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Abstract
Objective Few studies have examined the impact of coronavirus disease 2019 (COVID-19) on the primarily Latinx com-
munity along the U.S.-Mexico border. This study explores the socioeconomic impacts which contribute to strong predictors 
of severe COVID-19 complications such as intensive care unit (ICU) hospitalization in a primarily Latinx/Hispanic U.S.-
Mexico border hospital.
Methods A retrospective, observational study of 156 patients (≥ 18 years) Latinx/Hispanic patients who were admitted 
for severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection at a U.S.-Mexico border hospital from April 
10, 2020, to May 30, 2020. Descriptive statistics of sex, age, body mass index (BMI), and comorbidities (coronary artery 
disease, hypertension, diabetes, cancer/lymphoma, current use of immunosuppressive drug therapy, chronic kidney disease/
dialysis, or chronic respiratory disease). Multivariate regression models were produced from the most significant variables 
and factors for ICU admission.
Results Of the 156 hospitalized Latinx patients, 63.5% were male, 84.6% had respiratory failure, and 45% were admitted to 
the ICU. The average age was 67.2 (± 12.2). Those with body mass index (BMI) ≥ 25 had a higher frequency of ICU admis-
sion. Males had a 4.4 (95% CI 1.58, 12.308) odds of ICU admission (p = 0.0047). Those who developed acute kidney injury 
(AKI) and BMI 25–29.9 were strong predictors of ICU admission (p < 0.001 and p = 0.0020, respectively). Those with at 
least one reported comorbidity had 1.98 increased odds (95% CI 1.313, 2.99) of an ICU admission.
Conclusion Findings show that age, AKI, and male sex were the strongest predictors of COVID-19 ICU admissions in the 
primarily Latinx population at the U.S.-Mexico border. These predictors are also likely driven by socioeconomic inequalities 
which are most apparent in border hospitals.

Keywords Intensive care unit (ICU) · COVID-19 · SARS-CoV2 · U.S.-Mexico border · Latinx · Hispanic population · 
Hospitalizations

Introduction

The coronavirus disease 2019 (COVID-19) pandemic 
has revealed sweeping health care inequalities across the 
United States (U.S.). Latinx, the largest ethnic minority 
population in the country, has been particularly affected by 
severe COVID-19 complications and high mortality rates 
[1, 2]. Latinx patients accounted for almost 1.9 times the 
case rate, 2.8 times the hospitalization rate, and 2.3 times 
the death rate compared with their White, non-Latinx 
counterparts in the U.S. [1]. California is also home to the 
largest proportion of the U.S. Latinx population [3, 4]. 
In June 2020, during the second surge of COVID-19, the 
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Latinx population accounted for 45% of the total number 
of deaths due to COVID-19 in California [3].

The Latinx population across the U.S.-Mexico border 
experiences significant health disparities relative to the 
rest of the U.S. due to higher poverty rates, higher rates 
of chronic comorbidities, decreased health insurance cov-
erage, lack of health care infrastructure, and inadequate 
health care access [4–6]. Additionally, Latinx patients 
are overrepresented in essential service industries, such 
as food services, health care, waste management, agri-
culture, and construction which increases their exposure 
risk to severe acute respiratory syndrome coronavirus-2 
(SARS-CoV-2), the causative agent of COVID-19 [7, 
8]. Studies of Latinx patients who were hospitalized for 
COVID-19 found that 25% worked in essential occu-
pations [6, 7]. These industries, in particular, lack the 
infrastructure for employees to work from home and are 
often set in crowded areas with poor hygiene, which thus 
increases the risk of transmission, disease, and subsequent 
complications [7–9].

Our objective is to describe the significant risk factors 
that may have contributed to the disparate COVID-19 out-
comes of the Latinx patients at a U.S.-Mexico border hospi-
tal. Our study was set at El Centro Regional Medical Center 
(ECRMC) which is the largest hospital in Imperial County 
and is located 12 miles north of the U.S.-Mexico border. 
During the time of the study, the Latinx community had the 
highest overall COVID-19 cases per 100,000 across all age 
groups when compared to their White, non-Hispanic, Black, 
non-Hispanic, Asian, and Native Hawaiian/Pacific Islander 
counterparts in California [10].

In 2020, Imperial County had the second-highest rate of 
COVID-19 cases and the highest COVID-19 death rate per 
population (304 people per 100,000) in the entire state of 
California [10]. At the peak of the 2020 COVID-19 pan-
demic, ECRMC’s patient census rose to nearly two times 
the normal total patient census and ten times the normal 
ICU census (El Centro Regional Medical Center Internal 
Hospital Data, 2020). At ECRMC, preliminary data dem-
onstrated that in 2020 from March through July during 
the first COVID-19 surge in Imperial County, 18.7% of 
the 497 COVID-19 patients who were admitted died (El 
Centro Regional Medical Center, Internal Hospital Data, 
2020).

Previous studies have demonstrated that Latinx patients 
are disproportionately affected by COVID-19, but there 
is still a paucity of research on the outcomes of Latinx 
patients with COVID-19 who reside along the U.S.-Mex-
ico border [7, 8]. Our study describes the unique char-
acteristics of the Latinx population at a border hospital 
which have contributed to the complications during hospi-
talization such as ICU admission and death among Latinx 
COVID-19 patients in a U.S.-Mexico border hospital.

Methods

Study Design

This was a retrospective, observational study of 156 adults 
who were hospitalized for severe COVID-19 and their asso-
ciated outcomes at a U.S.-Mexico border hospital while 
operating at surge capacity serving a primarily Latinx com-
munity from April 10, 2020, to May 30, 2020. The primary 
outcome of interest was admission to the ICU, while the 
secondary outcome of interest was mortality. This retrospec-
tive study was considered exempt by our institutional review 
board (IRB #200,558).

Inclusion Criteria

Included within this study were patients who identified as 
primarily as Latinx adult patients (≥ 18 years of age) with 
COVID-19 diagnosed by the SARS-CoV-2 nasal pharyngeal 
swab polymerase chain reaction test by Abbot© who were 
admitted to the hospital. The patients were admitted due to 
their requirement for treatment and a high risk of clinical 
deterioration as judged by the emergency medicine clini-
cian at the time of assessment. Admission criteria included 
hypoxia  (O2 saturation levels < 90% on room air), tachypnea 
(respiratory rate > 30), visible increased work of breathing, 
any complication due to a coagulopathy (stroke, cardiac 
ischemia, pulmonary embolism), and other indicators of 
end-organ damage (e.g., acute renal failure).

Exclusion Criteria

Excluded from the study were those who primarily identi-
fied as not-Latinx/Hispanic, pediatric patients (< 18 years 
of age), pregnant women, patients who did not consent for 
further treatment or admission, and patients who were dead 
on arrival to the ED.

Materials

Study participants were identified by searching the electronic 
health record (EHR) (MedHost©) for chief complaints and 
emergency department (ED) International Classification of 
Disease, 9th Revision (ICD-9) and 10th revision (ICD-10), 
associated with COVID-19. Admitted patients were then 
followed throughout their hospital course through another 
EHR (Cerner©) while matching the patients’ unique medical 
record numbers to obtain treatment, laboratory, death, dis-
charge, and length-of-stay data (in unit days). Each admitted 
patient’s chart was scanned for information on vital signs 
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and the ventilation strategies including the following: nasal 
cannula, high-flow nasal cannula, bi-level non-invasive posi-
tive pressure (BiPAP), and endotracheal intubation.

Data Collection

A team of trained data abstractors performed a retrospective 
chart review of patients diagnosed with SARS-CoV-2 infec-
tion who presented to ECRMC ED from April 1, 2020, to 
May 30, 2020. The data abstractors were unblinded to study 
hypothesis and uniformly received on-site training in data 
extraction, identifying cases through selection criteria, and 
identifying specific study variables. Documentation by the 
treating emergency department physician and the pharmacy 
infusion records were reviewed by study investigators.

Variables collected included receipt of intervention, 
patient demographics (age, sex, body mass index (BMI), 
and ethnicity), and comorbidities including cardiovascular 
disease/hyperlipidemia, hypertension, chronic obstructive 
pulmonary disease, or other chronic respiratory diseases 
such as asthma, chronic kidney disease, diabetes mellitus, 
and immunosuppression (current disease state of immu-
nosuppression or currently taking immunosuppressive 
medication such as immunotherapy, and anticancer drugs). 
These data were recorded in a password-protected, patient 
deidentified Microsoft Excel© sheet. Delivering oxygena-
tion through nasal cannula, non-rebreathing masks, bi-level 
positive pressure ventilation, intubation, and high-flow nasal 
cannula were recorded as were the associated outcomes of 
ICU admission and mortality. Additional outcomes data 
were recorded including repeat ED visits, hospitalization, 
and transfer to outside hospitals. Follow-up on discharged/
transferred patients using a regional tracking website was 
performed to assess whether patients were seen or admitted 
at a different hospital. The data were reviewed for quality 
and consistency throughout the abstraction process.

Statistical Analysis

Descriptive statistics were employed to describe categorical 
data such as sex, age groups of 18–49 and 50–64, BMI ≥ 35, 
and presence of at least one comorbidity (coronary artery 
disease, hypertension, diabetes, cancer/lymphoma, current 
use of immunosuppressive drug therapy, chronic kidney 
disease/dialysis, or chronic respiratory disease). Means 
and standard deviations were used to express continuous 
data such as age, BMI, and time since the onset of COVID-
19 symptoms. T-tests were used to examine if there was a 
statistically significant difference between continuous vari-
ables in ICU patients versus non-ICU patients. Associations 
between categorical variables and the following outcomes: 
ICU admission and mortality were examined using chi-
square tests.

Bivariate analyses were used to assess potential associa-
tions between patients’ characteristics/demographics and 
the outcome variables: ICU admission and mortality. Due 
to missing mortality data, multivariate regression models 
were produced for only the ICU admission outcome. Using 
the bivariate analyses, the most significant variables and fac-
tors for ICU admission were used to produce both the full 
and the final regression models. For the full multivariate 
regression models, an α level of 0.10 was used initially to 
test for significance. For the final, reduced regression model, 
a p-value < 0.05 was considered statistically significant and 
confidence intervals were reported at a level of 95%. All 
analyses were performed using SAS© Studio Version 3.1.0 
(Cary, North Carolina, USA).

Results

A total of 169 patient records were examined and 13 patient 
records were excluded from the study (Fig. 1). There were 
5 patient encounters that were duplicate records of visits to 
the ED, 2 patients with unknown outcome data, 1 pregnant 
patient requiring transfer to a tertiary center, 2 patients who 
were hospitalized for another medical diagnosis but had 
asymptomatic COVID-19, and 3 non-Latinx patients.

Descriptive Statistics

   Of the 156 hospitalized patients, 71 (45.5%) required 
intensive care unit (ICU) level of care. Most patients were 
male (63.5%) with a mean body mass index (BMI) of 29.9 
(± 6.7) and 50.6% were ≥ 65 years old. Tabulated frequen-
cies of patient comorbidities are found in Table 1. A major-
ity of the hospitalized patients were overweight (body mass 
index (BMI) 25–30) or obese (BMI > 30). The average age 
of ECRMC hospitalized COVID-19 patients overall was 
64.3 years (± 14.1). There was a significant difference in the 
mean age of ICU admitted patients compared with non-ICU 
patients ages which was 67.2 (± 12.2) versus 62.3 (± 14.9), 
respectively (p = 0.0359). As patients were categorized into 
18–49 years old, 50–64 years old, and ≥ 65 years old, there 
was an observed increased frequency of ICU admissions 
with advancing age. Seventy-one percent (44) of the 62 ICU 
admissions were inpatients who were ≥ 65 years old.

Patient comorbidities in association with ICU admission 
were analyzed. Overall, the most common comorbidities in 
the hospitalized patients were hypertension (66.7%), dia-
betes mellitus (51.9%), coronary artery disease, or hyper-
lipidemia (CAD/HLD) (45.5%) (Table 1). There was no 
significant difference in the number of comorbidities in the 
non-ICU admitted patients versus the ICU admitted patients 
(p = 0.574).
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The admission complications of COVID-19 patients are 
shown in Table 2. Of the 156 patients who initially pre-
sented to the ED, 132 (84.6%) required respiratory support 
for respiratory failure in the ED. Those who were admitted 
to the ICU required more intensive oxygenation and ventila-
tion. Those admitted to the ICU frequently required BiPAP, 
high-flow nasal cannula, or were intubated immediately in 
the ED (Table 2).

The development of acute kidney injury (AKI) during 
any time during a patient’s hospitalization appeared to be 
significantly associated with ICU admission (p < 0.0001). If 
dialysis was also utilized at any time during hospitalization, 
this was also associated with ICU admission (p = 0.0572). 
In addition, cardiovascular and coagulopathic complications, 
including thromboembolic disorders (deep venous throm-
bosis, arterial thrombosis, pulmonary embolism), ischemic 
stroke (CVA), and troponin elevation were found to be asso-
ciated with ICU admission (p = 0.0004) (Table 2).

Mortality Outcome

The unstratified mortality outcome data were available from 
148 of the 156 COVID-19 patients. Of those who were 
admitted to the ECRMC ICU, a total of 22 patients died, 
16 patients were admitted in the ICU, and 6 were not admit-
ted to the ICU. There were 8 patients who initially received 
care at ECRMC and were subsequently transferred out to a 
tertiary facility and mortality data were not obtained from 
these patients (Appendix B). There were 19 (86.4%) deaths 
in the ≥ 65-year-old age group. Of all the characteristics 
between the survivors and those who died, older age was 
found to be statistically significant (p < 0.0001). Addition-
ally, patients who required dialysis (p < 0.0001) or developed 

AKI (p = 0.0002) during their hospitalization were less 
likely to survive. Among other complications, those who 
had developed a coagulopathic complication were associ-
ated with non-survival (p = 0.0230). As far as interventions, 
there was no difference in mortality for those patients who 
required ventilatory support in the ED versus those who did 
not require ventilatory support (p = 0.3655). Due to the small 
sample size, a chi-square analysis and subsequently a regres-
sion model could not be performed.

Multivariate Logistic Regression Models

There were 151 observations due to 5 missing data that 
could not be included in the models. There were 58 ICU 
admissions and 93 non-ICU admissions. From the bivari-
ate analysis in the previous tables, variables used for 
the full multivariate logistic regression model included 
sex (male versus female), age categories (18–49, 50–64, 
and ≥ 65 years old), BMI categories (underweight, or nor-
mal, overweight, and obese), history of CAD/HLD, history 
of CKD, and AKI complications, cardiovascular and coag-
ulopathic complications, and history of dialysis (Table 1 
and Table 2). These variables were found to be significant 
at an α level of 0.10.

The full multivariate logistic regression model included 
sex (male versus female), age categories (18–49 years old, 
50–64 years old, and ≥ 65 years old), BMI categories (under-
weight, or normal, overweight, and obese), CAD/HLD 
alone, history of chronic kidney disease, history of dialysis, 
complications of coagulopathy during admission, and com-
plications of AKI (Table 3). Of these, sex, overweight BMI, 
age ≥ 65 years old, comorbidities, history of CAD/HLD, 
cardiovascular and coagulopathic complications, and AKI 

Fig. 1  Admissions with 
confirmed SARS-CoV-2 at El 
Centro Regional Medical Center 
(ECRMC). Note: *5 patients 
with duplicate visits to the ED, 
2 unknown ICU status, 1 preg-
nant patient requiring transfer 
to a tertiary center, 2 patients 
who were hospitalized for 
another medical diagnosis but 
had asymptomatic COVID-19, 3 
non-Latinx patients

ICU Admissions

Hospitalized Adults 
with COVID-19

Admissions with 
laboratory confirmed 

SARS-CoV-2
n=169

Included 

n= 156

ICU admission

n=71

No ICU 
Admission

n=85 

Excluded*

n=13
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were found to be the most significant. The clinically relevant 
variables such as coronary artery disease and/or hyperlipi-
demia were clinically significant risk factors for both ICU 
admission and mortality in previous observational literature. 
However, cardiovascular and coagulopathic complications 
were not included in the final model because they were not 
found to be statistically significant when entered in the final 
model at an α level of 0.05. Therefore, in creating the final 
multivariate logistic regression model, age was included, 
along with the variables of sex, BMI, history of coronary 
artery disease and/or hyperlipidemia, and AKI which were 
significant with an α level of 0.05 (Table 3).

In the final regression model, risk factors such as male 
sex, age, comorbidities, and complication of AKI during 

hospitalization were found to be significant predictors of 
ICU admission. Male patients have 3.76 odds (95% CI 
1.36, 10.4) of being admitted to the ICU when compared 
with female patients (p = 0.0053). Those in the ≥ 65-year-
old age group had 5.84 (95% CI 2.03, 16.8) odds of ICU 
admission compared with the 50–64-year-old age cat-
egory (p = 0.0011). Of the ICU admitted patients, there 
was a higher proportion of overweight patients than obese 
patients (46.8% versus 32.3%, respectively) (Table 1). 
Obese patients were found to have 2.61(95% CI 0.79, 
8.71) odds of admission to the ICU, but limited sample 
size may have contributed to the insignificant p-value 
(p = 0.117). Out of the chronic comorbidities in our hos-
pitalized patients, those with a documented history of 

Table 1  Characteristics, 
demographics, and 
comorbidities of ECRMC 
COVID-19 ICU hospitalizations 
versus non-ICU hospitalizations

*Column percents are reported
**Underweight < 18.5, normal 18.5–24.9, overweight 25–29.9, obese > 30
***Most prevalent comorbidities in Imperial County include hypertension, diabetes, and hyperlipidemia/
coronary artery disease
‡ Metabolic syndrome includes those with hypertension, diabetes mellitus type 2, hyperlipidemia, and/or 
coronary artery disease
‡‡ CKD is a documented history of chronic kidney disease
‡‡‡ Chronic renal comorbidities category includes patients with a history of CKD and CKD with dialysis

Characteristics* Total
n (%)

No ICU
n (%)

ICU admission
n (%)

p-value

Sex N = 156 n = 94 n = 62
  Male 99 (63.5) 54 (57.5) 45 (72.6) 0.0547
  Female 57 (36.5) 40 (42.5) 17 (27.4)

Body mass index**
  Mean (± std) 29.9 (6.8) 30.3 (7.12) 29.3 (6.3) 0.3278
  Underweight or normal 37 (23.7) 24 (25.5) 13 (21.0) 0.0940
  Overweight 57 (36.5) 28 (29.8) 29 (46.8)
  Obese 62 (39.7) 42 (44.7) 20 (32.3)

Age (years)
  Mean age (± std) 64.3 (14.1) 62.3 (14.9) 67.2 (12.2) 0.0359
  18–49 years 20 (12.8) 14 (14.9) 6 (9.7) 0.0002
  50–64 years 57 (36.5) 45 (47.9) 12 (19.3)
   > 65 years 79 (50.6) 35 (37.2) 44 (71.0)

No. comorbidities
  None 18 (11.5) 12 (12.8) 6 (9.7) 0.574
  1 33 (21.1) 15 (16.0) 18 (29.0)
  2 49 (31.4) 27 (28.7) 22 (35.5)
  3 37 (23.7) 24 (25.5) 13 (21.0)
   > 4 19 (12.2) 16 (17.0) 3 (4.8)

Chronic comorbidities*
  Diabetes mellitus type 2 81 (51.9) 49 (52.1) 32 (51.6) 0.9498
  Hypertension 104 (66.7) 63 (67.0) 41 (66.1) 0.9079
  Coronary artery disease/hyperlipidemia 71 (45.5) 48 (51.1) 23 (37.1) 0.0865
  Metabolic  syndrome‡ 131 (84.0) 78 (83.0) 53 (85.5) 0.6764
  Chronic kidney  disease‡‡ 26 (16.7) 20 (21.3) 6 (3.9) 0.0571
  Chronic renal  comorbidities‡‡‡ 35 (23.2) 20 (21.5) 15 (25.9) 0.5370
  Current smoker 13 (8.33) 7 (7.4) 6 (9.7) 0.6218
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coronary artery disease/hyperlipidemia had 0.19 (95% 
CI 0.067, 0.518) odds of ICU admission compared with 
those without a history of coronary artery disease/hyper-
lipidemia (p = 0.0013). Additionally, those who developed 
AKI during their hospitalization had 19.7 (95% CI 6.36, 
61.1) odds of ICU admission compared with those who 
do not develop AKI (p < 0001). Our multivariate logistic 

regression analysis found that the best predictors of ICU 
admission at ECRMC were male sex, those ≥ 65 years of 
age, those who developed acute kidney injury during their 
hospitalization, and those who had a BMI higher than 25. 
Additionally, patients with a history of coronary artery 
disease and/or hyperlipidemia were found to have a “pro-
tective factor” against ICU admission.

Table 2  Complications during 
hospitalization and association 
with ICU admission in ECRMC 
COVID-19 patients

*Column percents are reported
**Any signs or symptoms of the respiratory failure which was addressed in the ED. These include nasal 
cannula, non-breather mask, bi-level positive pressure ventilation, hi-flow, or intubation
***Unable to perform reliable chi-square analysis due > 25% cells with missing data when analyzed with 
the individual oxygen
‡ Patient was considered a hospice patient
‡‡ AKI and dialysis data missing a total of 5 patients, 1 non-ICU, 4 ICU patients
‡‡‡ Cardiovascular and coagulopathic complications including those requiring anticoagulants for specific 
treatment of CVA, cardiac ischemia (elevated troponin), atrial fibrillation/arrhythmias, DVT/PE, or other 
coagulopathies during admission

Admission complications* Total
n (%)

No ICU
n (%)

ICU admission
n (%)

p-value

N = 156 n = 94 n = 62
Respiratory failure in the emergency department** 132 (84.6) 77 (81.9) 55 (88.7) 0.2497
Acute kidney  injury‡‡ 46 (30.5) 12 (12.9) 34 (73.9)  < 0.0001
Dialysis‡‡ 21 (13.9) 9 (42.9) 12 (57.1) 0.0572
Cardiovascular and coagulopathy  complications‡‡‡ 37 (100) 13 (13.8) 24 (38.7) 0.0004
Outcome
Mortality
  Survived 126 (85.1) 87 (93.6) 39 (70.9) 0.0002
  Died 22 (14.9) 6 (6.4) 16 (29.1)
  Missing 8 1 7

Table 3  Patient risk factors in ECRMC ICU admissions final regression model

N = 151

Variable Odds ratio (OR) 95% CL Standard error Wald chi-square p-value

Sex
  Male 3.76 (1.36, 10.4) 0.520 6.48 0.0109
  Female 1.00 (reference) – – -

Age
  18–49 years old 2.09 (0.519, 8.42) 0.711 1.08 0.299
  50–64 years old 1.00 (reference) – – –
   ≥ 65 years old 5.84 (2.03, 16.8) 0.540 10.7 0.0011

Body mass index (BMI)
  Underweight and normal 1.00 (reference) – – –
  Overweight 7.14 (1.97, 25.8) 0.655 9.00 0.0027
  Obese 2.61 (0.786, 8.71) 0.614 2.45 0.117

Coronary artery disease or hyperlipidemia 0.186 (0.067, 0.518) 0.523 10.3 0.0013
No coronary artery disease or hyperlipidemia 1.00 (reference) – – –
Acute kidney injury 19.7 (6.36, 61.1) 0.578 26.6  < 0.0001
No acute kidney injury 1.00 (reference) – – –
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Discussion

Our study has a unique focus on the COVID-19 outcomes 
of a Latinx population specifically at a California border 
hospital. As with areas with predominantly Latinx popula-
tions, Imperial County has experienced some of the worst 
COVID-19 outcomes compared to the rest of the state. In 
our study of the initial COVID-19 surge, 45% of all the 
Latinx ECRMC hospitalized COVID-19 patients required 
intensive care compared with larger observational studies 
that had 14.2 to 36.1% of their patients requiring ICU level 
of care [12, 13]. These poor outcomes are indicators of 
overall health inequalities that have longed plagued Latinx 
border population prior to COVID-19.

Multiple factors likely contribute to the disparate COVID-
19 hospitalizations at the U.S.-Mexico border. First, there 
is an increased risk of communicable respiratory disease 
spread due to transborder movement of essential workers 
[6, 7]. Second, poor health care infrastructure increases the 
risk of complications and death due to delayed medical care 
[7–9]. Third, there is a high prevalence multiple medical 
comorbid conditions such as diabetes, hypertension, and 
coronary artery disease [4–6]. Additionally, there is an influx 
of the aging population with multiple medical comorbidities 
that are known to substantially increase the risk of hospitali-
zation, invasive ventilation or intubation, and death associ-
ated with COVID-19 [12–16].

The Imperial County Border Population

An estimated total of 15 million inhabitants resides at U.S.-
Mexico Border with a large proportion who are of Mexican in 
origin [17]. Eight-five percent of Imperial County residents 
identify themselves as Hispanic/Latinx with a substantial per-
centage of Mexican heritage [17]. There is increased U.S.-
Mexico transborder movement because of U.S. economic 
dependency of essential workers and because of the prox-
imity to the border (12 miles). The U.S.-Mexico border is 
the busiest border crossing in the world with well over 275 
million border crossings and comprise of essential workers, 
agricultural transit in trade and commerce, and U.S. citizens 
visiting family or seeking health care [17, 18]. Because of the 
essential nature of the border crossings, these crossings were 
not prevented by Department of Homeland Security (DHS) 
COVID-19 restrictions [19]. Studies from the most recent 
influenza pandemic demonstrated that cross-border travel 
can pose an increased risk of infectious disease transmission 
across both sides of the U.S.-Mexico border [20].

Like other areas with large Latinx population, Imperial 
County also has a large proportion of their population who 
are overrepresented in essential service industries, such 

as food services, health care, waste management, agri-
culture, and construction which increases their exposure 
risk to SARS-CoV-2 [7, 8]. Studies of Latinx patients who 
were hospitalized for COVID-19 found that 25% worked 
in essential occupations [6, 7]. These industries lack the 
infrastructure for employees to work from home and are 
often set in crowded areas with poor hygiene, which thus 
increases the risk of transmission, disease, and subsequent 
complications [7–9].

Socioeconomic Healthcare Disparities

Imperial County has high poverty rates with approximately 
20% inhabitants of living below the poverty line [21]. Pov-
erty is associated with decreased access to health insurance 
coverage and health care literacy [4–6]. Low insurance cov-
erage leads to diagnostics delays of preventable diseases like 
diabetes and hypertension because of the limited access to 
preventative health screenings [22]. Decreased health liter-
acy can contribute associated with obesity and other prevent-
able diseases. Lack of health literacy is associated with for 
poorer health outcomes due to increased barriers to obtain 
disease prevention information. This, in turn, decreases suc-
cess in disease management [22].

Imperial County has an overall shortage of health care 
providers and hospitals. The population is being served by 
two hospitals: ECRMC and Pioneers Memorial Hospital and 
Healthcare District in Brawley, California. In 2016, Impe-
rial County has had one of the highest ratios of population 
to physician in California (4890 residents to one doctor), 
compared to 1090:1 in California overall [23]. This uneven 
distribution of physicians creates a health care delivery gap 
across all specialties. For example, emergency physicians 
practice overwhelmingly in urban areas (92%), whereas 
2730 (6%) were in large rural areas and 1197 (2%) in small 
rural areas [24]. The disparate health care distribution has 
created a hole through the safety net of timely treatment of 
preventable disease overall which then became a significant 
contributor to the poor COVID-19 outcomes observed in 
Imperial County hospitals.

Emergency Department and Healthcare Disparities

The primary and preventative health care resource vacuum 
is absorbed by increased utilization of the emergency depart-
ments in already under-resourced hospitals. A large inter-
national survey study has shown that patients who see a 
regular physician had a decreased likelihood of going to the 
emergency department for care [25]. In the U.S., there is an 
increasing number of patients who utilize the ED because 
of significant delays in obtaining primary care appointments 
in a timely manner and are often waiting up to 2 months 
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[25–28]. A California survey examined ED utilization found 
that patients with chronic illnesses compared to those with-
out chronic illnesses were as follows: (1) likely to utilize 
the ED over an entire lifetime, (2) have had three of more 
visits to the ED per year, (3) likely to have “avoidable” ED 
visits [28]. Because of the 24/7/365 days a year availability 
of an ED, patients have more immediate access to laboratory 
results and specialists [28]. One report demonstrated that 
Imperial County has a low ratio of primary care physicians 
to population with 21.1 primary care physicians (PCPs) per 
100,000 population compared to the adjacent border county 
of San Diego with 51.4 PCPs per 100,000 [29]. The delay 
and lack of primary care coverage then increases the demand 
for both chronic and acute health care needs which often 
overwhelms the resources at local emergency departments.

Prior to COVID-19 pandemic, reportedly 90% of U.S. 
emergency departments suffer from overcrowding where the 
need for emergency services often exceeds the resources for 
patient care [30]. The growth in ED visits over the last few 
decades has exceedingly outpaced the population demand. 
Additionally, there is a substantial increase of complex, 
comorbid patients with increased acuity who require medi-
cal attention in the EDs [31, 32]. The two lone EDs in 
Imperial County act a safety net for basic, primary medical 
care in a community where there is a high prevalence of 
chronic medical conditions. This dependency on the EDs 
for primary care can contribute to the constant overcrowd-
ing [30]. Emergency departments are often under resourced 
and understaffed which also contributes to the overcrowding 
and push rural and critical access hospitals like the hospitals 
in Imperial County to their breaking point even prior to the 
COVID-19 pandemic [30–32]. The COVID-19 pandemic 
in hospitals like ECRMC are often overwhelmed with shear 
volumes of patients where it is often ineffective in treating 
patients in a timely manner [30, 31]. Resources for a crisis 
or a continuous mass casualty event are non-existent because 
of the lack of resources at baseline [30]. The overcrowding 
that is already in most EDs make these departments most 
vulnerable to poor outcomes in highly contagious respiratory 
infectious disease like COVID-19.

Aging Population

Older hospitalized COVID-19 patients tend to have more 
comorbidities which are associated with an increased risk 
of severe COVID-19 complications and death [12–14, 33, 
34]. Our study observations at ECRMC support these large 
studies where age was a significant risk factor for ICU 
admission and mortality, especially in the ≥ 65-year-old age 
category. Because there is a strong association of morbidity 
and mortality secondary to COVID-19 in older individuals, 
there has been a concerted effort to prioritize of both treat-
ments and vaccines for 65-year-old and older age population 

[12–14, 33–35]. The aging population has increased precipi-
tously over the last few decades in the U.S. with over a third 
(13,787,044) of the U.S. population which is now 65 years 
old and over, and this has been increasingly more evident in 
California overall [21]. Imperial County, like much of the 
rest of California, has had a 198% population increase over 
the last decade of those aged 65 years and older [21, 36]. 
Thus, the elderly population in Imperial County were the 
most vulnerable to severe COVID-19 complications in the 
often-overwhelmed emergency departments.

Male Sex

Males hospitalized for COVID-19 are at increased risk of 
becoming admitted to the ICU and dying when compared 
with females [12, 13, 23–25]. Our study supported this 
observation of male sex increased risk of COVID-19 ICU 
admission. Additionally, male patients had a higher preva-
lence of chronic conditions such as hypertension, diabetes, 
coronary heart disease, obstructive pulmonary disease, nico-
tine dependence, and heart failure compared with females 
which directly contribute to increased risk of COVID-19 
ICU hospitalization and mortality [37, 39].

Social and behavioral factors can increase the risk for 
COVID-19 exposure and subsequent complications. Addi-
tionally, Latinx population is more likely to be dispro-
portionately represented in essential industries that often 
increase exposure to SARS-CoV-2 infection. Males, in 
general, are often employed in food processing, transporta-
tion, construction, and manufacturing jobs—all of which 
are considered essential work during the pandemic [8, 38]. 
Many of those who reside in Imperial County work in the 
agricultural industry which accounts for approximately half 
of all employment [40, 41].

BMI

Obesity has become increasingly prevalent over the past 
few decades in the US. Compared to their non-Hispanic/
White counterparts, Latinx populations also have higher 
rates elevated BMI (BMI > 25) [42]. Obesity is known to 
increase chronic comorbidities such as diabetes, hyperten-
sion, and hyperlipidemia, which in turn increases the risk 
for severe COVID-19 complications [1, 42–44]. Accord-
ing to California Health Interview Survey in 2009, 62% of 
Imperial County adults reported being overweight or obese, 
compared to 51% statewide. In Imperial County, 31% of the 
adult residents were obese (BMI > 30), compared to the rest 
of California overall (23%) [45]. It is with urbanization and 
increased exposure to Western style diets and lifestyle which 
has largely affected the health [46]. Often it is the children 
of subsequent generations of immigrants where increased 
exposure to Western diet and lifestyle will increase the risk 
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of higher BMI and body fat percentage at baseline. In Impe-
rial County, most of the residents are largely native residents 
of the US [45, 46].

Several prior observational studies have demonstrated 
that elevated BMI in patients increases the risk of respiratory 
failure and thus ICU admission and endotracheal intuba-
tion in COVID-19 patients [12–14, 42–44]. In our study, of 
the 62 patients who had an ICU admission, 79% (49) were 
classified as overweight or obese (Table 1). Although ICU 
admission was more frequently observed in the ≥ 65-year-
old age group, the younger population of hospitalized 
18–49-year-old patients was also likely to be obese or over-
weight (Appendix B, Table 3). Mechanical ventilation was 
frequently required due to respiratory failure in ICU patients 
with COVID-19 (Appendix B). Our regression model shows 
that even a BMI 24.5–29.9 was significantly associated with 
ICU admissions compared to those with normal BMI. Obe-
sity also had an increased odds of ICU admission, but this 
was not statistically significant (p = 0.249). This discrepancy 
could be partially explained by the small sample size and 
may highlight the non-linear relationship between increasing 
BMI with the odds of ICU admission.

Acute Kidney Injury

While hospitalized, comorbidities have been shown to increase 
the risk of acute kidney injury (AKI) in patients. Diabetes, 
hypertension, and cardiovascular disease are very prevalent in 
the Imperial Valley [23]. These comorbidities increase the risk 
of AKI development [47, 48]. Multiple studies have demon-
strated that AKI is a common complication for hospitalized 
COVID-19 patients and is associated with both ICU admission 
and mortality [49–53]. Our ECRMC patients who developed 
AKI at any time during hospitalization had increased odds of 
ICU level of care compared with those who did not have AKI. 
Patients who have been diagnosed with diabetes and hyper-
tension may already have an upregulation of ACE2 receptors, 
which may contribute to an increased risk of severe COVID-19 
secondary to direct renal damage due to SARS-CoV-2 [53, 54].

Limitations

This was a single-center, retrospective analysis of hospital-
ized COVID-19 patients at one hospital near the U.S.-Mex-
ico border. While not representative of the general popula-
tion, the emergent response at an under-resourced hospital 
may be reflective of many U.S-Mexico border hospitals that 
serve a large proportion of Latinx patients. Although few 
studies primarily investigated the impacts of Latinx pop-
ulations, there have not been many studies on the Latinx 
patients at the U.S.-Mexico border.

Our number of observations is small. Comorbidities and 
obesity are both known to increase COVID-19 complica-
tions and disease severity such as ICU admission and death 
[11–14, 43]. But some well-established correlations could 
not be completely reflected because of the likely bias of a 
small sample size. Additionally, the overrepresentation of 
the 50–64-year-old age group also had more comorbidities 
which may have led to an increased risk of ICU admission. 
The reported history of coronary artery disease and/or hyper-
lipidemia was found to be protective against ICU admissions 
which could be partially explained by the chronic use of 
statin medications in this group of hospitalized COVID-19 
patients [55]. Some observational studies on patients who 
have been admitted for COVID-19 have also demonstrated 
that taking lipid-lowering medications such as statins could 
potentially decrease the risk of developing severe COVID-19 
and decrease the recovery time among patients with severe 
disease [55–57]. Perhaps a larger sample size may demon-
strate that there is little association between the use of statins 
and protection against severe COVID-19. Statins have shown 
some theoretical anti-inflammatory, anti-thrombotic, and 
immunomodulatory functions which could be potentially 
decrease the risk of severe COVID-19 development [56].

Additionally, the data from this study was performed 
during a surge and therefore some data was incomplete 
and was inevitably excluded. This led to sample sizes that 
were insufficient in eliminating sampling bias. Despite the 
lack of complete data for some common complications due 
to COVID-19, our study supports prior findings and high-
lights the poor outcomes in this Latinx border population.

Future Studies

At the time of writing this study, there have been sev-
eral variants of concern (VOCs) including delta, gamma, 
lambda, and omicron [26, 58, 59]. These VOCs have been 
contributing to an increased number of cases across the 
U.S. Most recently, Imperial County has one of the highest 
vaccination rates per population with 94% completely vac-
cinated and 44% with boosters against SARS-CoV-2 [45].

We hope that this observational study will call attention 
to the need to study the true impacts of infectious diseases 
like COVID-19 on the Latinx border population. Future 
research efforts can be potentially focused on addressing 
the underlying the health care disparities that make the 
health care system and the population at U.S.-Mexico bor-
der more vulnerable to poor outcomes from catastrophic 
events. Other research should also focus on the lessons 
learned from the COVID-19 pandemic that can be used 
to prepare for future catastrophic events that will over-
whelm the emergency departments in under-resourced 
border hospitals.
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Conclusion

More research is starting to develop on the impacts COVID-
19 on the Latinx community; however, there is still little 
known in regard to the Latinx U.S. border population and 
COVID-19. Our study highlights the underlying socioeco-
nomic and health care disparities which likely contribute 
to the significant disparity of COVID-19 outcomes in the 
Latinx/Hispanic U.S.-Mexico border population.
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