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	 Due to SARS-CoV-2 infection, which causes COVID-19, the total number of annual 
deaths increased in Mexico during 2020. To analyze the mortality in the Mexican state of 
Guanajuato from 2015 to 2020, we designed an ecological study. We used the registries of 
deaths in the vital statistics database of the Epidemiological and Statistical Subsystem of Deaths 
that includes age, sex, cause of death, epidemiological week of death as variables. Mortality 
Rates, Rates Ratios, Difference of Rates, Adjusted Mortality Rates, Adjusted Rates Ratios, and 
Difference of Rates were computed as part of the statistical analysis. To show the patterns 
regarding deaths in Guanajuato Sate from 2015 to 2020, we also calculated some dendrograms. 
The difference between the number of deaths in 2020 and 2019 is 13,286, while, in previous 
years, the differences were under 3000. The percentage of males that died (59.30%) shows an 
increment in 2020. Also, the mean age increased in 2020 (62.9 ± 22.56). The gender ratio of 
deaths (males/females) is greater than 1 in all the age groups except for those over 80. The age 
and geographic patterns of deaths changed in 2020. The 3rd cause of death among the top 10 
leading causes is COVID-19. It has been detected an excess of mortality in 2020, although the 
integrity of the record is questionable since COVID-19 is an emergent disease. The highest effect 
is observed among males and older people. This situation has changed the age and geographic 
patterns of death in Guanajuato state. The long-term consequences on society remain to be 
observed.

Keywords: Annual mortality; Adjusted mortality rates; Excess of deaths; Mortality rates; Population.

	 “Know your epidemic. Know your 
response” is a way of generating knowledge 

about an epidemic and provide this information to 
public health decision makers1. Since the outbreak 
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of pneumonia cases in Wuhan, China2 that was 
later revealed to be caused by the novel severe 
acute respiratory distress syndrome coronavirus 
(SARS-CoV-2)3, there is a need to analyze the 
mortality caused by this virus in the inhabitants of 
the Mexican state of Guanajuato.
	 The weekly reports of excess of mortality 
allows to identify the magnitude and direction of the 
epidemic1. The application of the recommendation 
of the World Health Organization (WHO) to 
analyze excess mortality, during the contingency 
of the disease caused by the new coronavirus 
(COVID-19), have benefits and impacts for the 
population of the state.
	 SARS-CoV-2 is a betacoronavirus 
recently detected in humans. It primarily causes a 
respiratory disease called COVID-19. The clinical 
manifestation varies from person to person, since 
symptomatic presentation to signs and symptoms 
including   fever, fatigue, dry cough, respiratory 
distress, diarrhea, and vomiting. The onset of 
symptoms occurs from 1-14 days after infection2.
	 The ways of transmission include contact, 
droplets, airbone, and fomite, according to Hu, 
Ben et al.2. Being COVID-19 a respiratory disease, 
the most common complication leading to death 
is pneumonia. Nevertheless, other complications 
have been reported, including cardiac and related 
to chronic kidney disease. Also, comorbidities 
posing a higher risk includes hypertension, 
diabetes, and chronic kidney disease. The number 
of comorbidities and complications are related 
directly proportional3.
	 When this study was carried out, there 
was no scientific evidence of effective therapies 
to treat COVID-192.
	 By December 7, 2020, 66,422,058 
confirmed cases and 1,532,418 deaths have been 
reported in the world with a case fatality rate of 
2.3%, affecting 219 countries. In Mexico 1,182,249 
confirmed cases with 110,074 deaths have been 
reported for a lethality of 9.3%4. In the state of 
Guanajuato, 69,619 cases have been confirmed 
and there have been 4,523 deaths for a fatality of 
6.5%5.
	 The objective of this study was to analyze 
the excess of mortality during the pandemic, in 
2020, in the state of Guanajuato.

Material and methods

	 An analytical, quantitative, retrolective 
ecological analysis study through time was 
designed in the state of Guanajuato, using the 
vital statistics database of the Epidemiological and 
Statistical Subsystem of Deaths (ESSD)6.
	 Epidemiological and Statistical Subsystem 
of Deaths (ESSD) integrates mortality information, 
constituting a framework for epidemiological 
surveillance; it has national, sectoral and occurrence 
coverage. Information on the deceased and the 
death is captured in this system6.
	 All the records of deaths in the state of 
Guanajuato from 2015 to 2020 were included for 
the analysis. These were the ones with registered 
death in the mentioned period and grouped by 
epidemiological week. No registry was excluded.
	 The following variables were considered: 
age, sex, cause of death, and epidemiological week 
of death.
	 Statistical analysis, descriptive statistics 
were used for all the variables. For the years under 
study, it is presented the mortality by sex and age 
group.
	 The annual mortality rate was calculated 
with the number of deaths per year divided by 
the corresponding population of the state of 
Guanajuato. Also, the absolute differences in rates 
were calculated.
	 To verify the excess mortality of 2020 
compared to the years from 2015 to 2019, the 
number of deaths per epidemiological week from 
2015 to 2020 was obtained and a graph with this 
data was generated.
	 Differences in rates were generated and 
compared between consecutive years, to verify 
excess of mortality.
	 Adjusted mortality rates were computed 
for all years using the WHO standard population7.
	 For the detection of groups,  the 
hierarchical clustering algorithm was used8. The 
characteristics taken as basis for the classification 
were the geographical distribution of deaths, as 
well as the distribution of deaths by sex and age 
group, in each year.
	 Statistical analysis was performed in 
STATA 13.0 ® (Stata Corp., College Station, 
TX, USA), R 3.6.3 (R Foundation for Statistical 



211 Lara-Lona et al., Biomed. & Pharmacol. J,  Vol. 15(1), 209-218 (2022)

Ta
bl

e 
1.

 D
is

tri
bu

tio
n 

by
 se

x 
an

d 
ag

e 
of

 a
nn

ua
l d

ea
th

s i
n 

th
e 

st
at

e 
of

 G
ua

na
ju

at
o

Va
ria

bl
e	

   
   

   
   

   
   

   
 2

01
5		

 
   

   
   

   
   

   
  2

01
6		


   

   
   

   
   

   
20

17
		


   

   
   

   
   

   
  2

01
8		


   

   
   

   
   

   
 2

01
9		


   

   
   

   
   

   
20

20
	

n	
%

	
n	

%
	

n	
%

	
n	

%
	

n	
%

	
n	

%

Se
x						








M

al
e	

16
,6

88
	

55
.6

8	
17

,7
92

	
55

.6
5	

19
,8

47
	

56
.8

3	
20

,6
54

	
57

.2
9	

21
,6

56
	

57
.8

3	
30

,0
82

	
59

.3
0

Fe
m

al
e	

13
,2

80
	

44
.3

1	
14

,1
68

	
44

.3
2	

15
,0

60
	

43
.1

2	
15

,3
72

	
42

.6
4	

15
,7

63
	

42
.1

0	
20

,6
21

	
40

.6
5

U
nk

no
w

n	
3	

0.
01

	
11

	
0.

03
	

16
	

0.
04

	
28

	
0.

07
	

27
	

0.
07

	
29

	
0.

06
A

ge
 (y

ea
rs

)						








R
an

ge
 						








M

ea
n 

± 
S	

0 
a 

11
3	

0 
a 

11
2	

0 
a 

10
9	

0 
a 

11
1	

0 
a 

11
2	

0 
a 

12
0

	
63

.6
5 

± 
24

.8
6	

63
.9

1 
± 

24
.6

2	
62

.8
0 

± 
24

.8
7	

62
.1

3 
± 

24
.9

4	
61

.8
4 

± 
24

.7
7	

62
.9

9 
± 

22
.5

6

So
ur

ce
: E

SS
D

/G
D

H
I [

6]
 						









Computing, Vienna, Austria), and Microsoft Excel 
365 ® (Microsoft Corp. Redmond, WA, USA).

Results and discussion

	 The ESSD database includes registries 
of deaths that occurred since the epidemiological 
week 1 to the 53, from 2015 to 2020.
	 Table 1 shows the distribution by sex and 
age for each year included in the analysis. In all 
the years, the percentages of deaths corresponding 
to men were higher that the ones corresponding to 
women. The highest mean age was 63.91 years, 
in 2016, and the lowest was 61.84 years, in 2019. 
The mean age of death, by year, ranged between 
61 and 64 years.
	 The percentage of deaths by sex shows an 
increment in the one regarding to males that died 
in 2020. Also, it is noted that the mean age had an 
increment in 2020. Figure 1 shows that although 
the mean age was similar among the studied years, 
taking as baseline the previous years, the variance 
decreased in 2020.
	 Table 2 shows the ratios between men and 
women in each year and by age group. In almost 
all age groups predominated the male sex except 
for 80-89 years, where is the same between males 
and females, and the one of 90 or higher were the 
females predominated.
	 Figure 2 shows the percentage of the total 
deaths per year that represented each age group. 
It can be observed that in 2020 (solid line), the 
percentage represented by the age groups between 
60 and 75 years old had an increment taking as 
baseline the percentage from 2019. The percentage 
represented by the age group from 10 to 49 years 
old shows high variance among the years.
	 The absolute numbers of deaths per year 
increased notably in 2020, and the Rate Ratio in 
2020 increased from 1.02 in 2018 to 1.34 in 2020; 
In addition, the difference in rates is remarkably 
high in 2020.
	 Figure 3 shows the absolute differences 
in the number of deaths between each year, and 
its immediately preceding year. It is visualized 
the great increase in deaths in 2020 with relation 
to 2019.
	 Using the WHO standard population8, the 
adjusted mortality rates increased from 29,971 to 
37,446 from 2018 to 2019. In 2020 it increased 
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Fig. 1. Boxplot of age distribution of deaths by year

to 50,732, having a difference in adjusted rates of 
13,286 (Table 4).
	 F igure  4  shows  tha t  dea ths  by 
epidemiological week remained similar in the 
years 2015 to 2019, but in 2020 there was a very 
noticeable excess of deaths between weeks 21 to 
53, with a total difference of 13,286 between 2020 
and 2019.

	 In figure 5, taking the percentage of deaths 
by year that represents each municipality, the years 
were grouped using the hierarchical clustering 
algorithm. It is shown that even geographically, 
the distribution of deaths has changed in 2020. It 
is also shown that the years 2018 and 2019, and 
2015 and 2016 are similar among them.

Table 2. Male:Female ratio of deaths by age group in Guanajuato State

Variable	 2015	 2016	 2017	 2018	 2019	 2020

Age group (years)						    
0 - 9	 1.33	 1.44	 1.27	 1.24	 1.31	 1.3
10 - 19	 2.82	 3.06	 2.62	 3.12	 3.51	 3.47
20 - 29	 3.26	 3.63	 3.98	 4.48	 4.63	 4.27
30 - 39	 2.8	 3.13	 3.76	 4.04	 3.56	 3.42
40 - 49	 2	 2	 2.36	 2.41	 2.56	 2.35
50 - 59	 1.43	 1.46	 1.45	 1.48	 1.55	 1.57
60 – 69	 1.27	 1.21	 1.25	 1.2	 1.2	 1.43
70 – 79	 1.15	 1.13	 1.18	 1.12	 1.12	 1.25
80 – 89	 0.94	 0.93	 0.91	 0.95	 0.9	 1.02
90 +	 0.71	 0.68	 0.69	 0.67	 0.69	 0.78

Source: ESSD/GDHI [6]
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Fig. 2. Distribution of deaths by age group and year

	 In figure 6, taking the percentage of 
deaths corresponding to females by year in each 
age group, the years were grouped using the 
hierarchical clustering algorithm. It is shown that 
the distribution of deaths by sex and age group has 
changed in 2020. It is also shown that the years 
2018 and 2019, and 2015 and 2016 are similar 
among them.

	 Table 5 shows that confirmed and 
suspicion of covid-19 are among the top 10 causes 
of death in 2020. Also, it is noted that, since 2017, 
the cause “Assault by other and unspecified firearm 
discharge” has taken at least the 4th place. 
	 Complications of diabetes was the 
main cause of death in all years in the state of 
Guanajuato, with an excess of 2,007 deaths in 2020 

Fig. 3. Absolute difference of deaths number between consecutive years
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Table 3. Mortality rates / 100,000 inhabitants per year in the state of Guanajuato and rate differences

	 2015	 2016	 2017	 2018	 2019	 2020

Number of deaths	 29,971	 31,961	 34,923	 36,054	 37,446	 50,732
Population	 5’930,618	 5’997,487	 6’058,569	 6’117,205	 6’173,718	 6,228,175
Rate /100,000 inh.	 505.36	 532.91	 576.42	 589.39	 606.54	 814,56
Rate Ratio	 —	 1.05	 1.08	 1.02	 1.03	 1.34
Difference 	 —	 27.55	 43.51	 12.97	 17.15	 208.02
between rates

Source: ESSD/GDHI [6]

in relation to 2019. The deaths by COVID-19 were 
5,700. Acute myocardial infarction was the cause of 
death for 7,589 in 2020, with a difference of 2,048 
in relation to 2019.
	 The presence of  the  COVID-19 
pandemic in Mexico, and specifically in the state 
of Guanajuato, has caused the increment in the 

number of deaths during 2020. It has been proven 
that much of the excess of death is derived from 
COVID-19. In the state of Guanajuato, during 
the years from 2015 to 2019 some stability in the 
number of deaths per epidemiological and annual 
week is observed, except in 2017. In that year there 
was an insecurity crisis and deaths from “Assault 

Table 4. Adjusted mortality rates by year in Guanajuato state 2015-2020

	 2015	 2016	 2017	 2018	 2019	 2020

Number of deaths	 29,971	 31,961	 34,923	 36,054	 37,446	 50,732
Population*	 100,000	 100,000	 100,000	 100,000	 100,000	 100,000
Adjusted Rate /100,000 inh.	 29,971	 31,961	 34,923	 36,054	 37,446	 50,732
Rate ratio	 —	 1.07	 1.09	 1.03	 1.04	 1.35
Difference of rates	 —	 1,990	 2,962	 1,131	 1,392	 13,286

* Standard population by World Health Organization [8]
Source: ESSD/GDHI [6]

Fig. 4. Number of deaths by epidemiological week from 2015 to 2020 in the state of Guanajuato



215 Lara-Lona et al., Biomed. & Pharmacol. J,  Vol. 15(1), 209-218 (2022)

by other and unspecified firearm discharge” 
increased (Tables 2,4, 5). Meanwhile, in 2020, the 
curve of deaths by epidemiological weeks shows 
the impact of the COVID-19 pandemic between 
weeks 21 and 52 (Figure 3).

	 In Guanajuato state, one of the main 
causes of death is cardiovascular diseases. To 
determine if the high number of deaths observed in 
2020 from this cause is due to COVID-19 requires a 
closer look to the data. Another risk factor for dying 

Fig. 5. Dendrogram of year by geographic distribution of deaths

Fig. 6. Dendrogram of distribution of deaths by age group and sex by year
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from COVID-19 is diabetes and its complications. 
In the year 2020, there was an excess of death of 
909. Regarding comorbidities and risk factors, 
Padilla et al.9 reported that diabetes (OR 3.10 
CI95% 1.84 – 5.22), cardiovascular disease 
(OR=3.10, CI95% 1.84 -5.22), hypertension (5.98 
CI95% 3.68 – 9.71), and chronic kidney disease 
(4.18 CI95% 1.06 – 16.49), have a great effect on 
mortality by COVID-19.
	 Countries such as Germany, France, 
Ecuador, and Portugal report an excess of death10-13. 
Exceptionally, according to Shun Shin Min et 
al.14, Korea did not present a mortality excess 
in 2020. Most of these reports show a higher 
mortality excess among older people and males. As 
concluded by Woolf et al.15, it is relevant to present 
all causes of death since only 20% of the mortality 
excess had as a primary condition COVID-19.
	 Dendrograms based on the distribution 
of deaths (Figure 5 and Figure 6) show similar 
patterns among them. It can be observed that 2020 
is far apart from other years. For both dendrograms, 
there is a cut that form the same 4 groups: 2015-
2016, 2018-2019, 2017, and 2020. It is concluded 
that COVID-19 has changed, at least temporally, 
the patterns of death. 
	 Figure 6 and Figure 2 show the relationship 
between age and excess of mortality in 2020. As 
it is discussed by Modig et al. [16], mortality in 
age groups over 70 do not show a pattern out 
of expected. Although, a clear distinct pattern is 
observed for those aged from 50 to 70. In previous 
studies, Padilla et al. [9] reported that 62.50% of 
deaths by COVID-19 were in male and older than 
65 years old.                                                                                             
	 For future work, a closer look to the 
change in the geographic pattern (Figure 5) of 
deaths due to COVID-19 is of interest. As it is 
mentioned by Cos et al.17, its main explanation 
is the density in some municipalities. Although, 
in big cities, it is expected to have more resilient 
healthcare facilities. 
	 By analyzing the top 10 mortality causes, 
the geographic distribution of deaths by year, and 
the gender and age group distribution of deaths by 
year, some trends can be observed. For example, 
the increment in the number of deaths due to 
violence. This is a factor that can introduce biases 
to subsequent analysis on the excess of mortality 
since it can be considered as an extraordinary event.

	 Although the pandemic is still ongoing, 
it is important to think in the aftermath and how it 
is changing the structure of society.
	

Conclusion 

	 One of the reasons for performing the 
analysis of mortality taking all the causes is 
because measuring the mortality due to COVID 
19 is a challenge for the health system and the 
civil authorities. The complexity of making the 
diagnosis of this disease, and the high possibility 
of under-registration or bad registration, represent 
the major problems. A limitation of this work is 
that it assumes that current mortality records have 
the same quality as the ones in previous years.
	 The magnitude of the effect of mortality 
compared to expectations is extremely high, 
approximately 200 points more, with a rate per 
100,000 inhabitants of 814.56 for 2020 and 606.54 
for 2019.
	 The highest mortality in all years has been 
at the expense of men, with an excess in 2020.
	 The ratio of the male: female mortality 
rate has been higher historically in the age groups 
from 20 to 29, with a sustained increase in the 
period 2015-2018.
	 COVID 19 ranked 3rd as a cause of death 
in 2020. However, acute myocardial infarction, 
as the 2nd cause, and diabetes mellitus, as the 1st 
cause, also had an excess of mortality above of 
expected.
	 It is worth noting that the excess of 
deaths may be driven too by covid-19 related 
post complications as diabetes, cardiac or related 
to kidney [3].  Some of these diseases have been 
already leading causes of death in previous years. 
In future work it is advisable to check cause by 
cause the detected mortality excess.
	 It is important to continue with the studies 
on the effects of mortality in the medium and long 
term by age groups and cause with the aim to 
observe and infer the slowdown in life expectancy.
	 The pandemic, as a disruptive event, has 
represented a challenge regarding the causes of 
death, the coding, and the use of ill-defined codes. 
Moreover, it is still unclear how it will change the 
population distribution.
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