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ABSTRACT

Objective: to analyze the association between the cumula-
tive incidence, mortality, and lethality rates of COVID-19 in
the older and socioeconomic indicators. Methods: this is an
ecological time-trend study that considered all COVID-19
cases and deaths reported by the elderly people in all mu-
nicipalities in the state of Sdo Paulo. Results: weak positive
correlations were found between the cumulative incidence
rate of COVID-19 and factors such as the illiteracy rate in
people aged 60 and over and elderly people with an income
of up to one minimum wage. In addition, there were weak
positive correlations between mortality and lethality rates
and the municipal Human Development Index. There was
a moderate correlation between the mortality rate and the
rate of elderly people with no income. Conclusion: there is
an association between income, schooling, and the munici-
pal Human Development Index with the cumulative inciden-
ce, mortality, and lethality rates of COVID-19 in older people.
Contributions to practice: the need for individualized and
integrated approaches in health services is strengthened to
minimize the effects of the social determinants of health on
elderly people, especially in health emergencies.
Descriptors: COVID-19; Health of the Elderly; Incidence;
Mortality; Social Determinants of Health.

RESUMO

Objetivo: analisar a associacdo entre as taxas de incidén-
cia acumulada, mortalidade e letalidade por COVID-19 em
pessoas idosas e os indicadores socioecondmicos. Métodos:
trata-se de um estudo ecoldgico de tendéncia temporal, que
considerou todos os casos e 6bitos por COVID-19 notifica-
dos em pessoas idosas em todos os municipios do estado
de Sdo Paulo. Resultados: foram encontradas correlagoes
positivas fracas entre a taxa de incidéncia acumulada da
COVID-19 e fatores como a taxa de analfabetismo em pes-
soas com 60 anos ou mais e pessoas idosas com renda de
até um salario minimo. Além disso, houve correlagées posi-
tivas fracas entre as taxas de mortalidade e letalidade com o
indice de desenvolvimento humano municipal. Observou-se
correlacdo moderada entre a taxa de letalidade e a taxa de
pessoas idosas sem rendimento. Conclusdo: ha associagdo
entre renda, escolaridade e indice de desenvolvimento humano
municipal com as taxas de incidéncia acumulada, mortalidade e
letalidade por COVID-19 em pessoas idosas. Contribui¢cdes
para a pratica: fortalece-se a necessidade de abordagens
individualizadas e integradas nos servigos de saude, a fim
de minimizar os efeitos dos determinantes sociais da satde
na populacdo idosa, especialmente em situa¢des de emer-
géncia sanitaria.

Descritores: COVID-19; Saude do Idoso; Incidéncia; Morta-
lidade; Determinantes Sociais da Saude.
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Introduction

The COVID-19 pandemic has revealed signifi-
cant disparities in public health, highlighting the in-
fluence of social, economic, and political inequalities
on the severity of the disease. The high incidence and
mortality resulting from infection with Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2),
observed in more vulnerable communities, exposed
the unequal pattern of deaths and infections betwe-
en regions of the same country, especially those with
high social inequality™.

In Latin America, the high incidence of cases
and deaths has been strongly associated with socio-
economic inequalities and low investment in public
health. A positive correlation has been identified be-
tween gross domestic product, the countries’ Human
Development Index (HDI), and the incidence of the
disease, as well as a direct relationship with the avai-
lability of testing, vaccination coverage, and the pro-
portion of elderly people®®.

In Brazil, COVID-19 initially spread to regions
with better socioeconomic conditions due to the gre-
ater flow of people and the presence of air transpor-
tation routes. Subsequently, the spread reached more
vulnerable areas, where the population faced inade-
quate housing conditions and low educational levels.
Income inequality, as measured by the Gini Index, was
associated with a higher incidence of the disease in
these regions, and the difficulty of adhering to restric-
tive measures contributed to the transmission of the
virus®.

The older population stood out as a group at
risk of complications and death from COVID-19. The
impact of the disease among the elderly population
has not been limited to immunosenescence and co-
morbidities; socioeconomic factors have played a vi-
tal role in the progression of the disease™®®. In Brazil,
vulnerable individuals aged over 50 had a 32% higher
risk of death compared to non-vulnerable individu-
als, with higher mortality in the North and Northeast
regions, where the pandemic started late and severe-
ly®),
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Despite evidence of the influence of social and
economic factors on COVID-19 incidence and mortali-
ty among the older population, especially in the early
years of the pandemic, few studies have explored this
relationship in depth®®, Thus, there is still a gap in
knowledge regarding the association between HDI,
schooling, and income with the cumulative incidence,
mortality, and lethality rates of COVID-19 among the
elderly.

Given the above, this study aimed to analyze the
association between the cumulative incidence, morta-
lity, and lethality rates of COVID-19 in the older and
socioeconomic indicators.

Methods

This is an ecological time trend study. All CO-
VID-19 cases and deaths reported in elderly people in
all municipalities in Sao Paulo between February 25,
2020, and February 25, 2023, were considered.

The state has an estimated elderly population
of 7,650,568 inhabitants, with a Gross Domestic Pro-
duct per capita of R$ 60,583.00, an average income of
R$ 3,840.00, a HDI of 0.783 and an illiteracy rate of
5.6% for people over the age of 15, organized into 16
administrative regions®.

The inclusion criteria were COVID-19 cases and
deaths in people aged 60 or over, while the exclusion
criteria were records with incomplete data.

The dependent variables were cumulative in-
cidence per 100,000 elderly people (number of new
cumulative cases/number of elderly people in the sta-
te x 100,000), mortality per 100,000 elderly people
(number of deaths/number of elderly people in the
state x 100,000), and lethality per 100 cases (number
of deaths from COVID-19/total number of COVID-19
cases x 100). The independent variables included the
municipal HD], the illiteracy rate of people aged 60
and over, and the proportion of elderly people with no
income or an income of up to one minimum wage. To
calculate the cumulative incidence rate, the population
estimate from the State Data Analysis System Founda-
tion was considered, and data on COVID-19 cases and
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deaths from the state of Sdo Paulo was collected®.
The independent variables were obtained from the
Brazilian Institute of Geography and Statistics, with
the data collected referring to the 2010 census, availa-
ble at the time of data collection and analysis®?. They
were then included in Microsoft Excel spreadsheets,
and descriptive analyses were carried out. The Biva-
riate Global Moran’s Index was calculated to assess
the spatial autocorrelation of the variables of interest.

Regarding the Bivariate Global Moran’s index
description, positive values (between 0 and +1) indi-
cate positive autocorrelation, while negative values
(between 0 and -1) indicate negative autocorrelation
and provide statistical significance. Positive values
suggest direct proportionality between the variables,
indicating that places with high values of one varia-
ble tend to have high values of the other. On the other
hand, negative values indicate inverse proportionality,
where areas with high values of one variable tend to
have low values of the other. Furthermore, the closer
the correlation is to the extreme values (-1 or 1), the
stronger it is, while values close to zero indicate no
correlation between the variables. This index and the
p-value for the hypothesis test HO: index = 0 vs. H1: in-
dex # 0 were estimated using GeoDa software version
1.20.0.10.

Changes in monthly rates between 2020 and
2023 were analyzed using a join point regression mo-
del. Based on a Poisson regression, the positions of the
change points and regression coefficients were esti-
mated. At the same time, the optimum number of join
points was selected using a Monte Carlo permutation
test, considering a maximum of 6 points. The monthly
percentage changes for each line segment and the
95% confidence interval were estimated to facilitate
interpretation. The data was analyzed using Join Point
Regression version 4.9.1.00Y. A significant level of 5%
was adopted for all analyses.

This study did not require approval from the
Research Ethics Committee as it used publicly accessi-
ble data following Resolution 466/12 of the National
Health Council.

socioeconomic indicators

Results

The administrative regions of Sdo José do Rio
Preto and Aracgatuba had the highest cumulative inci-
dence rates of COVID-19 in the elderly, while Sdo Pau-
lo and Franca had the lowest. It should be noted that
the highest mortality rates were found in Sdo José do
Rio Preto and Santos and the lowest in the Central and
Bauru regions; and the highest lethality rates were
found in Sao Paulo and Santos and the lowest in the
Central and Bauru administrative regions (Table 1).

Table 1 - Cumulative incidence, mortality, and letha-
lity rates of COVID-19 among the elderly by adminis-
trative region of Sao Paulo. Sdo Carlos, SP, Brazil, 2024

Incidence Mortality Lethality

Administrative re-

gion Rate *CI95% Rate 95% CI Rate 95% CI
Aragatuba 70.1 69.3-709 16.2 15.5-16.8 7.7 7.4-8.0
Barretos 64.3 63.3-65.3 17.6 16.7-18.6 9.1 8.7-9.6
Bauru 60.9 60.3-61.6 13.6 13.1-14.1 7.4 7.2-7.7
Campinas 53.6 53.3-53.8 15.8 15.6-16.0 9.8 9.7-10.0
Central 59.2 58.5-59.8 11.6 11.1-12.1 6.5 6.3-6.8
Franca 38.0 37.4-38.6 13.8 13.2-14.5 12.1 11.6-12.7
[tapeva 66.6 65.6-67.6 17.2 16.3-18.1 8.6 8.2-9.0
Marilia 56.6 56.0-57.2 15.6 15.1-16.2 9.2 8.9-9.5
Presidente Prudente 59.6 58.9-60.3 15.0 14.4-15.6 84 8.1-8.7
Registro 69.9 68.5-71.3 16.5 15.3-17.7 79 7.3-84
Ribeirdo Preto 47.1 46.6-47.7 18.8 18.3-19.4 13.3 12.9-13.7
Santos 45.1 44.7-45.5 19.0 18.6-19.5 14.1 13.7-14.4
Sorocaba 51.6 51.2-52.0 15.0 14.6-15.4 9.7 9.4-99
S3o José do Rio Preto 88.4 87.8-89.0 20.7 20.2-21.2 7.8 7.6-8.0

Sdo José dos Campos 46.7 46.3-47.0 13.8 13.4-14.2 9.9 9.6-10.1
Sao Paulo 33.5 33.4-33.6 16.9 16.8-17.0 16.8 16.7-17.0
Sao Paulo State 459 45.8-46.0 16.4 16.3-16.5 11.9 11.8-12.0

*Confidence interval; Note: Cumulative incidence and mortality rates per
100,000 elderly people/year, case fatality rate per 100 COVID-19 cases

There was a positive spatial correlation
(Moran’s Index: 0.136; p<0.010) between regions
with a higher illiteracy rate among the elderly and a
higher incidence of COVID-19 in this population. The-
re was also a negative spatial correlation (Moran'’s In-

dex: -0.242; p<0.010) between regions with a higher
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proportion of elderly people with no income and a
lower incidence of COVID-19. In addition, there was
a positive spatial correlation (Moran’s Index: 0.188;
p<0.010) between regions with a higher proportion of
elderly people with an income of up to one minimum
wage and a higher incidence of COVID-19 (Table 2).
The results indicated a positive spatial corre-
lation (Moran’s Index: 0.040; p 0.015) between re-
gions with a higher HDI and higher COVID-19 mor-
tality among the elderly. There was a positive spatial
correlation (Moran’s Index: 0.052; p<0.010) between
higher HDI and higher lethality and a negative spatial
correlation (Moran’s Index: -0.109; p<0.010) between
regions with a higher illiteracy rate among the elderly
and lower lethality. There was also a positive spatial

correlation (Moran’s Index: 0.200; p<0.010) betwe-
en regions with a higher proportion of elderly people
with no income and higher COVID-19 lethality and a
negative spatial correlation (Moran’s Index: -0.134;
p<0.010) between the proportion of elderly people
with an income of up to one minimum wage and lower
lethality (Table 2).

The administrative regions of Aracatuba, Barre-
tos, Bauru, Campinas, Registro, Santos, Sdo José do Rio
Preto, Sdo José dos Campos, Sdo Paulo, and the state of
Sdo Paulo showed no change in trend in the cumula-
tive incidence rates of COVID-19 in elderly people; In
contrast, the regions of [tapeva, Marilia, Central, Presi-
dente Prudente, Ribeirdo Preto, and Sorocaba showed
three points of change in trend (Table 3).

Table 2 - Bivariate Global Moran’s Index between cumulative incidence, mortality, and lethality rates for CO-

VID-19 and socioeconomic indicators. Sdo Carlos, SP, Brazil, 2024

Incidence Mortality Lethality

Socio-economic indicator Moran’s Moran’s Moran’s

p-value* p-value p-value

Index Index Index

Human development index for municipalities -0.018 0.180 0.040 0.015 0.052 <0.010
The illiteracy rate among the elderly 0.136 <0.010 0.020 0.443 -0.109 <0.010
The proportion of elderly people with no income -0.242 <0.010 0.011 0.278  0.200 <0.010
The proportion of elderly people with an income of up to one minimum wage 0.188 <0.010 0.014 0.216 -0.134 <0.010

*Pseudo-significance test; Note: Cumulative incidence and mortality rates per 100,000 elderly people/year, lethality rate per 100 COVID-19 cases

Table 3 - Trend analysis of the cumulative incidence rate of COVID-19 per 100,000 elderly people per year in the

administrative regions of the state of Sao Paulo. Sdo Carlos, SP, Brazil, 2024

Incidence rate

Administrative region /Period

MPC (CI 95%)

MAPC (95% CI)

Sdo Paulo State

Mar/20 to Fev/23 -0.40 (-0.31; 2.40) -0.40 (-0.31; 2.40)
Aragatuba

Mar/20 to Feb/23 1.90 (-1.30; 5.20) 1.90 (-1.30; 5.20)
Barretos

Mar/20 to Feb/23 0.90 (-1.70; 3.70) 0.90 (-1.70; 3.70)
Bauru

Mar/20 to Feb/23 2.00 (-0.90; 4.90) 2.00 (-0.90; 4.90)
Campinas

Mar/20 to Feb/23 -0.30 (-2.50; 3.20) -0.30 (-2.50; 3.20)
Registro

Mar/20 to Feb/23 2.10 (-0.90; 5.20) 2.10 (-0.90; 5.20)
Santos
Mar/20 to Feb/23 -0.80 (-3.60; 2.00) -0.80 (-3.60; 2.00)
S3o José do Rio Preto

Mar/20 to Feb/23 2.00 (-1.00; 5.10) 2.00 (-1.00; 5.10)
Sao José dos Campos

Mar/20 to Feb/23 -0.40 (-3.40; 2.80) -0.40 (-3.40; 2.80)
Sao Paulo, Brazil

Mar/20 to Feb/23 -2.80 (-5.50;-0.10) §* -2.80 (-5.50; -0.10)*
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Franca

Mar/20 to Apr/21
Apr/21 to Feb/23
Central
Mar/20 to Jun/21
Jun/21 to Oct/21
Oct/21 to Jan/22
Jan/22 to Feb/23
Itapeva
Mar/20 to May/21
May/21 to Oct/21
Oct/21 to Jan/22
Jan/22 to Feb/23
Marilia
Mar/20 to May/21
May/21 to Oct/21
Oct/21 to Jan/22
Jan/22 to Feb/23
Presidente Prudente
Mar/20 to May/21
May/21 to Oct/21
Oct/21 to Jan/22
Jan/22 to Feb/23
Ribeirdo Preto
Mar/20 to May/21
May/21 to Oct/21
Oct/21 to Jan/22
Jan/22 to Feb/23
Sorocaba
Mar/20 to Jun/21
Jun/21 to Oct/21
Oct/21 to Jan/22
Jan/22 to Feb/23

11.30 (1.40 ; 22.20)*
-11.00 (15.20 ; 6.50)*

15.50 (5.40 ; 26.70)*
-65.10 (-92.90 ; 71.50)
347.6 (-97.80 ; 92235.40)
-10.30 (-17.60 ; -2.40)*

27.50 (14.00 ; 42.60)*
-53.20 (-79.00 ; 4.50)
235.90 (-97.00 ;37771.40)
-10.40 (-17.40 ; -2.90)*

24.70 (14.40 ; 35.90)*
-45.80 (-66.10 ; -13.40)*
162.00 (-92.70 ;9347.90)

-12.40 (-18.80 ; -5.40)*

19.90 (8.10 ; 33.10)*
-41.20 (-68.20 ; 8.80)
147.80 (-97.40 ; 23660.70)
-8.40 (-15.10 ; -1.20)*

8.40 (1.60 ; 15.60)*
-39.80 (-64.20 ; 1.20)
97.50 (-96.10 ; 9939.30)
-14.60 (-24.60 ; -3.30)*

14.70 (6.80 ; 23.20)*
-62.90 (-88.60 ; 21.10)
260.20 (-97.10 ; 45342.70)
-11.50 (-19.30 ; -3.00)*

-3.30 (-7.50; 1.10)

3.00 (-35.60 ; 64.90)

5.30 (-29.70 ; 57.70)

3.50 (-23.50 ; 40.00)

4.30 (-29.00; 53.20)

-4.00 (-31.10 ; 33.80)

1.00 (-33.50 ; 53.30)

*Statistically significant changes; MPC: Monthly percentages of variation; MAPC: Mean annual percentage change; CI: Confidence Interval

It was not possible to analyze the trend in the
COVID-19 mortality rate in the elderly in the adminis-
trative regions of Aracatuba, Barretos, Bauru, Franca,
Itapeva, and Registro, as there were no deaths from
the disease in any period, making the analysis of the
joinpoint model ineffective. On the other hand, the
Central, Marilia, and Sao José dos Campos regions sho-
wed three points of change in mortality rate trends;
the administrative areas in Presidente Prudente and
Sao Paulo showed four points of change in trend, whi-
le the regions of Campinas, Ribeirdo Preto, Santos, Sdo
José do Rio Preto, Sorocaba and the state of Sdo Paulo

showed five points of change in trends (Table 4).

The administrative regions of Ribeirdo Preto,
Santos, and Sio José do Rio Preto showed two points
of change in the trend of COVID-19 fatalities among
elderly people, Marilia (3), Sdo José dos Campos (4),
Campinas, Central, Presidente Prudente and Sorocaba
(5), Sao Paulo and the state of Sdo Paulo (6). It was
not possible to analyze COVID-19 lethality in elderly
people in Aragatuba, Barretos, Bauru, Franca, [tapeva
and Registro, as there were no deaths from the disease
in any period (Table 4).
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Table 4 - Trend analysis of the COVID-19 mortality and lethality rate per 100,000 elderly people in the adminis-

trative regions. Sao Carlos, SP, Brazil, 2024

Administrative regions/Period

Mortality rate

Lethality rate

MPC (95% CI)

MAPC (95% CI)

MPC (95% CI)

MAPC (95% CI)

Central
Mar/20 to Apr/21
Apr/21 to Oct/21
Oct/21 to Jan/22
Jan/22 to Feb/23
Mar/20 to Dec/20
Dec/20 to Mar/21
Mar/21 to Jun/21
Jun/21 to Sep/21
Sep/21 to Mar/22
Mar/22 to Feb/23
Marilia
Mar/20 to Apr/21
Apr/21 to Oct/21
Oct/21 to Jan/22
Jan/22 to Feb/23
Mar/20 to Dec/20
Dec/20 to Mar/21
Mar/21 to Jan/22
Jan/22 to Feb/23
Sao José dos Campos
Mar/20 to Apr/21
Apr/21 to Oct/21
Oct/21 to Jan/22
Jan/22 to Feb/23
Mar/20 to Dec/20
Dec/20 to Mar/21
Mar/21 to Feb/22
Feb/22 to May/22
May/22 to Feb/23
Presidente Prudente
Mar/20 to Dec/20
Dec/20 to Mar/21
Mar/21 to Oct/21
Oct/21 to Jan/22
Jan/22 to Feb/23
Mar/20 to Dec/20
Dec/20 to Mar/21
Mar/21 to Jun/21
Jun/21 to Oct/21
Oct/21 to Jan/22
Jan/22 to Feb/23
Sao Paulo
Mar/20 to May/20
May/20 to Oct/20
Oct/20 to Mar/21
Mar/21 to Jun/21
Jun/21 to Feb/23
Mar/20 to Jul/20
Jul/20 to Dec/20
Dec/20 to Mar/21
Mar/21 to Jul/21
Jul/21 to Oct/21
Oct/21 to Jun/22
Jun/22 to Feb/23

24.9 (17.1; 33.3)*
-42.0 (-55.8 ; -24.0)*
99.9 (-87.3 ; 3045.8)
-17.9 (-27.0 ; -7.6)*

34.6 (25.5; 44.5)*
-39.3 (-51.5 ; -24.0)*
79.6 (-93.2; 4618.4)
-17.6 (-25.2; -9.3)*

15.5 (8.0 ; 23.6)*
-36.8 (-53.5; -14.1)*
101.4 (-94.0; 6714.0)

-20.5 (-31.1; -8.2)*

11.0 (-7.8; 33.6)
68.4 (-24.7; 276.5)
-31.5 (-42.8; -18.1)*
57.1 (-90.8 ; 2572.8)
-16.2 (-24.6 ; -6.9)*

79.2 (-49.7 ; 538.3)
-27.4 (-51.0; 7.6)
49.5 (7.0 ; 109.0)*
-39.7 (-77.2 ;59.3)
-8.4 (-15.4; -0.9)*

-2.4(-22.8;23.3)

03 (-23.6;31.7)

-4.9 (-29.3 ; 28.0)

-3.1-24.424.2

-47 (-16.6; 8.8)

-4.4(-11;2.8)
24 (-2.1;57.2)
-27.4 (-43.4;-7)
37.6 (-15.2; 123.3)
-31.5 (-43;-17.5)*
-1.7 (-7.9; 4.9)

-4.5 (-13.1; 5)
22.5 (-14.0; 74.5)
-11.4 (-16.5 ; -6.0)*
-3.9(-8.1;0.5)

-12.6 (-17.6 ; -7.3)*
23.7 (-5.9; 62.4)
5.7 (-7.9; -3.6)*

-30.6 (-87.6; 289.1)

44 (-3.1;12.5)

-10.0 (-15.4 ; -4.2)*
31.6 (0.4 ; 72.4)*
-25.5 (-40.9; -6)*
20.9 (-3.2;51.1)
-36.6 (-75.6; 64.3)
-8.5 (-11.7; -5.2)*

-21.6 (-27.3; -15.4)*
-3.2(-11;5.4)

18 (-3.5; 44.3)
-12.9 (-22.1; -2.6)*
18 (-19.3; 72.5)
-14.8 (-22.9 ; -5.9)*
1.8 (-7;11.4)

-6.1(-11.8;-0.1)*

-43(-8.3;0)*

-54(-18;9.2)

-7.6 (-15.3; 0.8)

-5.1(-9.6; -0.5)*

Rev Rene. 2024;25:e93712.
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State of Sdo Paulo

Mar/20 to May/20
May/20 to Oct/20
Oct/20 to Mar/21
Mar/21 to Oct/21
Oct/21 to Jan/22
Jan/22 to Feb/23
Mar/20 to Jul/20
Jul/20 to Dec/20
Dec/20 to Mar/21
Mar/21 to Jun/21
Jun/21 to Oct/21
Oct/21 to May/22
May/22 to Feb/23
Campinas
Mar/20 to Jun/20
Jun/20 to Oct/20
Oct/20 to Mar/21
Mar/21 to Oct/21
Oct/21 to Jan/22
Jan/22 to Feb/23
Mar/20 to Nov/20
Nov/20 to Mar/21
Mar/21 to Jun/21
Jun/21 to Sep/21
Sep/21 to May/22
May/22 to Feb/23
Ribeirdo Preto
Mar/20 to Jul/20
Jul/20 to Nov/20
Nov/20 to Mar/21
Mar/21 to Oct/21
Oct/21 to Jan/22
Jan/22 to Feb/23
Mar/20 to Dec/20
Dec/20 to Mar/21
Mar/21 to Feb/23
Santos
Mar/20 to May/20
May/20 to Sep/20
Sep/20 to Mar/21
Mar/21 to Oct/21
Oct/21 to Jan/22
Jan/22 to Feb/23
Mar/20 to Jul/20
Jul/20 to Apr/21
Apr/21 to Feb/23
Sdo José do Rio Preto
Mar/20 to Jul/20
Jul/20 to Nov/20
Nov/20 to Mar/21
Mar/21 to Oct/21
Oct/21 to Jan/22
Jan/22 to Feb/23
Mar/20 to Dec/20
Dec/20 to Mar/21
Mar/21 to Feb/23
Sorocaba
Mar/20 to Jun/20
Jun/20 to Oct/20
Oct/20 to Mar/21
Mar/21 to Oct/21
Oct/21 to Jan/22
Jan/22 to Feb/23
Mar/20 to Dec/20
Dec/20 to Mar/21
Mar/21 to Jun/21
Jun/21 to Oct/21
Oct/21 to May/22
May/22 to Feb/23

121.9 (-15.9; 485.3)
-21.1 (-36.4; -2.2)*
463 (20.4; 77.8)*

-32.9 (-40.7 ; -24.1)*

69.3 (-75.2 ; 1057.6)

-20.0 (-26.7 ; -12.7)*

200.9 (22.2 ; 641.0)*
-34.3 (-56.4 ; -0.9)*
56.4 (20.3;103.3)*
-30.7 (-40.3; -19.5)*
63.5 (-84.2 ; 1594.4)
-19.0 (-26.5 ; -10.8)*

121.2 (24.1; 294.5)*
-35.7 (-58.8 0.4)
67.3 (13.6; 146.2)*
-30.6 (-40.0 ; -19.7)*
59.3 (-92.2; 3142.5
-16.6 (-24.2 ; -8.1)*

185.9 (-4.4; 755.0)

-31.4 (-50.6 ; -4.8)*
35.7 (16.8; 57.6)*
-36.2 (-45.0 ; -25.9)*
102.5 (-57.5; 865.0
-22.6 (-30.4;-13.9)*

150.3 (12.9 ; 455.1)*
-26.6 (-54.1; 17.2)
58.4 (3.2 ; 143.0)*

-30.0 (-41.6; -16.2)*

60.3 (-93.4; 3769.8)
-17.8 (-26.0 ; -8.7)*

125.9 (-13.8; 491.6)
-24.7 (-54.8; 25.6)
63.2 (25.8; 111.7)*

-32.8 (-42.4;-21.8)*

62.8 (-87.2; 1976.5)

-20.1(-27.5;-11.8)*

-5.1(-20.0; 12.7)

0.1(-19.1; 23.9)

-0.1 (-23.1; 29.7)

-5.4(-18.7;10.2)

1.8 (-23.2; 35.0)

-1.3 (-21.8; 24.4)

-22.9 (-30.5; -14.5)*
-5.1(-13.7; 4.3)
21.5(-2.2;51)
-17 (-32.1; 1.5)
7.6 (-11;30.2)
-20.5 (-31.6; -7.6)*
1(-5;7.5)

-15.1 (-20.2 ; -9.7)*
23.8(7.7; 42.2)*
-15.1(-33.1; 7.8)
6.7 (-26.4 ; 54.8)
-18.3 (-27.7 ; -7.8)*
15 (-4.7;8.1)

-9.3 (-14.3 ; -4)*
14.3 (-14.3; 52.5)
-3.2 (-4.4;-2)*

-24.7 (-36.8; -10.3)*
7.0 (2.3;12)*
-9.7 (-11.8; -7.6)*

-5.9(-13;1.9)
17.2 (-24.5; 82)
-11.8 (-13.3;-10.2)*

-10.8 (-16.5; -4.8)*
29.8(-9.3 ; 85.7)
-17.4 (-37.7;9.7)
11.3 (-19.8; 54.2)
-23.5 (-37.5; -6.4)*
0.5 (-8.8;10.8)

-6.9 (-11.2 ; -2.4)*

-6.2 (-10.8; -1.3)*

3.4 (-6.2;-0.6)*

-7.6 (-10; -5.2)*

-8.1(-11.9; -4.1)*

-6.2 (-12.4;0.6)

*Statistically significant changes; MPC: Monthly percentages of variation; MAPC: Mean annual percentage change; CI: Confidence Interval
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Discussion

The analysis of the administrative regions of
Sdo Paulo reveals an association between socioecono-
mic factors, such as income, schooling, and municipal
HDI, and the cumulative incidence, mortality, and le-
thality rates of COVID-19. In areas with a higher HDI,
the spread of the disease was more intense, possibly
due to greater testing capacity and population mobili-
ty, increasing the notification of cases**13),

However, the high mortality among the elderly
can be attributed to immunosenescence, which com-
promises the immune system with advancing age, as
well as to the high prevalence of chronic comorbidi-
ties, which aggravate the clinical picture during viral
infections. Factors such as limited access to health
care and inadequate living conditions also contribute
to the greater vulnerability of this population®->'¥,

Analysis of socioeconomic inequalities highli-
ghts the crucial role of HDI in COVID-19 incidence
and mortality rates. Cities with higher GDP per capita
tend to be more mobile, resulting in a greater spread
of disease*?. On the other hand, municipalities with a
lower HDI have higher mortality rates associated with
a lack of access to quality health services and greater
exposure to vulnerable groups®®). Regions with higher
population density and HDI also showed higher num-
bers of cases and deaths, especially among elderly
men over 8009,

The different phases of the pandemic in the re-
gions of Sdo Paulo have directly influenced trends in
cumulative incidence, mortality, and lethality rates,
being affected by socioeconomic and health indicators
and new variants of the virus. The politicization of
pandemic management in Brazil, especially the lack of
adherence by some municipal managers to state tech-
nical standards, also impacted these results*”.

In Brazil, three significant pandemic waves
have affected incidence, mortality, and lethality rates
in Sdo Paulo’s elderly population. The increase in the-
se indicators in the first wave, from February to July
2020, resulted from the emergence of COVID-19, the
absence of effective treatments and vaccines, and the

Rev Rene. 2024;25:e93712.

limited reorganization of health services. The second
wave, driven by the Gamma variant, which occurred
from November 2020 to April 2021, caused a signi-
ficant increase in cases and deaths in the state and
country. The third wave, associated with the Omicron
variant and predominant from December 2021 to May
2022, increased the incidence of the disease. Still, due
to widespread vaccination, mortality rates did not rise
to the same extent®®).

Vaccination, which began in Sdo Paulo in Ja-
nuary 2021, was the primary strategy to control the
critical phase of the pandemic. Based on the regional
distribution of immunizers and the population’s adhe-
rence to the vaccine, a significant reduction in morta-
lity from the disease was observed among people over
80 years of age, one of the first groups to be vaccina-
ted, as of the sixth epidemiological week of 202109,

In this context, there has been a relationship
between the socioeconomic vulnerability of the elder-
ly and COVID-19 lethality. An analysis of social indi-
cators and policies for dealing with the pandemic in
countries in America, Europe, Asia, and Oceania sho-
wed that the proportion of the elderly population aged
over 70 had the highest mortality and lethality rates.
They also indicated that countries that have streng-
thened public policies on physical distancing have had
alower incidence of the disease®®.

Latin America and the Caribbean stand out
as regions with high levels of social inequality, whe-
re the population lacks essential goods and services,
such as adequate access to health, food and housing,
facing financial insecurity and discrimination. These
conditions have directly influenced the outcome of
COVID-19, especially among the most vulnerable po-
pulations®Y,

In the critical phase of the pandemic, indivi-
duals in socio-economic vulnerability were forced
to continue their work activities to ensure their live-
lihoods due to the absence of timely financial aid from
the federal government. Informal and essential servi-
ces workers, who could not opt for home office, were
more exposed to the virus. In addition, the restricti-
ve measures have increased unemployment, leading
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many families to rely on the pensions of their elderly
members®?. The inability to carry out activities remo-
tely has meant that many older people are exposed to
the virus as they commute to work daily using public
transport and are susceptible to contamination due to
the nature of their jobs®324,

In this scenario, individuals in socioeconomic
vulnerability faced difficulties in maintaining physical
distancing during the critical phase of the pandemic
due to housing characteristics such as overcrowding.
These difficulties included underemployment and
unequal access to health services, both in terms of
diagnosis and treatment of the disease®®.

In 2021, Brazil ranked second worldwide in
COVID-19 deaths, with a strong correlation with so-
cioeconomic factors. Mortality rates were associated
with social vulnerability, with income having a more
significant impact than comorbidities such as immu-
nodeficiency. Mortality was higher among the elderly,
especially in the North, where access to education and
income is limited. Individuals with low levels of scho-
oling, mainly illiterate people, had a high risk of death
due to the difficulty in understanding health informa-
tion®),

Regarding income, it was observed that in Bra-
zil, the higher the relative income, the lower the chan-
ce of death from COVID-19%%, Similarly, in the United
States, mortality associated with the disease was hi-
gher in the low-income population, especially among
black residents and people over 659,

In addition to the typical characteristics of this
age group and the intrinsic factors of each individual,
the socio-economic indicators mentioned (HDI, scho-
oling, and income) can contribute to the increase in
the incidence, mortality, and lethality of COVID-19 in
the elderly population in different locations, presen-
ting different intensities, as with other infectious di-

seases.
Study limitations

The study has limitations, such as potential
inconsistencies in the information collected from pu-

socioeconomic indicators

blicly accessible electronic databases due to underre-
porting of the disease. In addition, the use of the 2010
census may have influenced the results. However, the-
se limitations did not compromise the reliability of the
results, which showed an association between schoo-
ling, income, and HDI and the incidence, mortality, and
lethality of COVID-19 in the elderly population.

Contributions to practice

Identifying the association between socioe-
conomic indicators and COVID-19 outcomes in the
elderly population highlights the need for individua-
lized and integrated approaches in developing health
promotion and disease prevention actions. In this way,
the creation of programs aimed at health education
and facilitated access to health services can mitigate
the effects of social determinants on the health of this
population group, especially in the face of a health
emergency.

Conclusion

An association was found between income,
schooling, and the municipal human development
index and the cumulative incidence, mortality, and le-
thality rates for COVID-19 in the elderly population of
Sao Paulo — Brazil, showing the influence of socioeco-
nomic indicators on the health of the elderly.
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