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ABSTRACT
Background: Estimating years of potential life lost (YPLL) 
emphasizes causes of death that disproportionally affect 
younger populations, contributing to a more comprehensive 
understanding of the COVID-19 pandemic burden. This study 
estimated the YPLL due to COVID-19 in the state of Sonora, 
Mexico, from 2020 to 2022. Methods: We conducted an ob-
servational, cross-sectional study using mortality data from 
2020 to 2022. YPLL was estimated following the methodo-
logy of the Global Burden of Disease (GBD) Study. Results 
were stratified by selected sociodemographic characteristics. 
Results: A total of 12,021 COVID-19 deaths were recorded in 
Sonora, resulting in 171,173.25 YPLL. Men experienced hig-
her YPLL than women across most age groups. Adults aged 
55–69 accounted for 39.0 % of total YPLL. Among individuals 
aged ≤40 years, YPLL rose from 6,889 in 2020 (7.7 %) to 7,742 
in 2021 (11.5 %). Higher average YPLL was observed among 
individuals with partners (15.10), without entitlement to 
health services (15.3), with high school education (17.69) and 
those residing in urban areas (14.33). Conclusion: These fin-
dings underscore the value of YPLL estimation in capturing 
premature mortality that traditional death counts may over-
look. This approach offers a more nuanced understanding of 
the pandemic’s impact and supports the need for more equi-
table and targeted public health interventions, particularly in 
regional contexts such as northwestern Mexico.
Keywords: Years of potential life lost; Premature mortality; 
Disease burden; COVID-19; Mexico.

RESUMEN:
Antecedentes: La estimación de los Años de Vida Potencial 
Perdidos (AVPP) permite identificar causas de muerte que 
afectan de manera desproporcionada a poblaciones más 
jóvenes, contribuyendo a una comprensión más integral de 
la carga de la pandemia por COVID-19. Este estudio estimó 
los AVPP atribuibles a COVID-19 en el estado de Sonora, 

México, durante el periodo 2020–2022. Métodos: Se realizó 
un estudio observacional transversal utilizando datos de 
mortalidad de 2020 a 2022. Los AVPP se calcularon siguiendo 
la metodología del Estudio de Carga Global de Enfermedad 
(GBD, por sus siglas en inglés). Los resultados se estratifica-
ron según características sociodemográficas seleccionadas. 
Resultados: Se registraron 12,021 defunciones por COVID-19 
en Sonora, que generaron un total de 171,173.25 AVPP. Los 
hombres presentaron mayores AVPP que las mujeres en la 
mayoría de los grupos de edad. Los adultos de 55–69 años 
concentraron el 39.0 % del total de AVPP. En personas ≤40 
años, los AVPP aumentaron de 6,889 en 2020 (7.7 %) a 7,742 
en 2021 (11.5 %). Se observaron mayores promedios de AVPP 
en individuos con pareja (15.10), sin derechohabiencia (15.3), 
con educación media superior (17.69) y residentes en áreas 
urbanas (14.33). Conclusión: Estos hallazgos destacan la uti-
lidad de estimar AVPP para captar la mortalidad prematura 
que las métricas tradicionales pueden pasar por alto. Este 
enfoque ofrece una mejor comprensión del impacto de la 
pandemia y respalda la necesidad de intervenciones de sa-
lud pública más equitativas y focalizadas, especialmente en 
contextos regionales como el noroeste de México.
Palabras clave: Años de vida potencial perdidos; Mortalidad 
prematura; Carga de enfermedad; COVID-19; México.

INTRODUCTION
The COVID-19 pandemic, one of the most consequential 
public health crises in modern history, has been widely 
assessed using standard epidemiological indicators, such as 
incidence, case-fatality (CF), and mortality rates (MR) (Pitlik, 
2020). While these measures offer valuable insights into the 
scope of a disease, they fall short in capturing its full societal 
impact. Because the majority of COVID-19 deaths during 
the pandemic occurred among adults aged 65 and older 
(WHO, 2025), conventional methods of mortality analysis are 
unlikely to reflect the broader population-level burden of the 
pandemic (Mitra et al., 2020). 
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Premature deaths, those occurring before the average 
age of death in a given population (National Cancer Institute, 
2025), impose a significant burden across social, economic 
and public health domains. Among the several metrics de-
veloped to quantify premature mortality, Years of Potential 
Life Lost (YPLL), is one of the most widely used (Gardner y 
Sanborn, 1990). YPLL prioritizes deaths occurring at youn-
ger ages by assigning greater weight to them, under the 
assumption that these represent a greater loss to society in 
terms of productivity, family life, and community contribu-
tion. While different methods have been proposed for its 
estimation, they all involve identifying the number of deaths 
at each age and the corresponding expected remaining 
years of life (Romeder y McWhinnie, 1977). This measure has 
been widely adopted to assess the burden of infectious and 
non-communicable diseases and is particularly useful for 
identifying health inequities and guiding resource allocation 
(Foreman et al., 2018). 

	 Estimates of YPLL due to COVID-19 have contributed 
to a better understanding of the disease burden, mainly in 
country-specific and international contexts (Mitra et al., 2020; 
Islam et al., 2021; Chan et al., 2021; Rommel et al., 2021; Quast 
et al., 2022). Although less common, local-level assessments 
have revealed important disparities in premature mortality 
across specific sociodemographic groups, as well as the 
economic impact of the lives lost during the pandemic (Lilly 
et al., 2021; Pierce et al., 2021; Zheng et al., 2022). During a 
public health crisis, such local insights are crucial for recom-
mending targeted interventions and optimizing resource 
allocation in response to the unequal burden of premature 
mortality across populations. 

In this context, we conducted a population-based study 
to estimate YPLL due to COVID-19 in the state of Sonora, 
located in northwestern Mexico, from 2020 to 2022. Specifi-
cally, we sought to estimate the total burden and variations 
of premature mortality due to COVID-19 by year, age group, 
sex, and key sociodemographic characteristics. This study ai-
med to improve understanding of the pandemic’s impact in 
Sonora and to identify disparities that can help inform future 
public health planning and targeted interventions.

METHODS
Study design
An observational, cross-sectional study was conducted ba-
sed on secondary data analysis.

Data source and collection
Data were obtained from the Epidemiological and Statistical 
Subsystem of Deaths (SEED), a nationwide digital platform 
managed by the Sonora State Health Services. SEED compi-
les preliminary data from death certificates using an active 
epidemiological surveillance approach. It includes: (a) infor-
mation about the deceased and the cause(s) of death; (b) 
details on accidental and violent deaths; and (c) data on the 
informant, certifier, and civil registry. This system supports 
periodic mortality characterization and real-time public 

health decision-making (Gobierno de México, 2025a).
The study period spanned from March 1, 2020, through 

December 31, 2022. All deaths attributable to COVID-19 
among individuals of any age and sex residing in Sonora 
were included. COVID-19 deaths were defined as those with 
an underlying cause coded as “COVID-19, virus identified” 
(U07.1) or “COVID-19, virus not identified” (U07.2), according 
to the International Classification of Diseases, 10th Revision 
(ICD-10) (WHO, 2019a). Records with insufficient data on 
residence or poor-quality coding were excluded.

Measurement and variables
COVID-19 mortality was characterized using frequencies and 
percentages, stratified by: sex, age group (in 5 and 10-year 
age categories), health district of residence, municipal level 
of social marginalization according to the National Popula-
tion Council (Gobierno de México, 2020), type of locality (ur-
ban vs rural, cutoff: 2,500 inhabitants), indigenous language 
speaker status, marital status, educational attainment, health 
service entitlement, and occupation.

YPLL estimation
Years of Potential Life Lost (YPLL) were estimated following 
the Global Burden of Disease (GBD) methodology (Institute 
for Health Metrics, 2024). Deaths were grouped into 19 age 
intervals: 17 five-year groups (1–4 to 80–84), plus <1 year 
and ≥85 years. Standard life expectancy values for each age 
group were obtained from WHO’s 2019 life tables for Mexico 
(WHO, 2019b). For deaths occurring within an age interval 

, the crude estimation of YPLL was calculated 
using:

nYx = (nDx) (nes
x)

where nDx is the number of deaths recorded in the age 
interval , and nes

x is the standard life expectancy for 
that interval. A 3% annual time discount rate was applied to 
crude YPLL estimates, as per GBD methodology (Institute for 
Health Metrics, 2024). Final YPLL values were stratified by the 
sociodemographic variables listed above.

Statistical Analyses
All analyses and visualizations were performed using R soft-
ware (version 4.2.2) and Microsoft Excel. The R package ‘yll’, 
developed by Antoine Soetewey and based on methods by 
Aragón et al. (2008) was used to compute standardized YPLL.

RESULTS
As of December 31, 2022, a total of 12,021 COVID-19 deaths 
were registered in Sonora. Of these, 51.8 % (6,227) occurred 
in 2020. Most deaths were among men (57.2 %) and indivi-
duals aged 60 years and older (68.6 %). Notably, one in four 
deaths occurred in the 60–69 age group, which contributed 
the most to the overall mortality burden. Regarding edu-
cation and employment, two-thirds of deaths were among 
individuals with at most a secondary education, and 54.4 % 
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occurred among those unemployed or engaged in unpaid 
work (Table 1).

During the study period, COVID-19 accounted for a total 
of 171,173.25 YPLL in Sonora, with an average of 14.2 years 

lost per death. Of the total YPLL, 55.0 % occurred in 2020 
(90,006 years), while by 2022 the proportion had declined 
to 8.2 % (14,013 years). To further characterize the impact of 
the pandemic, we analyzed the distribution of YPLL by sex 

Table 1. Sociodemographic characteristics of COVID-19 deaths, Sonora, Mexico, 2020-2022
Tabla 1. Características sociodemográficas de muertes por COVID-19, Sonora, México, 2020-2022

Characteristic
2020

N= 6227 (%)
2021

N= 4663 (%)
2022

N= 1131 (%)
Gender
  Male
  Female

3625/6221 (58.27)
2596/6221 (41.73)

2596/4657 (55.74)
2061/4657 (44.26)

656 (58.00)
475 (42.00)

Age group (years)
  0-9
  10-19
  20-29
  30-39
  40-49
  50-59
  60-69
  70-79
  80+

1 (0.02)
6 (0.10)

64 (1.03)
203 (3.26)
605 (9.72)

1154 (18.53)
1663 (26.71)
1520 (24.41)
1011 (16.24)

9 (0.19)
14 (0.30)
66 (1.42)

214 (4.59)
454 (9.74)

752 (16.13)
1185 (25.41)
1098 (23.55)
871 (18.68)

2 (0.18)
4 (0.35)
9 (0.80)

19 (1.68)
70 (6.19)

126 (11.14)
249 (22.02)
316 (27.94)
336 (29.71)

Health District
  Hermosillo (I)
  Caborca (II)
  Santa Ana (III)
  Ciudad Obregón (IV)
  Navojoa (V)
  San Luis Río Colorado (VI)

2194/6225 (35.24)
190/6225 (3.05)

1050/6225 (16.87)
1674/6225 (26.89)

541/6225 (8.69)
576/6225 (9.25)

1564 (33.54)
125 (2.68)

472 (10.12)
1436 (30.80)
710 (15.23)
356 (7.63)

400 (35.37)
43 (3.80)

118 (10.43)
276 (24.40)
189 (16.71)
195 (9.28)

Municipal Marginalization Level
  Very low
  Low
  Moderate
  High

5833/6225 (93.70)
365/6225 (5.86)
24/6225 (0.39)
3/6225 (0.05)

4127 (88.51)
450 (9.65)
74 (1.59)
12 (0.26)

995 (87.98)
111 (9.81)
22 (1.95)
3 (0.27)

Type of locality
  Urban
  Rural

5432/6143 (88.43)
711/6143 (11.57)

4002/4632 (86.40)
630/4632 (13.60)

940/1128 (83.33)
188/1128 (16.67)

Speaker of an Indigenous Langua-
ge  
  Yes
  No

189/5767 (3.28)
5578/5767 (96.72)

197/4364 (4.51)
4167/4364 (95.49)

56/1050 (5.33)
994/1050 (94.67)

Marital status
  Lives with a partner
  Lives withour a partner
  Not applicable (<12 years old)
  Unknown

3449 (55.39)
2051 (32.94)

4 (0.06)
723 (11.61)

2430 (52.11)
1595 (34.21)

9 (0.19)
629 (13.49)

503 (44.7)
513 (45.36)

4 (0.35)
111 (9.81)

Educational Attainment
  No formal education
  Preschool
  Primary school
  Secondary school
  High school
  University degree or higher
  Not applicable (<4 years old)
  Unknown

376 (6.04)
10 (0.16)

2391 (38.40)
1336 (21.45)
743 (11.93)
862 (13.84)

1 (0.02)
508 (8.16)

313 (6.71)
6 (0.13)

1856 (39.80)
991 (21.25)
549 (11.77)
631 (13.53)

5 (0.11)
312 (6.69)

114 (10.08)
1 (0.09)

542 (47.92)
197 (17.42)

91 (8.05)
123 (10.88)

1 (0.09)
62 (5.48)

Entitlement to health services
  Yes
  No
  Unknown

4827 (77.52)
1088 (17.47)

312 (5.01)

3526 (75.62)
864 (18.53)
273 (5.85)

829 (73.30)
241 (21.31)

61 (5.39)
Occupation (Economic Sector)
  Primary
  Secondary
  Tertiary
  Unspecified
  Not employed
  Unpaid workers
  Not applicable

305 (4.90)
318 (5.11)

1242 (19.95)
1152 (18.50)
1495 (24.01)
1712 (27.49)

3 (0.05)

249 (5.34)
231 (4.95)

826 (17.71)
706 (15.14)

1240 (26.59)
1402 (30.07)

9 (0.19)

90 (7.96)
50 (4.42)

147 (13.00)
151 (13.35)
345 (30.50)
345 (30.50)

3 (0.27)
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and age group. In most age categories, men experienced 
higher YPLL than women, except in the <1, 5–9, and 15–19 
age groups. Adults aged 55–69 contributed 39.0 % of total 
YPLL, making them the most affected group. Among men, 
the 65–69 age category represented the largest percentage 
of YPLL (13.6 % of male YPLL), whereas among women, the 
60–64 stratum contributed the most (13.6 % of female YPLL) 
(Table 2, Figure 1). These sex-specific differences in YPLL, 
beyond reflecting the higher number of male deaths, help 
identifying demographic subgroups with disproportionate 
premature mortality, which is essential for guiding targeted 
public health responses for this disease.

Significant annual variations in YPLL were observed 
across age groups. In 2020, individuals under 40 years of age 
accounted for 6,889 YPLL, 7.7 % of that year’s total, increasing 
to 7,742 YPLL(11.5 %) in 2021—a 3.9 % proportional rise (p < 
0.05). Although total deaths were higher in 2020, seven age 
groups (1–4, to 35–39 years) recorded more unadjusted YPLL 
in 2021. In contrast, the proportion of YPLL from adults aged 
60 and older declined slightly but significantly from 53.6 % in 
2020 to 52.5 % in 2021 (p <0.05) (Table 3).

Sociodemographic analysis revealed differences in 
average YPLL across subgroups. Individuals living with a 
partner lost an average 15.1 years, compared to an average 
of 12.9 years among those without a partner. By educational 
attainment, those with no formal education had the lowest 
average YPLL (10.9 years), while individuals with a high 
school had the highest (17.7 years). Among occupational 
groups, unemployed individuals—despite accounting for 
one-quarter of COVID-19 deaths—had the lowest average 

YPLL (11.8 years). Those with entitlement to health services 
contributed the highest total YPLL but had a lower average 
per death (13.9 years) compared to the uninsured (15.3 
years). Urban residents lost an average 14.3 years, slightly 
more than rural residents (13. 6) (Figure 2).

DISCUSSION
The COVID-19 pandemic has been one of the most devas-
tating public health crises in recent history, with substantial 
impacts globally (Msemburi et al., 2023) and in regions such 
as Sonora, Mexico (Comisión Independiente de Investigación 
sobre la Pandemia de COVID-19 en México, 2025). This study 
identified disparities in the pandemic’s impact across popu-
lation groups and revealed that the mortality burden among 
younger individuals was greater than previously documen-
ted (Islam et al., 2021; Chan et al., 2021; Msemburi et al., 2023).

During the study period, the 12,021 COVID-19 deaths 
recorded in Sonora resulted in a total of 171,173.25 YPLL. On 
average, each death represented a loss of 14.2 years. Despite 
methodological differences in YPLL estimation, our findings 
indicate a lower average loss compared to the national esti-
mate of 19.9 YPLL per death (Jiang et al., 2022). The average 
YPLL per death in Sonora was comparable to that reported 
in countries such as the United States (13.4), Israel (13.9), 
Argentina (14.6), and China (14.8) (Jiang et al., 2022). 

Individuals aged 45 to 69 accounted for 57.7% of total 
YPLL, a pattern consistent with national (Salinas-Escudero et 
al., 2021) and international data (Ugarte et al., 2022). Tempo-
ral analysis revealed a marked increase in YPLL among indi-
viduals under 40 years in 2021, based on mortality data from 

Table 2. Years of Potential Life Lost (YPLL) due to COVID-19 by sex and age group, Sonora, Mexico, 2020-2022.
Tabla 2. Años Potenciales de Vida Perdidos por COVID-19, según sexo y grupo de edad, Sonora, México, 2020-2022.

Age group 
(years)

Males Females Overall

Deaths (%) YPLL (%) Deaths (%) YPLL (%) Deaths (%) YPLL (%)

<1 1 (0.01) 29.62 (0.03) 1 (0.02) 30.20 (0.04) 2 (0.02) 59.85 (0.03)
1-4 5 (0.07) 148.08 (0.16) 2 (0.04) 60.39 (0.08) 7 (0.06) 209.43 (0.12)
5-9 1 (0.01) 29.16 (0.03) 2 (0.04) 59.62 (0.08) 3 (0.02) 88.50 (0.05)
10-14 4 (0.06) 113.99 (0.12) 1 (0.02) 29.25 (0.04) 5 (0.04) 144.46 (0.08)
15-19 6 (0.09) 166.40 (0.18) 13 (0.25) 371.76 (0.49) 19 (0.16) 535.54 (0.31)
20-24 25 (0.36) 672.04 (0.71) 21 (0.41) 584.88 (0.78) 46 (0.38) 1259.97 (0.74)
25-29 48 (0.70) 1245.02 (1.32) 43 (0.84) 1160.77 (1.54) 92 (0.77) 2437.53 (1.42)
30-34 110 (1.60) 2735.87 (2.90) 75 (1.46) 1950.48 (2.59) 185 (1.54) 4712.17 (2.75)
35-39 145 (2.11) 3430.30 (3.64) 104 (2.03) 2586.38 (3.44) 250 (2.08) 6074.24 (3.55)
40-44 261 (3.80) 5818.18 (6.18) 187 (3.64) 4407.55 (5.86) 449 (3.74) 10311.74 (6.02)
45-49 391 (5.69) 8123.16 (8.62) 283 (5.51) 6254.71 (8.32) 676 (5.62) 14516.88 (8.48)
50-54 524 (7.62) 10000.41 (10.61) 357 (6.96) 7299.62 (9.71) 883 (7.35) 17488.15 (10.22)
55-59 659 (9.58) 11373.32 (12.07) 487 (9.49) 9070.06 (12.06) 1147 (9.54) 20622.61 (12.05)
60-64 835 (12.14) 12785.50 (13.57) 616 (12.00) 10252.83 (13.63) 1452 (12.08) 23264.03 (13.59)
65-69 965 (14.03) 12786.88 (13.57) 672 (13.09) 9766.39 (12.99) 1637 (13.62) 22815.70 (13.33)
70-74 843 (12.26) 9447.70 (10.03) 659 (12.84) 8143.77 (10.83) 1504 (12.51) 17790.70 (10.39)
75-79 811 (11.79) 7381.50 (7.83) 619 (12.06) 6263.83 (8.33) 1431 (11.90) 13816.39 (8.07)
80-84 640 (9.31) 4556.97 (4.84) 485 (9.45) 3847.56 (5.12) 1125 (9.36) 8527.68 (4.98)
85+ 603 (8.77) 3371.40 (3.58) 505 (9.84) 3056.88 (4.07) 1108 (9.22) 6497.69 (3.80)
Total 6877 94215.49 5132 75196.92 12009 171173.25
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Figure 1. Years of Potential Life Lost (YPLL) due to COVID-19 by sex and age group, Sonora, Mexico, 2020-2022.
Figura 1. Años Potenciales de Vida Perdidos por COVID-19, según sexo y grupo de edad, Sonora, México, 2020-2022.
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Table 3. Years of Potential Life Lost (YPLL) due to COVID-19 by year of occurrence and age group, Sonora, Mexico, 2020-2022
Tabla 3. Años Potenciales de Vida Perdidos por COVID-19, según año de ocurrencia y grupo de edad, Sonora, México, 2020-2022

Age group 
(years)

2020 2021 2022

Deaths (%) YPLL (%) Deaths (%) YPLL (%) Deaths (%) YPLL (%)

<1 1 (0.02) 29.92 (0.03) 0 (0) 0.00 (0.00) 1 (0.09) 29.92 (0.21)
1-4 0 (0.00) 0 (0.00) 7 (0.15) 209.43 (0.31) 0 (0.00) 0.00 (0.00)
5-9 0 (0.00) 0 (0.00) 2 (0.04) 59.00 (0.09) 1 (0.09) 29.5 (0.21)
10-14 0 (0.00) 0 (0.00) 2 (0.04) 57.78 (0.09) 3 (0.27) 86.67 (0.62)
15-19 6 (0.10) 169.12 (0.19) 12 (0.26) 338.23 (0.5) 1 (0.09) 28.19 (0.20)
20-24 18 (0.29) 493.03 (0.55) 24 (0.51) 657.38 (0.98) 4 (0.35) 109.56 (0.78)
25-29 45 (0.72) 1,192.27 (1.32) 42 (0.90) 1,112.79 (1.66) 5 (0.44) 132.47 (0.95)
30-34 82 (1.32) 2,088.64 (2.32) 92 (1.97) 2,343.35 (3.49) 11 (0.97) 280.18 (2.00)
35-39 120 (1.93) 2,915.64 (3.24) 122 (2.62) 2,964.23 (4.41) 8 (0.71) 194.38 (1.39)
40-44 235 (3.77) 5,397.02 (6.00) 193 (4.14) 4,432.44 (6.60) 21 (1.86) 482.29 (3.44)
45-49 367 (5.89) 7,881.21 (8.76) 260 (5.58) 5,583.42 (8.31) 49 (4.33) 1,052.26 (7.51)
50-54 496 (7.97) 9,823.47 (10.91) 336 (7.21) 6,654.61 (9.91) 51 (4.51) 1,010.08 (7.21)
55-59 656 (10.53) 11,794.63 (13.1) 416 (8.92) 7,479.52 (11.14) 75 (6.63) 1,348.47 (9.62)
60-64 817 (13.12) 13,090.02 (14.54) 541 (11.60) 8,667.94 (12.91) 94 (8.31) 1,506.07 (10.75)
65-69 844 (13.55) 11,763.26 (13.07) 638 (13.68) 8,892.13 (13.24) 155 (13.7) 2,160.31 (15.42)
70-74 808 (12.98) 9,557.77 (10.62) 555 (11.90) 6,565.05 (9.78) 141 (12.47) 1,667.88 (11.90)
75-79 713 (11.45) 6,884.06 (7.65) 547 (11.73) 5,281.32 (7.86) 171 (15.12) 1,651.02 (11.78)
80-84 554 (8.90) 4,199.41 (4.67) 425 (9.11) 3,221.57 (4.80) 146 (12.91) 1,106.70 (7.90)
85+ 465 (7.47) 2,726.92 (3.03) 449 (9.63) 2,633.09 (3.92) 194 (17.15) 1,137.68 (8.12)
Total 6,227 90,006.38 4,663 67,153.27 1,131 14,013.64
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Sonora. Since life expectancy values were held constant, the 
12.4% proportional increase observed in this group reflects 
a real rise in deaths from 2020 to 2021. This pattern mirrors 
observations in the U.S. and several European countries, 
where COVID-19 mortality also increased among younger 
populations in 2021 (Williams et al., 2022; Torres et al., 2023). 
In Sonora, this shift may be explained by two key factors: 
(a) the national COVID-19 vaccination strategy, and (b) the 
emergence of more lethal SARS-CoV-2 variants.

	 In Mexico, age was the primary criterion guiding the 
federal COVID-19 vaccination strategy. It was assumed that 
vaccinating individuals aged 50 and older could prevent up 
to 80% of COVID-19–related deaths. Under this approach, 
adults under 40 years were the last group to be vaccinated, 
with this phase beginning in mid-2021 (Gobierno de Méxi-
co, 2021). In Sonora, the increase in YPLL due to COVID-19 
among individuals under 40 between 2020 and 2021 may 
reflect the limited adaptability of this age-based strategy 
during earlier phases of the pandemic. Although by July 
2021 the state had unofficially achieved good vaccination 
coverage among adults over 60 and those with comorbidi-
ties (El Economista, 2021), it fell short of the national goal of 
reducing 80% of COVID-19 mortality through vaccination 
(Gobierno de México, 2021), suggesting that protection of 

younger populations remained limited during this period. 
This pattern did not persist in 2022, when COVID-19 mortality 
declined substantially, likely reflecting expanded vaccination 
coverage, accumulated population immunity, and changes 
in epidemic dynamics.

Moreover, the emergence of new SARS-CoV-2 va-
riants—particularly Delta and Omicron—posed significant 
challenges for health services (Papanikolau et al., 2022; 
Firouzabadi et al., 2023). Delta was associated with increased 
severity and fatal outcomes, while Omicron, despite being 
more transmissible and generally less severe (Liu et al., 2021), 
coincided with epidemic peaks that led to increased hospita-
lizations and deaths among younger populations in Sonora, 
likely due to low vaccination coverage and other contextual 
factors (Domínguez-Ramírez et al., 2022). The epidemic wa-
ves driven by the Delta variant in the summer of 2021 and 
the Omicron variant in the winter of 2021 coincided with low 
vaccination coverage among younger populations in Mexico. 
Consequently, these epidemic peaks were accompanied by a 
raise in hospitalizations and COVID-19-related deaths among 
individuals under 40 years of age (Domínguez-Ramírez et 
al., 2022). Additionally, the basic reproduction number (R₀) 
of these variants was considerably higher than that of the 
ancestral strain, indicating greater transmissibility (Liu et al., 

Figure 2. Average Years of Potential Life Lost (YPLL) per COVID-19 death by selected sociodemographic variables, Sonora, Mexico, 2020–2022.
Figura 2. Años Promedio de Vida Potencial Perdidos (AVPP) por defunción por COVID‑19 según variables sociodemográficas seleccionadas, Sonora, 
México, 2020–2022.
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2021; 2022). The convergence of these factors should have 
been carefully considered in the planning and implementa-
tion of vaccination strategies targeting younger age groups 
in Sonora.

Another noteworthy finding from our study arises from 
the stratified analysis of YPLL due to COVID-19 by sociode-
mographic variables, an approach scarcely explored at natio-
nal or international levels. In Sonora, individuals who lost the 
most years of potential life per COVID-19 death were those 
living with a partner, with at least high school education, 
employed in the secondary or tertiary economic sectors, and 
with no entitlement to health services. However, these re-
sults should be interpreted with caution, as they may reflect 
differences in age distribution across subgroups. For exam-
ple, although greater YPLL was observed among individuals 
living with a partner, this group is generally associated with 
better adherence to preventive measures (e.g. mask-wearing 
and hand hygiene) and higher vaccine uptake, both linked to 
lower mortality risk (Zhang et al., 2021; Rahman et al., 2021).

In this context, the higher premature mortality from 
COVID-19 among individuals employed in Sonora’s secon-
dary and tertiary economic sectors highlights the broader 
socioeconomic impact of the pandemic. This disproportio-
nate burden likely reflects the challenges of implementing 
effective non-pharmaceutical interventions and safety 
protocols in occupations involving direct human interaction. 
Our findings underscore the need to protect workers in 
these sectors through equitable vaccine access, workplace 
safety protocols, and financial support during restrictions as 
recommended by WHO (WHO, 2021a; 2021b). Furthermore, 
given that activities such as commerce, real estate services, 
machinery manufacturing, and construction represent a 
substantial share of the state’s Gross Domestic Product (Go-
bierno de México, 2025b), future research should assess the 
economic impact of COVID-19-related deaths in these areas.

These findings have important implications for public 
health planning in Sonora. Strategies that rely solely on age-
based prioritization may be inadequate in contexts where 
younger, economically active populations experience high 
exposure and limited access to health services. Integrating 
occupational risk, healthcare accessibility, and local epide-
mic dynamics into vaccination and mitigation strategies, 
could help reduce premature mortality and address health 
inequities during future public health emergencies (Voigt et 
al., 2022).

Notably, we observed significant disparities in prema-
ture mortality among individuals without entitlement to 
health services, whether public or private, highlighting the 
critical role of health coverage in mitigating the impact of 
public health crises. Evidence shows that people without 
health insurance encounter greater barriers to accessing care 
(Shi, 2001). The COVID-19 pandemic further amplified these 
disparities, as structural barriers—such as socioeconomic 
status, urban planning, education, cultural norms, and limi-
ted access to medical care—increased the vulnerability of 
certain groups to SARS-CoV-2 exposure (Eijkemans, 2025). 

In Sonora, individuals facing barriers to health services likely 
experienced limited access to testing, diagnosis, treatment, 
and specialized care, which may have increased their risk of 
severe disease and fatal outcomes.

Our study has several limitations, primarily related to 
its cross-sectional design, which precludes causal inferences 
between COVID-19 and YPLL. Potential information bias may 
have arisen from the quality of the secondary data source 
and the death certificates used. Additionally, underrepor-
ting of COVID-19 deaths, particularly in rural communities, 
could have affected the accuracy of age-at-death data and, 
consequently, YPLL estimates. The use of WHO life tables for 
Mexico, while facilitating international comparisons, may not 
accurately reflect the demographic and health characteris-
tics of Sonora’s population, potentially leading to bias of YPLL 
estimation.

CONCLUSIONS
This study underscores the importance of assessing the 
burden of YPLL due to COVID-19 in Sonora, Mexico, and 
highlights substantial disparities in premature mortality 
across demographic and socioeconomic groups. By applying 
the YPLL metric at a subnational level, our findings provide a 
more nuanced understanding of the pandemic’s impact and 
complement existing national and international analyses.

Our results indicate that the vaccination strategy may 
have had a differential effect on COVID-19 mortality, potentia-
lly exacerbating existing health disparities. Specifically, prio-
ritizing older age groups alone may not have been sufficient 
to uniformly reduce premature COVID-19 mortality across all 
vulnerable age categories in Sonora, particularly during the 
early phases of the pandemic. Institutionalizing YPLL analysis 
as part of routine health surveillance could inform more 
equitable and targeted public health interventions. 

Beyond its local relevance, this study demonstrates 
how YPLL can serve as a valuable tool for assessing epidemic 
impacts in other regions of Latin America with comparable 
demographic and health system characteristics. By presen-
ting a case study from Sonora, we contribute to the broader 
regional dialogue on health equity and pandemic prepared-
ness, emphasizing the need for coordinated efforts between 
government and society to strengthen responses to future 
public health crises.
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KEY MESSAGE
This study highlights the disproportionate impact of CO-
VID-19 on younger populations in Sonora, Mexico, revealing 
a greater burden of premature mortality than previously re-
cognized. By applying the Years of Potential Life Lost metric at 
a subnational level, it offers a more nuanced understanding 
of pandemic-related mortality. These findings underscore 
the value of YPLL as a tool for evaluating epidemic impacts 
and health inequities in Latin American regions with similar 
demographic and health system profiles.
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