
01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

N61

Pan American Journal 
of Public Health

Rev Panam Salud Publica 45, 2021 | www.paho.org/journal | https://doi.org/10.26633/RPSP.2021.13 1

Original research

Trends in diabetes mortality identified from death 
certificates in Colombia, 1979-2017

Pablo Chaparro-Narváez1, Nelson J. Alvis-Zakzuk1, Diana Díaz-Jiménez1, Carlos Castañeda-Orjuela1

Suggested citation  Chaparro-Narváez P, Alvis-Zakzuk NJ, Díaz-Jiménez D, Castañeda-Orjuela C. Trends in diabetes mortality identified from 
death certificates in Colombia, 1979-2017. Rev Panam Salud Publica. 2021;45:e13. https://doi.org/10.26633/RPSP.2021.13

This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs 3.0 IGO License, which permits use, distribution, and reproduction in any medium, provided the 
original work is properly cited. No modifications or commercial use of this article are permitted. In any reproduction of this article there should not be any suggestion that PAHO or this article endorse any specific organization 
or products. The use of the PAHO logo is not permitted. This notice should be preserved along with the article’s original URL.

1 Instituto Nacional de Salud, Bogotá, Colombia *  Nelson J. Alvis Zakzuk, 
alviszakzuk@gmail.com

ABSTRACT Objective. To describe the mortality trends of diabetes mellitus (DM) in Colombia, by sex and age group, from 
1979 to 2017.

 Methods. We carried out an ecological study using mortality data from the Colombian National Administra-
tive Department of Statistics. Crude and age-standardized annual mortality rates per 100 000 people were 
estimated. Trends of standardized rates were described by sex and age groups. Joinpoint regression models 
were performed to study mortality trends.

 Results. Throughout the whole period, the total number of DM recorded deaths in Colombia was 200 650, 
58% (116 316) in women (p<0.05). The age-standardized mortality rates (ASMR) by sex increased from 13.2 to 
26.6 deaths per 100 000 in women and from 10.1 to 22.7 in men from 1979 to 1999. We observed a decrease 
from 26.6 to 15.4 per 100 000 in women, and from 22.7 to 15.9 in men for the period 1999-2017. The joinpoint 
regression analysis showed that the average annual percentage change of the period did not vary in both 
sexes (men: -0.2%, 95% CI –1.0 to 1.4%; women: 0.7%, 95% CI –0.1 to 1.6%).

 Conclusions. The DM mortality showed a decreasing trend after 2000 in women and 2004 in men. Primary 
and secondary prevention programs must continue to be strengthened for an earlier diagnosis of diabetes.

Keywords Diabetes mellitus; mortality; epidemiology; Colombia.

Diabetes Mellitus (DM) is an important public health issue 
among chronic non-communicable diseases, presenting a high 
epidemiological and economic burden for individuals and 
society, especially in middle income settings (1). DM affects 
an estimated 463 million people, for a global prevalence of 
9.3% in 2019 (1). A person with DM has higher risk of several 
complications that increase their mortality risk (2). DM and its 
complications cause economic losses in people with the disease, 
their families, health systems and national economies through 
the direct medical costs and productivity loss (3). Type 2 DM is 
the most common kind of DM. Low levels of physical activity 
and excessive calorie consumption increase its incidence (4).

Estimates have indicated that worldwide mortality due to 
DM has been increasing (5). For 2017, four million people died 

from DM around the world, 209 718 individuals in South and 
Central America, and 17 038 in Colombia (6). Several studies 
have examined the epidemiological aspects of DM in Colom-
bia; however, very few have showed trends in mortality (7). We 
aimed to describe the DM mortality trend in Colombia, by sex 
and age group, for the period 1979-2017.

METHODS

We conducted an ecological study to describe trends in mor-
tality from DM in Colombia by sex and age groups, in the period 
1979-2017. We obtained DM mortality data from individual 
death certificate records of the National Statistics Department 
(Departamento Administrativo Nacional de Estadística, DANE in 
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Spanish), which collects vital statistics in Colombia (8). We ana-
lyzed anonymized mortality records coded as DM according 
to the International Classification of Diseases, 9th revision (250, 
648.0, 778.1) (9) for 1979-1996 and the 10th revision (E10-E14, 
O24, P70.2) (10) for 1997-2017 considering only the underlying 
cause of death. The population data was extracted from projec-
tions based on the 2005 Colombian Census for 1985-2017 (11). 
During 1979-1984 period, we calculated the population data 
using simple linear regression, based on census projections. 
The variables considered were year of registration of death, 
number of deaths per year, sex, age, and underlying cause of 
death.

We estimated crude, standardize, and age-standardized mor-
tality rates (ASMR) per 100 000 people per year. We analyzed 
decennial age-groups (0-9, 10-19, 20-29, 30-39, 40-49, 50-59, 
60-69, 70-79 and ≥80 years old), and standardized the mor-
tality using the direct method, taking the 2001 World Health  
Organization (WHO) standard population as the reference  
population (12).

We modeled the mortality rates trend by sex and age through 
Poisson joinpoint regression models, using ASMR. This type of 
models fits a series of combined straight lines to trend temporal 
data, which indicates whether mortality rate is best explicated 
by a single or several trend segments (13). The joinpoint regres-
sion calculates the annual percentage change (APC) and the 
average annual percentage change (AAPC). The statistical sig-
nificance was assumed as 0.05.

Using the Methodology for Characterizing Trends of the 
National Cancer Institute of the United States (14), we consid-
ered trends in this study as rates “changing less than or equal 
to 0.5% per year (–0.5 ≤ APC ≤ 0.5), and the APC was not statis-
tically significant, we characterized it as stable; changing more 
than 0.5% per year (APC < –0.5 or APC > 0.5), and the APC 
was not statistically significant, we characterized it as non-sig-
nificant change; changing with a statistically significant APC > 0, 
we characterized it as rising; and changing with a statistically 
significant APC < 0, we characterized it as  falling” (14). Data 
processing were performed on Microsoft Excel®. Statistical 
analyses were performed in Stata 12TM (Stata Corporation,  
College Station, TX, USA) and Joinpoint Regression version 
4.6.0.0 (15).

The study met the ethical requirements established by the 
Colombian regulations, framed in Resolution 8430 of 1993 of 
the Ministry of Health, whose article 11 classifies this study as 
“no risk” research, because only secondary data is include and 
individual identification is not possible.

RESULTS

Throughout the entire timeframe, the total number of DM 
recorded deaths in Colombia was 200 650, 58% (116 316) in 
women (p<0.05). The annual average of deaths was 5 145 deaths. 
The men:women ratio was 1:1.4. During the study period, the 
men/women proportion decreased (Figure 1).

FIGURE 1. Percentage distribution of DM mortality by sex, Colombia, 1979–2017
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TABLE 1. Crude and age-standardized mortality rates due to diabetes mellitus, Colombia, 1979-2017

Year
Men Women

n Crude rate* Standardized rate* n Crude rate* Standardized rate*

1979 694 5.4 10.1 1 042 8.0 13.2
1980 858 6.5 11.9 1 388 10.3 17.0
1981 938 6.9 12.9 1 440 10.4 17.5
1982 1 012 7.3 13.5 1 628 11.4 19.1
1983 992 6.9 12.9 1 611 10.9 18.7
1984 845 5.7 10.7 1 353 8.9 15.1
1985 1 024 6.7 12.5 1 583 10.1 17.1
1986 1 011 6.5 11.8 1 681 10.6 17.5
1987 1 093 6.9 12.1 1 729 10.6 17.4
1988 1 140 7.1 12.5 1 699 10.2 16.4
1989 1 200 7.3 12.9 1 940 11.4 18.5
1990 1 108 6.6 11.4 1 753 10.1 16.0
1991 1 185 6.9 11.9 1 939 11.0 16.9
1992 1 435 8.2 13.9 2 048 11.4 17.5
1993 1 508 8.4 14.1 2 207 12.0 17.9
1994 1 650 9.1 14.9 2 410 12.9 18.9
1995 1 780 9.6 15.4 2 641 13.9 20.3
1996 1 966 10.5 16.7 2 765 14.3 20.5
1997 2 180 11.4 17.9 3 038 15.5 21.8
1998 2 385 12.3 19.3 3 427 17.3 24.1
1999 2 889 14.7 22.7 3 911 19.4 26.6
2000 2 783 14.0 21.2 3 919 19.2 25.8
2001 2 962 14.7 21.8 4 062 19.6 25.8
2002 3 025 14.8 21.7 4 125 19.7 25.4
2003 3 215 15.6 22.4 4 363 20.6 26.0
2004 3 160 15.1 21.4 4 279 19.9 24.7
2005 3 140 14.8 20.6 4 129 19.0 23.0
2006 3 091 14.4 20.0 4 101 18.7 22.3
2007 3 068 14.1 19.3 4 059 18.2 21.4
2008 3 179 14.5 19.4 4 172 18.5 21.2
2009 2 743 12.4 16.2 3 733 16.4 18.3
2010 2 880 12.8 16.5 3 980 17.3 18.8
2011 2 900 12.8 16.2 3 837 16.5 17.5
2012 3 097 13.5 16.8 4 059 17.2 17.9
2013 3 065 13.2 16.1 3 957 16.6 16.9
2014 3 082 13.1 15.8 4 053 16.8 16.7
2015 3 379 14.2 16.9 4 173 17.1 16.6
2016 3 289 13.7 15.9 3 964 16.1 15.3

2017 3 383 13.9 15.9 4 118 16.5 15.4
Source: prepared by the authors from the results of the study.
*Rates per 100 000 individuals

The ASMR by sex increased from 13.2 to 26.6 deaths per 100 
000 in women and from 10.1 to 22.7 per 100 000 in men from 
1979 to 1999. We observed a decrease from 26.6 to 15.4 per 100 
000 in women, and from 22.7 to 15.9 per 100 000 in men for the 
period 1999-2017 (Table 1 and Figure 2).

Figure 3 shows the DM ASMR by sex and age groups. 
ASMRs were greater in women. ASMR shows an increase 
from >50 years old, for both sexes (Figure 3). The trend of 
ASMRs indicated that as age increases, rates become higher; 
in men ≥80 years ASMRs evidenced a constant rise, while in 
women for the same age group the trend slightly decreased 
(Figure 4).

The joinpoint regression analysis showed that the AAPC of 
the period did not vary in both sexes (men: –0.2%, 95% CI –1.0 
to 1.4%; women: 0.7%, 95% CI: –0.1 to 1.6%). In men, a signifi-
cant increase in ASMRs was identified for the period 1991-1999 
(APC 7.3%, 95% CI 5.3 to 9.4%), and a significant decrease was 
found for 2004-2010 (APC –4.7%, 95% CI –7.0 to –2.3%) per year. 
A joinpoint trend was detected for women for the period 1992-
2000, where ASMRs rose by 6.3% (95% CI 4.5 to 8.1%); however, 
ASMRs fell by 3.5% (APC –3.5%, 95% CI –3.8 to –3.1%) per year 
between 2001-2017 (Figure 5).

By sex and age groups, the AAPC indicated a significant 
reduction for men and women in the age groups from 10 to 
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FIGURE 2. Crude and age-standardized mortality rates with diabetes as underlying cause, by sex and year, Colombia, 1979-2017
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19 years and from 20 to 29 years throughout the whole study 
period. A significant increase was observed in the group of 80 
and over, for both sexes. Regression models showed significant 
trend adjustments in different joinpoints, both by sex and for 
each one of the age groups (Figure 5 and Table 2).

Table 2 shows the breakdown of mortality rates changes by age 
and periods. By age groups, the APC suggested a significant DM 
mortality decrease in men for ages 10-19, 20-29, 30-39, and 70-79 
during periods 1979-2017, 1997-2017, 2001-2017, and 2002-2017, 
respectively. In women, a significant DM mortality decrease was 
observed in ages 0-9, 10-19 and 20-29 during period 1979-2017. 
In men, a significant increase in DM mortality was presented 
between 1999-2017 for deaths of 80 and over (Table 2).

DISCUSSION

Our trend analysis on crude and ASMR for DM in Colom-
bian showed a gradual reduction in women between 2000 
and 2017, while in men that reduction, less accentuated, was 
observed for 2004-2017. The crude and ASMR were higher 
among women except in the last three years of the study period. 
The crude rates in both women and men were lower than the 
standardized rates, indicating that age is a confounding factor 
in mortality from diabetes, and the increase in crude rates may 
indicate greater aging of the population (life expectancy for 
women in Colombia went from 66.4 years in 1979 to 76.9 in 2017, 
and for men from 63.8 years to 74.1 in the same period (16)).  

Similar findings were reported in diabetic women who died in 
Argentina (17).

The higher mortality rates in women may be related to the 
differential prevalence of risk factors associated with DM.  
A study carried out in Colombia in 1999 showed that the prev-
alence of diabetes in the population between 18 and 69 years 
was higher in women (18). Several more recent studies reported 
that risk factors continued to be higher in women (19–21). The 
highest rates observed in women, during most of the analyzed 
period, may correspond to differences in the distribution of DM 
risk factors such as diet, physical activity and abdominal obe-
sity (22). These risk factors, combined with the work they do at 
home (domestic work), and having or not a formal job (23), may 
not allow the properly care of their health status.

Although it is difficult to compare mortality trends across 
countries owing to differences in access to health care, standards 
of clinical care, and diagnostic criteria for DM, our findings 
are consistent with previously reported trends in some Latin 
American countries such as Brazil (24), Argentina (17), Panama 
(25), Cuba (26), Mexico (27), and in other countries as Sweden 
(28), Serbia (29) and Taiwan (30). However, since 2016, rates for 
men started to be slightly higher than those for women. This 
increase may correspond to the differential distribution of risk 
factors related to the disease and health care, and to the access 
to healthcare services (17).

The decreasing trend experienced by diabetes-related mor-
tality rates most likely reflects the impact of medical advances 
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in the prevention, access, monitoring and treatment of this 
chronic disease, recognizing that there is still a lack of efforts to 
enhance the diagnosis of DM, and to improve outpatient care in 
order to avoid complications (31). Complications can directly 
influence mortality and morbidity, especially when they occur 
in the older age whose have increased risk of suffering from 
pathologies related to aging (32). On the other hand, the trend 
of mortality rates reduction may be partially explained by hav-
ing access to early diagnosis, and the strict control of glycemia 
and related risk factors (33).

The management of diabetes in Colombia has improved 
with increasingly universal access to the health system (34). 
Surveys as the "National Health Survey 2007" (NHS) (35) and 
the "National Survey of Nutrition Status of Colombia 2015" 
(ENSIN, Spanish acronym) (36) support the decrease in mor-
tality rates in Colombia. The NHS reported that people with 
DM received care by a general practitioner (96.5%) and a spe-
cialist physician (47.4%). Regarding to risk factors related to 
DM, people with the disease received recommendations to quit 
smoking (more than 76.5%), manage stress, reduce weight, per-
form physical activity, check for glycemia and lipid profiles, and 
reduce consumption of flour and sugar. In accordance with DM 
treatments, NHS reported that 61.4% were treated with insulin 
or another medication, and 81.6% received all the medications. 
87.4% of people with DM received control of cholesterol and 
triglyceride levels and 88.7% of blood or urine glycemia; 78.9% 
did not use methods to measure glycemia at home (35).

Furthermore, ENSIN reported that obesity was more frequent 
in women (22.4%) than in men (14.4%); only half of Colombian 
adults performed 150 minutes of moderate physical activity or 
75 minutes of vigorous or strong activity per week, and that 
4 out of 10 women and 6 out of 10 men followed this preven-
tive measure (37). ENSIN also showed a reduction in smoking 
rate, an important risk factor for DM complications, to which  
a recent program was launched to help tobacco users quit 
smoking (38).

Efforts have also been made in primary prevention, includ-
ing public health actions focused on population-based disease 
prevention, such as food and agricultural policies to facilitate 
healthy choices, necessary to stop the increase in the incidence 
of diabetes. Regarding the policies and programs for the promo-
tion and prevention of DM, in the 2000s were defined activities, 
procedures and conditions required to control the quality and 
timing of diagnosis, treatment and follow-up of cases. Similarly, 
implementing the detection of cases of type 2 DM provided 
timely treatment in order to reduce sequelae, complications 
and deaths (39,40). Recommendations for good practices, based 
on the best available clinical evidence and including cost per-
spectives, patient preferences and the relationship between the 
benefits and risks of the technologies of interest were also pro-
vided in 2015 (41).

Moreover, Colombian healthcare insurers have implemented 
diabetes promotion and prevention programs in which they 
include patient education in disease management (nutrition, 

FIGURE 3. Age-specific mortality rates from diabetes as underlying cause by sex, Colombia, 1979-2017
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FIGURE 4. Age-specific mortality rates from diabetes as underlying cause, by year and 
sex, Colombia 1979-2017
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physical activity, pharmacological and non-pharmacological 
treatment, and the complications of the disease). However, 
there is still no evidence about the epidemiological impact of 
these promotion and prevention programs. Likewise, the reduc-
tion of trends of DM mortality could be partially attributed to 
improvements in the standard of living and in the decrease of 
poverty levels (42).

Our results should be interpreted with caution due to the 
limitations of the study. Because it is based on secondary data, 
its coverage and content must be considered. The quality of 
the information on the underlying cause of DM death taken 
from the death certificates was rated by the WHO as “average” 
(43), and it may have been underreported or misclassified. 
Additionally, it was not possible to discriminate between 
type 1 and type 2 DM due to the lack of exact information to 

determine the type of diabetes. Also, it was possible that one 
of the DM complications had been selected as the underlying 
cause of death, particularly in the cases of people who died 
from myocardial infarction, cerebrovascular accident and 
chronic kidney disease (44). Several studies suggest that mor-
tality due to DM would be up to three times higher than that 
calculated when it is considered as a underlying cause, and is 
not taken into account when it appears as a contributing cause 
of death (45,46). Additionally, it should be mentioned that in 
Colombia the ICD coding rules for the underlying cause of 
death changed during the study period. It went from the 9th to 
the 10th revision of the ICD, although there were no changes in 
DM coding. It should also be noted that the diagnostic criteria 
used for the diagnosis of diabetes have been maintained over 
time, including fasting plasma glucose of 7 mmol/l  (47) and 
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FIGURE 5. Age-standardized mortality rates from diabetes as underlying cause, by year and sex, with annual percentage change 
estimated from joinpoint regression models, Colombia, 1979-2017
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TABLE 2. Joinpoint regression analysis of age-standardized DM mortality rates by sex, Colombia 1979-2017

Age-groups
Men Women

Period APCa Trend AAPCb Period APC Trend AAPC

0-9 1979-2017 1979-2017 –3.2^ (–4.4 to –2.0) Falling –3.2^ (–4.4 to –2.0)
10-19 1979-2017 –4.3^ (–5.3 to –3.4) Falling –4.3^ (–5.3 to –3.4) 1979-2017 –3.1^ (–3.9 to –3.9) Falling –3.1^ (–3.9 to –3.9)
20-29 1979-1997 1.8^ (0.0 to 3.7) Rising –1.6^ (–2.7 to –0.5) 1979-2017 –1.6^ (–2.2 to –1.0) Falling –1.6^ (–2.2 to –1.0)

1997-2017 –4.3^ (–6.1 to –3.1) Falling
30-39 1979-2001 –0.7 (–0.3 to 1.7) No change –1.2^ (–2.0 to –0.4) 1979-1993 1.8 (–0.1 to 3.8) No change –0.7 (–1.5 to 0.1)

2001-2017 –3.7^ (–5.1 to –2.3) Falling 1993-2017 –2.1^ (–2.8 to –1.4) Falling
40-49 1979-1990 –0.4 (–2.6 to 1.9) Stable 1979-1981 29.6 (–6.6 to 79.7) No change

1990-1999 5.5^ (2.6 to 8.6) Rising 1981-1991 –3.8^ (–6.0 to –1.4) Falling
1999-2007 –7.2^ (–9.8 to –4.4) Falling –0.3 (–1.4 to 0.9) 1991-1998 5.6 (1.6 to 9.8) No change –0.2 (–2.2 to 1.8)
2007-2017 0.4 (–1.3 to 2.2) Stable 1998-2013 –5.0 (–5.9 to –4.1) No change

2013-2017 4.3 (–2.8 to 11.8) No change
50-59 1979-1993 0.8 (–0.6 to 2.2) No change 1979-2001 1.7^ (1.1 to 2.3) Rising

1993-2000 8.6^ (4.7 to 12.7) Rising 2001-2017 –4.7^ (–5.4 to –3.9) Falling –1.1^ (–1.5 to –0.6)
2000-2011 –5.6^ (–6.9 to –4.2) Falling –0.0 (–1.0 to 1.0)
2011-2017 –1.1 (–4.2 to 2.1) No change

60-69 1979-1990 0.6 (–1.1 to 2.3) No change 1979-1992 0.1 (–0.9 to 1.0) Stable
1990-1999 8.9^ (6.8 to 11.1) Rising 1992-1999 7.5^ (4.9 to 10.1) Rising
1999-2004 0.2 (–4.4 to 4.3) Stable 1999-2003 –1.2 (–6.9 to 4.9) No change
2004-2011 –6.8^ (–9.0 to –4.5) Falling 0.7 (–0.3 to 1.8) 2003-2011 –6.9^ (–8.5 to –5.3) Falling –0.7 (–1.7 to 0.2)
2011-2017 –0.9 (–3.2 to 1.5) No change 2011-2017 –2.8^ (–5.0 to –0.6) Falling

(Continued)
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in recent times HbA1c ≥ 6.5% (48), so no variations over the 
time have occurred.

Finally, our study has provided information on the trend of 
national DM mortality rates in Colombia, for a period of 39 
years and it was based on information gathered from death cer-
tificates. Promotion and prevention programs must continue to 
be strengthened for the early diagnosis of individuals with DM. 
The quality of mortality information should also be improved, 
regarding to the correct classification of the type of DM and its 
assignment as the underlying cause of death. The increase in 
mortality in the older age group and the differences between 
sexes could indicate an improvement in survival, better diag-
nosis, and improvement in registration methods.
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Tendencias de la mortalidad por diabetes identificadas a partir de los 
certificados de defunción en Colombia, 1979-2017

RESUMEN Objetivo. Describir las tendencias de la mortalidad por diabetes mellitus (DM) en Colombia, por sexo y grupo 
de edad, entre 1979 y 2017.

 Métodos. Estudio ecológico con datos de mortalidad del Departamento Administrativo Nacional de Estadística 
de Colombia. Se estimaron las tasas de mortalidad anuales brutas y ajustadas por edad por cada 100 000 
personas. Se describieron las tendencias de las tasas ajustadas por sexo y grupos de edad. Se realizaron 
modelos de regresión joinpoint para estudiar las tendencias de la mortalidad.

 Resultados. En el período del estudio, el número total de muertes por DM registradas en Colombia fue de 
200 650, el 58% (116 316) en mujeres (p<0,05). Las tasas de mortalidad ajustadas por edad, en cada sexo, 
aumentaron de 13,2 a 26,6 muertes por 100 000 en las mujeres y de 10,1 a 22,7 en los hombres entre 1979 
y 1999. En el período 1999-2017 se observó una disminución de 26,6 a 15,4 por 100 000 en las mujeres y de 
22,7 a 15,9 en los hombres. El análisis de regresión joinpoint demostró que el cambio porcentual anual medio 
del período no varió en ambos sexos (hombres: –0,2%, IC 95% –1,0 a 1,4%; mujeres: 0,7%, IC 95% –0,1 a 
1,6%).

 Conclusiones. La mortalidad por DM mostró una tendencia decreciente después del año 2000 en las mujeres 
y del 2004 en los hombres. Es necesario seguir fortaleciendo los programas de prevención primaria y secun-
daria a fin de alcanzar un diagnóstico más temprano de la diabetes.
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