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Abstract

Background

The coronavirus disease (COVID-19) pandemic has impacted health services and health-
care systems worldwide. Studies have shown that hospital admissions for causes related to
chronic non-communicable diseases (NCDs) have decreased significantly during peak pan-
demic periods. An analysis of the impact of the COVID-19 pandemic on hospital admissions
for NCDs is essential to implement disability and mortality mitigation strategies for these
groups. Therefore, this study aimed to analyze the impact of the COVID-19 pandemic on
hospital admissions for NCDs in Brazil according to the type of NCD, sex, age group, and
region of Brazil.

Methods

This is an ecological study conducted in Brazil. Data on hospital admissions from January 1,
2017 to May 31, 2021 were extracted from the Unified Health System’s Hospital Admissions
Information System. The hospital admission rates per 100,000 thousand inhabitants were
calculated monthly according to the type of NCD, sex, age group, and region of Brazil. Pois-
son regression models were used to analyze the impact of the COVID-19 pandemic on the
number of hospital admissions. In this study, the pre-pandemic period was set from January
1, 2017 to February 29, 2020 and the during-pandemic from March 1, 2020 to May 31, 2021.

Results

There was a 27.0% (95.0%Cl: -29.0; -25.0%) decrease in hospital admissions for NCDs
after the onset of the pandemic compared to that during the pre-pandemic period.
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Decreases were found for all types of NCDs—cancer (-23.0%; 95.0%Cl: -26.0; -21.0%), dia-
betes mellitus (-24.0%; 95.0%Cl: -25.0%; -22.0%), cardiovascular diseases (-30.0%; 95.0%
Cl: -31.0%; -28.0%), and chronic respiratory diseases (-29.0%; 95.0%CI: -30.0%; -27.0%).
In addition, there was a decrease in the number of admissions, regardless of the age group,
sex, and region of Brazil. The Northern and Southern regions demonstrated the largest
decrease in the percentage of hospital admissions during the pandemic period.

Conclusions

There was a decrease in the hospitalization rate for NCDs in Brazil during the COVID-19
pandemic in a scenario of social distancing measures and overload of health services.

Introduction

Brazil is the third leading country heavily impacted by the coronavirus disease (COVID-19)
pandemic with respect to the number of cases, only after the United States and India. In Brazil,
COVID-19 has caused high morbimortality and high costs for society in general that are lead-
ing to unprecedented social and economic impacts, aggravating socioeconomic disparities. In
country, the first case and death due to COVID-19 were reported on February 26 and March
17, 2020, respectively [1]. Since then, 25,620,209 cases and 628,067 deaths due to COVID-19
have been confirmed in Brazil [1]. The high volume of COVID-19 cases across the country can
be primarily attributed to the low incidence of testing, lack of adherence to isolation and social
distancing measures at the federal level, and delay in the national COVID-19 vaccination cam-
paign [2]. Moreover, novel variants of severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), such as P.1. (gamma) emerging from the Brazilian Amazon and Omicron of
the South Africa, have contributed to the disease’s high transmissibility in the country [3, 4].

Over the course of the pandemic, most countries have adopted strategies to limit virus
mobility (e.g., lockdowns) and have suspended non-essential economic activities, resulting in
school and university closures. Large-scale events have been banned, and restrictions have
been implemented to limit the movement of people at specific times to reduce the transmis-
sion of SARS-CoV-2 and the consequential strain on healthcare services [5-8]. Studies have
shown that lockdown and social distancing measures are effective strategies for reducing the
prevalence of COVID-19 and the rates of hospitalizations and mortality due to COVID-19,
especially in conjunction with other preventive measures [5, 7, 9].

In Brazil, a national lockdown was not instituted by the federal government. However, mea-
sures to restrict the movement of people and suspend non-essential activities were gradually
and distinctly enacted by governors and mayors of different Brazilian states and the Federal Dis-
trict [5, 8]. The Federal District was the first region in the country to promote social distancing
immediately after the onset of the COVID-19 pandemic was declared on March 11, 2020 by sus-
pending massive events and educational activities [5, 8]. Some municipalities implemented the
blocking measures before the pandemic was declared in early March to contain the increase in
cases [5, 8]. Subsequently, all Brazilian states implemented social distancing measures until the
end of March 2020, including suspension of in-person events and classes, quarantine for the
groups most vulnerable to serious COVID-19 outcomes, a full or partial economic standstill,
transportation restrictions, or quarantine of the population [5, 8]. Most Brazilian states adopted
these strategies for a period of 1-10 days after notification of the first COVID-19 case. Some
areas, mainly states in the Northern and Northeastern regions, adopted these measures early
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on, even before notification of the first local case. Seven states suspended all economic activities
during the first 13 days after notification of the first case in these areas [5].

The literature has thoroughly evidenced that individuals with chronic non-communicable
diseases (NCDs), such as cancer, diabetes mellitus, cardiovascular diseases (CVDs), and
chronic respiratory diseases (CRDs), are at high risk for negative outcomes related to COVID-
19, including need for hospitalization and ventilatory support and death [10, 11]. Studies have
shown that the excess number of deaths among individuals with NCDs during the pandemic
cannot be solely attributed to the lethality of COVID-19; adoption of social distancing strate-
gies has also contributed to mortality in this population. Social distancing strategies have
affected patient management in health services, resulting in a lower demand for access to
health services, reduced number of appointments, and suspension of care activities, elective
primary care, and highly complex health procedures. Additionally, overwhelming of health
services by patients suspected of having COVID-19 have compromised the care and treatment
of patients with NCDs, especially in low- and middle-income countries [12-17].

Studies conducted in developed and developing countries have reported a decrease in hospi-
tal admissions for causes related to NCDs, such as cancer, diabetes mellitus, CVD, and CRD
during the COVID-19 pandemic [13, 16-20]. The Brazilian healthcare system, mainly the pub-
lic system (Unified Health System [SUS]), was substantially affected by the COVID-19 pan-
demic [20]. This event occurred heterogeneously across the states and regions of the country.
As observed in other countries, there was a downward trend in NCD-related hospital admis-
sions in Brazil during the pandemic [16, 17, 20], which explains the decline in access to health
services and less-than-ideal care for people with NCD-related health problems. In patients with
NCDs, limited access to health services can result in increased rates of complications, disabili-
ties, and a higher mortality, aggravating the syndemic between COVID-19 and NCDs [21-23].

Brazil is still one of the major centers of the COVID-19 pandemic, although cases have fallen
significantly after vaccinations began in January 2021. Although studies have indicated that
COVID-19 has resulted in reduced hospital admissions for NCDs, few national investigations have
analyzed the effect of this reduction, especially according to type of the NCD, sex, age group, and
region of Brazil. Additionally, few studies have compared the number of admissions during the
period prior to the pandemic with that during the pandemic using models adjusted for important
covariates, such as sex, age group, and potential seasonality in hospital admissions for NCDs. Thus,
this study was designed to help better understand the impact of the COVID-19 pandemic on hos-
pital admissions for NCDs in Brazil by verifying the potential effect of social distancing strategies
on these individuals’ access to health care. These findings may support the implementation of pub-
lic policies and decision making for better management of NCDs during pandemics. This study
aimed to analyze the impact of the COVID-19 pandemic on hospital admissions for NCDs in Bra-
zil, with additional analysis according to the type of NCD, sex, age group, and region of the country
to determine whether the COVID-19 pandemic had different impacts on these subgroups.

Materials and methods
Study design

This is an ecological of the impact of the COVID-19 pandemic on NCD-related hospital
admissions in the Brazilian public health system (SUS).

Setting

The study was conducted in the Federal District and in the 26 states of the Brazilian federation,
which are grouped into five major regions—North (seven states), Northeast (nine states), Mid-
west (three states and the Federal District), Southeast (three states), and South (three states).
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Population

The study population included adults aged >20 years who had been hospitalized for NCD-
related causes in the SUS from January 1, 2017 to May 31, 2021. NCDs were classified accord-
ing to the International Statistical Classification of Diseases and Related Health Problems,
Tenth Revision (CID-10), using the following codes: cancer (C00-C97), diabetes mellitus
(E10-E14), CVD (100-199), and CRD (J30-]98). NCDs were grouped according to the recom-
mendations of the World Health Organization and previous studies [24, 25].

The unit of analysis was the number of hospital admissions for NCD-related causes in
adults, which were aggregated by month and year, sex, age group, and region of Brazil. Cases
of hospital admissions with unknown data on sex and age group were excluded.

Data source

Data was retrieved from the Hospital Admissions Information System (SIH) of the SUS on
August 16, 2021. This information system was used to process the production relative to hospi-
tal admissions in the SUS, and the Hospital Admission Authorization was the source docu-
ment. The SIH data contain records of all admissions funded by the SUS, thus allowing us to
analyze the overall utilization of health services and impact of interventions on morbimortality
indicators for all causes. The STH-SUS is one of the largest national health information sys-
tems, recording data from approximately 11.5 million hospitalizations per year [26]. We also
used population data obtained from the Brazilian Institute of Geography and Statistics to
extract information on resident populations [27] and project the population according to sex,
age group, and region of Brazil using arithmetic interpolation.

Variables

The following indicators were calculated: (i) hospital admission rate for all types of NCDs,
(ii) hospital admission rate related to cancer, (iii) hospital admission rate related to diabetes
mellitus, (iv) hospital admission rate related to CVD, and (v) hospital admission rate related
to CRD. These rates were estimated monthly. Admission rates for each condition were
defined as the number of hospital admissions for the respective condition divided by the
resident population. To calculate the number of cases per 100,000 residents, these rates
were multiplied by 100,000.

The monthly number of hospital admissions for each type of NCD was the dependent vari-
able. The following were the independent variables: (i) sex (male or female), age group (20-39
years, 30-39 years, 40-49 years, 50-59 years, 60-69 years, 70-79 years, or >80 years), (iii)
region of Brazil (North, Northeast, South, Southeast, or Midwest), and a “dummy” variable of
“0” for the pre-pandemic period (January 1, 2017 to February 29, 2020) and “1” for the pan-
demic period (March 1, 2020 to May 31, 2021). Although the first case in Brazil was reported
on February 26, 2020, because of a small number of confirmed cases during the last 4 days of
February 2020, we considered the onset of the pandemic period as March 1, 2020. The month
of hospital admission was also used as an independent variable to control for possible seasonal
variations in hospital admissions over time.

Data analysis

We used STATA, version 16.0, to analyze the data. Hospital admissions are presented as abso-
lute numbers and rates for the total period. Rates were also provided for each month and strat-
ified by the type of NCD, sex, age group, and region of Brazil. Furthermore, we have presented
the absolute number, average number of cases, and average rate of hospital admissions per
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100,000 inhabitants during the pre-pandemic (January 1, 2017 to February 29, 2020) and pan-
demic (March 1, 2020 to May 31, 2021) periods.

Initially, we compared the pre-pandemic and pandemic periods using Student’s t-test for
independent samples. Next, Poisson regression models with robust variance were applied to
analyze the impact of the COVID-19 pandemic on hospitalizations for NCDs. The dependent
variable included in the models was the monthly number of hospitalizations for NCDs. Each
model was adjusted for sex, age group, region of Brazil, the dummy variable representing the
impact of the COVID-19 pandemic (“0,” pre-pandemic period; “1,” pandemic period), and the
month of hospitalization to control for possible seasonal variations in outcomes. The monthly
population was used as the exposure variable. We also created stratified models to verify the
impact of the pandemic on subgroups according to sex, age group, and region of Brazil. The
results of the models are presented as incidence rate ratio (IRR), 95.0% confidence interval
(95.0% CI), and regression coefficient. P-values <0.05 were considered statistically significant.

In our study, we used a Poisson regression model with robust variance as used in other
studies that evaluated the impact of the COVID-19 pandemic on hospital admissions [28-31].
As mentioned, this model allowed including gender, age group, region of Brazil, the dummy
variable representing the impact of the COVID-19 pandemic (“0”, pre-pandemic period; “17,
pandemic period) and the month of admission to control for possible seasonal variations as
dependent variables. Studies show that the Poisson regression model is more suitable for time
series count data when compared to the classical interrupted time series (ITS) model [32]. In
addition, comparative analysis showed similar results between this model and the ITS in the
analysis of interventions [18]. This model was also used instead of the negative binomial
model since the data for all outcomes are not over dispersed. All assumptions of the Poisson
model were met: (i) dependent variable—count per unit of time and/or space; (ii) observations
independent of each other; (iii) the distribution of counts follows a Poisson distribution; (iii)
model mean and variance are similar, without overdispersion. Overdispersion was analyzed
for all dependent variables by Person Chi-Square for dispersion (p-values of the models ranged
from 0.99 to 1.04, indicating the absence of overdispersion) [33].

Ethical considerations

The data used in this study are available in anonymized secondary and public databases, pre-
venting identification of participants and other sensitive variables. Thus, the requirement for
ethical approval and informed consent was waived for this study, in compliance with Resolu-
tion 510/16 of the National Health Council of the Ministry of Health.

Results

From January 1, 2017 to May 31, 2021, there were 9,504,213 hospital admissions for NCD-
related causes in Brazil—4,650,367 (48.9%) were related to CVD, 3,261,659 (34.3%) were
related to cancer, 1,068,633 (11.2%) were related to CRD, and 523,554 (5.5%) were related to
diabetes mellitus. The monthly average number of admissions for NCD-related causes for the
total period was 179,324.8. The means for each specific NCD were as follows: 87,742.8 for
CVD, 61,540.7 for cancer, 20,162.9 for CRD, and 9,878 .4 for diabetes mellitus.

There was a decrease in the mean hospitalization rate for NCDs after the onset of the pan-
demic in March 2020 (Fig 1 and Table 1). There was a 27.8% decrease in the average hospital
admission rate for all NCDs, which decreased from 261.8 (pre-pandemic period) to 189.1
cases per 100,000 inhabitants (pandemic period). In addition, the mean hospital admission
rates for all the types of NCD decreased-cancer (72.0 vs. 55.6 cases per 100,000 inhabitants;
22.0% decrease), diabetes mellitus (14.0 vs. 10.0 cases per 100,000 inhabitants; 28.6% decrease),
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Fig 1. Hospital admission rate for chronic non-communicable diseases (NCDs) in Brazil according to the type of NCD. Pre-pandemic period:
January 1, 2017 to February 29, 2020; Pandemic period: March 1, 2020 to May 31, 2021.
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CVD (141.6 vs. 100.0 cases per 100,000 inhabitants; 29.4% decrease), and CRD (34.2 vs. 23.2
cases per 100,000 inhabitants; 32.2% decrease) (Table 1).

Furthermore, stratified analysis revealed a decrease in the mean hospital admission rate for
NCDs during the pandemic period, regardless of sex (Fig 2 and Table 2). There was a 26.0%
decrease in the mean hospital admission rate for male patients for all NCDs, which decreased
from 291.0 (pre-pandemic period) to 215.3 cases per 100,000 inhabitants (pandemic period).
There was a 30.0% decrease in the mean hospital admission rate for female patients for all
NCDs (pre-pandemic period vs. pandemic period: 235.8 vs. 162.8 cases per 100,000 inhabi-
tants). We also verified a significant decline in hospital admission rates for cancer, diabetes
mellitus, CVD, and CRD, regardless of sex, during the pandemic period (Table 2).

There was a decrease in the average hospital admission rate for all types of NCD during the
pandemic period from the pre-pandemic period, regardless of age group (Fig 3 and Table 3)—
20-39 years (from 31.7 to 22.9 cases per 100,000 inhabitants; 27.8% decrease), 40-49 years
(from 90.6 to 64.2 cases per 100,000 inhabitants; 29.0% decrease), 50-59 years (from 167.1 to
125.5 cases per 100,000 inhabitants; 24.9% decrease), 60-69 years (from 308.7 to 230.0 cases
per 100,000 inhabitants; 25.4% decrease), 70-79 years (from 478.3 to 342.9 cases per 100,000
inhabitants; 28.2 decrease), and >80 years (from 724.4 to 515.0 cases per 100,000 inhabitants;
28.7% decrease) (Table 3).

In addition, there was a decrease in the average hospital admission rate for all types of NCD
during the pandemic period from the pre-pandemic period, regardless of region of Brazil (Fig
4 and Table 4)—North (from 233.2 to 149.1 cases per 100,000 inhabitants; 36.1% decrease),
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Table 1. Hospital admissions for chronic non-communicable diseases (NCDs) in Brazil before and after the onset of the coronavirus disease pandemic according to

the type of NCD.

Variables Pre-pandemic Pandemic A - % (95.0%CI) p-value*
Mean 95.0% CI Mean 95.0% CI

Cancer

All cases, sum 2,471,199 790,460

Cases 4,645 4,407-4,883 3,764 3,445-4,083 -19.0(-21.8;-16.4) <0.001

Rate (per 100,000) 72.0 67.4-76.6 55.6 49.6-61.5 -22.0(-26.4;-19.7) <0.001

Diabetes mellitus

All cases, sum 396,927 126,627

Cases 746 711-781 603 554-652 -19.2(-22.1;-16.5) <0.001

Rate (per 100,000) 14.0 12.9-15.0 10.0 8.9-11.4 -28.6(-31.0;-24.0) <0.001

Cardiovascular diseases

All cases, sum 3,587,156 1,063,211

Cases 6,742 6,414-7,070 5,062 4,615-5,510 -24.9(-28.0;-22.1) <0.001

Rate (per 100,000) 141.6 129.0-154.2 100.0 85.3-115.1 -29.4(-33.9;-25.4) <0.001

Chronic respiratory disease

All cases, sum 823,239 245,394

Cases 1547 1,498-1,596 1,168 1,103-1,233 -24.5(-26.4;-22.7) <0.001

Rate (per 100,000) 34.2 30.7-37.6 23.2 19.5-26.9 -32.2(-36.5;-28.5) <0.001

All types

All cases, sum 7,278,521 2,225,692

Cases 13,681 13,096-14,266 10.598 9,785-11,411 -22.5(-25.3;-20.0) <0.001

Rate (per 100,000) 261.8 240.6-283.0 189.1 164.9-214.2 -27.8(-31.5;-24.3) <0.001

Note: The mean number and rate of hospital admissions were compared between the pre-pandemic (January 1, 2017 to February 29, 2020) and pandemic (March 1,

2020 to May 31, 2021) periods.
95.0% CI = 95.0% confidence interval; *Student’s t-test for independent samples.

https://doi.org/10.1371/journal.pone.0265458.t001
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Table 2. Hospital admissions for chronic non-communicable diseases (NCDs) in Brazil before and after the onset of the coronavirus disease pandemic according to

the type of NCD and sex.
Variables Male Female
Pre-pandemic Pandemic A-%(95.0% | p-value* Pre-pandemic Pandemic A-%(95.0% | p-value*
Mean | 95.0%CI | Mean | 95.0% CI €D Mean | 95.0% CI | Mean = 95.0% CI 1
Cancer
All cases, sum 1,014,437 342,700 1,456,762 447,760
Cases 3,814 | 3,519-4,108 | 3,263 | 2,834- | -144(-19.5 | 0.046 | 5476 | 5129-5823 | 4,264 | 3,806- | -22.1(-25.8; | <0.001
3,692 -10.3) 4,722 -18.9)
Rate (per 100,000) 767 | 68.5-85.0 | 60.5 | 49.9-71.0 | -21.1(-27.2; | 0.029 | 67.3 | 622-714 | 50.7 | 45.1-562 | -24.7(-27.5; | <0.001
-16.5) 21.3)
Diabetes mellitus
All cases, sum 197,751 67,607 199,176 59,020
Cases 743 689-797 644 561-726 -13.3(-18.7; 0.051 748 703-793 562 506-617 -24.9(-28.0; <0.001
-8.9) 22.2)
Rate (per 100,000) 14.8 13.2-16.4 114 9.5-13.4 -23.0 (-28.0; 0.018 13.1 11.7-14.6 8.8 7.2-10.3 -32.8(-38.5; <0.001
-18.3) -29.4)
Cardiovascular diseases
All cases, sum 1,838,911 572,657 1,748,245 490,554
Cases 6,913 | 6,383-7,443 | 5454 | 4,723- -21.1(-26.0; | 0.003 | 6,472 | 6,183-6,961 | 4,671 | 4,153—- | -27.8(-32.8; | <0.001
6,184 -16.9) 5,190 -25.5)
Rate (per 100,000) 160.2 | 140.3-180.0 | 116.0 | 92.4-139.6 | -27.6(-34.1; 0.012 123.0 | 107.9-138.2 | 84.4 | 66.4-102.3 | -31.8(-38.5; 0.005
22.5) -25.9)
Chronic respiratory
diseases
All cases, sum 416,916 131,032 406,323 114,362
Cases 1,567 | 1,491-1,639 | 1,247 1,149- -20.4(-22.9; <0.001 | 1,527 | 1,461-1,593 | 1,089 1,003- -28.7(-31.4; <0.001
1,346 -17.9) 1,174 -26.3)
Rate (per 100,000) 394 33.7-45.1 27.3 21.1-33.5 | -30.7(-37.4; - | <0.001 | 29.0 25.1-32.8 19.1 15.0-23.1 -34.1(-40.2; 0.003
25.7) -29.6)
All types
All cases, sum 3,468,015 1,113,996 3,810,506 1,111,696
Cases 13,037 12,102- 10,609 9,285- -18.6(-23.3; 0.005 | 14,325 13,625- 10,587 9,619- -26.1(-29.4; <0.001
13,972 11,933 -14.6) 15,024 11,555 -23.1)
Rate (per 100,000) 291.0 | 256.2-326.0 | 215.3 173.5- -26.0(-32.3; 0.016 232.5 | 208.6-256.3 | 162.8 134.7- -30.0(-35.4; <0.001
257.0 -21.2) 190.2 -25.8)

Note: The mean number and rate of hospital admissions were compared between the pre-pandemic (January 1, 2017 to February 29, 2020) and pandemic (March 1,
2020 to May 31, 2021) periods. 95.0% CI = 95.0% confidence interval; *Student’s t-test for independent samples.

https://doi.org/10.1371/journal.pone.0265458.t002

cases per 100,000 inhabitants; 30.1% decrease), and Southeast (from 253.6 to 177.6 cases per
100,000 inhabitants; 24.6% decrease) (Table 4).

Table 5 presents results of the Poisson multiple regression models adjusted for sex, age
group, region of Brazil, month, and the dummy variable indicating the impact of the pan-

demic. Compared to the pre-pandemic period, there were significant decreases in admissions
related to cancer (-23.0%; 95.0%CI: -26.0; -21.0%), diabetes mellitus (-24.0%; 95.0%CI: -25.0%;
-22.0%), cardiovascular diseases (-30.0%; 95.0%CI: -31.0%; -28.0%), and chronic respiratory
diseases (-29.0%; 95.0%ClI: -30.0%; -27.0%). Considering all types of NCDs, there was a 27.0%
decline (95.0% CI = -29.0%; -25.0%) in NCD-related hospital admissions after the onset of the
COVID-19 pandemic. There was a greater decrease in CRD-related hospital admissions than
in cancer-related (29.0% vs. 23.0%) and diabetes mellitus-related (29.0% vs. 24.0%) hospital
admissions during the pandemic period from the pre-pandemic period. There was an even
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Hospital admission rate for chronic non-communicable diseases (NCDs) in Brazil according to the type of NCD and

age group: (a) 20-29 years, (b) 30-39 years, (c) 40-49 years, (d) 50-59 years, (e) 6069 years and (f) 70-79 years and (g) >80

years. Pre-pandemic period: January 1, 2017 to February 29, 2020; Pandemic period: March 1, 2020 to May 31, 2021.

https://doi.org/10.1371/journal.pone.0265458.9003
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Fig 4. Hospital admission rate for chronic non-communicable diseases (NCDs) in Brazil according to the type of NCD and region of
Brazil: (a) North, (b) Northeast, (c) Midwest, (d) Southeast, and (e) South. Pre-pandemic period: January 1, 2017 to February 29, 2020;
Pandemic period: March 1, 2020 to May 31, 2021.

https://doi.org/10.1371/journal.pone.0265458.9004

greater decline in CVD-related hospital admissions than in cancer-related (30.0% vs. 23.0%)
and diabetes mellitus-related (30.0% vs. 24.0%) hospital admissions during the pandemic
period from the pre-pandemic period.

Table 6 presents the results of analyses stratified by sex, age group, and region of Brazil for
hospital admissions. There was a decline in the number of hospital admissions. regardless of
age group, sex, and region of Brazil (Table 6). Similar results were verified for causes related to
cancer (Table 7), diabetes mellitus (Table 8), CVD (Table 9), and CRD (Table 10). In addition,
there was a greater decrease for most of causes related to NCDs in the Northern and Southern
regions of the country than in other regions (Tables 6-10).
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Table 5. Poisson multiple regression models of the impact of the coronavirus disease pandemic on hospital
admissions for chronic non-communicable diseases (NCDs) in Brazil according to the type of NCDs.

Type of NCDs IRR 95.0% CI B p-value*
Cancer

Pre-pandemic Reference

Pandemic 0.77 0.74-0.79 -0.265 <0.001
Chronic respiratory diseases

Pre-pandemic Reference

Pandemic 0.71 0.70-0.73 -0.342 <0.001
Diabetes mellitus

Pre-pandemic Reference

Pandemic 0.76 0.74-0.78 -0.276 <0.001
Cardiovascular diseases

Pre-pandemic Reference

Pandemic 0.70 0.69-0.72 -0.341 <0.001
All types of NCD

Pre-pandemic Reference

Pandemic 0.73 0.71-0.75 -0.316 <0.001

Note: Each Poisson multiple regression model was adjusted for sex, age group, region of Brazil, month, and the
dummy variable indicating the impact of the pandemic. The resident population was included as an exposure
variable. Pre-pandemic period: January 1, 2017 to February 29, 2020; Pandemic period: March 1, 2020 to May 31,

2021. IRR = incidence rate ratio; 95.0% CI = 95.0% confidence interval; B = regression coefficient; “Wald statistic.

https://doi.org/10.1371/journal.pone.0265458.t1005

Discussion

This study analyzed the impact of the COVID-19 pandemic on the hospitalization rate for
NCDs in Brazil, stratified according to the type of NCDs, sex, age group, and region of Brazil.
We found a significant decrease in the number of hospital admissions for all types of NCD
after the onset of the COVID-19 pandemic, regardless of sex, age group, and region of Brazil.
We also observed the largest declines in NCD-related hospital admissions in the North and
South after the onset of the pandemic.

Similar studies conducted in both developing and developed countries have also reported a
decrease in the number of hospitalizations for chronic conditions after the onset of the
COVID-19 pandemic [13, 17-20, 34, 35]. An investigation conducted in four hospitals in New
York, an epicenter of the COVID-19 pandemic in the United States, showed that weekly hospi-
talizations increased by 144.0% at the peak of the pandemic, while a decrease was observed in
hospitalizations for exacerbations of chronic conditions such as heart failure and chronic
obstructive pulmonary disease (COPD) [34]. Another study conducted in the United States
that included data from 201 hospitals in 36 states found a decline in hospital admissions for
diabetes (35.8% decrease), congestive heart failure (43.8% decrease), COPD or asthma (61.6%
decrease), and other chronic conditions during the pandemic period (April 2020) compared to
those during the pre-pandemic period [13]. In Alberta, Canada, an investigation showed a
decrease in emergency admissions related to chronic conditions during the pandemic period
—diabetes mellitus (21.0% decrease), COPD (25.0% decrease), and arterial hypertension
(29.0% decrease) [18]. A study in Hong Kong, China, estimated a 44.0% decrease in the num-
ber of hospital admissions related to COPD [19].

Other studies in Brazil have also reported similar results [16, 17, 20, 35, 36]. In a national
survey using SIH-SUS data, hospital admission rates for clinical cancer decreased from 13.9 to
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Table 6. Poisson multiple regression models of the impact of the coronavirus disease pandemic on the hospitali-
zation rate for all types of chronic non-communicable diseases in Brazil according to subgroups by age group, sex,
and region of Brazil.

Variables IRR 95.0% CI B p-value*
Age group (years)

20-39 0.72 0.68-0.77 -0.322 <0.001
40-49 0.70 0.68-0.74 -0.344 <0.001
50-59 0.75 0.72-0.78 -0.286 <0.001
60-69 0.74 0.72-0.77 -0.296 <0.001
70-79 0.71 0.69-0.74 -0.336 <0.001
>80 0.70 0.68-0.74 -0.346 <0.001
Sex

Female 0.76 0.74-0.78 -0.272 <0.001
Male 0.70 0.68-0.72 -0.359 <0.001
Region of Brazil

North 0.68 0.64-0.71 -0.390 <0.001
Midwest 0.75 0.72-0.78 -0.293 <0.001
Northeast 0.71 0.68-0.75 -0.338 <0.001
Southeast 0.75 0.72-0.78 -0.280 <0.001
South 0.70 0.68-0.84 -0.349 <0.001

Note: The adjusted variables for the models of each subgroup were sex, age group, region of Brazil, month, and the
dummy variable indicating the impact of the pandemic. All these variables were included in each subgroup model,
except the dummy variable of each subgroup in the respective model. The resident population was included as an
exposure variable. Pre-pandemic period: January 1, 2017 to February 29, 2020; Pandemic period: March 1, 2020 to
May 31, 2021. IRR = incidence rate ratio; 95.0% CI = 95.0% confidence interval; B = regression coefficient; “Wald

statistic.

https://doi.org/10.1371/journal.pone.0265458.1006

10.2 cases per 100,000 inhabitants (26.6% decrease), while the admission rates for surgical can-
cer decreased from 20.2 to 14.5 cases per 100,000 inhabitants (28.2% decrease) after the onset
of the pandemic between March and June 2020 compared to those during the same period
prior to the pandemic [17]. Similarly, another study found a 21.0% decrease in the number of
cancer-related hospitalizations compared to those in the period in 2020 [20]. An additional
study identified a significant decrease in the number of hospital admissions for NCDs, includ-
ing cancer; CVD; and endocrine, nutritional, and metabolic diseases, between January and
June 2020 in Brazil [16]. An investigation showed a 15.0% decline in the hospitalization rate
for CVD in Brazil between March and May 2020 compared to that in the same period in 2019,
regardless of the age group [35]. Using SIH-SUS data, a study also detected a 6.6% decline in
the number of admissions related to diabetes mellitus throughout Brazil in 2020 compared to
that in 2019 [36].

The causes for the decline in hospital admissions during the period after the onset of the
COVID-19 pandemic are multifactorial. Demand for health services is negatively impacted by
fears of becoming infected with SARS-CoV-2 by other patients, mobility restriction policies,
social isolation, and reduced access to healthcare during the pandemic, including postpone-
ment of appointments and elective care procedures as healthcare resources were redirected to
care for patients with COVID-19 [13, 17, 34, 35, 37]. In particular, prevention, early detection
and continuous monitoring of patients with NCDs that are carried out mainly in primary
health care have suffered a significant reduction, impacting access to health services and hospi-
talizations [38]. Brazil, due to the scarcity of health resources and the pressure under the
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Table 7. Poisson multiple regression models of the impact of the coronavirus disease pandemic on the hospitali-
zation rate for cancer in Brazil according to subgroups by age group, sex, and region of Brazil.

Variables IRR 95.0% CI B p-value*
Age group (years)

20-39 0.75 0.70-0.82 -0.282 <0.001
40-49 0.70 0.66-0.74 -0.254 <0.001
50-59 0.79 0.75-0.82 -0.239 <0.001
60-69 0.80 0.77-0.83 -0.223 <0.001
70-79 0.78 0.75-0.80 -0.253 <0.001
>80 0.76 0.73-0.79 -0.275 <0.001
Sex

Male 0.80 0.78-0.82 -0.220 <0.001
Female 0.74 0.72-0.76 -0.299 <0.001
Region of Brazil

Midwest 0.80 0.76-0.86 -0.214 <0.001
Northeast 0.73 0.67-0.79 -0.317 <0.001
North 0.71 0.64-0.79 -0.337 <0.001
Southeast 0.77 0.74-0.82 -0.255 <0.001
South 0.79 0.75-0.83 -0.236 <0.001

Note: The adjusted variables for the models of each subgroup were sex, age group, region of Brazil, month, and the
dummy variable indicating the impact of the pandemic. All these variables were included in each subgroup model,
except for the dummy variable of each subgroup in the respective model. The resident population was included as an
exposure variable. Pre-pandemic period: January 1, 2017 to February 29, 2020; Pandemic period: March 1, 2020 to
May 31, 2021. IRR = incidence rate ratio; 95.0% CI = 95.0% confidence interval; B = regression coefficient; *Wald

statistic.

https://doi.org/10.1371/journal.pone.0265458.t007

system, shifted the beds for the care of patients with NCDs to patients with COVID-19,
impacting on the reduction of hospitalizations of patients [38]. In addition, healthcare profes-
sionals have been disproportionately affected by the COVID-19 pandemic with high infection
rates, leading to reduced capacity to care for patients with NCDs [39, 40].

This study also demonstrated a larger decrease in hospital admissions for most types of
NCDs in the North and South of Brazil. The Northern region was the first to experience an
increase in the number of cases and a collapse of the healthcare system. The exponential
increase in COVID-19 cases led authorities to adopt more proactive, rigorous social distancing
measures, which significantly affected the population’s access to health services, which may
explain the larger decline in hospital admissions for NCDs in the North than in other regions
[5, 20]. The Southern region also had a higher incidence of COVID-19 cases per 100,000
inhabitants than all other regions, except the Midwest, and subsequently adopted stricter mea-
sures for social distancing and access to health services. Additionally, the Northern region is
one of the least developed regions in Brazil and has the least amount of economic resources.
Even before the COVID-19 pandemic, individuals from the North had less access to health ser-
vices compared to other regions [17]. Therefore, our results indicated that individuals with
NCDs had unequal access to health services during the COVID-19 pandemic, pointing to the
need for strategies to promote greater equity in health access in all regions, especially those
with larger gaps in health services.

This study has some limitations. First, the study only included hospitalizations of individu-
als reported in the SUS and did not include hospitalizations in the private system. Although
the STH-SUS covers 70.0% of Brazilian hospitalizations [41], the non-inclusion of
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Table 8. Poisson multiple regression models of the impact of the coronavirus disease pandemic on the hospitali-
zation rate for diabetes mellitus in Brazil according to subgroups by age group, sex, and region of Brazil.

Variables IRR 95.0% CI B p-value*
Age group (years)

20-39 0.87 0.84-0.91 -0.133 <0.001
40-49 0.82 0.78-0.85 -0.204 <0.001
50-59 0.79 0.75-0.83 -0.235 <0.001
60-69 0.75 0.71-0.79 -0.285 <0.001
70-79 0.70 0.66-0.73 -0.364 <0.001
>80 0.67 0.64-0.71 -0.395 <0.001
Sex

Male 0.81 0.79-0.84 -0.207 <0.001
Female 0.70 0.68-0.73 -0.350 <0.001
Region of Brazil

Midwest 0.72 0.69-0.77 -0.322 <0.001
Northeast 0.74 0.70-0.77 -0.302 <0.001
North 0.71 0.68-0.75 -0.339 <0.001
Southeast 0.82 0.77-0.87 -0.200 <0.001
South 0.71 0.67-0.75 -0.337 <0.001

Note: The adjusted variables for the models of each subgroup were sex, age group, region of Brazil, month, and the
dummy variable indicating the impact of the pandemic. All these variables were included in each subgroup model,
except the dummy variable of each subgroup in the respective model. The resident population was included as an
exposure variable. Pre-pandemic period: January 1, 2017 to February 29, 2020; Pandemic period: March 1, 2020 to
May 31, 2021. IRR = incidence rate ratio; 95.0% CI = 95.0% confidence interval; B = regression coefficient; *Wald

statistic.

https://doi.org/10.1371/journal.pone.0265458.t008

hospitalizations in the private system may have led to underestimation of hospitalization rates.
As these data were not included in our analysis of the impact of the pandemic on the hospitali-
zation rate for NCDs, the results of this study may be under- or overestimated. Second, indi-
viduals in the private system may present different characteristics from those hospitalized in
the public system (e.g., distribution by age, race and sex). The private sector in Brazil has a
higher proportion of female, older, white and more educated users, therefore with a higher
socioeconomic level when compared to the public sector (Unified Health System) [42]. The
private sector encompasses a vast diversification of hospital services and an even greater con-
centration of revenue compared to the public sector. Therefore, it would be impossible to gen-
eralize the results of the study for the entire Brazilian population and these differences, if
analyzed, may impact the estimates. Third, there was a high proportion of missing data for
many variables in dataset, such as race, and education level, which made it impossible to use
these variables in the present study to analyze the impact according with these variables. Thus,
it was impossible to analyze the sensitivity of the pandemic’s impact according to these vari-
ables. Fourth, this study did not analyze the specific CID-10 in each NCD subgroup. The pan-
demic’s impact may differ for specific groups of diseases and chronic conditions (e.g.,
hypertension, specific cancers, and COPD). Five, important confounders were not included in
the analysis, such as the number of hospital beds, number of healthcare workers per inhabi-
tants, degree of social distancing measures in the regions, including specific restrictions and
prevalence of NCDs in the regions, for example. Sixth, we do not have data on the prevalence
and characteristics of patients with NCDs before and during the COVID-19 pandemic,
according to a large group of causes, which makes it difficult to analyze that the results of this

PLOS ONE | https://doi.org/10.1371/journal.pone.0265458 March 24, 2022 18/23


https://doi.org/10.1371/journal.pone.0265458.t008
https://doi.org/10.1371/journal.pone.0265458

PLOS ONE

Impact of COVID-19 on hospitalization rates for chronic non-communicable diseases

Table 9. Poisson multiple regression models of the impact of the coronavirus disease pandemic on the hospitali-
zation rate for cardiovascular disease in Brazil according to subgroups by age group, sex, and region of Brazil.

Variables IRR 95.0% CI B p-value*
Age group (years)

20-39 0.67 0.63-0.72 -0.400 <0.001
40-49 0.68 0.65-0.71 -0.382 <0.001
50-59 0.71 0.69-0.75 -0.336 <0.001
60-69 0.71 0.68-0.74 -0.339 <0.001
70-79 0.70 0.67-0.73 -0.354 <0.001
>80 0.70 0.68-0.74 -0.343 <0.001
Sex

Male 0.74 0.72-0.75 -0.304 <0.001
Female 0.67 0.65-0.69 -0.404 <0.001
Region of Brazil

Midwest 0.75 0.71-0.78 -0.294 <0.001
Northeast 0.70 0.66-0.73 -0.361 <0.001
North 0.65 0.61-0.68 -0.435 <0.001
Southeast 0.73 0.69-0.76 -0.323 <0.001
South 0.67 0.63-0.70 -0.400 <0.001

Note: The adjusted variables for the models of each subgroup were sex, age group, region of Brazil, month, and the
dummy variable indicating the impact of the pandemic. All these variables were included in each subgroup model,
except the dummy variable of each subgroup in the respective model. The resident population was included as an
exposure variable. Pre-pandemic period: January 1, 2017 to February 29, 2020; Pandemic period: March 1, 2020 to
May 31, 2021. IRR = incidence rate ratio; 95.0% CI = 95.0% confidence interval; B = regression coefficient; *Wald

statistic.

https://doi.org/10.1371/journal.pone.0265458.t009

study are due only to social distancing measures. Finally, this study only included hospital
admissions and not admissions to other levels of care (eg, Primary Health Care).

However, our study also has several strengths. First, our study analyzed the impact of
COVID-19 on hospital admissions for all major types of NCDs, including cancer, diabetes
mellitus, CVD, and CRD, and was not limited to one group of diseases. We also assessed the
impact of the pandemic on subgroups by sex, age, and region of Brazil. We utilized data from
Brazil’s largest database of hospital admissions throughout all regions of Brazil to help us
understand how the COVID-19 pandemic has affected hospital admissions for NCDs in the
country. Thus, this study provides important results regarding the changing trends in the use
of health services in Brazil, which can support interventions and public policies to mitigate the
effects of the pandemic on the care of people with NCDs. Moreover, we considered seasonal
variations in the regression models to control for the influence of seasonality on the outcomes.

In conclusion, there was a decrease in the hospitalization rate for NCDs in Brazil during the
COVID-19 pandemic in a scenario of social distancing measures and overload of health ser-
vices. These results are alarming as this decline can result in increased incidence of disability
and mortality and may reduce the quality of life of people with NCDs, thus having an immense
impact on public health. Multiple NCDs-related conditions require immediate assistance to
prevent harm to patients; consequently, fewer hospitalizations can lead to irreversible disabili-
ties. Despite the pandemic, it is important for individuals with NCDs to receive proper care in
the hospital system. System managers and government agencies must implement strategies
that increase access to hospital services in Brazil during the pandemic period, regardless of the
region of Brazil. Actions such as increasing the number of elective procedures, periodic
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Table 10. Poisson multiple regression models of the impact of the coronavirus disease pandemic on the hospitali-
zation rate for chronic respiratory diseases in Brazil according to subgroups by age group, sex, and region of
Brazil.

Variables IRR 95.0% CI B p-value*
Age group (years)

20-39 0.72 0.69-0.74 -0.330 <0.001
40-49 0.82 0.79-0.86 -0.193 <0.001
50-59 0.78 0.74-0.82 -0.249 <0.001
60-69 0.71 0.68-0.75 -0.335 <0.001
70-79 0.64 0.61-0.68 -0.441 <0.001
>80 0.66 0.63-0.70 -0.416 <0.001
Sex

Male 0.75 0.73-0.77 -0.290 <0.001
Female 0.67 0.65-0.69 -0.398 <0.001
Region of Brazil

Midwest 0.59 0.56-0.63 -0.521 <0.001
Northeast 0.71 0.69-0.74 -0.338 <0.001
North 0.68 0.64-0.71 -0.391 <0.001
Southeast 0.80 0.77-0.84 -0.219 <0.001
South 0.62 0.59-0.65 -0.479 <0.001

Note: The adjusted variables for the models of each subgroup were sex, age group, region of Brazil, month, and the
dummy variable indicating the impact of the pandemic. All these variables were included in each subgroup model,
except the dummy variable of each subgroup in the respective model. The resident population was included as an
exposure variable. Pre-pandemic period: January 1, 2017 to February 29, 2020; Pandemic period: March 1, 2020 to
May 31, 2021. IRR = incidence rate ratio; 95.0% CI = 95.0% confidence interval; B = regression coefficient; “Wald

statistic.

https://doi.org/10.1371/journal.pone.0265458.1010

examinations, consultations with specialists and in primary health care, and using telemedi-
cine as an alternative to in-person visits can reduce the risk of hospitalizations for NCDs.
Therefore, the findings of this study can contribute to the development, implementation, and
effectiveness of public policies and protocols for decision making regarding the management
of patients with NCDs in Brazil.
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