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ABSTRACT

Background: The association between stroke mortality and socioeconomic status has been scarcely described in Argentina. The 
evaluation of the temporal trends of early death from stroke and their relationship with socioeconomic status could be useful for 
public health to identify the most vulnerable groups.
Objectives:  The aim of the study was to describe the temporal evolution of stroke mortality and its association with socioeconomic 
status in Argentina between 2000 and 2011.
Methods: A longitudinal ecological study was performed. Mortality was quantified by age and sex standardized rates and socioeco-
nomic status by quintiles of unmet basic needs. The Argentine departments were the observation units. The association between 
mortality and socioeconomic status was assessed using a Poisson regression model for panel data.
Results: Stroke mortality progressively increased among quintiles of socioeconomic status (26.2, 28.4, 30.5, 34.5 and 36.9 per 100,000 
persons, for quintiles 1 to 5, respectively, in 2000). Mortality in all socioeconomic status groups declined, though differences among 
them persisted (17.2, 18.5, 20.1, 22.1, and 25.3 per 100,000 persons, for quintiles 1 to 5, respectively, in 2011). The incidence rate 
ratios were 1.15 (95% CI 1.09 to 1.22; p<0.001), 1.27 (95% CI 1.21 to 1.34; p<0.001), 1.32 (95% CI 1.26 to 1.39; p<0.001) and 1.48 
(95% CI 1.41 to 1.56; p<0.001), for quintiles 2 to 5, respectively.
Conclusions: Results suggest an inverse association between socioeconomic status and mortality from stroke. Moreover, the differ-
ence in mortality persisted among socioeconomic strata during the study period.
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RESUMEN

Introducción: La asociación entre mortalidad por accidente cerebrovascular y el nivel socioeconómico está escasamente descripta en 
la Argentina. La evaluación de las tendencias temporales de muerte precoz por accidente cerebrovascular y su relación con el nivel 
socioeconómico podría ser útil desde el punto de vista de la salud pública para la identificación de grupos de mayor vulnerabilidad.
Objetivo: Describir la evolución temporal de la mortalidad por accidente cerebrovascular y su asociación con el nivel socioeconómico 
en la Argentina entre 2000 y 2011.
Material y métodos: Se realizó un estudio ecológico longitudinal. La mortalidad se cuantificó mediante tasas estandarizadas por 
edad y sexo y el nivel socioeconómico, mediante quintiles de necesidades básicas insatisfechas. Las unidades de observación fueron 
los departamentos de la Argentina. La asociación entre mortalidad y nivel socioeconómico se evaluó utilizando un modelo de re-
gresión de Poisson para datos de panel.
Resultados:  La mortalidad por accidente cerebrovascular aumentó progresivamente entre los quintiles de nivel socioeconómico 
(26,2, 28,4, 30,5, 34,5 y 36,9 por 100.000 personas para los quintiles 1 a 5, respectivamente, en el año 2000). La mortalidad en todos 
los grupos de nivel socioeconómico disminuyó, aunque persistieron diferencias entre ellos (17,2, 18,5, 20,1, 22,1 y 25,3 por 100.000 
personas para los quintiles 1 a 5, respectivamente, en el año 2011). Las razones de tasas de incidencias fueron de 1,15 (IC 95% 1,09 a 
1,22; p < 0,001), 1,27 (IC 95% 1,21 a 1,34; p < 0,001), 1,32 (IC 95% 1,26 a 1,39; p < 0,001) y de 1,48 (IC 95% 1,41 a 1,56; p < 0,001) 
para los quintiles 2 a 5, respectivamente.
Conclusiones: Los resultados sugieren una asociación inversa entre el nivel socioeconómico y la mortalidad por accidente cerebrovas-
cular. Además, persistió una diferencia de mortalidad entre los niveles socioeconómicos durante el período de estudio.
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INTRODUCTION
Stroke is the third leading cause of premature death 
and disability worldwide (1). Although reductions in 
mortality are reported for this cause, its incidence 
tends to increase and as a result of both tendencies, its 
prevalence also increases, mainly in low- and middle-
income countries. This, coupled to the related disabili-
ties, represents a significant burden from the public 
health point of view. (1, 2)

Epidemiological studies, mainly from developed 
countries suggest an inverse relationship between so-
cioeconomic status and stroke incidence and mortal-
ity. (3-6) In these studies, socioeconomic status was 
generally assessed by one-dimensional metric tech-
niques (single or combined) usually including educa-
tion, employment and income, measured according 
to geographic area levels. (7) Due to the absence of 
standardized indicators and the different impact that 
every indicator could have in dissimilar health care 
contexts, it is not possible to directly extrapolate the 
effect of health inequity quantification between differ-
ent contexts. (8)

Assessment of temporal trends of early death from 
stroke and its relationship with socioeconomic sta-
tus could be useful in terms of public health for the 
identification of the most vulnerable groups in which 
the implementation of preventive measures and treat-
ment is needed, and as a tool to assess the effective-
ness of the policies developed. (7)

The purpose of this study was the description of 
trends of early death from stroke in the Argentine 
population from 2000 to 2011 and the relationship of 
mortality (and trends of this relationship) with socio-
economic status.

METHODS
A mixed longitudinal panel design study was performed, in-
cluding the evaluation of an ecological association and time 
series, assessing the relationship between death rate from 
stroke (standardized by age and sex) and socioeconomic sta-
tus in Argentina. The unit of analysis was the departments.

Mortality
The number of deaths at the level of each of the 512 de-
partments was provided by the Bureau of Vital Statistics 
and Health Information (DEIS) of the National Ministry 
of Health. These data are acquired by processing the infor-
mation provided by death certificates in which the cause of 
death is obtained from the “underlying cause” according to 
the recommendations of the World Health Organization. (9) 
The causes of death are coded according to the International 
Classification of Diseases, 10th Edition (ICD-10), and codes 
I60-I69 were selected to identify stroke deaths, which in-
clude both ischemic and hemorrhagic stroke. (9)

The denominators for the annual death rate calcula-
tions of each department were obtained from the 2000 and 
2010 censuses; for the years between censuses, the popula-
tion was estimated with the cohort component method. (10) 
The population of each age and sex group was included in 
these denominators (groups defined as less than 1 year, 1 to 
4 years, 5 to 14 years, 15 to 24 years, 25 to 34 years, 35 to 44 

years, 45 to 54 years, 55 to 64 years and 65 to 74 years for 
each sex). Thus, annual death rates were initially calculated 
as stroke specific for each age and sex group.

Subsequently, annual mortality for each department was 
calculated by direct standardization, using the 2010 Argen-
tine population as standard population. (11) Rates are ex-
pressed per 100,000 persons.

Socioeconomic level
Socioeconomic characterization was performed at the level 
of a geographical area (department) using for each depart-
ment the percentage of households with unmet basic needs 
(UBN). This information comes from integrated sources of 
the National Institute of Statistics and Censuses (INDEC) 
and the Economic Commission for Latin America and the 
Caribbean (CEPAL), and combines complex features that 
include the following domains: income, level of educational 
attainment, housing conditions, overcrowding and health 
conditions. (12)

Each department was assigned the percentage of house-
holds with UBN in 2003 and these were then divided into 
quintiles of UBN nationwide. Thus 5 groups were formed, of 
which the most advantaged and most disadvantaged depart-
ments from the socioeconomic point of view were the first 
and fifth quintile, respectively.

Statistical analysis
Stroke mortality is expressed as standardized age and sex 
rates, (11) using the 2010 Argentine population distribution 
as standard. Standardized rates are described as means with 
their corresponding 95% confidence intervals (calculated us-
ing bootstrap with 100 sampling replications), and time evo-
lution within quintiles of UBN as absolute rate differences 
and relative rate differences, the latter calculated as:

Rate at the end of the period – Rate at the beginning of the period  x 100

Rate at the beginning of the period

The association between socioeconomic status and mor-
tality throughout the 12 observation years was evaluated 
with a conditional multivariate Poisson regression model 
for panel data. (13) Poisson regression is used when the 
dependent variable (in this case, stroke mortality), is num-
ber of events. (13) The independent variable was UBN (in 
quintiles) which was modeled as time-invariant. A fixed-
effect model was specified after comparing between the 
fixed-effect and random-effect estimators with the Hausman 
specification test (p=0.049), indicating that the effects not 
measured within the observation units contain significant 
information. (14) Results are expressed as incidence rate ra-
tios, whose interpretation is that of relative risk with their 
corresponding 95% CI. (15)

To assess the time trend of stroke mortality, Poisson re-
gression models for panel data were also used, repeating the 
models for each quintile and with year as the only independ-
ent variable. These models were also used to evaluate the 
time trends in population evolution and stroke deaths (both 
as raw numbers) in each quintile of UBN. A p value <0.05 
was considered statistically significant.

All analyses were performed with R version 3.2.3 statis-
tical package for OS x. (16)

Ethical considerations
As the data analyzed are anonymous and public, the approv-
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increase of the population, the total number of stroke 
deaths was significantly reduced, and that this abso-
lute decrease was more marked in the most advan-
taged socioeconomic quintiles. 

The standardized rate for stroke death was sig-
nificantly reduced in all quintiles over the 12 years 
of study (Table 3 and Figure 2). The relative rate dif-
ference between 2000 and 2011 was similar (-34.5% 
and -32.0% for quintile 1 and 5, respectively), and be-
cause the initial rate was higher the lower the socio-
economic status, the absolute reduction was higher as 
the socioeconomic status was lower (-9.0 and -11.8 per 
100,000 persons for quintiles 1 and 5, respectively).

However, over the whole period, the least privileged 
socioeconomic quintiles showed higher mortality rate 
(Figure 2). The incidence rate ratios with respect to 
quintile 1 (considered as the reference category) were 
1.15 (95% CI 1.09 to 1.22; p<0.001) for quintile 2, 1.27 
(95% CI 1.21 to 1.34; p<0.001) for quintile 3, 1.32 
(95% CI 1.26 to 1.39; p<0.001) for quintile 4 and 1.48 

*Mean standardized rates of death from stroke in each department.

al of an ethics committee was not necessary to perform the 
present study.

RESULTS
During the study period, 110,332 stroke deaths were 
recorded, with a progressive reduction over time 
(from 10,544 in 2000 to 7,527 in 2011) despite the in-
crease in population from 34.4 to 38.6 million in the 
same period, reducing the standardized age and sex 
rates from 30.7 per 10,000 persons in 2000 to 19.5 per 
10,000 persons in 2011 (Table 1).

Table 2 shows the population and event distribu-
tion in each quintile. Since the departments were the 
analysis unit, the number of people in each quintile 
was different (thus, in 2000, 22.1% of the population 
was in the 102 departments of quintile 1 and 6.6% in 
the 102 departments of quintile 5). The age distribu-
tion among quintiles showed higher frequency of low-
er age persons as the socioeconomic status decreased. 
Table 2 and Figure 1 show that, despite a significant 

Table 1. Population, stroke deaths 
and adjusted rates per year in Ar-
gentina

Year 

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

10,544

10,585

10,762

10,746

10,065

8,958

8,655

8,436

8,341

7,834

7,879

7,527

3,4385,208

3,477,8823

35,172,438

35,566,440

35,960,055

36,353,670

36,747,285

37,140,900

37,534,515

37,928,131

38,321,775

38,644,234

Population Stroke deaths Stroke death rate (95% CI)*

31.3 (29.5-33.1)

30.9 (29.1-32.6)

31.8 (29.9-33.6)

31.5 (29.8-33.2)

28.2 (26.5-29.9)

25.6 (24.1-27.2)

23.8 (22.4-25.3)

24.6 (23.0-26.1)

24.3 (22.8-25.9)

22.5 (21.1-23.9)

21.3 (20.0-22.5)

20.6 (19.3-21.9)

* Average of total population included in each quintile of unmet basic needs.
**Percent distribution of age groups within each quintile. 

Table 2. Population and number of stroke deaths in each quintile of unmet basic needs in 2000 and 2011.

n departaments

total population, n

total population, %*

age groups, n

<35

35-54

55-74

age groups, %**

<35

35-54

55-74

stroke deaths

Quintile 1

102

7,590,911

2.1

4,192,289

1,973,271

1,425,351

55.2

26.0

18.8

2,465

Quintile 5

102

2,268,126

6.6

1,626,449

431,960

209,717

71.7

19.1

9.2

641

Quintile 2

103

10,523,756

30.6

6,450,445

2,528,014

1,545,297

61.3

24.0

14.7

3,427

Quintile 1

102

7,993,683

20.7

4,306,058

2,126,600

1,561,025

53.9

26.6

19.5

1,383

Quintile 3

2000 2011

102

10,221,008

29.7

6,641,058

2,345,629

1,234,321

65.0

22.9

12.1

2,952

Quintile 3

102

12,122,290

31.4

7,568,180

2,882,682

1,671,428

62.4

23.8

13.8

2279

Quintile 2

103

11,695,598

30.3

6,977,445

2,863,602

1,854,551

59.7

24.5

15,.8

2,437

Quintile 4

103

3,781,407

11.0

2,607,755

794,110

379,542

69.0

21.0

10.0

1,059

Quintile 4

103

4,309,734

11.1

2,822,802

954,853

532,079

65.5

22.2

12.3

895

Quintile 5

102

2,522,929

6.5

1,728,606

516,418

280,293

68.5

20.4

11.1

533
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(95% CI 1.41 to 1.56; p<0.001) for quintile 5. In this 
context, these incidence rate ratios are interpreted as 
short relative risks over time. Thus, and consistently 
with results shown in Figure 2, despite the reduction 
within UBN quintiles, the relative distance between 
them persisted without attenuation throughout time.

DISCUSSION
The results of our study suggest that, during the as-
sessment period, mortality from stroke was signifi-

cantly reduced, both at the country level as in each 
of the quintiles of socioeconomic status. Moreover, 
the reduction in time within UBN quintiles had fairly 
similar magnitude, but there was a linear and inverse 
gradient between UBN quintiles and standardized 
stroke mortality that remained without attenuation 
throughout the study period.
Other studies evaluated the association between so-
cioeconomic status and the incidence and mortal-
ity from stroke, both between countries as within a 

Fig.1. Population (A) and stroke death (B) temporal evolution in each quintile of unmet basic needs (UBN).

Table 3. Standardized rates of 
stroke death in 2000 and 2011 per 
quintile of unmet basic needs and 
relative and absolute rate differ-
ences.

Fig 2. Temporal evolution of mean 
(with 95% CI) standardized rates 
of stroke death in each quintile of 
unmet basic needs (UBN).

*Standardized age and sex stroke mortality rate per 100,000 persons.
UBN: Unmet basic needs
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26.2 (23.2-29.9)

28.4 (25.8-30.8)

30.5 (27.2-33.7)

34.5 (30.3-38.8)

36.9 (31.4-42.6)

Mortality in 2000*
Mean (95% CI)

Mortality in 2011*
Mean (95% CI)

Relative 
differance 

Absolute 
difference

pQuintile UBN

-9.0

-9.9

-10.4

-12.4

-11.8

-34.5

-34.8

-34.1

-36.1

-32.0
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