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ABSTRACT

Background Recent evidence points to the relevance of poverty and inequality as factors affecting the spread and mortality of the COVID-19
pandemic in Latin America. This study aimed to determine whether COVID-19 patients living in Mexican municipalities with high levels of

poverty have a lower survival compared with those living in municipalities with low levels.

Methods Retrospective cohort study. Secondary data was used to define the exposure (multidimensional poverty level) and outcome (survival
time) among patients diagnosed with COVID-19 between 27 February and 1 July 2020. Crude and adjusted hazard ratios (HR) from Cox

regression were computed.

Results Nearly 250 000 COVID-19 patients were included. Mortality was 12.3% reaching 59.3% in patients with >1 comorbidities.
Multivariate survival analyses revealed that individuals living in municipalities with extreme poverty had 9% higher risk of dying at any given

time proportionally to those living in municipalities classified as not poor (HR 1.09; 95% Cl 1.06-1.12). The survival gap widened with the

follow-up time up to the third to fourth weeks after diagnosis.

Conclusion Evidence suggests that the poorest population groups have a lower survival from COVID-19. Thus, combating extreme poverty

should be a central preventive strategy.
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Introduction

In December 2019, a group of patients with pneumonia of
unknown etiology was detected in Wuhan, China, and on 7
January 2020, a new coronavirus, the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), was identified as the
cause. The World Health Organization (WHO) named this
illness COVID-19.'

The infection spread rapidly throughout the world, and
on March 11 the WHO declared the global pandemic.2 The
first imported case in Mexico was described on February
28, but local transmission began on March 244 A month
later, there were 12872 diagnosed cases and 1221 reported
fatalities in Mexico, from the neatrly 12.6 million cases and
182 000 deaths worldwide.>»> By eatly October, Latin America
and the Caribbean (LAC) had seen almost 10 million cases
and more than 350000 fatalities (34% of all deaths in the
wortld), becoming one of the most affected regions,® with

Brazil and Mexico occupying the second and fourth places, in
terms of number of deaths with nearly 150 000 and 82 000,
respectively.”

Cases and fatalities in the region continue to grow due to
various factors, including the limited impact of the mitigation
strategies deployed, the high prevalence of chronic conditions
associated with the susceptibility to acquire and develop a
symptomatic and severe infection (e.g. obesity, diabetes and
hypertension), the poorly developed public health systems
and the structural poverty and inequality that affects large
segments of the population. In fact, widespread poverty
and inequality have fueled the pandemic and are likely
to worsen in the near future as a result of its economic
impact.b-1!
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The relationship between socioeconomic status and
morbidity and mortality has been established for many

health conditions,'?~!* including non-communicable (NCDs)

. . . — 7
and infectious diseases.'”>~1

In fact, 85% of all premature
deaths from NCDs occur in low- and middle-income coun-
tries (LMICs); the United Nations Development Program
reported that the probability of dying from NCDs in people
aged 30-69 years was 60% for LMICs, compared with
10% for developed countries.'® There is also evidence of
differences for infectious respiratory diseases by socioeco-
nomic status and poverty level. One study investigating the
relationship between poverty and flu showed that flu vaccines
were less available to people living in the poorest counties
compared with residents of wealthier areas in the USA.!

Recent studies have also looked at how COVID-19 has
affected population groups differentially by socioeconomic
and ethnic background. For instance, a study with the Navajo
Indians in the Southwest of the USA reported a mortality rate
of 57 per 100 000 already in mid-May.?’ There are also reports
of higher hospitalization and death rates from COVID-19 in
African-Americans and among individuals of lower socioeco-
nomic status living in poverty.21

Recent published evidence points to the relevance of
poverty and inequality as factors affecting the spread of
the COVID-19 pandemic and the mortality rates observed
in the LAC region; one study evaluating the spread of
SARS-CoV-2 in various cities of this region suggested that
income inequality and poverty levels were related positively
and negatively, respectively.” Another relevant study looking
at the evolution of the pandemic in LAC during the first
90 days showed that the proportion of the population living
on less than 1 USD per day was associated with a higher
crude mortality rate, with Mexico leading the highest increase
(16.2%).%

In this context, we conducted a secondary data analysis to
determine whether COVID-19 patients living in municipali-
ties with high levels of poverty have alower chance of survival
compared with those living in municipalities with low levels of

poverty.

Methods

Study design

Retrospective cohort study. Secondary data was used to
define the exposure (poverty level) and outcome (survival
time) among patients diagnosed with COVID-19 in Mexico
between 27 February to 1 July 2020. Diagnosis was made
using the WHO definition,”® based on a positive polymerase
chain reaction (PCR) test’* with samples processed at

the National Netwotk of Epidemiological Surveillance
Laboratories.

Study population and eligibility

It comprised 231772 individuals diagnosed with COVID-
19 during the study period. These were patients attended at
any public or private health facility, whose clinical records
were registered electronically by the General Directorate of
Epidemiology of the Ministry of Health of Mexico.

All patients diagnosed with COVID-19 regardless of age,
sex, comorbidities and municipality of residence were eligible.
Individuals with unknown municipality were excluded from
the analyses, since poverty level (i.e. exposure) was based on
the classification of the municipality.

Data sources
Data from two open electronic sources administered by gov-

ernmental agencies was extracted:

1) Open Data from the General Directorate of Epidemi-
ology of the Mexican Ministry of Health (www.gob.mx/
salud/documentos/datos-abiertos-152127): Clinical and
demographic data were extracted from the datasetinclud-
ing type of patient (hospitalized or ambulatory), date of
onset of symptoms, diagnosis and admission, presence
of comorbidities, occurrence of complications such as
pneumonia, need for intensive cate or mechanical venti-
lation, final outcome (survival or death), municipality of
residence, age, sex and ethnicity (indigenous versus non-
indigenous).

2) Open data from the National Council for the Evaluation
of Social Policy (CONEVAL) (www.coneval.org.mx/
Medicion/Paginas/AE_pobreza_municipal.aspx): This
dataset was used to extract data about the poverty level of
all municipalities in the country in 2015. The proportion
of poverty observed in each municipality was categorized
as extremely poor, poor and not poor.

Poverty data, namely, the proportion of poor and extremely
poor populations living in each municipality, was assigned to
the municipality of residence for each individual diagnosed
with COVID-19. This was possible because both datasets
used the same system to code the municipalities. In this way,
the aggregated value of a municipality was allocated to each
individual living within that municipality.

Exposure
Multidimensional (i.e. economic well-being, social deprivation

and territorial context) poverty and extreme poverty were

defined using the CONEVAL criteria.?> A detailed descrip-


www.gob.mx/salud/documentos/datos-abiertos-152127
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tion of the methodology used can be read elsewhere.”® In
summary, poverty was defined when individuals lack of at
least one of the following: An adequate educational develop-
ment (I), access to health services (II), access to social security
(III), access to food (IV), a household of sufficient size
and quality (V) with access to basic services (VI), and when
the individual has insufficient income to buy the goods and
services required to satisfy feeding and non-feeding needs.
Extreme poverty was defined when the individual lacks of
three or more of the aforementioned items, and when the
income is insufficient to even cover feeding needs.

Statistical analysis

Nominal data was reported using frequencies and propor-
tions. Crude odds ratios (OR) with 95% confidence intervals
(95% CI) was used for bivariate analysis. For the main analyses
crude and adjusted hazard ratios (HR) with 95% CI from
Cox regression were computed. Poverty level was used as the
main independent variable, and survival time (i.e. time from
the onset of symptoms to the outcome: survive or death) as
the outcome variable. Observations with inconsistent dates
(7= 61) and poverty levels (7 = 4554) were excluded from the
analysis. The adjusted model included sex, age and comor-
bidities. Comorbidities included chronic medical conditions
such as obesity, diabetes, asthma, immunosuppression, hyper-
tension, cardiovascular disease and trenal failure and were
included in the model as a categorical variable (one, two, three,
four or more). Kaplan—Meier curves were used to graphically
depict survival differences by poverty level. All data were
processed and analyzed using the SPSS v.25 (IBM, USA).

Results

By 1 July 2020, 231772 individuals infected with SARS-
CoV-2 wete admitted to health facilities in Mexico. Most
patients wetre men (54.6%), 61.3% were >40 years old, 35.6%
had a poverty level >40% and 30.1% extreme poverty level
>4%. Indigenous speakers accounted for 1.1% of the sample
(Table 1).

Most patients received ambulatory care (69.3%), but 30.7%
had to be hospitalized. Hypertension was the most common
comorbidity (20.1%) followed by obesity (19.5%) and dia-
betes (16.4%). One out of four patients (23.8%) developed
pneumonia, 9.7% had to be intubated and 8.6% were admit-
ted for intensive care. Mortality was 12.3%, reaching 59.3%
among those with >1 comorbidities. Nearly 95% of patients
received care in public facilities, including social security insti-
tutions (42.3%); only 3% received care in a private facility
(Table 2).
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Fig. 1 Survival curves for patients diagnosed with COVID-19 between 26
February and 1 July 2020, by poverty levels in Mexico (n = 227 132).

Statistically significant increased crude ORs were observed
for all six variables studied for both, poverty (>40%) and
extreme poverty (>4%) in the municipality where patients
lived. The probability of developing pneumonia and being
hospitalized showed the largest odds for both levels of
poverty, but especially for extreme poverty with 1.34 (95%
CI 1.32-1.37) and 1.29 (95% CI 1.26-1.31), respectively
(Table 3).

Table 4 presents crude and adjusted HRs with 95% CI
from Cox regression for the survival of patients diagnosed
with COVID-19 during the study period adjusted for sex,
age in years and number of comorbidities. Extreme poverty,
but not poverty, was associated with a statistically significant
adjusted HR (1.09; 1.06-1.12).

Figure 1 displays Kaplan—Meier curves. While virtually
no difference in cumulative survival was observed between
patients living in poor and non-poor municipalities, those
living in municipalities with extreme poverty clearly showed a

lower survival.

Discussion

Main finding of this study

This study was conducted to determine whether patients
diagnosed with COVID-19 living in Mexican municipalities
with high levels of poverty and extreme poverty had a lower
chance of survival during the first 3 months of the pandemic.
Multivariate regression survival analyses revealed that extreme
poverty was associated with decreased survival, namely, that
individuals living in municipalities with extreme poverty have
a 9% higher risk of dying at any given time proportionally to
those living in municipalities classified as not poor (HR 1.09;
95% CI 1.06-1.12). Results also showed that the survival gap
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Table 1 Basic sociodemographic characteristics of COVID-19 patients in Mexico diagnosed between 27 February and 1 July 2020

Variable Category Frequency Percent
Sex Female 105223 45.4
Male 126 549 54.6
Age group in years 0-19 7265 3.1
20-39 82232 35.5
40-59 95548 41.2
60-79 40631 17.5
>80 6096 2.6
Ethnicity? Indigenous 2547 1.1
Non-indigenous 229225 98.9
Poverty in municipality (%)° 0-20 24736 10.7
20.1-40 124585 53.8
40.1-60 59381 25.6
>60 23070 10.0
Extreme poverty in municipality (%)° 0-2 97 461 421
2.1-4 64635 27.9
4.1-6 20478 8.8
6.1-8 11262 4.9
>8 37936 16.4
Total 231770 100

aSpeaks an indigenous language.

bDefined based on the National Council for the Evaluation of Social Policy (CONEVAL) (25).

widened as the follow-up time increased up to the third or
fourth week after diagnosis.

These findings relate to the principles of the “Theory of
Fundamental Causes’ applied to the analysis of gradients
of inequality in rnor'cality.z7 This theory assumes that social
differences in mortality levels had been constant throughout
time but that new economic factors have caused the relatively
recent differences observed, having an independent (after
adjusting for other risk factors) and sustained effect over time,
namely, that such effect remains in spite of changes in disease
mechanisms (e.g. preventive measures, health treatments, use
of medical technology, etc.).

For instance, a longitudinal study conducted in 20 Euro-
pean countries showed that mortality rates increased between
1980 and 2010, and that the poorest social segments of the
population were the most vulnerable, even in places offering

extensive facilities for preventive interventions.2®

What is already known on this topic

The results are consistent with those of three specific studies
that analyzed combined epidemiological and socio-spatial
data to investigate the association between poverty and
mortality from COVID-19 in the USA and Brazil under
the theoretical approach of Social Vulnerability and Social

Determinants of Health. The first, conducted in the USA,
examined the relationship between the county poverty level
and the mortality rate during the first weeks of the pandemic
finding that deaths increased over time in those counties
with more poverty and extreme poverty.”’ The second study
produced a predictive model for the risk of mortality from
COVID-19 in poor and highly segregated African-American

communities in the city of Chicago;”

the results showed
significant correlations for four covariates (areas with the
highest proportion of African-American residents, highest
social vulnerability, highest exposure to risk factors and high
mortality rates). The third, done in an urban municipality
in northeastern Brazil, showed that poorer neighborhoods
had lower COVID-19 records, but higher mortality rates
compared with neighborhoods with lower poverty levels; the
authors suggested that poor living conditions contributed to
the spread of the infection and led to the higher mortality in
vulnerable populations.”!

On the other hand, one study with data from 40 European
countries found no correlation between vatiables measur-
ing socioeconomic vulnerability (e.g. Gini indices of social
inequality and poverty rates) and differentials in mortality rates
by COVID-19; the adjusted lineat regtession model showed
that the speed for the implementation of response strategies

to the outbreak was the main predictor of mortality.*?
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Table 2 Clinical characteristics of COVID-19 patients in Mexico diagnosed between 27 February and 1 July 2020

Variable Category Frequency Percent
Type of patient Ambulatory 160541 69.3
Hospitalized 71231 30.7
Comorbidities Hypertension 46526 20.1
Obesity 45160 19.5
Diabetes 37993 16.4
Smoking 17848 7.7
Asthma 6352 2.7
Cardiovascular 5381 2.3
Chronic kidney disease 5019 2.2
Chronic obstructive pulmonary 4016 1.7
disease
Complications Pneumonia 55085 23.8
Intubation 6898 9.7
Intensive care 6092 8.6
Deaths Overall 28510 12.3
With >1 comorbidity 16954 59.5
Health sector Public, ministry of health 123165 53.1
Public, social security institutions® 98157 423
Private 6858 3.0
Other and unspecified 3590 1.6
Total 231770 100

alt includes the Mexican Institute of Social Security (IMSS), the Institute of Security and Social Services for Federal Workers (ISSSTE), health services for
workers of the public oil company (PEMEX) and the Ministry of Defense (SEMAR and SEDENA) and State Health Services.

What this study adds

The preceding studies analyzed the cross-sectional association
between levels of poverty and the presence of the mortality
event, or mortality incidence rates. Our study adds, as a
novelty, the analysis of the association between poverty and
survival time in a cohort diagnosed with COVID-19.

Evidence shows that the poorest population groups have a
lower survival from COVID-19. This suggest that the rela-
tionship between poverty and survival risk is not linear, as
previously reported in a longitudinal study from the USA
whereby levels of urban poverty and the risk of mortality were
documented only when poverty levels exceeded the threshold
of 20%.%

The results also replicate findings published in the interna-
tional literature on COVID-19, including the effect of comor-
bidities, older age and sex (i.e. being male), as risk factors for
higher mortality, **> but now reflected in survival rates.

Limitations of this study

Some strengths and limitations ought to be mentioned for
a fair interpretation of the results. The main limitation
relates to the allocation of aggregated values of poverty to

individuals based on the place of residence, which can lead
to an ecological fallacy; misclassification could be a real
threat to internal validity, as there can be no certainty that
individuals living in poor or extremely poor municipalities
were indeed poor themselves, and also those living in the other
municipalities could actually be extremely poor. On the other
hand, major strengths relate to the large sample comprising
the full COVID-19 mortality from a large country such as
Mexico, the uniform definitions and procedures used to
collect and record data, the standard coding of municipalities
that allowed merging data from the two registers used and the
use of a multidimensional instrument to measure poverty and
extreme poverty. The findings of the present study could be
complemented with a qualitative research that investigates the
effect of cultural meanings and beliefs on tisk and protection
practices against COVID-19 in municipalities of extreme
poverty.

In conclusion, the results show that individuals who lived
in municipalities with a large proportion of extreme poverty
who were diagnosed with COVID-19 and sought medical care
during the first 3 months of the pandemic in Mexico had a
lower survival compared with those living in all other munic-
ipalities. This could impact several health and socioeconomic
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Table 3 Odds ratios (OR) with 95% confidence intervals (Cl) from bivariate analyses for factors potentially associated with the levels of poverty and extreme

poverty of the municipality where the COVID-19 patients live between 27 February and 1 July 2002, in Mexico

Variables

Percent

N (%)
Yes

No

OR (95% Cl)

Level of poverty in the municipality where patients lived

Comorbidity (at least one)

Developed pneumonia

Patient was hospitalized

Patient was intubated

Patient was in intensive care unit

Patient died

Level of extreme poverty in the municipality where patients lived

Comorbidity (at least one)

Developed pneumonia

Patient was hospitalized

Patient was intubated

Patient was in intensive care unit

Patient died

0-40
>40
0-40
>40
0-40
>40
0-40
>40
0-40
>40
0-40
>40

0.1-4
>4
0.1-4
>4
0.1-4
>4
0.1-4
>4
0.1-4
>4
0.1-4
>4

67711 (45.3)
37977 (46.1)
33135(22.2)
21950 (26.6)
43884 (29.4)
27347 (33.2)
4102 (9.3)
2796 (10.2)
3583 (8.2)
2509 (9.2)
18035 (12.1)
10475 (12.7)

32289 (46.3)
73399 (45.3)
19250 (27.6)
35835 (22.1)
24068 (34.5)
47163 (29.1)
2406 (10.0)
4492 (9.5)
2138 (8.9)
3954 (8.4)
9181 (13.2)
19329 (11.9)

81610 (54.7)
44474 (53.9)
116186 (77.8)
60501 (73.4)
105437 (70.6)
55104 (66.8)
39782 (90.7)
24551 (89.8)
40301 (91.8)
24838 (90.8)
131286 (87.9)
71976 (87.3)

37387 (53.7)
88697 (54.7)
50426 (72.4)
126261 (77.9)
45608 (65.5)
114933 (70.9)
21662 (90.0)
42671 (90.5)
21930 (91.1)
43209 (91.6)
60495 (86.8)
142767 (88.1)

1.00
1.03 (1.01-1.05)
1.00
1.27 (1.25-1.30)
1.00
1.19 (1.17-1.21)
1.00
1.10 (1.05-1.16)
1.00
1.13 (1.08-1.20)
1.00
1.06 (1.03-1.09)

1.04 (1.02-1.06)
1.00
1.34 (1.32-1.37)
1.00
1.29 (1.26-1.31)
1.00
1.05 (1.00-1.11)
1.00
1.06 (1.01-1.13)
1.00
1.12 (1.09-1.15)
1.00

Table 4 Crude and adjusted hazard ratios (HR) with 95% confidence intervals (Cl) from Cox regression for the survival of patients diagnosed with COVID-19

(n=227132%) in Mexico between 26 February and 1 July 2020

Variable Category HR (95% Cl)
Crude Adjusted
Poverty level® No poverty 1.00 1.00
Poverty 0.99 (0.95-1.04) 0.98 (0.94-1.03)
Extreme poverty 1.13(1.10-1.16) 1.09 (1.06-1.12)
Sex Female 1.00 1.00
Male 1.30 (1.27-1.33) 1.25(1.22-1.28)
Age Years 1.03 (1.03-1.03) 1.03 (1.03-1.03)
Comorbidities® None 1.00 1.00
One 1.48 (1.44-1.52) 1.19(1.16-1.23)
Two 2.14 (2.07-2.21) 1.43(1.39-1.48)
Three 2.57 (2.46-2.69) 1.57 (1.50-1.65)
) )

Four or more

3.05 (2.84-3.27

20bservations with inconsistent dates (n = 61) and poverty levels (n = 4554) were excluded from the analysis.

bDefined by the patient’s municipality of residence using CONEVAL data (25).

1.72 (1.60-1.84

€It includes obesity, smoking, hypertension, diabetes, asthma, cardiovascular disease, renal disease, immunosuppression and COPD, among others.
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indicators resulting in a vicious cycle of more poverty and
extreme poverty.36 Thus, combating extreme poverty should
be a central preventive strategy.

Regrettably, in spite of international community awate-
ness and formal willingness to tackle this problem, reducing
extreme poverty continues to be a relatively neglected issue.
In fact, during the last three decades, poverty in the wotld has
only been reduced slightly, to a large extent due to poor redis-
tribution policies.”” Efforts should persist to continue trying
to tackle extreme poverty through structural and systematic
efforts based on a better and fairer distribution of the income
and wealth.
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