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Abstract: Few studies have assessed the impact of the COVID-19 pandemic on non-COVID diseases
and healthcare quality. We aimed to evaluate changes in rates of hospitalisations, complications,
in-hospital mortality, and readmissions among patients with non-COVID diseases during a one-year
period after the pandemic onset. From March 2018 to February 2021 a retrospective observational
study of hospital admissions in a university hospital in Spain was conducted. Non-COVID hospitali-
sations admitted through the emergency department were compared between the pre-COVID period
(n = 28,622) and the COVID period (n = 11,904). We assessed rate ratios (RaR), comparing the weekly
number of admissions and risk ratios (RR) to examine rates of complications, in-hospital mortality,
readmissions, and severity. Statistical significance was set at p < 0.05. The weekly admission rate
dropped by 20.8% during the complete lockdown. We observed significant reductions in admissions
related to diseases of the respiratory system and circulatory system. Admissions for endocrine and
metabolic diseases increased. The complication rates increased (RR = 1.21, 95% CI: 1.05;1.4), while
in-hospital mortality rates held steady during the COVID period (RR = 1.09, 95% CI: 0.98;1.2). Hospi-
tal efforts to maintain quality and safety standards despite disruptions translated into a moderate
increase in complications but not in in-hospital mortality. Reduced hospitalisations for conditions
requiring timely treatment may have significant public health consequences.

Keywords: COVID-19; impact; healthcare quality; lockdown; hospital admissions; complications;
in-hospital mortality
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1. Introduction

The World Health Organisation declared SARS-CoV-2 and its resulting infection,
COVID-19 (coronavirus infectious disease 2019), a global pandemic on 11 March 2020 when
the number of infections, hospitalisations, and emergency activations increased worldwide.
As part of the early pandemic response, several countries, including Spain, imposed nation-
wide lockdowns and restrictions to limit the spread of SARS-CoV-2. In addition, healthcare
systems quickly adopted unprecedented measures to minimise disease transmission and
prepare for the surge of COVID-19 patients. In line with recommendations by governments
and international health organisations, consultations, routine diagnostic evaluations, and
non-essential procedures were cancelled or deferred, causing disruptions to healthcare
delivery and uptake worldwide with probable implications for healthcare quality and
safety [1] and affecting the health outcomes of the most vulnerable populations [2].

During the first wave of the pandemic, various studies reported a decrease in emer-
gency department (ED) visits, hospital admissions related to non-COVID conditions [3-7],
and consultations in primary care [8]. Non-COVID respiratory diseases and cardiovascular
emergencies seem to be the most affected conditions described to date [4,5,9-11], but there
have also been reports of reductions in cerebrovascular and traumatology admissions [5,12].
In those cases, optimal emergency care is of the utmost importance to attenuate a potentially
fatal disease course. In addition, medical care delay or avoidance due to the COVID-19
pandemic might have increased the morbidity and mortality risk associated with treatable
conditions and may have contributed to the reported excess deaths directly or indirectly
related to COVID-19 [13], as previously described [11].

Although health service disruptions decreased over time, the dynamics of the pan-
demic in each country implied that some interruptions persisted for more than one year
after the onset [1]. The indirect consequences of the pandemic on healthcare for other
diseases, known as collateral damage, has been scarcely quantified, especially after the
first COVID-19 wave. In addition, there are few data on the impact of the pandemic on
healthcare quality and patient safety indicators at the hospital level [2,14]. Here, we sought
to evaluate changes in rates of non-COVID hospitalisations during the first year of the
pandemic, as well as the impact of the pandemic on complications, in-hospital mortality,
and readmissions among patients with non-COVID diseases in a university hospital in
Spain. As a secondary objective, we aimed to identify the conditions with the greatest
difference in healthcare quality indicators before and after the COVID-19 surge.

2. Materials and Methods
2.1. Setting and Study Population

We conducted a retrospective observational study of hospital admissions in a uni-
versity hospital in Barcelona (Spain) from 1 March 2018 to 28 February 2021. Hospital
del Mar is one of the four public reference hospitals in the city of Barcelona and attends
medium- and high-complexity diseases in a catchment area of more than 300,000 inhabi-
tants. The hospital has more than 400 conventional beds and 12 operating theatres. More
than 95,000 patients are assessed annually in the ED.

The city of Barcelona is divided into four health areas based on territorial criteria, with
integrated healthcare delivery and strong coordination mechanisms between primary and
specialized care. Each area has a reference public hospital to attend to the population of
the area. During the pandemic, sectorization criteria was maintained, both for COVID and
non-COVID patients, except for paediatric and childbirth care.

We included all hospitalisations admitted through the ED. We excluded: (1) patients
hospitalised for COVID-19 using discharge diagnostic codes based on the International
Classification of Diseases, Tenth Revision (ICD-10) (B34.2, B97.29 and U07.1); (2) patients
hospitalised with a diagnosis of COVID-19 suspicion (ICD-10 diagnostic codes Z20.828 and
703.818); (3) episodes related to pregnancy and paediatric patients (<18 years) since they
were referred to other centres from March to May 2020; and (4) all planned surgical and
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medical admissions because all planned activities were reduced in periods of increased
COVID-19 admissions.

The study was approved by the Ethics Committee of Parc de Salut MAR (code number:
2021/9781), and no informed consent was required.

2.2. Pandemic Dynamics and Study Periods

In Spain, the first COVID-19 case was diagnosed on 31 January in the Canary Islands.
The first case in Barcelona was confirmed on 25 February and the first hospital admission
for COVID-19 at Hospital del Mar occurred on 1 March 2020. Thus, we defined the COVID
period as being from 1 March 2020 to 28 February 2021 and divided it in three subperiods.

Containment measures in Spain started on 15 March, when the national lockdown
became effective, and all residents were mandated to remain at home, and all non-essential
businesses were temporarily closed. A gradual reopening started on 2 May 2020 until 21
June 2020. During the first national lockdown, face-to-face visits in both primary care and
specialised care were cancelled to avoid infections and were redirected to telemedicine [15].
In our centre, elective surgeries were cancelled on 16 March, and the workforce turned
to attending to the increasing number of COVID-19 patients and urgent non-COVID
diseases. This situation implied the modification of conventional hospital circuits and the
adaptation of professionals to take on new roles to respond to the emerging situation. We
defined the complete lockdown period as 1 March 2020 to 21 June 2020. Although the
complete lockdown in Spain started on 15 March, our hospital detected the first COVID-19
case on 28 February, and the crisis committee first met on 29 February, deciding the first
containment measures on non-urgent activity.

From 22 June to October 2020, lockdown restrictions were gradually relaxed. In
parallel with the drop in COVID-19 patients hospitalised in general wards and intensive
care units, face-to-face activity was partially resumed as were elective surgical interventions.
Thus, we defined the de-escalation period as 22 June to 10 October 2020.

National containment measures were applied again in Spain between 9 October 2020
and 9 May 2021. Partial lockdowns, mainly affecting non-essential activity and travel
restrictions, were declared in the region of Barcelona on 25 October. On 27 December
2020, the first vaccines were administered to the Spanish population and cases gradually
dropped, especially among the elderly, from the end of January onwards [16]. Therefore,
we defined the partial lockdown period as 11 October to 28 February 2021.

Finally, as baseline, we defined the pre-COVID period as 1 March 2018 to 29 February
2020. To reduce bias due to interannual variability, we included data on 24 months of
pre-COVID admissions.

2.3. Data Sources and Study Variables

Data were obtained from the minimum data set, which collects patient information and
data on the principal diagnosis, and up to 14 comorbidities per patient, coded according
to the International Classification of Diseases 10th Edition. Episodes were grouped using
the APR-DRG (All Patient Refined Diagnosis Related Groups) version 36 and data were
obtained on MDC (Major Diagnostic Category), DRG, and severity classification (from 1 to
4). In-hospital mortality was obtained from the discharge status.

Complications were defined as potentially avoidable and probably iatrogenic adverse
events and were calculated based on the secondary diagnosis and based mainly on the
patient safety indicators of the Agency for Healthcare Research and Quality (AHRQ)
(https:/ /www.qualityindicators.ahrq.gov/, accessed on 8 February 2022). Readmissions
were defined as episodes with urgent admission within 30 days of discharge from an earlier
clinically related hospitalisation and could be due to disease recurrence, worsening of a
chronic condition, or complications from the previous episode. In-hospital mortality was
defined as death during admission. Severity levels were obtained from the APR-DRG
classification, consisting of values between 1 and 4, with one being the least severe category.
Severity comparisons are allowed within the same APR-DRG only.
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The main study variables were the weekly number of admissions (calculated through
the mean number of admissions per natural week), complication rate (percentage of com-
plications among hospitalised patients), in-hospital mortality rate (percentage of deaths
among hospitalised patients), readmission rate (percentage of readmissions among hos-
pitalised patients), and severity rate (percentage of episodes with maximum severity or
4). Explanatory variables included patient information, such as age, sex, Charlson Comor-
bidity Index (calculated through the percentage of 0, 1, 2, or 3 or more comorbidities), and
information on diagnoses categorised using the MDC and APR-DRG.

2.4. Statistical Analysis

Patient and clinical characteristics were compared between periods by comparing
absolute numbers and percentages. Statistically significant differences between periods
were tested using the chi-square test for categorical variables, while the age distribution
was checked for normality and was considered appropriate to apply the ¢-test.

We calculated the weekly number of hospitalisations during the COVID and pre-
COVID periods. Weekly numbers across COVID subperiods were compared with the same
weeks during the pre-COVID period to adjust for seasonality in hospital admissions. Rate
ratios (RaR) and their 95% confidence intervals (95% CI) were calculated for comparison
between periods based on the mean weekly rate. Risk ratios (RR) were calculated to
compare the rates of complications, in-hospital mortality, readmissions, and severity. The
Wald CI was calculated with 95% confidence. Data management and statistical analyses
were performed using the SPSS Statistics programme, version 25 (IBM, Armonk, NY, USA).
Statistical significance was set at p < 0.05.

3. Results

We retrospectively analysed 40,526 ED hospitalisations for non-COVID conditions
from 1 March 2018 to 18 February 2021. Of these, 28,622 corresponded to the pre-COVID
period and 11,904 to the COVID period. The baseline characteristics of the study population
are shown in Table 1. The mean age and sex distribution of hospitalised patients were
similar in the two periods (66.93 and 66.40 years; p = 0.099; 55.1% and 55.3% of men;
p = 0.130, respectively). Hospitalisations during the COVID period showed a different
distribution of the Charlson Comorbidity Index (p = 0.030) and source of hospital admission
(p < 0.001), suggesting a higher percentage of patients without comorbidities (41.6% vs.
43.0% in pre-COVID and COVID period, respectively) and lower percentage of patients
referred from primary care (6.4% vs. 5.3%, respectively).

Weekly hospital admissions during the study period are shown in Figure 1. The weekly
number of admissions was almost stable during the pre-COVID period, with a slightly increas-
ing trend from October to March (flu period). During the COVID period, non-COVID admis-
sions dropped sharply throughout the lockdown period and rose during the de-escalation but
dropped again during the partial lockdown. The fall in non-COVID hospitalisations coincided
with the peaks in COVID-19 hospitalisations during the study period.

A comparison of non-COVID-19 hospitalisations during the study period by MDC
is shown in Table 2. The weekly admission rate dropped by 16.8% during the COVID
period from 280.61 to 233.41 weekly admissions, reaching the lowest rate throughout the
lockdown (199.59; —20.8% reduction from the previous period). We observed a significant
reduction of admissions related to diseases of the respiratory system (RaR = 0.66, 95%
CI: 0.63;0.70), diseases of the musculoskeletal system (RaR = 0.78, 95% CI: 0.72;0.84), and
diseases of the circulatory system (RaR = 0.85, 95% CI: 0.81;0.90), among others. However,
admissions increased for endocrine, nutritional, and metabolic diseases and diseases of the
blood, especially from the de-escalation period onwards (RaR = 1.18 (1;1.38) and RaR =1.18
(1.01;1.37), respectively).
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Complete lockdown De-escalation Partial lockdown

Study periods = = = Pre-COVID period (2018-2020) — COVID period (2020-2021) ------- Hospital admissions for COVID-19

Figure 1. Weekly hospital admissions during the pre-COVID period (March 2018-February 2020) and
COVID period (March 2020-February 2021). Weekly admissions of COVID-19 cases are displayed
for comparison.

Table 1. Baseline sociodemographic and clinical characteristics of non-COVID patients and compari-
son between COVID and Pre-COVID periods. Pre-COVID-19 period: March 2018 to February 2020;
COVID-19: March 2020 to February 2021. SD: standard deviation. * p-values express the presence of
statistically significant differences between the two periods (t-test for continuous variables, chi-square
test for categorical).

Pre-COVID-19 Period COVID-19 Period

*
N (%) N (%) p Value
Overall episodes 28,622 11,904
Age, mean (SD) 66.93 (19.70) 66.40 (20.07) 0.099
Sex, n (%)
Women, 71 (%) 12,857 (44.9) 5324 (44.7) 0.130
Men, n (%) 15,765 (55.1) 6580 (55.3)
Charlson Comorbidity
index, n (%)
0 11,899 (41.6) 5108 (43.0) 0.030
1 5458 (19.1) 2255 (19.9)
2 3873 (13.5) 1590 (13.4)
>3 7386 (25.8) 2923 (24.6)
Source of hospital
admission, 1 (%)
Home 17,266 (60.4) 7572 (63.6) <0.0001
Primary Care 1822 (6.4) 627 (5.3)
Primary Care 632 (2.2) 448 (3.8)
Emergency
Nursing home 306 (1.1) 120 (1.0)
Street 1786 (6.2) 358 (3.0)
Other hospital 5199 (18.2) 2173 (18.3)
Others 1558 (5.4) 599 (5.0)

Unknown 26 (0.1) 7 (0.1)
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Table 2. Rate ratio of weekly number of admissions between pre-COVID and COVID periods by Major Diagnostic Categories (MDC). Weekly number of admissions
pre-COVID-19 = number of unplanned emergency admissions/number of weeks pre-COVID period (2018-2020). Weekly number of admissions COVID-19 = number
of unplanned emergency admissions/number of weeks COVID period (2020-2021). * p value < 0.05. ** Others category includes MDC with <100 episodes.

Pre-COVID-19 Period COVID-19
Number of Period o Complete Lockdown De-Escalation Partial Lockdown
MDC Admissions Number of RaR (95% CT) RaR (95% CI) RaR (95% CI) RaR (95% CI)
(Weekly Rate) Admissions (Weekly Rate)
Total 28,622 (280.61) 11,904 (233.41) 0.83 (0.81;0.85) * 0.79 (0.76;0.82) * 0.94 (0.90;0.97) * 0.79 (0.76;0.82) *
Diseases and disorders of the . « . " . " . .
respiratory system 5391 (52.85) 1791 (35.12) 0.66 (0.63;0.70) 0.67 (0.61;0.73) 0.87 (0.79;0.97) 0.56 (0.51;0.61)
Diseases af‘d disorders of the 4983 (48.85) 2128 (41.73) 0.85 (0.81;0.90) * 0.71 (0.64;0.78) * 0.95 (0.86;1.05) 0.90 (0.84;0.97) *
circulatory system
Diseasg.s and disorders of the 3530 (34.61) 1431 (28.06) 0.81 (0.76;0.86) * 0.73 (0.65;0.82) * 0.88 (0.79;0.98) * 0.82 (0.74;0.90) *
igestive system
Diseases and disorders of the . . . . .
nervous system 2251 (22.07) 952 (18.67) 0.85 (0.78;0.91) * 0.72 (0.62;0.84) * 0.97 (0.85;1.11) 0.84 (0.75;0.95)
Diseases and disorders of the
musculoskeletal system and 2190 (21.47) 854 (16.75) 0.78 (0.72;0.84) * 0.79 (0.68;0.91) * 0.89 (0.77;1.02) 0.69 (0.61;0.79) *
connective tissue
Kidney and urinary tract diseases 2126 (20.84) 946 (18.55) 0.89 (0.82;0.96) * 0.87 (0.75;1.01) 0.91 (0.80;1.04) 0.89 (0.79;1.00)
and disorders
Mental illnesses or disorders 1851 (18.15) 912 (17.88) 0.99 (0.91;1.07) 1.15 (1.01;1.32) * 0.93 (0.80;1.07) 0.90 (0.78;1.02)
Diseases and disorders of the . . . .
hepatobiliaty system and pancreas 1574 (15.43) 755 (14.8) 0.96 (0.88;1.05) 0.83 (0.70;0.98) * 1.08 (0.93;1.26) 0.97 (0.85;1.11)
Infectious and parasitic diseases
(systemic or unspecified 847 (8.30) 345 (6.76) 0.81(0.72;0.92) * 0.67 (0.53;0.86) * 0.95 (0.77;1.17) 0.81 (0.66;1.00)
involvement)
Skin, subcutaneous tissue, and . % . . . *
A A A 646 (6.33) 253 (4.96) 0.78 (0.68;0.91) 0.94 (0.71;1.23) 0.93 (0.73;1.19) 0.58 (0.45;0.74)
Diseases and disorders of the blood,
the haematopoietic system, and the 433 (4.25) 255 (5.00) 1.18 (1.01;1.37) * 0.85 (0.62;1.18) 1.08 (0.80;1.44) 1.47 (1.17;1.84) *
immune system
Endocrine, nutritional, and . . . . .
metah ol B G s 396 (3.88) 233 (4.57) 1.18 (1.00;1.38) * 1.27 (0.94;1.71) 1.37 (1.03;1.82) 0.98 (0.75;1.28)
Diseases and disorders of the ear, 395 (3.87) 141 (2.76) 0.71 (0.59,0.87) * 1.54 (1.07,2.20) * 1.21 (0.85;1.73) 0.32 (0.23;0.45) *

nose, mouth, and throat
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Table 2. Cont.

Pre-COVID-19 Period COVID-19
Number of Period Complete Lockdown De-Escalation Partial Lockdown
MDC Admissions Number of RaR (95% CD) RaR (95% CI) RaR (95% CI) RaR (95% CI)
(Weekly Rate) Admissions (Weekly Rate)
Alcohol/drug use and
alcohol/drug-induced organic 352 (3.45) 135 (2.65) 0.77 (0.63;0.94) * 0.85 (0.61;1.18) 0.41 (0.27;0.61) * 1.15 (0.83;1.60)
mental disorders
Injuries, poisonings, and toxic . . . .
effects of drugs 347 (3.40) 181 (3.55) 1.04 (0.87;1.25) 1.18 (0.83;1.67) 1.16 (0.87;1.56) 0.86 (0.63;1.16)
Diseases and disorders of the male 278 (2.73) 159 (3.12) 1.14 (0.94;1.39) 0.94 (0.65;1.36) 1.22 (0.88;1.69) 1.26 (0.91;1.74)
reproductive system ’ ' ’ e ' e ’ T ’ A
Myeloproliferative diseases and
disorders and poorly differentiated 263 (2.58) 108 (2.12) 0.82 (0.66;1.03) 1.06 (0.73;1.55) 0.77 (0.49;1.20) 0.68 (0.48;0.98) *
neoplasms
Factors influencing health status and . . . .
other contacts with health services 226 (2.22) 107 (2.10) 0.95 (0.75;1.19) 0.89 (0.60;1.34) 1.3 (0.88;1.93) 0.74 (0.49;1.10)
Others ** 543 (5.32) 218 (4.27) 0.8 (0.69,0.94) * 0.72 (0.54;0.96) * 0.97 (0.73;1.28) 0.76 (0.59;0.97) *
Table 3. Comparison of complications, mortality, and readmissions between pre-COVID and COVID period by Major Diagnostic Categories (MDC). CI: confidence
interval. RR: risk ratio. * p value < 0.05. ** Others category includes MDC with <100 episodes.
Complications In-Hospital Mortality Readmissions
Pre-COVID-19 . Pre-COVID-19 . Pre-COVID-19 .
MDC Period COVID -y eried RR (95% CI) Period COVID- period RR (95% CI) Period COVID -y ericd RR (95% CI)
N (%) ° N (%) ° N (%) °
Total 600 (1.84%) 265 (2.23%) 1.21 (1.05;1.40) * 1337 (4.10%) 529 (4.45%) 1.09 (0.98;1.20) 1371 (4.21%) 381 (3.21%) 0.76 (0.68;0.85) *
Diseases and
disorders of the 58 (0.99%) 12 (0.67%) 0.67 (0.36;1.25) 384 (6.58%) 115 (6.42%) 0.98 (0.80;1.19) 517 (8.85%) 104 (5.81%) 0.66 (0.53;0.80) *
respiratory system
Diseases and
disorders of the 83 (1.49%) 45 (2.11%) 1.42 (0.99;2.04) 237 (4.25%) 79 (3.71%) 0.87 (0.68;1.12) 255 (4.57%) 79 (3.71%) 0.81 (0.63;1.04)
circulatory system
Diseases and
disorders of the 119 (3.02%) 56 (3.91%) 1.30 (0.95;1.77) 116 (2.94%) 61 (4.26%) 1.45 (1.07;1.96) * 152 (3.85%) 27 (1.89%) 0.49 (0.33;0.73) *
digestive system
Diseases and
disorders of the 80 (3.49%) 39 (4.10%) 1.17 (0.81;1.71) 163 (7.11%) 74 (7.77%) 1.09 (0.84;1.42) 38 (1.66%) 11 (1.16%) 0.70 (0.36;1.36)

nervous system
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Table 3. Cont.

Complications

In-Hospital Mortality

Readmissions

Pre-COVID-19
MDC Period
N (%)

COVID-19 Period
N (%)

RR (95% CI)

Pre-COVID-19

Period
N (%)

COVID-19 Period
N (%)

RR (95% CI)

Pre-COVID-19
Period
N (%)

COVID-19 Period
N (%)

RR (95% CI)

Diseases and
disorders of the
musculoskeletal

system and
connective tissue

60 (2.33%)

33 (3.86%)

1.66 (1.09;2.51) *

61 (2.37%)

28 (3.28%)

1.38 (0.89;2.15)

29 (1.13%)

16 (1.87%)

1.66 (0.91,3.04)

Kidney and urinary
tract diseases and
disorders

70 (2.72%)

18 (1.90%)

0.70 (0.42;1.17)

48 (1.86%)

31 (3.28%)

1.76 (1.13;2.74) *

107 (4.16%)

37/(3.91%)

0.94 (0.65;1.36)

Mental illnesses or .
disorders 1(0.04%)

3(0.33%)

7.35 (0.77;70.56)

4(0.18%)

4(0.44%)

2.45 (0.61;9.77)

11 (0.49%)

3(0.33%)

0.67 (0.19;2.39)

Diseases and
disorders of the
hepatobiliary system
and pancreas

29 (1.52%)

18 (2.38%)

1.57 (0.88;2.80)

85 (4.46%)

25 (3.31%)

0.74 (0.48;1.15)

98 (5.14%)

39 (5.17%)

1.00 (0.70;1.44)

Infectious and
parasitic diseases
(systemic or
unspecified
involvement)

25 (2.41%)

15 (4.35%)

1.80 (0.96;3.38)

92 (8.87%)

51 (14.78%)

1.67 (1.21;2.29) *

44 (4.24%)

24 (6.96%)

1.64 (1.01;2.66) *

Skin, subcutaneous
tissue, and breast o
diseases and 4(0.50%)
disorders

4 (1.58%)

3.17 (0.8;12.58)

13 (1.62%)

10 (3.95%)

2.44 (1.08;5.49) *

28 (3.49%)

8 (3.16%)

0.91 (0.42;1.96)

Diseases and
disorders of the
blood, the
haematopoietic
system, and the
immune system

6 (1.16%)

2 (0.78%)

0.68 (0.14;3.32)

6 (1.16%)

0 (0.00%)

11 (2.13%)

4 (1.57%)

0.74 (0.24;2.29)

Endocrine,
nutritional, and o
metabolic diseases 4(0.82%)
and disorders

3 (1.29%)

1.57 (0.36;6.98)

7 (1.43%)

7 (3.00%)

2.10 (0.74;5.91)

15 (3.07%)

7 (3.00%)

0.98 (0.40;2.37)

Diseases and
disorders of the ear, o
nose, mouth, and 5(0.99%)
throat

1(0.71%)

0.71 (0.08;6.06)

13 (2.58%)

5 (3.55%)

1.37 (0.50;3.78)

17 (3.38%)

1(0.71%)

0.21 (0.03;1.56)

Alcohol/drug use
and alcohol/drug-
induced organic
mental disorders

1(0.24%)

0 (0.00%)

0 (0.00%)

0 (0.00%)

1 (0.24%)

2 (1.48%)

6.09 (0.56;66.62)
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Table 3. Cont.

Complications In-Hospital Mortality Readmissions
Pre-COVID-19 Pre-COVID-19

Pre-COVID-19

COVID-19 Period COVID-19 Period COVID-19 Period

MDC Period o RR (95% CI) Period o RR (95% CI) Period o RR (95% CI)
N (%) N (%) N (%) N (%) N (%) N (%)
Injuries, poisonings,
and toxic effects of 2 (0.47%) 3 (1.66%) 3.51(0.59;20.85) 9 (2.12%) 6 (3.31%) 1.56 (0.56;4.32) 13 (3.07%) 5 (2.76%) 0.90 (0.33;2.49)

drugs

Diseases and
disorders of the male 5 (1.54%) 1 (0.63%) 0.41 (0.05;3.46) 8 (2.47%) 4 (2.52%) 1.02 (0.31;3.33) 16 (4.94%) 6 (3.77%) 0.76 (0.30;1.92)
reproductive system

Myeloproliferative
diseases and
disorders and poorly 10 (3.27%) 2 (1.85%) 0.57 (0.13;2.55) 34 (11.11%) 17 (15.74%) 1.42 (0.83;2.43) 0 (0.00%) 0 (0.00%) -
differentiated
neoplasms

Factors influencing
health status and o o _ o o . 9 o .
other contacts with 3 (1.12%) 0 (0.00%) 8 (2.97%) 1 (0.93%) 0.31 (0.04;2.48) 4 (1.49%) 4 (3.74%) 2.51 (0.64;9.87)
health services

Others ** 35 (6.06%) 10 (5.26%) 0.87 (0.44;1.72) 49 (8.48%) 11 (5.79%) 0.68 (0.36;1.29) 15 (2.6%) 4(2.11%) 0.81 (0.27;2.41)
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The main quality indicators between study periods by MDC are compared in Table 3.
Overall, the complication rate increased (from 1.84% to 2.23%, RR = 1.21, 95% CI: 1.05;1.4)
and the readmissions rate decreased (from 4.21% to 3.21%, RR = 0.76, 95% CI: 0.68;0.85),
whereas in-hospital mortality rates remained stable during the COVID period (from 4.1%
to 4.45%, RR = 1.09, 95% CI: 0.98;1.2). However, some differences emerged when we
considered MDC. Complications significantly increased for diseases of the musculoskeletal
system (RR = 1.66, 95% CI: 1.09;2.51) as did hospital mortality for diseases of the digestive
system (RR = 1.45, 95% CI: 1.07;1.96) or skin and subcutaneous tissue and breast diseases
(RR =2.44, 95% CI: 1.08;5.49), among others.

The RR for admissions, complications, mortality, readmissions, and severity by a selec-
tion of DRG of chronic and acute conditions are shown in Table 4. We observed a significant
decrease in admissions for acute conditions, such as stroke and precerebral occlusions with
infarction, acute myocardial infarction, and acute bronchitis, along with an increase in
admissions for chronic conditions, such as anaemia and haematological and haematopoietic
organ disorders. Despite the small number of events, there was no worsening of quality
indicators, such as complications, in-hospital mortality, or readmissions, but we there was
a general increase in severity, especially for those patients admitted for heart failure, other
pneumonias, or acute bronchitis. Detailed figures for admissions, complications, mortality,
readmissions, and severity by all DRG are available in the Supplementary Material.

Table 4. Comparison of admissions, complications, mortality, readmissions, and severity between
pre-COVID and COVID periods by a selection of DRG for chronic and acute conditions. DRG:
Diagnosis Related Group. RaR: rate ratio. RR: risk ratio. STEMI (ST elevation myocardial infarction)
and NSTEMI (non-ST elevation myocardial infarction). * p value < 0.05.

AdmissionsRaR ComplicationsRR In-Hospital ReadmissionsRR . o
DRG (95% CI) (95% CI) MortalityRR (95% CI) (95% CI) SeverityRR (95% CI)
Stroke and precerebral
occlusions with 0.77 (0.66;0.90) * 2.36 (0.92;6.05) 1.12 (0.67;1.87) 1.14 (0.30;4.37) 1.09 (0.46;2.60)
infarction
Other pneumonia 0.70 (0.61,0.80) * 0.73 (0.16;3.43) 0.60 (0.34;1.08) 0.90 (0.48;1.70) 1.86 (1.34;2.60) *
Chfonic obstructive 0.55 (0.49,0.60) * 0.71 (0.25;2.07) 1.09 (0.68;1.76) 0.59 (0.44;0.79) * 1.20 (0.96;1.51)
pulmonary disease
Acute bronchitis and ’ . . . *
related symptoms 0.54 (0.44;0.65) * - 0.69 (0.15;3.07) 1.26 (0.66;2.43) 1.98 (1.01;3.87)
Acute myocardial
infarction—STEMI and 0.66 (0.52;0.82) * - 0.78 (0.27;2.27) 0.96 (0.32;2.87) 1.24 (0.50;3.12)
NSTEMI
Heart failure 0.83 (0.76;0.91) * 0.38 (0.15;0.98) * 0.79 (0.56;1.11) 0.61 (0.42;0.89) 2.22(1.69;2.92) *
Hip and f:;‘frr fracture 0.80 (0.68:0.95) * 1.31 (0.70;2.45) 232 (1.045.17) * 0.63 (0.07:5.63) 1.64 (0.78;3.44)
Diabetes 1.16 (0.91;1.48) 3.52(0.32;38.34) 0.59 (0.06;5.57) 0.25 (0.03;2.01) 2.20 (0.60;8.01)
Other anaemia and
haematological and 132 (L11;1.57) * 0.51 (0.05;4.91) - 0.77 (0.24;2.53) 0.77 (0.24;2.53)

haematopoietic organ
disorders

4. Discussion

In this study, we evaluated the impact of the COVID-19 pandemic on hospitalisations
for non-COVID conditions and on healthcare quality performance indicators in a university
hospital in Spain. The number of non-COVID hospitalisations dramatically decreased, and
this change persisted for up to a year after the onset of the pandemic. Hospitalisations
related to diseases of the respiratory system, musculoskeletal system, and circulatory
system also decreased, but admissions for endocrine, nutritional, and metabolic diseases
and diseases of the blood increased, especially from the de-escalation period onwards. The
disruption caused by the COVID-19 pandemic had a moderate impact on quality indicators
in the hospital setting; the complication rate increased, whereas in-hospital mortality was
similar in the two periods. The non-worsening of mortality rates is relevant since a general
increase in severity was reported in most diseases during the COVID period.
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Throughout the first COVID year, non-COVID hospitalisations decreased by 16.8%,
with reductions of more than —20% during lockdown periods and of —5.9% during the de-
escalation period. These figures are less pronounced than those reported in other countries
during the first COVID wave [4-6,12]. The reasons for the decrease in Spain are probably
multifactorial, stemming from a combination of community reluctance to seek healthcare
for fear of infection [1] and adherence to stay-at-home orders. In addition, the reduction
in visits and follow-up activity for chronic diseases in primary care [8,15] and outpatient
activity may also have contributed to the decrease in the number of referrals [17,18]. Finally,
some authors have hypothesised the existence of an increased threshold for referral and for
hospitalization [19] as a potential contributor to the fall in ED hospital admissions.

There was a clear drop in hospitalisations for diseases of the respiratory system,
such as chronic obstructive pulmonary disease exacerbations, acute bronchitis, and other
pneumonias during the study period, including the de-escalation period. These results
are consistent with those reported in other countries [4-6], mainly focused on the first
COVID wave. Although we cannot rule out that patients with respiratory symptoms were
misdiagnosed with COVID-19 during the first few weeks of the pandemic, hospitalisations
for respiratory diseases remained lower across study periods and during the first year of
the pandemic when all hospitalised patients were properly tested for COVID-19. Therefore,
our data reflect a true decline in these hospitalisations, which may be explained by a combi-
nation effect of population-wide measures, such as mask-wearing and social distancing, as
well as avoidance or delay in seeking care, especially among persons at increased risk for
severe COVID-19 [20]. In addition, some studies reported improvements in medication
adherence among patients with asthma and COPD during the COVID-19 pandemic, which
may have a positive effect on improving disease control and reducing the number of ex-
acerbations [21]. It has also been hypothesized that the decrease in air pollution during
lockdown periods may potentially reduce respiratory disease exacerbations and short-term
premature mortality [22,23]. In our study, severity increased among patients hospitalised
for respiratory diseases, such as other pneumonias and acute bronchitis, pointing to a
potential delay in care.

Previous studies also found a drop in admissions for acute cardiovascular and ner-
vous system diseases during the initial COVID peak [4-9,24]. The decrease was observed
especially during the complete and partial lockdown periods, whereas these indicators
increased during the de-escalation period. Although the drop in hospitalisations may be
partly explained by avoidance of medical care, another important factor was healthcare
disruptions. During the lockdown periods, face-to-face primary care activity in Catalonia
was drastically reduced, being partially switched towards telemedicine [15]. In addition,
declines in ambulatory cardiovascular visits [8,25] (blood pressure monitoring in hyper-
tensives and LDL control in ischaemic heart disease and stroke), as well as deferrals in
less urgent cases, could all have led to an overall reduction in admissions. We found
that admissions for myocardial infarction were reduced by 17% and those for stroke by
23%, accompanied by an increase in the severity of both diseases. As reported in other
contexts, the reduction in admissions for nervous system diseases was accompanied by a
marked drop in activations of stroke codes, and consequently, the number of recanalisation
treatments (rtPA and thrombectomy) was greatly reduced during the pandemic [26,27].
In line with some studies [28], but contrasting with others [10], this study did not find
higher in-hospital mortality for these conditions despite the greater severity of admitted
patients, highlighting the maintenance of quality standards during the pandemic. Never-
theless, the drop in hospitalizations coincides with an increase in out-of-hospital cardiac
arrest events [29,30] and greater mortality from cardiovascular diseases during the COVID
period [4,31,32] observed in Spain and other countries.

Admissions for endocrine, nutritional, and metabolic diseases clearly increased during
the de-escalation period with a non-significant trend to a higher complication rate and in-
hospital mortality. Indeed, patients hospitalised for diabetes showed greater severity than
those from the previous period. These trends may be influenced by the decrease in follow-
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up and monitoring activity from primary care in Catalonia (HbAlc control in type two
diabetes mellitus, diabetic foot screening, and blood pressure control) from March to April
2020 [8,15], together with a worsening of disease control during the lockdown period due
to poorer eating patterns and more sedentary behaviours [33]. Nevertheless, the admission
rate tended to stabilise during the partial lockdown when primary care activity was partially
recovered, combining both face-to-face and virtual visits [15]. Diabetes was one of the
chronic conditions most strongly impacted by the reduction in healthcare activity due to
COVID-19 followed by chronic obstructive pulmonary disease and hypertension [34,35].
These data indicate the need to adapt healthcare to monitor chronic conditions and provide
care despite the pandemic in order to prevent treatment delays and avoidable complications.
Given the existence of social inequalities in healthcare utilisation, it is likely that the results
of this study would be worse among the most disadvantaged population.

The comparison of the main healthcare quality indicators between the COVID and
pre-COVID periods revealed an overall increase in the complication rate but not in-hospital
mortality rates. This information provides an overview of the impact of the pandemic
on the quality of care for non-COVID diseases, thus far only shown specifically by some
diseases [27,28]. The rise in complication rates may be explained by a mixture of changes in
internal processes, high staff turnover, including among resident physicians, and healthcare
reorganisation, which can be added to the effect of attending to patients with more severe
diseases and greater management difficulties. In addition, the overcrowding in emergency
departments may have also contributed to longer waiting times for hospitalisation as all
patients had to be triaged before being hospitalised in a non-COVID unit [36]. To provide
useful information at the hospital level, promote specific actions for improvement, and fine
tune current contingency plans, there is a need for more in-depth analysis of patient groups
identified as showing an increase in complications (i.e., musculoskeletal system diseases)
or greater in-hospital mortality (i.e., diseases of the digestive system, kidney and urinary
tract diseases, or subcutaneous skin and breast diseases). Nevertheless, the pandemic has
highlighted some limitations of current quality indicators, especially those requiring human
intervention in capturing quality data [14]. As proposed by Austin et al., data capture
systems allowing data to be collected from hospitals without increasing clinician burden
should be prioritised to provide timely information to rapidly evaluate care delivery.

The current study has some limitations. First, we present data from a single centre,
which could introduce a selection bias if non-COVID patients from the reference area were
admitted to other hospitals. Although we cannot rule out that a number of non-COVID-19
patients were hospitalised in other centers, the coordination mechanisms ensured that the
criterion for sectorization was maintained across the study period both for COVID and non-
COVID patient care. Second, our data was based on diagnostic codes. We used a standard
approach for classifying diagnoses (ICD-10), but we cannot exclude some misclassification,
especially during the first months of the pandemic when some respiratory diagnoses may
have been classified as COVID-19 cases. However, we carried out a sensitivity analysis,
including admissions with suspicion of COVID-19 (but not confirmed), and obtained similar
results. Third, the non-worsening in-hospital mortality rate provides a positive overview of
the effect of the pandemic within the hospital. However, these data do not show the impact
on those patients not reaching the hospital facilities or reaching the emergency department
in a terminal or irreversible condition, which may have resulted in higher mortality outside
hospital care. Finally, the impact on readmissions, although apparently positive, should be
interpreted with caution, as for some diseases, referral to other centres was modified by
hospital occupancy criteria.

5. Conclusions

During the lockdown periods, the number of hospitalisations substantially decreased,
while the severity of patients admitted for acute events increased, probably explained by a
mixture of patient avoidance of emergency care for fear of COVID-19 [1], fewer primary
care referrals, and a higher threshold for hospitalization [19]. This data reinforces findings
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reported in other countries [4-6]. After the peak of the pandemic, hospitalisations for
metabolic and blood diseases increased, as did severity in general, which may be related
to less strict control and less follow-up activity in primary care during the first months
of the pandemic [18]. Hospital efforts to maintain quality and safety standards despite
hospital disruptions translated into a moderate impact on healthcare quality indicators,
with a significant increase in the complication rate but not in in-hospital mortality. Reduced
hospitalisations for conditions requiring timely treatment may have significant public
health consequences.
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