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ABSTRACT

Objectives: To analyze the temporal trends of premature mortality from diabetes in Costa Rica in the
period 2000-2020, at a national level and by province, and the effect of the COVID-19 pandemic on

diabetes mortality during the year 2020

Methods: We studied the temporal trends of mortality from diabetes in Costa Rica in the period
between 2000 and 2020. Age-standardized mortality rates and corresponding 95% confidence intervals

were calculated for each year, sex and province.
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Results: We analyzed the data of 17,968 deceased persons. The mean age was 72.5 years (range 1 to Rica
109 years), and 51.5% of the population (n = 9253) was younger than 75 years. In both men and
women, we observed a significant decrease in mortality from 2000 to 2014, followed by the opposite

trend from 2014 to 2020, with average yearly increases of 13.9% in men and 11.6% in women.

Conclusions: Premature mortality from diabetes has been growing from 2014. The COVID-19 pandemic
changed the mortality pattern, increasing premature diabetes deaths in Costa Rica in 2020.

1. Introduction

The worldwide prevalence of diabetes mellitus stood at 9.3%
in 2019 [1]. The latest edition of the International Diabetes
Federation (IDF) Diabetes Atlas shows that 537 million adults
were living with the disease in 2021 [1]. According to the
World Health Organization (WHO), diabetes is currently the
ninth leading cause of death, and is expected to climb two
places to seventh by 2030 [2]. In 2019, 1.5 million people died
as a direct result of diabetes, 48% of whom were younger than
70 years of age. Between 2000 and 2016, the rate of prema-
ture mortality from diabetes increased by 5%. In high-income
countries, this rate decreased between 2000 and 2010, but
then rebounded between 2010 and 2016; while in low- and
middle-income countries, premature death from diabetes
increased during both periods [2].

In Costa Rica, according to the last two state reports of
cardiovascular risk factor surveillance (prepared in 2014 and
2018), diabetes prevalence has increased in recent years, from
10.8% in 2010 to 12.8% in 2014, then to 14.8% in 2019. This
most recent prevalence rate is the second highest on the
American continent after that of Belize, and one of the highest
in the world. The prevalence of undiagnosed diabetes
increased from 2.8% in 2014 to 3.9% in 2018 [3,4].

Diabetes-attributable mortality has slowed since 2005 to
a stable rate of 16 deaths per 100,000 inhabitants, and is
projected to have decreased slightly by 2025. In 2017, dia-
betes mortality rates in Central Europe, Central America and
the Caribbean were 11, 39.8 and 34.4 deaths per 100,000
inhabitants, respectively [5]. In Costa Rica, mortality from
endocrine, nutritional and metabolic diseases — which include
diabetes - has increased in relation to all-cause mortality in
recent years, from 5.4% in 2015 (sixth leading cause of death)
10 6.2% in 2017, 7.7% in 2019 and 9.9% in 2020 (fourth leading
cause of death).

Data on premature mortality (mortality rate in people
under 75 years of age) are of particular relevance [6,7], as
they provide an overall indicator of the magnitude of deaths
that occur before the average life expectancy. Premature mor-
tality encompasses preventable mortality and treatable mor-
tality, which reflects the quality of the healthcare system [8].
Death from type 2 diabetes is considered preventable, within
the age range of 0 to 74 years [9].

Few studies have analyzed the temporal trends of diabetes
mortality in Costa Rica [10], and to the best of our knowledge,
none have applied an adequate methodology for detecting
changes in trends over a long time period, or analyzed
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premature mortality from this disease in Costa Rica, or exam-
ined the effect of the 2020 pandemic on diabetes mortality.
The main aim of this study is to analyze the temporal trends of
premature mortality from diabetes in Costa Rica in the period
2000-2020, at a national level and by province, and to mea-
sure the effect of the COVID-19 pandemic on diabetes mellitus
mortality during 2020.

2. Study design
2.1 Study design and participants

We studied the temporal trends of mortality from diabetes
mellitus in Costa Rica in the period between 2000 and 2020,
both inclusive. We included men and women of all ages who
died in this period and had type 1 or type 2 diabetes specified
as an underlying cause on their death certificate (International
Classification of Diseases (ICD) code E10-E14). The National
Institute of Statistics and Census of Costa Rica provided the
data on deaths and populations [11]. Our study variables were
age in years, sex, year of death and province of residence of
the deceased person. We separated the population into peo-
ple who had died prematurely (before 75 years of age) [6,7,12],
and those aged 75 years and older, to assess whether mortal-
ity had shifted between the age groups during the study
period.

2.2 Statistical analysis

We calculated age-standardized mortality rates (ASMRs) and
corresponding 95% confidence intervals (Cls) for each year,
sex and province, using the direct method with the 2000-2025
WHO world standard population [13]. The Pan American
Health Organization (PAHO) recommends using this WHO
standard to adjust rates in American countries [14]. To calcu-
late the rates, we used SPSS v.26 [15]. We constructed maps of
Costa Rica to display the data from each province for

each year and both sexes, using the tmap library of
R v.4.1.2 [16].

Joinpoint regression models were fitted to analyze tem-
poral trends in premature mortality during the study period.
Annual percentage change (APC) of the adjusted segments
were estimated. Negative values of APC indicate a decrease in
mortality, while positive values indicate an increase. The mod-
els were fitted assuming autocorrelated errors based on the
data, and the models were selected using the permutation
test, with a minimum of 0 and a maximum of 3 joinpoints [17].
For this analysis we used Joinpoint Regression Program v.4.9.0,
developed by the National Cancer Institute [18]. We produced
graphs showing ASMRs for the whole country and for each
province, together with the segments and joinpoint estimates.

To determine the possible effect of the COVID-19 pan-
demic, we compared the mortality rates of 2019 and 2020.
To isolate the change in 2020 from the accumulated change in
previous years, we performed a sensitivity analysis, fitting two
linear model between the premature mortality rates and the
2015-2020 segment: one with and one without the 2020 data.
The difference between the slopes of the two models pro-
vided an estimate of the effect of the year 2020 on mortality.

3. Results

Between the years 2000 and 2020, 18,968 people died from
diabetes in Costa Rica. We excluded 968 of these individuals
because they had a foreign nationality, 28 because their
nationality was unknown, and four because their age was
not recorded. We therefore analyzed the data of 17,968
deceased persons. The average age was 72.5 years (range 1
to 109 years), and 51.5% of the people analyzed (n = 9253)
were younger than 75 years of age. We found that 54% of the
population (n = 9702) were women and 46% were men.

Tables 1 and 2 show the age-standardized rates of mortality
from diabetes in Costa Rica for each year of the period from
2000 to 2020, by age group.

Table 1. Age-standardized mortality rates from diabetes per 100,000 population, in men, by age group, Costa Rica 2000-2020.

Age 0-74 years Age 0-54 years

Age 55-74 years Age > 74 years

Year
n ASMR 95% CI n ASMR 95% ClI n ASMR 95% ClI n ASMR 95% CI

2000 146 12.2 (10.2-14.1) 36 2.8 (1.9-3.8) 110 69.4 (56.4-82.4) 83 228.0 (178.9-277.0)
2001 156 123 (10.4-14.3) 45 33 (2.3-4.3) 111 67.7 (55.1-80.2) 81 214.2 (167.5-260.8)
2002 148 1.5 (9.6-13.3) 33 23 (1.5-3.1) 115 67.9 (55.5-80.3) 69 174.8 (133.6-216.1)
2003 239 18.2 (15.9-20.5) 47 32 (2.3-4.1) 192 110.5 (94.9-126.2) 107 2583 (209.4-307.3)
2004 215 15.8 (13.6-17.9) 43 2.8 (1.9-3.6) 172 95.8 (81.5-110.1) 120 2774 (227.8-327.0)
2005 181 12.8 (10.9-14.6) 35 2.1 (1.4-2.8) 146 78.3 (65.5-91.0) 11 247.0 (201.1-293.0)
2006 172 11.6 (9.8-13.3) 37 22 (1.5-2.9) 135 69.6 (57.8-81.3) 1M 236.2 (192.3-280.2)
2007 158 10.1 (8.5-11.7) 40 2.3 (1.6-3.0) 118 583 (47.8-68.9) 92 188.4 (149.9-226.9)
2008 179 11.0 (9.3-12.6) 44 24 (1.7-3.1) 135 63.5 (52.8-74.3) 128 253.2 (209.4-297.1)
2009 185 10.9 (9.3-12.5) 39 2.1 (1.4-2.8) 146 65.1 (54.5-75.7) 120 229.5 (188.4-270.5)
2010 200 13 (9.7-12.9) 48 2.5 (1.8-3.2) 152 65.1 (54.7-75.4) 142 262.0 (218.9-305.1)
2011 186 10.0 (8.5-11.4) 52 2.7 (2.0-3.4) 134 55.0 (45.6-64.3) 123 219.2 (180.5-257.9)
2012 151 7.8 (6.6-9.1) 36 1.8 (1.2-2.4) 115 44.8 (36.6-53.0) 121 208.5 (171.3-245.6)
2013 176 8.9 (7.6-10.2) 30 1.5 (0.9-2.0) 146 54.7 (45.8-63.6) 138 230.0 (191.6-268.4)
2014 189 9.3 (8.0-10.6) 36 1.8 (1.2-2.3) 153 55.7 (46.8-64.6) 124 199.8 (164.6-235.0)
2015 249 1.7 (10.2-13.2) 49 24 (1.7-3.0) 200 69.2 (59.5-78.8) 206 321.1 (277.2-364.9)
2016 275 12.2 (10.8-13.7) 55 2.6 (1.9-3.3) 220 71.5 (62.0-81.0) 245 369.6 (323.3-415.8)
2017 328 14.0 (12.5-15.6) 56 2.7 (2.0-3.4) 272 84.0 (73.9-94.0) 260 379.8 (333.7-426.0)
2018 307 125 (11.1-13.9) 63 29 (2.2-3.6) 244 71.7 (62.6-80.7) 245 346.1 (302.7-389.4)
2019 409 16.2 (14.7-17.8) 68 32 (2.4-3.9) 341 96.6 (86.3-106.9) 341 464.0 (414.7-513.2)
2020 565 215 (19.8-23.3) 104 4.8 (3.9-5.7) 461 124.6 (113.2-136) 482 630.1 (573.8-686.3)

ASMR; age-standardized mortality rate/100,000 population (direct method, WHO 2000-2025 world standard population); CI: confidence interval
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Table 2. Age-standardized mortality rates from diabetes per 100,000 population, in women, by age group, Costa Rica 2000-2020.

Age 0-74 years Age 0-54 years

Age 55-74 years Age > 74 years

Year
n ASMR 95% CI n ASMR 95% CI n ASMR 95% Cl n ASMR 95% Cl

2000 169 134 (11.3-15.4) 36 2.7 (1.8-3.6) 133 79.0 (65.6-92.5) 106 2426 (196.4-288.8)
2001 176 13.5 (11.5-15.6) 29 2.1 (1.3-2.9) 147 84.0 (70.4-97.6) 141 308.4 (257.5-359.4)
2002 145 10.7 (8.9-12.5) 31 2.1 (1.4-2.9) 114 63.5 (51.9-75.2) 135 2833 (235.5-331.1)
2003 250 18.1 (15.9-20.4) 37 2.5 (1.7-3.2) 213 114.7 (99.2-130.1) 229 457.5 (398.2-516.7)
2004 244 16.9 (14.8-19) 52 33 (2.4-4.2) 192 100.6 (86.4-114.9) 206 394.1 (340.3-447.9)
2005 194 13.0 (11.2-14.8) 40 2.4 (1.7-3.2) 154 77.9 (65.6-90.3) 179 329.7 (281.4-378.0)
2006 179 11.6 (9.9-13.3) 36 2.1 (1.4-2.8) 143 70.0 (58.5-81.5) 148 261.2 (219.1-303.3)
2007 169 10.6 (8.9-12.2) 37 2.1 (1.4-2.8) 132 62.4 (51.8-73.1) 174 294.1 (250.4-337.8)
2008 191 1.4 (9.8-13.0) 40 2.2 (1.5-2.9) 151 67.7 (56.9-78.5) 195 317.2 (272.7-361.7)
2009 191 1.1 (9.5-12.6) 37 2.0 (1.3-2.6) 154 66.9 (56.3-77.4) 219 343.6 (298.1-389.1)
2010 192 10.5 (9.0-12.0) 46 2.4 (1.7-3.1) 146 60.3 (50.5-70.1) 199 301.0 (259.2-342.8)
2011 150 7.9 (6.6-9.1) 36 1.9 (1.3-2.5) 114 449 (36.6-53.1) 188 274.2 (235.0-313.4)
2012 175 8.9 (7.6-10.2) 39 2.0 (1.4-2.6) 136 51.4 (42.7-60.0) 186 262.0 (224.4-299.7)
2013 171 8.4 (7.1-9.6) 40 2.0 (1.4-2.6) 131 47.8 (39.6-56.0) 189 257.8 (221.0-294.5)
2014 170 79 (6.7-9.1) 38 1.8 (1.2-2.4) 132 45.0 (37.3-52.8) 203 268.1 (231.2-304.9)
2015 188 8.3 (7.1-9.5) 50 2.4 (1.7-3.0) 138 45.1 (37.5-52.6) 297 379.6 (336.4-422.7)
2016 225 9.7 (8.5-11) 52 2.5 (1.8-3.2) 173 54.2 (46.1-62.3) 342 423.0 (378.2-467.9)
2017 258 10.7 (9.4-12) 45 2.1 (1.5-2.7) 213 63.3 (54.8-71.8) 386 462.1 (416.0-508.2)
2018 238 9.5 (8.3-10.7) 53 2.5 (1.8-3.1) 185 52.5 (44.9-60.1) 363 419.8 (376.6-463.0)
2019 355 13.6 (12.2-15) 65 3.0 (2.3-3.7) 290 78.8 (69.7-87.9) 514 572.6 (523.1-622.1)
2020 414 15.1 (13.6-16.6) 63 2.9 (2.2-3.6) 351 90.5 (81.0-99.9) 662 708.8 (654.8-762.8)

ASMR: age-standardized mortality rates/100,000 population (direct method, WHO 2000-2025 world standard population); Cl: confidence interval

In men (Table 1), we found some fluctuations in premature
mortality (< 75 years) during the study period, with rates
decreasing from 12.2 deaths per 100,000 inhabitants in 2000
to 7.8 deaths per 100,000 inhabitants in 2012 and 9.3 deaths
per 100,000 inhabitants in 2014, before rising again to 16.2
and 21.5 deaths per 100,000 inhabitants in 2019 and 2020,
respectively.

In women (Table 2), we observed a similar pattern, with
rates decreasing progressively from 13.4 deaths per 100,000
inhabitants in 2000 to 7.9 in 2011 and 2014, then increasing
toward the end of the study period.

Table 3 shows the age-standardized rates of premature
mortality (< 75 years) from diabetes in each province of
Costa Rica, for the years 2000 (first year of study period),
2019 (pre-pandemic) and 2020 (pandemic), separated by sex,

as well as the average annual percentage changes (AAPCs)
calculated by joinpoint models for the whole period.

In men, the provinces with the highest rates in the year
2000 were Puntarenas and San José, with 13.5 and 13.3 deaths
per 100,000 inhabitants, respectively. The provinces with the
lowest rates were Limén and Guanacaste, with 7.7 and 9.8
deaths per 100,00 inhabitants, respectively. In all provinces,
mortality was higher in the year 2019, particularly in Limén,
where there were 20.4 deaths per 100,000 inhabitants. The
changes observed in the rates are not reflected in the AAPCs
for the whole period: Limén was the only province to show
a significant increase with an average annual change of 2.3%
between 2000 and 2020.

In women, the provinces with the highest rates in 2000
were Puntarenas and Guanacaste, with 23 and 20.1 deaths

Table 3. Premature mortality (< 75 years) from diabetes in the provinces of Costa Rica in 2000, 2019 and 2020; and average annual percent change between 2000

and 2020, by sex.

Sex Area Year 2000 Year 2019 Year 2020 % change 2000-2020
n ASMR 95% Cl n ASMR 95% Cl n ASMR 95% Cl 2019 to 2020  AAPC 95% Cl
Men COSTARICA 146 12.2 (10.2-14.1) 409 16.2 (14.7-17.8) 565 215 (19.8-23.3) 327 1.5 (-0.9; 3.9)
San José 57 13.3 (9.8-16.7) 119 14.1 (11.6-16.6) 203 23.0 (19.8-26.1) 63.1 24 (-0.8; 5.7)
Alajuela 28 12.4 (7.8-17.0) 84 17.0 (13.4-20.7) 117 228 (18.7-26.9) 34.1 1.1 (-3.0; 5.3)
Cartago 16 11.4 (5.7-17.1) 37 13.8 (9.3-18.2) 54 19.5 (14.3-24.8) 413 2.1 (-8.7; 14.2)
Heredia 13 12.4 (5.6-19.2) 43 16.2 (11.3-21.1) 43 16.2 (11.3-21.1) 0.6 0.4 (-=2.5; 3.3)
Guanacaste 9 9.8 (3.4-16.3) 31 16.0 (10.3-21.6) 49 245 (17.6-31.3) 53.1 17 (-0.3; 3.6)
Puntarenas 16 135 (6.8-20.1) 52 213 (15.5-27.1) 54 213 (15.6-27.0) 0.9 3.0 (-0.9; 7.1)
Limén 7 7.7 (2.0-13.4) 43 204 (14.3-26.5) 45 19.7 (13.9-25.5) -34 2.3*% (0.0; 4.7)
Women  COSTARICA 169 13.4 (11.3-15.4) 355 13.6 (12.2-15.00 414 15.1 (13.6-16.6) 11.0 0.8 (-2.1; 3.8)
San José 60 11.5 (8.5-14.4) 105 10.9 (8.8-13.0) 127 12.6 (10.4-14.8) 15.6 -0.2 (=2.5; 2.2)
Alajuela 23 9.9 (5.8-14.0) 60 11.9 (8.9-14.9) 86 16.5 (13.0-20.0) 38.7 25 (-7.5; 13.7)
Cartago 18 135 (7.2-19.7) 35 12.3 (8.2-16.4) 40 134 (9.2-17.6) 8.9 -24 (—6.1; 1.4)
Heredia 14 12.2 (5.8-18.6) 31 1.2 (7.2-15.1) 35 11.8 (7.9-15.8) 54 -0.9 (-3.4;1.8)
Guanacaste 18 20.1 (10.8-29.4) 31 16.8 (10.9-22.7) 35 17.7 (11.8-23.5) 5.4 -1.7%*  (-3.1; -0.3)
Puntarenas 23 23.0 (13.6-32.5) 46 21.0 (14.9-27.1) 47 203 (14.5-26.1) -33 1.1 (-3.3; 5.6)
Limén 13 18.4 (8.4-28.4) 47 26.4 (18.7-34.0) 44 237 (16.7-30.8) -10.2 2.8 (-0.8; 6.5)

AAPC: average annual percentage change for period 2000-2020; ASMR: age-standardized mortality rates/100,000 population (direct method, WHO 2000-2025 world

standard population); Cl: confidence interval
*p < 0.05
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Figure 1. Age-standardized premature mortality rates from diabetes per
100,000 population by sex, Costa Rica 2000-2019

per-100,000 inhabitants, respectively; while the lowest rates -
9.9 and 11.5 deaths per 100,000 inhabitants — were found in
Alajuela and San José, respectively. The changes in rates were
different in women than in men, decreasing between 2000
and 2019 in all except two provinces (Limén and Alajuela). The
only province where the changes observed in the ASMRs are

significantly reflected in the AAPC is Guanacaste, with an
average annual decrease of 1.7% during the study period.

These fluctuations in the patterns of premature mortality
over the years, and the differences between the sexes, are
visible in(Figure 1)

Table 4 shows the results of the joinpoint regression in the
whole country and in each province, for premature mortality
from diabetes in the period 2000-2020. At the national level,
in both men and women, these data show a significant
decrease in mortality from 2000 to 2014; followed by the
opposite trend from 2014 to 2020, with average vyearly
increases of 13.9% in men and 11.6% in women (Figure 2).
This change in trend in 2014 at the national level is approxi-
mately reflected in all provinces except Guanacaste, and in
both sexes (Table 4 and Figures 3-9).

Regarding the possible effect of the pandemic, premature
mortality increased by 32.7% in men and by 11% in women
between 2019 and 2020. For the subgroup of people aged 55
to 74 years, the increase was 28.9% in men and 14.8% in
women, and for those older than 75 years, the increase was
35.8% in men and 23.8% in women.

Among the different provinces, there was an unequal pat-
tern of premature mortality between 2019 and 2020 in men,
with the greatest increases in San José (63.1%), Guanacaste
(53.1%), Cartago (41.3%) and Alajuela (34.1%), while there
were no relevant increases in Heredia (0.6%), Puntarenas
(0.9%) or Limén (—3.4%). In women, the changes were smaller,
with the greatest increases seen in Alajuela (38.7%) and San
José (15.6%); small increases in Cartago (8.9%), Guanacaste
(5.4%) and Heredia (5.4%); no relevant change in Puntarenas
(—3.3%); and a decrease in Limén (—-10.2%) (Table 3).

The fitted linear regression model of premature mortality rates
over the period 2015-2019, which shows the increase in mortality,
had a slope of 0.93 in men (R*> = 0.65) and 1.04 in women
(R? = 0.67). These slopes reflect the average increase in mortality
rate for each elapsed year. When we fitted the same model for the
2015-2020 period, we obtained slopes of 1.70 (R* = 0.73) and 1.27
(R% = 0.81) for men and women, respectively. Figure 10 The differ-
ences between the slopes represent the estimate of the effect of
the pandemic on premature mortality from diabetes in Costa Rica:
0.77 deaths per 100,000 inhabitants in men and 0.23 deaths per
100,000 inhabitants in women (Figure 11).

4. Discussion

The results of our study show a significant change in the trend
of premature mortality from diabetes in Costa Rica during the
period 2000-2020: there was a significant decrease from 2000
to 2014, followed by a significant increase from 2014 to 2020.
We observed the same pattern in most provinces and in both
sexes. The possible effect of the pandemic is reflected in an
increase in premature diabetes mortality between 2019 and
2020. This increase was unequally distributed among the dif-
ferent provinces, and was greater in men that in women (0.77
versus 0.23 additional deaths per 100,000 inhabitants).

A previous study showed that mortality from diabetes in
Costa Rica is higher in women than in men in all age groups
[10], but we found that this is only the case for people aged
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Table 4. Trend segments and annual percentage change of premature mortality (< 75 years) from diabetes, obtained using joinpoint regression models for the age-

standardized rates, by sex and province, 2000-2020, Costa Rica.

Sex Area Period segment APC 95% Cl p-value AAPC 95% Cl
Men COSTA RICA 2000 to 2014. —3.4* (-5.8; —0.9) 0.010 1.5 (-0.9; 3.9)
2014 to 2020. 13.9% (7.2; 21.7) 0.001
Alajuela 2000 to 2013. —5.5% (=10; —0.6) 0.029 1.1 (=3.0; 5.3)
2013 to 2020. 14.4* (4.8; 24.9) 0.005
Cartago 2000 to 2002 29.7 (—43.9; 199.7) 0.505 2.1 (-8.7; 14.2)
2002 to 2012 —8.7*% (-11.9; =5.3) 0.001
2012 to 2015 273 (=31.5; 136.5) 0.406
2015 to 2020 1.6 (-5.0; 8.7) 0.609
Guanacaste 2000 to 2020 1.7 (—0.3; 3.6) 0.094 1.7 (-0.3; 3.6)
Heredia 2000 to 2013 -33 (-6.5; 0.0) 0.050 0.4 (=2.5; 3.3)
2013 to 2020 7.6* (1.0; 14.7) 0.027
Limén 2000 to 2014 -0.9 (-3.1; 1.5) 0.441 2.3% (0.0; 4.7)
2014 to 2020 10.2* (3.5, 17.2) 0.004
Puntarenas 2000 to 2016 -2.2 (-5.0; 0.7) 0.127 3.0 (-=0.9; 7.1)
2016 to 2020 27.0% (6.6; 51.2) 0.10
San José 2000 to 2003 9.9 (=10; 34.2) 0.324 24 (-0.8; 5.7)
2003 to 2013 -7.1% (-9.8; —4.4) <0.001
2013 to 2020 14.1* (10.4; 18.0) <0.001
Women COSTA RICA 2000 to 2003 8.9 (=9.0; 30.3) 0.325 0.8 (=2.1; 3.8)
2003 to 2014 —6.6% (—8.6; —4.4) <0.001
2014 to 2020 11.6* (7.1; 16.4) <0.001
Alajuela 2000 to 2003 25.2 (—8.0; 70.5) 0.135 2.5 (=7.5; 13.7)
2003 to 2006 -20.6 (—58.6; 52.4) 0.449
2006 to 2018 -14 (—4.6; 1.9) 0.354
2018 to 2020 411 (—6.6; 113.2) 0.092
Cartago 2000 to 2014 —6.8% (=10.0; —=3.4) 0.001 24 (-6.1; 1.4)
2014 to 2020 8.6 (=2.7; 21.2) 0.132
Guanacaste 2000 to 2020 -1.7* (=3.1;, —0.3) 0.020 -1.7* (-3.1; -0.3)
Heredia 2000 to 2015 —5.3*% (-7.4; -3.2) <0.001 -0.9 (-3.4; 1.8)
2015 to 2020 13.7% (3.7; 24.6) 0.009
Limén 2000 to 2004 21.5% (3.7; 42.3) 0.019 2.8 (—0.8; 6.5)
2004 to 2014 —8.8% (-11.9; =5.7) <0.001
2014 to 2020 12.3* (6.4; 18.6) <0.001
Puntarenas 2000 to 2017 -2.7* (5.0, —0.2) 0.033 1.1 (-3.3; 5.6)
2017 to 2020 25 (—6.0; 66.3) 0.117
San José 2000 to 2014 —5.9% (-7.9; -3.8) <0.001 -0.2 (=2.5; 2.2)
2014 to 2020 14.4* (6.9; 22.4) 0.001

AAPC: average annual percentage change; APC: annual percentage change; Cl: confidence interval* p < 0.05

75 years and older, and that premature mortality rates are
similar in both sexes. This may be because diabetes is more
prevalent in older women that in older men, and because the
following risk factors are more prevalent in women aged
65 years and older than in men of the same ages [19]: hyper-
tension (66.4% of men versus 72.8% of women), HDL of 40-
50 mg/dl or lower, LDL levels of 130 mg/dL or higher, trigly-
ceride levels of 150 mg/dL or higher, low physical activity, and
obesity [20].

The trends in mortality from diabetes in Costa Rica in this
study are consistent with the findings of previous studies [10,19-
21], which showed an increase in mortality from 2014, although
they did not apply models that could reveal changes in trends. By
using joinpoint regression models, we have shown a statistically
significant change in trend in 2014, when the significant average
annual decreases of —3.4% in men and of —6.6% in women over
the previous four years changed to important average annual
increases of 13.9% in men and 11.6% in women over the follow-
ing six years, until 2020.

We hypothesize that the increase in mortality from 2014 may
be due to:

e Increased prevalence of diabetes. The high prevalence of
diabetes in Costa Rica has increased by 2% every four
years, reaching 14.8% in 2018 [3,20].

e High prevalence of risk factors. In Costa Rica, the pre-

valence of overweight and obesity increased from
62.2% in 2014 (68.5% in the urban population) to
70.7% in 2018 [3,20,22] While the rate of low physical
activity improved from 2014 (44.5%) to 2018 (36.1%), it
is still high, and the improvement has not been
reflected in lower obesity rates [23,24], possibly
owing to continued poor diet and sedentary lifestyle.
Research has found that the factors most closely asso-
ciated with mortality from diabetes are overweight/
obesity, responsible for 30.8% of these deaths; and
poor diet (low in whole grains, fruits, nuts and seeds,
and high in sugary drinks and red meats), which
causes 24.7% of diabetes deaths [5]. The prevalence
of hypertension and dyslipidaemia also increased
slightly between 2014 and 2018 [25].

Poor control and monitoring of the disease. Several
studies have reported poor control of the disease,
with suboptimal levels of blood glucose, blood pressure
and lipids [26-28]. Poor control is the main cause of
vascular complications and death. This may be because
people with diabetes do not adhere to their treatment
plan, are not diagnosed, do not receive clinical educa-
tion, or have problems accessing healthcare and ade-
quate treatments.
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Men / Costa Rica: 1 Joinpoint
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* Indicates that the Annual Percent Change (APC) is significantly different from zero at the alpha = 0.05 level

Final Selected Model: 2 Joinpoints.

e (linical complications. In 2016, one study estimated that

13.8% of people with diabetes in Costa Rica had macro-
vascular complications, and 15.2% had microvascular
complications [28]. People with type 2 diabetes were
2.8 times more likely to die from cardiovascular compli-
cations, and 15.9 times more likely to die from renal
complications, than people without type 2 diabetes

Figure 2. Trends in premature mortality from diabetes in Costa Rica by sex, 2000-2020 (A: men; B: women)

[29]. Hospitalizations due to complications of diabetes,
although with age differences by sex, show an increase
in both groups since 2013 [29].

Access to treatment. The latest international clinical
practice guidelines on the management of type 2 dia-
betes recommend oral hypoglycemic agents such as
metformin as first-line therapy [30,31]. Where this option
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Multiple Joinpoint Models
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Figure 3. Trends in premature mortality from diabetes in Guanacaste by sex, 2000-2020

Multiple Joinpoint Models
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Figure 4. Trends in premature mortality from diabetes in Heredia by sex, 2000-2020
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Multiple Joinpoint Models
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Figure 5. Trends in premature mortality from diabetes in Limon by sex, 2000-2020

Multiple Joinpoint Models
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Figure 6. Trends in premature mortality from diabetes in Puntarenas by sex, 2000-2020



POSTGRADUATE MEDICINE (&) 9

Multiple Joinpoint Models
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Figure 7. Trends in premature mortality from diabetes in San José by sex, 2000-2020

Multiple Joinpoint Models
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Figure 8. Trends in premature mortality from diabetes in Cartago by sex, 2000-2020
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Multiple Joinpoint Models
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Figure 9. Trends in premature mortality from diabetes in Arajuela by sex, 2000-2020

22

Sensitivity analysis

20

Age-Standardized Rate (ASR)

— With year 2020: ASR =-3415 + 1.70 * Year
7| = = Without year 2020: ASR =-1862 + 0.93 * Year

Men

2015 2016 2017

does not have an adequate effect, guidelines recom-
mend adjuvant therapy with a combination of other
drugs that have novel active ingredients [32-34], that
are not included in the basic social security healthcare
plan in Costa Rica, and if diabetes patients do not
improve with metformin, they can only receive gliben-
clamide, gliclazide or insulin as adjuvant therapy [35].
Lack of access to certain treatments in the event of poor
control of the disease, combined with the increased

2018 2019 2020

Year

Figure 10. Sensitivity analysis of the effect of the year 2020 on premature mortality from diabetes in Costa Rica, for men

prevalence of risk factors and poor control and monitor-
ing of the disease, and the decrease in health spending
from 2014 may be one of the causes of the premature
mortality rise.

Decrease in healthcare spending. Healthcare spending in
Costa Rica reached a maximum level of 8.12% of the
gross domestic product (GDP) in 2011, before decreasing
to 7.68% in 2013, then 7.59% in 2015, and 7.05% in 2017.
It did rise slightly to 7.29% in 2019 [36].
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Sensitivity analysis
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Figure 11. Sensitivity analysis of the effect of the year 2020 on premature mortality from diabetes in Costa Rica, for women

In summary, the alarming increase in overweight and obesity
in the population from 2014, due to inadequate diet and
sedentary lifestyle, are possible causes of the large increase
in diabetes prevalence. The high prevalence of hypertension
and dyslipidaemia in people with diabetes, and poor control
of the disease caused by underdiagnosis, lack of access to
novel treatments and decrease in public spending, can lead
to considerable complications. All these factors together may
explain the increase in premature mortality from diabetes in
Costa Rica between 2014 and 2020, at the national level and in
the individual provinces.

To reduce the premature mortality, it would be important
for public institutions to increase their investments in health
promotion, disease prevention, both primary and secondary,
to modify and control the risk factors associated with both
developing DM and reducing complications associated with it.

Effect of the COVID-19 pandemic on premature diabetes
mortality

All-cause mortality in Costa Rica was 5.2 deaths per 1000
inhabitants in 2019 and 2020 [37], but the distribution of
causes of death altered during the COVID-19 pandemic, with
fewer deaths from vascular diseases, respiratory diseases, gas-
trointestinal diseases and external causes; and more deaths
from infectious diseases (burden attributable to COVID-19)
and from endocrine, nutritional and metabolic diseases. The
proportion of all-cause mortality attributable to diabetes
increased from 1.6% in 2019 to 2.9% in 2020 [11].

With the COVID-19 pandemic, the crude all-cause mortality
rate in Costa Rica increased slightly from 515 deaths per
100,000 inhabitants in 2019 to 522 deaths per 100,000 inha-
bitants in 2020 [37]. The country reported 2185 COVID-19-
related deaths in 2020 [6], meaning COVID-19 was responsible
for 8.5% of all-cause mortality and constituted the leading
cause of death that year. Diabetes death is likely to have
increased in parallel, since previous studies have shown that
diabetes increases the risk of death from COVID-19
[21,38,39,40,41].

We have shown an excess of premature mortality from
diabetes attributable to the COVID-19 pandemic in women,
by eliminating the upward trend from 2015 to 2019 as have
been detailed in methods section. Part of the reason for this
finding may be that diabetes increases the risk of death from
COVID-19 [21,38,40,41]. Higher levels of glucose in the blood
reduce immunity and increase SARS-Cov-2 replication, and
diabetes leads to greater oxidative stress, higher proinflamma-
tory cytokine production, and more hyperglycemic episodes
[42]. However, a recent study has shown that diabetes is not
an independent predictor of hospital admission in people
aged over 50 years who have COVID-19, and that hypertension
plays a greater role [43]. There is also evidence to suggest that
COVID-19 may cause new-onset diabetes [44,45], through
more studies are needed to confirm this effect.

The provinces in Costa Rica with the greatest increases
between 2019 and 2020 in premature mortality from diabetes
were San José, Guanacaste, Cartago and Alajuela in men; and
Alajuela and San José in women. Although there is informa-
tion on population density by canton and district, in Costa
Rica a threshold has not been established to differentiate
between urban and rural areas according to their density, so
it has not been possible to carry out an analysis with rural/
urban disaggregation, because has the corresponding popula-
tions to be able to calculate the mortality rates in this disag-
gregation(45).We found no clear link between these patterns
and indicators such as population density. A previous study
found a higher concentration of people with diabetes in San
José, the Costa Rican province with the largest population and
the most class A hospitals. This fact might be related with
higher premature mortality rates in the most populated
areas [19].

Another factor that may have influenced diabetes mortality
during the pandemic was the general prioritization of COVID-
19 patients over people with chronic diseases. In 2020, the
number of appointments for type 2 diabetes Mellitus
decreased by 8% [46].
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Our study has some limitations. Firstly, we analyzed mor-
tality from diabetes as an underlying cause, and the changes
in the process of certification or coding could have affected
the data we analyzed, although this is a standardized
scheme that has provided consistent results over the years.
It is possible that mortality from diabetes is underestimated
in death registers [47], but this factor should not affect the
reported trends. Secondly, we did not have access to indivi-
dualized data of the deceased (e.g. duration of illness,
degree of control, physical characteristics and lifestyle),
which we could have used to adjust models and explain
the observed trends in greater detail. Thirdly, we assumed
a linear increase in mortality from 2014 to estimate the
mortality attributable to the COVID-19 pandemic in 2020,
and this assumption will have to be confirmed with future
data. One strength of this study is that our data were pro-
vided by the national statistics institute of Costa Rica, mean-
ing we were able to analyze an exhaustive population
sample for every year of the study period.

We can conclude that premature mortality from diabetes
mellitus increased significantly between 2014 and 2020 in
Costa Rica, possibly owing to several interacting causes such
as poor diet, the alarming increase in overweight and obesity,
decreased public spending, and poor control of the disease.
The COVID-19 pandemic changed the pattern of mortality,
increasing the number of premature deaths from diabetes in
Costa Rica in 2020.
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