3.7% 1.6% 15.4 3.1
Pneumonia 5057 3494 1.3% 1.7% 4.9 3.0
Other infectious diseases 4894 3520 1.3% 1.7% 5.1 3.3
Total infectious diseases 28,520 12,093 7.3% 6.0% 29.5 11.2
Other non-communicable diseases 24,225 17,281 6.2% 8.6% 21.5 14.7
Rest of diseases 9602 13,309 2.5% 6.6% 9.8 14.1
Ill defined causes 5841 2877 1.5% 1.4% 6.4 2.8
Total other diseases 39,668 33,467 10.1% 16.6% 37.7 31.6

Deaths by educational attainmentb

Primary 244,971 139,358 62.6% 69.1% 439.9 192.2
Secondary 121,136 52,386 31.0% 26.0% 312.2 126.6
Tertiary 25,258 10,064 6.5% 5.0% 166.0 81.8
Total deaths 391,363 201,807 100% 100% 353.5 151.7

Population Person-years Percentage of person-years

Men Women Men Women

Primary 40,773,078 42,981,451 46.7% 45.9%
Secondary 33,768,114 37,506,347 38.6% 40.1%
Tertiary 12,849,341 13,079,674 14.7% 14.0%
Total 12,849,341 13,079,674 14.7% 14.0%

a Percentage of deaths out of total mortality separately for men and women.
b Percentage distribution of educational attainment out of total population separately for men and women.
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widened over the first half of the period (1998–2003), but remained
stable over the second half (2004–2007).

APC estimates in Fig. 3 show that the initial increase in inequalities
by educational level is due to more favorable trends among the
higher-educated groups. Among men, mortality declined by 4.5% (95%
CI: −5.0%, −4.0%) per year in men with tertiary education, as com-
pared to 2.3% (95% CI:−2.6%,−2.1%) inmenwith secondary education
and 1.5% (95% CI: −1.7%, −1.4%) in men with primary education or
less. Similar results were observed amongwomen, although differences
in the APC were not significant. The largest difference in trends was for
injuries amongmen andwomen. Similar trendswere observed for non-
communicable disease mortality amongmen, while declines were sim-
ilar for women from all educational groups. Although confidence inter-
vals were wide, results suggest that those with primary education
experienced an increase in infectious disease mortality, while those
with tertiary education experienced no change.

Fig. 4 shows the contribution of each cause of death to absolute
differences in premature mortality by education measured with the
SII. Absolute differences in mortality were nearly twice larger for men
(SII = 402.4 deaths for a 100,000 population) than for women (SII =
228.9). This difference was almost entirely due to the large contribution
of injuries, particularly homicide, to inequalities in mortality among
men, which overall explained 55.1% of male inequalities. Non-
communicable disease mortality was the second largest contributor
among men, accounting for 27.1% of inequalities in total mortality.
Among women, non-communicable diseases were by far the largest
contributor to inequalities, explaining 62.5% of inequalities in total
mortality. Infections explained only 5.9% of differences in mortality
by education among men and 8.0% among women.

Discussion

Inequalities in premature mortality by education in Colombia wid-
ened over the first half of the study period and remained constant
over the second half. Mortality from injuries, particularly homicide,
explains more than half of inequalities among men, while non-
communicable diseases are the most important contributors to female
inequalities and the second contributor among men. Infections explain
a relatively small proportion of inequalities in premature mortality.
Our results highlight the need for a shift in focus towards policies ad-
dressing the increasing contribution of non-communicable disease
and injuries to socioeconomic inequalities in premature mortality.

Explanation of results

Our study suggests that lower-educated men and women have
benefited significantly less from declining premature mortality than
their higher-educated counterparts. Several explanations could account
for this pattern, including inequalities by educational level in social, eco-
nomic and working conditions; access to health care; and risk factor
prevalence. Our decomposition by cause of death sheds some light on
the role of some of these mechanisms.

The most striking finding from our study is the large contribution of
homicide to socioeconomic inequalities in premature mortality among
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Fig. 1. Age-standardized premature mortality rates per 100,000 populations by educational level, ages 25–64, 1998–2007, Colombia.
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men. Homicide rates in Colombia have declined (Acero-Álvarez, 2011;
Bonilla Mejía, 2010) but remain among the highest worldwide (World
Health Organization, 2012). We found that homicide is primarily con-
centrated among lower-educated men, and it is disproportionately
high for young men (Acero-Álvarez, 2011). Lower-educated men face
high levels of poverty, unemployment, social disruption and risky be-
haviors (e.g., alcohol, drug use, smoking), and are more likely to live in
deprived areas (Acero-Álvarez, 2011). Colombia has one of the highest
levels of income inequality in Latin America (UNDP, 2010), which may
contribute to high youth homicide rates (Briceño-León et al., 2008).
Our findings underscore the significance of homicide as amajor contrib-
utor to male mortality inequalities.

Our study also suggests that traffic accidents have large socioeco-
nomic gradients and contribute importantly to socioeconomic differ-
ences in mortality in Colombia. Lower education has been linked to
higher reliance on unsafe forms of transportation (Males, 2009). Vehicle
safety infrastructure is less well-developed in socially deprived areas,
where individuals may be less likely to comply with safety regulations
on seat belt use, driving while drinking, and speed limit enforcement
(Males, 2009; Rodríguez et al., 2003).

Mirroring findings for high-income countries (Fawcett et al., 2005;
Huisman et al., 2005; Kunst et al., 1998b; Wong et al., 2002), we found
that non-communicable diseases are a leading contributor to inequal-
ities in mortality by educational level in Colombia. Socioeconomic in-
equalities in non-communicable diseases have been associated with
the unequal distribution of behavioral risk factors, particularly smoking,
alcohol consumption, an unhealthy diet and a sedentary lifestyle (Adler
and Newman, 2002). Existing evidence suggests that, as in high income
countries, lower education is associated with a worse risk factor profile
in Colombia. Data from 2007 suggests that the prevalence of smoking
was 41% among Colombians with primary education or less, as opposed
to 26% among those with a college education (Storr et al., 2008).



Table 2
Rate ratios (RR) of age-standardized premature mortality rates by educational level, ages 25–64, 1998–2007, Colombia.

Men Women Men Women Men Women Men Women

Cardiovascular diseases (CVD) Traffic accident Tuberculosis (TB) and sequelae Other non-communicable diseases
(ONCD)

Primary 1.88 (1.82, 1.95) 2.81 (2.68, 2.95) 2.28 (2.17, 2.40) 1.52 (1.32, 1.74) 4.70 (3.87, 5.70) 6.60 (4.85, 8.99) 2.24 (2.11, 2.38) 2.67 (2.42, 2.94)
Secondary 1.54 (1.48, 1.59) 1.67 (1.59, 1.77) 1.91 (1.82, 2.01) 1.26 (1.12, 1.41) 2.49 (1.96, 3.16) 2.80 (1.99, 3.92) 1.54 (1.45, 1.64) 1.61 (1.44, 1.79)
Tertiary (ref) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Malignant neoplasm Suicide HIV disease (AIDS) Rest of diseases
Primary 1.54 (1.49, 1.60) 1.58 (1.52, 1.63) 2.73 (2.51, 2.98) 3.45 (2.84, 4.19) 1.55 (1.44, 1.67) 5.50 (4.51, 6.72) 2.61 (2.38, 2.86) 3.18 (2.93, 3.47)
Secondary 1.35 (1.30, 1.41) 1.31 (1.26, 1.35) 1.84 (1.69, 2.00) 1.89 (1.53, 2.34) 1.90 (1.77, 2.03) 3.36 (2.78, 4.07) 1.67 (1.52, 1.83) 1.94 (1.78, 2.12)
Tertiary (Ref) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Diabetes mellitus Homicide Pneumonia Ill defined causes
Primary 1.72 (1.57, 1.90) 3.33 (2.90, 3.83) 4.22 (4.10, 4.34) 3.57 (3.27, 3.90) 2.76 (2.39, 3.18) 3.62 (2.98, 4.39) 2.27 (2.00, 2.58) 2.93 (2.22, 3.87)
Secondary 1.71 (1.55, 1.89) 1.78 (1.54, 2.05) 2.57 (2.49, 2.65) 2.04 (1.87, 2.23) 1.80 (1.58, 2.06) 2.06 (1.67, 2.54) 1.59 (1.42, 1.78) 1.47 (1.07, 2.01)
Tertiary (ref) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Chronic lower respiratory diseases
(CLRD)

Other injuries Other infectious diseases Other diseases

Primary 2.98 (2.57, 3.47) 3.48 (2.94, 4.11) 3.66 (3.35, 4.01) 2.93 (2.50, 3.43) 2.48 (2.14, 2.87) 2.96 (2.50, 3.50) 2.33 (2.23, 2.43) 2.91 (2.74, 3.08)
Secondary 1.89 (1.60, 2.22) 1.63 (1.36, 1.95) 2.07 (1.87, 2.28) 1.48 (1.24, 1.76) 1.60 (1.38, 1.86) 1.80 (1.50, 2.14) 1.58 (1.51, 1.65) 1.74 (1.63, 1.84)
Tertiary (ref) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Non-communicable diseases Injuries Infectious diseases All deaths
Primary 1.77 (1.73, 1.81) 2.06 (2.01, 2.12) 3.64 (3.54, 3.73) 2.64 (2.45, 2.85) 2.14 (2.02, 2.26) 4.22 (3.83, 4.65) 2.60 (2.56, 2.64) 2.36 (2.31, 2.42)
Secondary 1.48 (1.45, 1.52) 1.43 (1.39, 1.47) 2.32 (2.25, 2.38) 1.63 (1.53, 1.75) 1.89 (1.79, 1.99) 2.40 (2.17, 2.65) 1.87 (1.83, 1.90) 1.56 (1.52, 1.60)
Tertiary (ref) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
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Similarly, 26% of lower-educated Colombians aged 25–50 years have at
least a risk factor for cardiovascular disease, as opposed to only 5.9% in
thosewith a university degree (Patiño-Villada et al., 2011). Trends in in-
fections, on the other hand, might reflect socioeconomic differences in
both preventive and curative care, which may remain despite large in-
creases in health insurance coverage (Arroyave et al., 2013; Gaviria
et al., 2006). Noticeably, there are large inequalities in the availability
of running water, sewage systems and adequate housing in Colombia
(UNDP, 2010), whichmay bemore important in generating inequalities
in communicable diseases.

Limitations of the study

Despite several strengths, some limitations should be considered.
Data on mortality were obtained from mortality registries, while data
on population counts came from censuses. This may have led to the
so-called numerator/denominator bias, which generally results in an
overestimation of inequalities (Kunst et al., 1998a). For some years,
data on population size were obtained from demographic projections,
as censuses were conducted in 1985, 1993 and 2005 (DANE, 2012).
We focused on premature mortality, given the public health relevance
 -

 1

 2

 3

 4

 5

 6

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

R
el

at
iv

e 
In

de
x 

of
 In

eq
ua

lit
y

19
98

19
99

Fig. 2. Trends of the Relative Index of Inequality (RII) of age-standardized prema
of this measure and strong association with social determinants
and health system performance (Smith et al., 2009; World Health
Organization, 2008). Further research is required to examine mortality
patterns for older ages.

As in other middle-income countries (Murray and Lopez, 1997)
underregistration of deaths remains a problem in Colombia, particularly
in the poorest regions (Rodríguez-García, 2007). For example, the esti-
mated proportion of registered deaths in the Choco region, one of the
poorest in the country, was only 25%, compared to 90% or higher in
most other regions (Rodríguez-García, 2007). Our estimates of inequal-
ities are likely an underestimation, because those with lower education
are more likely to live in areas with higher underregistration. We
may also have underestimated the increase in inequalities, because
underregistration has decreased over the study period (Florez and
Méndez, 1995; Rodríguez-García, 2007). Our results, therefore, are
indicative of potentially larger inequalities in mortality by education.

It is likely that part of the differences in mortality by education
observed in our study reflects regional differences inmortality. Unfortu-
nately, nodata are available onmortality by educational level separately
by region. To partly address this question, however, maps in Appendix
Fig. 4 show age-standardized mortality rates and average years of
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schooling for each region in 2002 (similar regional patterns are ob-
served for other years). Based on these aggregate data, we find only a
weak correlation between regional average years of schooling andmor-
tality (r= 0.07, p= 0.73). Nevertheless, more detailed data is required
to fully examine to what extent regional variations explain differences
in mortality by education.

Information on education was missing for 34.2% of death re-
cords. This may have led to an underestimation of inequalities, as
missing values are likely to be more common for the least educated
(Rodríguez-García, 2007). We imputed missing values on education
based on a rich set of variables available for most deceased individ-
uals, partly minimizing potential bias.

Conclusion

Mortality from both injuries and non-communicable diseases
contributes considerably to disparities in premature mortality in
Colombia. The striking contribution of homicide to socioeconomic dif-
ferences in mortality amongmen highlights the need for public policies
that address the profound social and economic factors that underlie
interpersonal violence in Colombia. At the same time, the increasing
contribution of non-communicable diseases calls for urgent prevention
policies for curbing the increasing prevalence of non-communicable
disease risk factors in the lower socioeconomic groups.
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