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Abstract 
Introduction: Mexico is one of the countries that is most affected by mortality due to COVID-19. Once infected, the indigenous population 
living in the lower-income states had worse outcomes. Our objectives were to analyze outcomes by ethnic group, and determine the association 
between state-level income and the incidence, hospitalizations, outpatients, and death rates per 100,000 population. 
Methodology: We analyzed 1,037,567 confirmed COVID-positive cases from February 29 to November 13, 2020 recorded in the Mexican 
COVID-19 cases database. Sociodemographic characteristics, comorbidities, and outcomes were analyzed. Data was allocated according to the 
state where the patients were treated. Statistical association between age-adjusted incidence and death rates with state-level GDP per capita (as 
a measure of income), were ascertained using Spearman correlations. Kruskal-Wallis tests examine the association of cumulative incidence, 
hospitalizations, outpatients, and death rates, with income quartiles. When significant, a follow-up analysis (Mann-Whitney) was conducted. 
Results: Respective cumulative incidence rates and death rates were: 900.3 (non-indigenous) and 94.4 (indigenous), and 87.1 (non-indigenous) 
and 13.9 (indigenous). Spearman correlation coefficients of income with age-standardized incidence and death rates were 0.657 and 0.607 (p 
< 0.001 for both). Kruskal-Wallis H-Values indicate significant median differences by income in total population rates: cumulative incidence 
13.47 (p < 0.01), hospitalizations 11.67 (p < 0.01), outpatients 12.86 (p < 0.01), and deaths 8.92 (p < 0.05). 
Conclusions: Cumulative incidence, hospitalizations, outpatients, and mortality rates presented a reversed socioeconomic status health gradient 
in Mexico. Less adverse outcomes were observed in the lowest-income states compared to higher-income states. 
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Introduction 

On February 29, 2020, two months after the first 
case of coronavirus disease 2019 (COVID-19) in the 
world was reported in Wuhan, China [1], the first two 
imported cases of COVID-19 were confirmed in 
Mexico; both had a travel history to Italy [2,3]. On 
March 24, 2020, the Ministry of Health introduced 
social distancing measures whereby all shopping malls, 
department stores, restaurants, bars, cafes, cinema halls, 
and fitness centers were temporarily closed, in an effort 
to reduce the rate of transmission of the virus and avoid 
overburdening of the healthcare system [4]. On March 
30, 2020, with the number of new daily cases at around 
two hundred, the General Health Council declared a 

COVID-19 health emergency [5], and the following day 
the Ministry of Health established extraordinary 
measures to address it, reiterating the social distancing 
measures, and suspending all non-essential economic 
activities temporarily [6], although no sanctions were 
established for infringement. It was recommended that 
the population leave their homes only when absolutely 
necessary (particularly older adults, people with 
underlying medical conditions, and pregnant women), 
and maintain a distance of at least 5 feet from other 
people when outside their homes [6]; however, the use 
of face masks was not endorsed by the Mexican health 
authorities. By the end of April, with the weekly 
average of new daily cases nearing two thousand [7], 
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school classes of every level had switched to online 
mode [8]. Yet no international flights were suspended, 
and interstate travel within Mexico was never restricted. 

Since the preventive measures had general 
applicability, the economy was greatly affected. This 
prompted the Mexican government to allow non-
essential economic activities to be resumed in early 
June, even though the weekly average of new daily 
cases was approaching five thousand. By mid-July, the 
weekly average of new daily cases reached seven 
thousand, and then slowly descended to around 4,500 in 
late September [7]. 

The weekly average of new daily cases was again 
nearing seven thousand by mid-November 2020, with 
823.4 cumulative cases per 100,000 population –much 
lesser than the most affected countries: Belgium 
(4,583.3 cases), the United States of America (3,214.9 
cases), Spain (3,119.7 cases), France (2,938.9 cases), 
Argentina (2,868.4 cases), Peru (2,828.6 cases), and 
Brazil (2,733.7 cases). Yet in terms of cumulative 
deaths per 100,000 population, Mexico, with 80.2 
deaths, belongs in the group of the most affected 
countries: Belgium (123.4 deaths), Peru (106.5 deaths), 
Spain (87.2 deaths), Argentina and Brazil (77.5 deaths 
each), and The United Kingdom (76.3 deaths) [7,9]. 
Mexico is thus one of the most affected countries in 
terms of mortality due to COVID-19.  

Since the beginning of the outbreak, several authors 
suggested the presence of a socioeconomic status (SES) 
health gradient in the COVID-19 pandemic [10-12]. 
The SES health gradient has been confirmed for 
COVID-19 in high-income countries such as Canada 
[13], Spain [14] and the United States of America 
[15,16]. Hence, it would be expected that the 
indigenous population in Mexico –one of the poorest 
population groups representing approximately 10% of 
the total population [17], concentrated in some of the 
poorest regions in the country (according to state-level 
Gross Domestic Product (GDP) per capita, whose 
diverse evolution since the start of the present century 
has resulted in a widening gap between prosperous 
states, i.e. the nation’s capital and the industrialized 
North of the country, with the traditionally poor South 
[18]) would have worse COVID-19 outcomes due to 
their more limited access to health services than the 
non-indigenous population [19]. 

The objectives of this study were to analyze the 
different COVID-19 outcomes by ethnic group 
(indigenous and non-indigenous), and to determine the 
relationship between COVID-19 incidence rates, 
hospitalizations, outpatient numbers, as well as death 
rates, and the GDP per capita (as a measure of income) 

of the 32 states in Mexico. If the SES health gradient 
applies to the COVID-19 pandemic in Mexico, worse 
outcomes would be observed in states with lower GDP 
per capita than in states with higher GDP per capita. 

 
Methodology 
Data sources 

The data utilized in this study was extracted from 
the Mexican Ministry of Health COVID-19 cases open-
access database [7], containing data accumulated from 
the start of the pandemic in Mexico on February 29, 
2020 to the cut-off point on November 13, 2020. The 
data originated from the Epidemiological Surveillance 
System of Viral Respiratory Diseases (SISVER) 
implemented on April 5, 2020 [20], whereby the 
healthcare system in Mexico conducts epidemiological 
surveillance by laboratory (sentinel surveillance) under 
a sampling rate of 10% for outpatient cases of viral 
respiratory disease, and 100% for severe hospitalized 
cases. Up to the cut-off point, the database contained 
information on 2,630,258 patients from health care 
units in the 32 Mexican states, of which 1,037,567 were 
COVID-19 positive cases, confirmed by Reverse 
Transcription Polymerase Chain Reaction (RT-PCR). 
We focus our analysis on such confirmed positive 
cases; no cases were excluded. 

The variables from the database used in this study 
were: sociodemographic characteristics (age, sex, 
“indigenous” –chosen over “speaks indigenous tongue” 
to include patients of all ages when determining 
ethnicity, and location of medical unit), type of patient 
(hospitalized or outpatient), reported comorbidities 
(diabetes, chronic obstructive pulmonary disease, 
asthma, immunodeficiency, hypertension, 
cardiovascular disease, obesity, chronic kidney disease, 
tobacco use, and “other comorbidities”), and outcomes 
(ICU admission, invasive ventilation, recovery, or 
death). The variable “severe cases” was used to refer to 
the occurrence of the outcomes ICU admission, 
invasive ventilation, or death. The variable “died at 
home” refers to ambulatory patients whose outcome 
was death. Data was allocated geographically according 
to the location, by state, of the hospitals where the 
patients were treated. 

Gross Domestic Product (GDP) per capita by state, 
expressed in current United States Dollars, was 
calculated using 2019 state-level GDP data extracted 
from the National Institute of Statistics and Geography 
(INEGI) website [21], 2019 state population estimates 
extracted from the National Population Council 
(CONAPO) website [22], and the 2019 Mexican Peso – 
United States dollar exchange rate extracted from the 
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Banco de México (Mexico's central bank) website [23]. 
The 32 Mexican states were classified by quartiles of 
GDP per capita in current United States dollars, and this 
information was incorporated into the database for 
analysis. 

Cumulative incidence, hospitalizations, outpatients, 
and deaths per 100,000 population were calculated 
using data from the 2020 Population Census [24] for 
non-indigenous population, and data from the National 
Institute of Indigenous People (2017) [17] for 
indigenous population. To standardize the state-level 
incidence rates and death rates by age, we used the 
direct method with the 2018 National Survey on 
Population Dynamics [25] as reference. 

 
Statistical analysis 

Numerical variables contained in the database are 
presented as patient counts and means; categorical 
variables are presented as patient counts and 
percentages. 

Correlation graphics were used to ascertain the 
statistical association between age-adjusted incidence 
rates and age-adjusted death rates with GDP per capita 
by state. Ryan-Joiner tests were performed to examine 
the distribution of the variables involved, which showed 
that neither state-level GDP per capita (RJ = 0.882, p < 
0.01) nor age-adjusted incidence rates (RJ = 0.952, p < 
0.05) were normally distributed. The Ryan-Joiner test 
did not show evidence of non-normality (RJ = 0.987, p 
> 0.05) for age-adjusted death rates. Thus, Spearman 
correlations (95% CI) were calculated. A p-value < 0.05 
criterion was used for determining a significant 
correlation between variables. 

The data were further analyzed using the Kruskal-
Wallis test to examine associations of COVID-19-
related variables (crude rates of cumulative incidence, 
hospitalized patients, outpatients, and deaths per 
100,000 population), with state-level GDP per capita 

categories (quartiles). Where the Kruskal Wallis test 
results were significant, a follow-up analysis using the 
Mann-Whitney statistic (W value) was conducted. All 
statistical analyses were performed using Minitab 
software version 19.1. 

No ethical review was required for this study, since 
the open-access database used contains anonymized 
information. 

 
Results 
Infected population characteristics and outcomes 

With a population of 126.0 million [24] (114.0 
million non-indigenous and 12.0 million indigenous), 
the overall cumulative COVID-19 incidence rate in 
Mexico was 823.4 cases per 100,000 inhabitants 
between February 29, 2020 and November 13, 2020. 
Cumulative cases per 100,000 population were 900.3 
for non-indigenous people and 94.4 for indigenous 
people. 

The age group 30 to 59 presented 60.5% of the 
cumulative cases in the non-indigenous population, and 
55.5% of cumulative cases in the indigenous population 
(Table 1). 

In both population groups, more than 80% of case 
fatalities were concentrated in age groups 50 and above. 
The case fatality rate (CFR), or the proportion of 
patients who died among confirmed COVID-19 cases, 
was lower for the non-indigenous population (9.7%) 
than for the indigenous population (14.7%), as was the 
percentage of patients who died at home (respectively: 
10.9% and 12.0% overall; 13.3% and 29.6% for the 30 
to 39 year age group). 

The overall cumulative deaths per 100,000 
population were substantially higher for the non-
indigenous population (87.1) than for the indigenous 
population (13.9). Deaths rose significantly in the older 
age groups in both populations, reaching 572.8 and 
104.4 respectively in the 80 years or older group. 

Table 1. Confirmed COVID-19 cases, confirmed deaths, and death rates in Mexico from February 29, 2020 to November 13, 2020, by age 
group and ethnic group [7,17,24]. 

Age Group 
Confirmed COVID-19 cases n (%) 

(n = 1,037,567) 
Confirmed deaths N (%) 

(n = 101,005) 
Died at home (Outpatient deaths) 

n (% of deaths) Deaths per 100,000 population 

Non-indigenous Indigenous Non-indigenous Indigenous Non-indigenous Indigenous Non-indigenous Indigenous 
0-9 11,483 (1.1) 156 (1.4) 228 (0.2) 9 (0.5) 12 (5.3) 0 (0.0) 1.2 0.4 

10-19 32,398 (3.2) 305 (2.7) 169 (0.2) 2 (0.1) 15 (8.9) 0 (0.0) 0.9 0.1 
20-29 167,297(16.3) 1,392 (12.3) 1,161 (1.2) 20 (1.2) 150 (12.9) 1 (5.0) 6.2 1.2 
30-39 226,708 (22.1) 2,092 (18.4) 4,065 (4.1) 54 (3.2) 541 (13.3) 16 (29.6) 24.2 3.3 
40-49 216,648 (21.1) 2,139 (18.8) 11,408 (11.5) 152 (9.1) 1,359 (11.9) 16 (10.5) 76.1 10.4 
50-59 177,821 (17.3) 2,067 (18.2) 21,622 (21.8) 345 (20.7) 2,505 (11.6) 41 (11.9) 187.3 29.0 
60-69 110,435 (10.8) 1,677 (14.8) 27,602 (27.8) 474 (28.4) 2,861 (10.4) 59 (12.4) 359.3 60.5 
70-79 57,805 (5.6) 1,026 (9.0) 21,644 (21.8) 385 (23.1) 2,142 (9.9) 44 (11.4) 530.9 99.9 
≥ 80 25,620 (2.5) 498 (4.4) 11,437 (11.5) 228 (13.7) 1,199 (10.5) 23 (10.1) 572.8 104.4 
Total 1,026,215 (100) 11,352 (100) 99,336 (100) 1,669 (100) 10,784 (10.9) 200 (12.0) 87.1 13.9 
CFR*   9.7% 14.7%     

*CFR: Case Fatality Rate. 
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The mean age of the confirmed cases in the non-
indigenous population was 44.3 years, whereas 
confirmed cases in the indigenous population were 
older, with a mean age of 48.2 years. There was an 
approximately even split between males and females in 
confirmed cases of the non-indigenous population, but 
in the case of the indigenous population there was a 
higher proportion of males (55.8%) (Table 2). Of the 
total confirmed cases for each population, the 
proportion of patients that reported having at least one 
comorbidity was 43.0% for the non-indigenous 
population, and 49.8% for the indigenous population. In 
both population groups, patients with at least one 
comorbidity were older (50+ years) than the average 
age of confirmed cases. 

Severe cases, grouped here in a composite endpoint 
[26,27] consisting of admittance to an intensive care 
unit (ICU), or invasive ventilation, or death, represented 
11.0% of confirmed cases among the non-indigenous 
population, and 16.6% of confirmed cases in the 
indigenous population. Confirmed deaths represented 
9.7% of confirmed cases in the non-indigenous 
population, and 14.7% of confirmed cases in the 
indigenous population. In both instances, the male 
population comprised 60% or higher of the total 
COVID-19 cases. The mean age of the severe cases and 
the confirmed deaths were, respectively, 61.6 and 62.7 
years for the non-indigenous population, and 62.5 and 
64.0 years for the indigenous population. 
Comorbidities, which have been suspected to be at least 
partly responsible for COVID-19-related deaths since 
the start of the pandemic [28], were present in 73% of 
the deceased, both in non-indigenous and indigenous 
populations. The proportion of deceased females 
presenting comorbidities was 78.4% for the non-
indigenous population, and 82.9% for the indigenous 

population, compared to the corresponding 69.9% and 
67.8% for deceased males. 

The prevalence of any of the three main 
comorbidities (hypertension, obesity, or diabetes) was 
higher in the indigenous group than in the non-
indigenous group (42.7% vs. 35.3%). The prevalence of 
tobacco use was lower in the indigenous group than in 
the non-indigenous group (5.9% vs. 7.3%). The 
prevalence of the rest of the comorbidities was similar 
for both population groups, except for chronic 
obstructive pulmonary disease (COPD), which in the 
indigenous group was more than double that of the non-
indigenous group (2.9% vs. 1.3%) (Figure 1). 

Of the 46,558 patients that were admitted to an ICU 
or received invasive ventilation, 32,737 (70.3%) died 
and 13,821 (29.7%) recovered (Table 3). However, not 
all of the severe cases were admitted to an ICU or 
received invasive ventilation: 68,268 of 114,826 severe 
cases (59.5%) resulted in death in this situation; 57,284 
(49.9%) of these patients had been hospitalized, but 
10,984 (9.6%) died at home (outpatient deaths). 
Regarding indigenous patients, 63.4% of severe cases 
culminated in death without being admitted to an ICU 

Table 2. Demographic and clinical characteristics of the infected population by ethnic group [7]. 

Sex 

Confirmed cases Any comorbidity Outcome 

N 

Distri-
bution 

by 
gender 

(%) 

N (% of 
confirmed 

cases) 

Distri-
bution 

by 
gender 

(%) 

Severe cases N 
(% of 

confirmed 
cases) 

Distri-
bution 

by 
gender 

(%) 

Confirmed 
deaths N (% of 

confirmed 
cases) 

Distri-
bution 

by 
gender 

(%) 

Deceased w/ 
comorbidities 

N (% of 
confirmed 

deaths) 

Distri-
bution 

by 
gender 

(%) 
Non-indigenous population 
Female 502,967 49.0 210,476 (41.8) 47.7 41,247 (8.2) 36.5 36,032 (7.2) 36.3 28,237 (78.4) 38.9 
Male 523,248 51.0 230,820 (44.1) 52.3 71,692 (13.7) 63.5 63,304 (12.1) 63.7 44,275 (69.9) 61.1 
Total 1,026,215 100.0 441,296 (43.0) 100.0 112,939 (11.0) 100.0 99,336 (9.7) 100.0 72,512 (73.0) 100.0 
Mean age 
(years ± SD) 44.3 ± 16.8 - 50.7 ± 16.3 - 61.6 ± 15.0 - 62.7 ± 14.2 - 63.4 ± 13.8 - 

Indigenous population 
Female 5,013 44.2 2,548 (50.8) 45.1 675 (13.5) 35.8 589 (11.7) 35.3 488 (82.9) 40.0 
Male 6,339 55.8 3,100 (48.9) 54.9 1,212 (19.1) 64.2 1,080 (17.0) 64.7 732 (67.8) 60.0 
Total 11,352 100.0 5,648 (49.8) 100.0 1,887 (16.6) 100.0 1,669 (14.7) 100.0 1,220 (73.1) 100.0 
Mean age 
(years ± SD) 48.2 ± 18.1 - 53.9 ± 16.5 - 62.5 ± 15.6 - 64.0 ± 14.4 - 64.3 ± 13.4 - 

 

Figure 1. Prevalence of comorbidities in confirmed cases, by 
ethnic group [7]. 
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or having received invasive ventilation (52.8% had 
been hospitalized, but 10.6% died at home). 

The presence of comorbidities was more common 
in severe cases than in non-severe cases (72.1% vs. 
39.5%). In severe cases resulting in death, 73% of the 
patients had at least one comorbidity; in severe cases 
where the patient recovered, this proportion dropped to 
65.3%. 

Two or more comorbidities were observed in 40.1% 
of hospitalized patients admitted to an ICU or that 
received invasive ventilation, as compared to 
hospitalized patients not admitted to an ICU and that 
did not receive invasive ventilation (35.6%), and 
ambulatory patients (12.3%). 

 

Table 3. Confirmed COVID-19 cases in Mexico, grouped by type of patient, and outcome [7]. 

Age Group Cases N 
One co- 

morbidity N (% 
of cases) 

2+ co- 
morbidities N 
(% of cases) 

Deaths 
N 

One co- 
morbidity N 

(% of deaths) 

2+ co- 
morbidities N 
(% of deaths) 

Recovered 
N 

One co- 
morbidity N 

(% of 
recovered) 

2+ co- 
morbidities N 

(% of 
recovered) 

Hospitalized patients, admitted to intensive care unit (ICU) or received invasive ventilation 
0-9 559 127 (22.7) 37 (6.6) 142 38 (26.8) 13 (9.2) 417 89 (21.3) 24 (5.8) 
10-19 255 85 (33.3) 38 (14.9) 82 26 (31.7) 22 2 (6.8) 173 59 (34.1) 16 (9.2) 
20-29 1,022 331 (32.4) 224 (21.9) 413 130 (31.5) 121 (29.3) 609 201 (33.0) 103 (16.9) 
30-39 3,035 1,086 (35.8) 654 (21.5) 1,527 555 (36.3) 407 (26.7) 1,508 531 (35.2) 247 (16.4) 
40-49 6,761 2,292 (33.9) 2,182 (32.3) 4,160 1,418 (34.1) 1,463 (35.2) 2,601 874 (33.6) 719 (27.6) 
50-59 11,029 3,355 (30.4) 4,344 (39.4) 7,673 2,308 (30.1) 3,121 (40.7) 3,356 1,047 (31.2) 1,223 (36.4) 
60-69 12,214 3,608 (29.5) 5,595 (45.8) 9,311 2,697 (29.0) 4,332 (46.5) 2,903 911 (31.4) 1,263 (43.5) 
70-79 8,216 2,397 (29.2) 4,009 (48.8) 6,619 1,908 (28.8) 3,265 (49.3) 1,597 489 (30.6) 744 (46.6) 
≥ 80 3,467 1,048 (30.2) 1,600 (46.1) 2,810 851 (30.3) 1,306 (46.5) 657 197 (30.0) 294 (44.7) 
Total 46,558 14,329 (30.8) 18,683 (40.1) 32,737 9,931 (30.3) 14,050 (42.9) 13,821 4,398 (31.8) 4,633 (33.5) 
Non-
indigenous 45,867 14,113 (30.8) 18,418 (40.2) 32,264 9,783 (30.3) 13,853 (42.9) 13,603 4,330 (31.8) 4,565 (33.6) 

Indigenous 691 216 (31.3) 265 (38.4) 473 148 (31.3) 197 (41.6) 218 68 (31.2) 68 (31.2) 
Hospitalized patients, not admitted to ICU and did not receive invasive ventilation 
0-9 1,597 300 (18.8) 105 (6.6) 83 24 (28.9) 13 (15.7) 1,514 276 (18.2) 92 (6.1) 
10-19 1,347 359 (26.7) 133 (9.9) 74 31 (41.9) 9 (12.2) 1,273 328 (25.8) 124 (9.7) 
20-29 7,511 1,933 (25.7) 1,026 (13.7) 617 198 (32.1) 213 (34.5) 6,894 1,735 (25.2) 813 (11.8) 
30-39 17,611 5,012 (28.5) 3,100 (17.6) 2,035 660 (32.4) 675 (33.2) 15,576 4,352 (27.9) 2,425 (15.6) 
40-49 31,041 9,439 (30.4) 8,178 (26.3) 6,025 1,856 (30.8) 2,212 (36.7) 25,016 7,583 (30.3) 5,966 (23.8) 
50-59 42,042 12,760 (30.4) 15,121 (36.0) 11,748 3,401 (28.9) 5,075 (43.2) 30,294 9,359 (30.9) 10,046 (33.2) 
60-69 40,453 11,278 (27.9) 18,155 (44.9) 15,845 4,233 (26.7) 7,635 (48.2) 24,608 7,045 (28.6) 10,520 (42.8) 
70-79 27,392 7,682 (28.0) 13,124 (47.9) 13,224 3,676 (27.8) 6,440 (48.7) 14,168 4,006 (28.3) 6,684 (47.2) 
≥ 80 13,807 4,170 (30.2) 6,153 (44.6) 7,633 2,351 (30.8) 3,425 (44.9) 6,174 1,819 (29.5) 2,728 (44.2) 
Total 182,801 52,933 (29.0) 65,095 (35.6) 57,284 16,430 (28.7) 25,697 (44.9) 125,517 36,503 (29.1) 39,398 (31.4) 
Non-
indigenous 179,759 51,990 (28.9) 64,106 (35.7) 56,288 16,149 (28.7) 25,238 (44.8) 123,471 35,841 (29.0) 38,868 (31.5) 

Indigenous 3,042 943 (31.0) 989 (32.5) 996 281 (28.2) 459 (46.1) 2,046 662 (32.4) 530 (25.9) 
Outpatients 
0-9 9,483 689 (7.3) 111 (1.2) 12 5 (41.7) 1 (8.3) 9,471 684 (7.2) 110 (1.2) 
10-19 31,101 3,608 (11.6) 445 (1.4) 15 5 (33.3) 3 (20.0) 31,086 3,603 (11.6) 442 (1.4) 
20-29 160,156 31,066 (19.4) 6,454 (4.0) 151 43 (28.5) 43 (28.5) 160,005 31,023 (19.4) 6,411 (4.0) 
30-39 208,154 48,103 (23.1) 14,595 (7.0) 557 175 (31.4) 155 (27.8) 207,597 47,928 (23.1) 14,440 (7.0) 
40-49 180,985 47,852 (26.4) 22,955 (12.7) 1,375 426 (31.0) 443 (32.2) 179,610 47,426 (26.4) 20,512 (12.5) 
50-59 126,817 37,122 (29.3) 25,963 (20.5) 2,546 742 (29.1) 999 (39.2) 124,271 36,380 (29.3) 24,964 (20.1) 
60-69 59,445 18,377 (30.9) 17,368 (29.2) 2,920 836 (28.6) 1,302 (44.6) 56,525 17,541 (31.0) 16,066 (28.4) 
70-79 23,223 7,142 (30.8) 8,236 (35.5) 2,186 601 (27.5) 985 (45.1) 21,037 6,541 (31.1) 7,251 (34.5) 
≥ 80 8,844 2,748 (31.1) 3,070 (34.7) 1,222 354 (29.0) 506 (41.4) 7,622 2,394 (31.4) 2,564 (33.6) 
Total 808,208 196,707 (24.3) 99,197 (12.3) 10,984 3,187 (29.0) 4,437 (40.4) 797,224 193,520 (24.3) 94,760 (11.9) 
Non-
indigenous 800,589 194,550 (24.3) 98,119 (12.3) 10,784 3,118 (28.9) 4,371 (40.5) 789,805 191,432 (24.2) 93,748 (11.9) 

Indigenous 7,619 2,157 (28.3) 1,078 (14.1) 200 69 (34.5) 66 (33.0) 7,419 2,088 (28.1) 1,012 (13.6) 
Severe cases 
Total 114,826 33,946 (29.6) 48,817 (42.5) 101,005 29,548 (29.3) 44,184 (43.7) 13,821 4,398 (31.8) 4633 (33.5) 
Non-
indigenous 112,939 33,380 (29.6) 48,027 (42.5) 99,336 29,050 (29.2) 43,462 (43.8) 13,603 4,330 (31.8) 4,565 (33.6) 

Indigenous 1,887 566 (30.0) 790 (41.9) 1,669 498 (29.8) 722 (43.3) 218 68 (31.2) 68 (31.2) 
Non-severe cases 
Total 922,741 230,023 (24.9) 134,158 (14.5) - - - 922,741 230,023 (24.9) 134,158 (14.5) 
Non-
indigenous 913,276 227,273 (24.9) 132,616 (14.5) - - - 913,276 227,273 (24.9) 132,616 (14.5) 

Indigenous 9,465 2,750 (29.1) 1,542 (16.3) - - - 9,465 2,750 (29.1) 1,542 (16.3) 
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Differences by state-level income in COVID-19 
cumulative incidence, hospitalized patients, 
outpatients, and deaths per 100,000 population 

Mexico spans a vast territory of nearly 2 million 
square kilometers [29], divided into 32 states. Each 
state presents a unique combination of socioeconomic 
and demographic characteristics, as well as different 
incidence and mortality rates. State-level Gross 
Domestic Product (GDP) per capita, as a measure of 
income, ranged from 2,395 US dollars in the state of 
Chiapas to 27,324 US dollars in the state of Campeche. 
Classified by quartiles (Q) of GDP per capita, six of the 
eight states in the lowest income quartile (Q1) are part 
of the group of eleven states with the most significant 
presence of indigenous population, i.e., the poorest 
states in the country frequently have a considerable 
proportion of indigenous population (Figure 2). 

Upon visual inspection, an upward trend in both 
cumulative incidence and death rates was observed, 
corresponding to increasing GDP per capita by state. 
The lowest age-standardized incidence and age-
standardized death rates were observed in the remote 
state of Chiapas bordering Guatemala, which has the 
lowest GDP per capita; these rates were, respectively, 
14.4 times and 5.6 times lower than those observed in 

Mexico City, the nation’s capital, which has the second-
highest GDP per capita in the country (18,048 US 
dollars), the highest population density, and houses the 
most important airport hub in the country. Oaxaca and 
Guerrero, the next-lowest states in terms of GDP per 
capita (3,178 and 3,427 US dollars, respectively), with 
relative proximity to the nation’s capital and with 
important tourist destinations located in specific areas, 
exhibited incidence rates 3.8 and 3.2 times lower than 
Mexico City, while the corresponding death rates were 
3.4 and 2.2 times lower. 

Five of the eight states in the highest income 
quartile, Q4 (Baja California Sur, Sonora, Coahuila, 
and Nuevo León in the northern part of the country, as 
well as Mexico City), had incidence rates above 1,000 
and death rates of 100 or above (except Nuevo Leon, 
with 79). The state of Campeche, with the highest GDP 
per capita in the country due to crude oil production 
concentrated in two specific areas, had a death rate of 
108 deaths per 100,000 population, but its incidence 
rate was one of the lowest in this quartile (753). It must 
be noted, however, that the state is scarcely populated 
and has a high presence of indigenous population (> 
20%) dedicated to agriculture, living in remote regions. 

Figure 2. Map showing: the 32 states of Mexico, classified by quartiles (Q) of Gross Domestic Product (GDP) per capita in current US 
Dollars (Q1 < 6,376.05; Q2 ≥ 6,376.05 and < 9,038.97; Q3 ≥ 9,038.97 and < 11,622.10; Q4 ≥ 11,622.10), the 11 states with the most 
significant presence of indigenous population, and a list showing the age-adjusted incidence rate and the age-adjusted death rate in each 
state [7,17,21-25]. 
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Using state-level results, a Spearman correlation 
analysis was performed to determine the relationship 
between GDP per capita and the cumulative incidence 
rate, as well as the death rate in each state. There was a 
strong, positive correlation between income and both 
the age-standardized incidence rate and the age 
standardized death rate, i.e., the higher the state-level 
income, the higher the COVID-19 incidence and death 
rates; the respective Spearman correlation coefficient 
values were 0.657 and 0.607 (p < 0.001 in both cases) 
(Figures 3A and 3B). 

Moreover, Kruskal-Wallis test results indicate 
differences, by income quartile, in the medians of the 
following Total Population COVID-19 rates per 
100,000 population: cumulative incidence (H = 13.47, 
p < 0.01), hospitalized patients (H = 11.67, p < 0.01), 
outpatients (H = 12.86, p < 0.01), and deaths (H = 8.92, 
p < 0.05) (Table 4). Regarding specific population 
groups, only the cumulative incidence rate and 
outpatients rate proved significantly different between 
income quartiles: for the non-indigenous population, 
the corresponding H-values were 11.58 (p < 0.01) and 
9.24 (p < 0.05); for the indigenous population, the H-
values were, respectively, 11.66 (p < 0.01) and 10.73 (p 
< 0.05). 

Mann-Whitney tests were carried out to follow up 
on such differences (Table 5). The total population rates 
per 100,000 population were significantly lower for 
income quartile Q1 (< 6,376.05 USD) compared to 
quartile Q3 (≥ 9,038.97 and < 11,622.10 USD), and for 

Table 4. Kruskal-Wallis test results of Association of state-level income category with COVID-19 cumulative incidence, hospitalized patients, 
outpatients, and deaths per 100,000 population in Mexico from February 29, 2020 to November 13, 2020 [7,21-24]. 

Variable / Income category* Total population Non-indigenous Indigenous 
Median H p Median H p Median H p 

Cumulative incidence per 100,000 population         
Q1 < 6,376.05 USD** 563.66 13.47 0.004 603.34 11.58 0.009 54.733 11.66 0.009 
Q2 ≥ 6,376.05 and < 9,038.97 USD 821.84   830.98   142.130   
Q3 ≥ 9,038.97 and < 11,622.10 USD 906.04   980.75   182.735   
Q4 ≥ 11,622.10 USD 1152.62   1164.82   138.008   
Hospitalized patients per 100,000 population         
Q1 < 6,376.05 USD 145.613 11.67 0.009 163.435 7.11 0.068 25.4228 5.82 0.121 
Q2 ≥ 6,376.05 and < 9,038.97 USD 173.291   179.439   51.5484   
Q3 ≥ 9,038.97 and < 11,622.10 USD 197.039   200.140   49.8471   
Q4 ≥ 11,622.10 USD 205.294   209.257   44.8220   
Outpatients per 100,000 population          
Q1 < 6,376.05 USD 428.013 12.86 0.005 468.584 9.24 0.026 24.995 10.73 0.013 
Q2 ≥ 6,376.05 and < 9,038.97 USD 608.881   615.450   103.103   
Q3 ≥ 9,038.97 and < 11,622.10 USD 683.261   721.892   108.184   
Q4 ≥ 11,622.10 USD 953.263   963.350   103.429   
Deaths per 100,000 population          
Q1 < 6,376.05 USD 66.5135 8.92 0.030 74.383 4.76 0.190 10.8997 6.17 0.103 
Q2 ≥ 6,376.05 and < 9,038.97 USD 74.1873   76.482   20.1055   
Q3 ≥ 9,038.97 and < 11,622.10 USD 84.1571   90.427   21.1443   
Q4 ≥ 11,622.10 USD 97.4364   102.767   22.0480   

* Gross Domestic Product per capita is used as a measure of income; ** USD represents United States Dollars. 

Figure 3. Correlation of state-level Gross Domestic Product 
(GDP) per capita, in current US dollars, with COVID-19 
incidence and death rates (95% CI) [7,17,20-25]. (A) GDP per 
capita correlated with age-standardized incidence rate (B) GDP 
per capita correlated with age-standardized death rate. 
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quartile Q1 (< 6,376.05 USD) compared to quartile Q4 
(≥ 11,622.10 USD): respectively, Mann-Whitney W 
values were 42 (p < 0.01) and 36 (p < 0.01) for 
cumulative incidence; 46 (p < 0.05) and 39 (p < 0.01) 
for hospitalized patients; 41 (p < 0.01) and 39 (p < 0.01) 
for outpatients; 46 (p < 0.05) and 34 (p < 0.05) for 
deaths. For the non-indigenous population, cumulative 
incidence per 100,000 population and outpatients per 

100,000 population were significantly lower for 
quartile Q1 compared to quartile Q3, and for quartile 
Q1 compared to quartile Q4: respectively, Mann-
Whitney W values were 44 (p < 0.05) and 40 (p < 0.01) 
for cumulative incidence; 47 (p < 0.05) and 42 (p < 
0.01) for outpatients. 

In the case of the indigenous population, cumulative 
incidence and outpatients per 100,000 population were 

Table 5. Analysis of Mann-Whitney W based on Kruskal-Wallis test results of association of state-level income category with COVID-19 
cumulative incidence, hospitalized patients, outpatients, and deaths per 100,000 population in Mexico from February 29, 2020 to November 
13, 2020 [7,21-24]. 

Variable / Income category* Total population Non-indigenous Indigenous 
Median W p Median W p Median W p 

Cumulative incidence per 100,000 population          
Q1 < 6,376.05 USD** 563.657 52.00 0.104 603.338 52.00 0.104 54.733 42.00 0.007 
Q2 ≥ 6,376.05 and < 9,038.97 USD 821.835   830.979   142.130   
Q1 < 6,376.05 USD 563.657 42.00 0.007 603.338 44.00 0.014 54.733 41.00 0.005 
Q3 ≥ 9,038.97 and < 11,622.10 USD 906.039   980.746   182.735   
Q1 < 6,376.05 USD 563.66 36.00 0.001 603.34 40.00 0.004 54.733 44.00 0.014 
Q4 ≥ 11,622.10 USD 1152.62   1164.82   138.008   
Q2 ≥ 6,376.05 and < 9,038.97 USD 821.835 61.00 0.495 830.979 60.00 0.431 142.130 65.00 0.793 
Q3 ≥ 9,038.97 and < 11,622.10 USD 906.039   980.746   182.735   
Q2 ≥ 6,376.05 and < 9,038.97 USD 821.84 51.00 0.083 830.98 51.00 0.083 142.130 74.00 0.564 
Q4 ≥ 11,622.10 USD 1152.62   1164.82   138.008   
Q3 ≥ 9,038.97 and < 11,622.10 USD 906.04 59.00 0.372 980.75 59.00 0.372 182.735 74.00 0.564 
Q4 ≥ 11,622.10 USD 1152.62   1164.82   138.008   
Hospitalized patients per 100,000 population          
Q1 < 6,376.05 USD 145.613 51.00 0.083       
Q2 ≥ 6,376.05 and < 9,038.97 USD 173.291         
Q1 < 6,376.05 USD 145.613 46.00 0.024       
Q3 ≥ 9,038.97 and < 11,622.10 USD 197.039         
Q1 < 6,376.05 USD 145.613 39.00 0.003       
Q4 ≥ 11,622.10 USD 205.294         
Q2 ≥ 6,376.05 and < 9,038.97 USD 173.291 59.00 0.372       
Q3 ≥ 9,038.97 and < 11,622.10 USD 197.039         
Q2 ≥ 6,376.05 and < 9,038.97 USD 173.291 51.00 0.083       
Q4 ≥ 11,622.10 USD 205.294         
Q3 ≥ 9,038.97 and < 11,622.10 USD 197.039 59.00 0.372       
Q4 ≥ 11,622.10 USD 205.294         
Outpatients per 100,000 population          
Q1 < 6,376.05 USD 428.013 53.00 0.128 468.584 56.00 0.227 24.995 44.00 0.014 
Q2 ≥ 6,376.05 and < 9,038.97 USD 608.881   615.450   103.103   
Q1 < 6,376.05 USD 428.013 41.00 0.005 468.584 47.00 0.031 24.995 42.00 0.007 
Q3 ≥ 9,038.97 and < 11,622.10 USD 683.261   721.892   108.184   
Q1 < 6,376.05 USD 428.013 39.00 0.003 468.584 42.00 0.007 24.995 44.00 0.014 
Q4 ≥ 11,622.10 USD 953.263   963.350   103.429   
Q2 ≥ 6,376.05 and < 9,038.97 USD 608.881 59.00 0.372 615.450 60.00 0.431 103.103 63.00 0.637 
Q3 ≥ 9,038.97 and < 11,622.10 USD 683.261   721.892   108.184   
Q2 ≥ 6,376.05 and < 9,038.97 USD 608.881 50.00 0.066 615.450 53.00 0.128 103.103 71.00 0.793 
Q4 ≥ 11,622.10 USD 953.263   963.350   103.429   
Q3 ≥ 9,038.97 and < 11,622.10 USD 683.261 59.00 0.372 721.892 59.00 0.372 108.184 74.00 0.564 
Q4 ≥ 11,622.10 USD 953.263   963.350   103.429   
Deaths per 100,000 population          
Q1 < 6,376.05 USD 66.5135 56.00 0.227       
Q2 ≥ 6,376.05 and < 9,038.97 USD 74.1873         
Q1 < 6,376.05 USD 66.5135 46.00 0.024       
Q3 ≥ 9,038.97 and < 11,622.10 USD 84.1571         
Q1 < 6,376.05 USD 66.5135 44.00 0.014       
Q4 ≥ 11,622.10 USD 97.4364         
Q2 ≥ 6,376.05 and < 9,038.97 USD 74.1873 57.00 0.270       
Q3 ≥ 9,038.97 and < 11,622.10 USD 84.1571         
Q2 ≥ 6,376.05 and < 9,038.97 USD 74.1873 53.00 0.128       
Q4 ≥ 11,622.10 USD 97.4364         
Q3 ≥ 9,038.97 and < 11,622.10 USD 84.1571 63.00 0.637       
Q4 ≥ 11,622.10 USD 97.4364         

* Gross Domestic Product per capita is used as a measure of income; ** USD represents United States Dollars. 
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significantly lower for income quartile Q1 (< 6,376.05 
USD) compared to quartile Q2 (≥ 6,376.05 and < 
9,038.97 USD), for quartile Q1 (< 6,376.05 USD) 
compared to quartile Q3 (≥ 9,038.97 and < 11,622.10 
USD), and for quartile Q1 (< 6,376.05 USD) compared 
to quartile Q4 (≥ 11,622.10 USD): respectively, Mann-
Whitney W values were 42 (p < 0.01), 41 (p < 0.01), 
and 44 (p < 0.05) for cumulative incidence; the 
corresponding values for outpatients were 44 (p < 0.05), 
42 (p < 0.01), and 44 (p < 0.05). 

 
Discussion 

Once infected, the indigenous population, being 
older and more likely to have comorbidities, had worse 
outcomes than the non-indigenous population, as 
indicated by the corresponding proportion of severe 
illness cases (16.6% vs. 11.0%) and proportion of 
outpatient deaths (12.0% vs. 10.9%), yet the cumulative 
incidence and death rates per 100,000 population were 
considerably lower for the indigenous population 
compared to the non-indigenous population (94.4 vs. 
900.3, and 13.9 vs. 87.1, respectively). Spearman 
correlation analysis indicates that the higher the state-
level income, the higher the COVID-19 age-
standardized cumulative incidence and death rates by 
state for the population as a whole. Kruskal-Wallis test 
results and Mann-Whitney follow-up tests indicate that 
crude rates of cumulative incidence, hospitalized 
patients, outpatients, and deaths differ significantly by 
state-level income quartiles. However, when analyzed 
by ethnic group, only cumulative incidence and 
outpatients rates were significantly different between 
quartiles (originating from the different rates that result 
once we separate indigenous and non-indigenous 
populations): significantly lower for income quartile Q1 
compared to quartiles Q2, Q3, and Q4 for the 
indigenous population, and significantly lower for 
income quartile Q1 compared to quartiles Q3 and Q4 in 
the case of the non-indigenous population. Such results 
evidence that the socioeconomic status health gradient 
for the COVID-19 pandemic is reversed for the case of 
Mexico. 

To our knowledge, this is the first study to examine 
the differences by state-level income in COVID-19 
cumulative incidence, deaths, hospitalizations, and 
outpatient rates in Mexico, in addition to presenting 
results by ethnic group. Ortiz-Hernández and Pérez-
Sastré analyze the risk of severe COVID-19 outcomes 
in Mexico by ethnicity and municipality-level 
margination indices dating from 2015 and conclude that 
the risk is highest among low socioeconomic status 
indigenous population living in the country’s southern 

states [30]. Argoty-Pantoja et al. compare fatality rates 
between the indigenous and non-indigenous 
populations in Mexico, concluding that fatality is higher 
in the former population group, particularly among 
outpatients [31]. Ibarra-Nava et al. study the fatality 
rate of the indigenous population in Mexico, concluding 
that indigenous people have a higher risk of death from 
COVID-19 [32]. Our study confirms such findings 
regarding fatality by means of a case fatality rate, which 
is higher for the indigenous population compared to the 
non-indigenous population (14.7% vs. 9.7%); this 
variable is not analyzed further because the true number 
of infected persons is underestimated in the case of 
Mexico due to limited testing (the cumulative number 
of COVID-19 laboratory tests performed by November 
13, 2020 was 18.29 people tested per 1,000 population, 
as compared to 526.90 tests performed per 1,000 
population in the United States of America [33]), 
resulting in an inflated rate. Furthermore, our results 
regarding a higher proportion of outpatient deaths for 
the indigenous population (12.0%) compared with the 
non-indigenous population (10.9%) are in line with the 
Argoty-Pantoja et al’s. conclusion that indigenous 
outpatients are at a higher risk of death than non-
indigenous outpatients. It is likely that in both 
population groups, such outpatients were misdiagnosed 
regarding the severity of their COVID-19 infection, 
given the narrow suspected COVID-19 case operational 
definition that was utilized. At the outset of the 
pandemic in Mexico, a suspected COVID-19 case was 
one where in the previous 7 days, the patient presented 
at least two of the following: cough, fever, headache, 
and one or more of either dyspnea, arthralgia, myalgia, 
odynophagia, rhinorrhea, conjunctivitis, or chest pain. 
This definition was updated on August 24, 2020, and 
COVID-19 was suspected when in the previous 10 
days, the patient presented one or more of the 
following: cough, fever, dyspnea, headache, and one or 
more of either arthralgia, myalgia, odynophagia, chills, 
rhinorrhea, conjunctivitis, chest pain, anosmia, or 
dysgeusia [34]. Additionally, the higher proportion of 
indigenous patients in this situation might indicate a 
language barrier, where the symptoms of the indigenous 
patient are not clearly understood by the attending 
health professional, since 12.3% of the indigenous 
population that speaks an indigenous language are 
monolingual [17].  

We found that beyond the potentially higher risk of 
more severe outcomes in the indigenous population in 
Mexico due to older age, proportionally more 
comorbidities, and higher health vulnerability 
(approximately 80% of indigenous language-speaking 
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indigenous population live in poverty or extreme 
poverty conditions, and more than 80% of older adults 
lack social security [19]), the fact that they live mainly 
in states with lower GDP per capita helped them attain 
better COVID-19 outcomes than the non-indigenous 
population. 

Our study has several strengths. The large sample 
size (over one million confirmed cases) confers 
reliability to our results, particularly descriptive 
statistics. The study considers the 2020 Population 
Census, published by the National Institute of Statistics 
and Geography in January 2021, allowing for more 
precise rates per 100,000 population. Another key 
strength is that by November 2020, the Mexican 
Ministry of Health had incorporated the “indigenous” 
variable to the COVID-19 cases database to determine 
ethnicity (previously, the database only included a 
“speaks indigenous tongue” variable), allowing us to 
include patients of all ages, and thus utilize population 
data from the National Institute of Indigenous People, 
which we consider to be the most reliable source at 
present. 

The limitation of our study is that the COVID-19 
cases database suffers from underreporting due to the 
sentinel surveillance system, which only tests a 
proportion of patients and leaves out mild or 
asymptomatic cases. Another limitation is the use of 
data aggregated at the state level due to the level of 
aggregation of GDP information; thus, possible 
variations at the municipality level are not captured. 
Also, further studies are necessary at the municipality 
level to analyze the effect of population density on the 
spread of COVID-19. 

While higher health literacy in high-income states 
contributes to the SES health gradient by facilitating the 
population’s adherence to outbreak containment 
measures [14], the fact that we are observing a reversed 
SES health gradient in Mexico suggests that other 
factors are outweighing its effect. One such factor could 
be that testing for COVID-19 could be even more 
limited in low-income states, resulting in a deceptively 
low incidence rate [35]. However, the sheer differences 
in age-adjusted incidence and death rates by state-level 
income, as observed in Figure 2, indicate the presence 
of other factors as well. In this regard, Hamidi et al. 
found that in the United States, connectivity is a more 
important contributor to the spread of the COVID-19 
pandemic than population density [36]. In Mexico, the 
states with the lowest GDP per capita, such as Chiapas, 
Guerrero, and Oaxaca, tend to have important tourist 
destinations located in specific areas. The majority of 
the population, including a high presence of indigenous 

population, live in deprived, low-density rural areas 
with only local economic activities. In states with 
higher GDP per capita –many of them located in the 
northern part of Mexico and with low population 
density, economic activities tend to be more tightly 
linked together, with more business-related interaction 
and travel. It could be assumed that the more frequent 
economic and social interaction among the population 
in higher-GDP per capita states contributes to the higher 
incidence rates and death rates of COVID-19. Up to the 
November 13 cut-off point, connectivity, and the more 
frequent testing in higher GDP per capita states, 
apparently outweighed the effect of higher health 
literacy. 

 
Conclusions 

COVID-19 cumulative incidence, hospitalizations, 
outpatients, and mortality rates presented a reversed 
socioeconomic status health gradient in Mexico 
according to GDP per capita by state, characterized by 
less adverse outcomes in the lowest-income states 
compared to states with higher income. A health 
strategy should be designed to assure positive health 
outcomes are maintained in regions with low 
cumulative incidence rates even after becoming more 
integrated with the rest of the economy, particularly 
low-income areas with a significant presence of 
indigenous population. 
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