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ABSTRACT 

Introduction: Reports of post-acute sequelae of COVID-19 continue to emerge, but it 
remains unclear how the severity of a patient’s COVID-19 infection affects risk for future 
hospitalizations for non-COVID-19 problems.  

Methods: An analysis of electronic health records (EHR) was performed for a cohort of 
10,646 patients who were followed for 6 months post COVID-19 episode at one health 
system. COVID-19 positive patients were classified as severe if they were hospitalized 
within the first 30 days of their initial positive test. Assessment of hospitalizations overall 
and for conditions that could be seen as complications of COVID-19 (cardiovascular, 
respiratory, and clotting diagnoses) were assessed. The 6-month risk of a new 
hospitalization was assessed in both unadjusted and adjusted Cox regressions.  

Results: Of the 10,646 patients included in this cohort,114 had severe COVID-19, 211 
had mild/moderate COVID-19, and 10,321 were COVID-19 negative. After adjustment 
for potential confounding variables, there was no significantly increased risk in future 
hospitalization for any condition for patients who were COVID-19 positive versus those 
who were COVID-19 negative (HR 1.31; 95% CI 0.98, 1.74). In adjusted analyses, 
individuals with severe COVID-19 had an increased risk of hospitalization for potential 
complications compared to both mild/moderate COVID-19 (HR 2.20; 95% CI 1.13, 4.28) 
and COVID-19 negative patients (HR  2.24; 95% CI: 1.52, 3.30).  

Discussion: Patients with a severe COVID-19 episode were at greater risk for future 
hospitalizations. This study reinforces the importance of preventing infection in patients 
at higher risk for severe COVID-19 cases. 
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INTRODUCTION 

By April 2021, Coronavirus disease 2019 (COVID-19) has resulted in over 133 million 
cases and 2.8 million deaths worldwide, with more than 30 million cases and 560,000 
deaths in the United States alone.1 The clinical spectrum of COVID-19 infection ranges 
from asymptomatic infection to severe disease requiring admission to intensive care 
and even death. Examples of risk factors for severe COVID-19 include hypertension, 
diabetes, and obesity.2  Millions of people globally have “recovered”.  Recovery from 
COVID-19 is variable, and the post-acute complications can affect multiple organ 
systems and persist for many months.3 Many individuals experience persistent 
symptoms that impact their health-related quality of life, with some even reporting post-
traumatic stress disorder.3-7  

Severe complications like post-acute thrombosis, respiratory failure, and cardiac and 
vascular damage may increase the likelihood of future morbidity and mortality in 
recovered COVID-19 patients.8-10 The data from cohort studies investigating these long-
term complications post COVID-19 infection is quite limited, and studies mainly focus on 
complications leading to re-admission rather than post-acute complications.11-13  
Therefore, it is unclear if the likelihood of future hospitalization for  non-COVID-19 
conditions is greater in post COVID-19 patients than COVID-19 negative patients.   

We investigated post COVID-19 hospitalizations for specific non-COVID-19 conditions 
that also represent the common acute complications of severe COVID-19. We studied a 
longitudinal cohort of patients who tested either positive or negative for COVID-19 as 
determined by Polymerase Chain Reaction (PCR) testing within in a large healthcare 
system. 

 

METHODS 

The data for this project comes from a de-identified research databank containing 
electronic health records (EHR) of patients tested for or diagnosed with COVID-19 in 
any setting in the University of Florida (UF) Health system. Usage of the databank for 
research is not considered human subjects research, and IRB review was not required 
to conduct this study.   

Definition of Cohort 

The cohort for this study consisted of all adult patients aged 18 and older who were 
tested for COVID-19 between 01/01/2020 and 07/05/2020 within the UF Health system, 
in any encounter type (ambulatory, ED, inpatient, etc.). The databank contained EHR 
data for all patients in the cohort current through 12/31/2020. COVID-19 diagnosis was 
validated by PCR. Baseline dates for COVID-19 positive patients were established at 
the date of their earliest recorded PCR-confirmed positive COVID-19 test, and baseline 
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for COVID-19 negative patients was assessed at the earliest recorded negative COVID-
19 test. Each patient was only included once in the analysis. For patients with multiple 
COVID-19 tests, if at least one test gave a positive result, the patient was classified as 
COVID-19 positive, and the date of their earliest positive COVID-19 test result was used 
as their baseline date. For patients with multiple COVID-19 tests which were all 
negative, the patient was classified as COVID-19 negative, and the date of their earliest 
negative COVID-19 test results was used as their baseline date. Patients were tested in 
the context of seeking care for COVID-19; the tests were not part of general screening 
and surveillance. 

Only patients with at least 180 days of follow-up time after their baseline date were 
retained in the cohort. Patients with more than 180 days of follow-up were censored at 
180 days. Mortality data was available in the databank, and patients who died within 
their 180 day window were included in the analysis and censored at the date of their 
recorded death. Mortality data was obtained from both patient electronic health records 
and the Social Security Death Index.  

COVID-19 positive patients were also categorized as having had either a severe or 
mild/moderate COVID-19. Patients seen only in an outpatient setting were classified as 
having mild/moderate COVID-19, while those who were hospitalized for any reason 
during their first 30 days of follow-up were classified as severe. The cohort was also 
censored for 30 days post-baseline in the COVID-19 negative patients or until 30 days  
post hospital discharge for the severe COVID-19 patients to ensure that health care 
utilization was post-acute and not part of the initial COVID-19 episode of care (e.g., 
readmission).  

Outcome Variables 

Based on previous literature regarding organ systems affected by COVID-19 and likely 
complications, outcomes were determined as the occurrence of a hospital admission for 
a cardiovascular, respiratory, or clotting disorder-related diagnosis.8-10 The targeted 
hospitalizations investigated as cardiovascular outcomes were myocardial infarction, 
heart failure, and stroke. The respiratory hospitalizations were pneumonia, hypoxemia, 
and acute respiratory distress syndrome. The clotting disorder hospitalizations were 
deep vein thrombosis, venous thromboembolism, and pulmonary embolism.  

The ICD-10 codes used to define these outcomes are given in Table 1. Outcomes were 
assessed as hospitalization for any of these causes and by category. In the combined 
analysis, the earliest occurrence of an admission for a cardiovascular, respiratory, or 
clotting disorder complication was used for patients who experienced multiple 
hospitalizations during the follow-up timeframe.  

Because COVID-19 may lead to hospitalizations for other causes than just the ones 
which we have identified which have a plausible mechanism, we also examined 
hospitalizations for any cause. In the all hospitalizations analysis, a patient could have 
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had any diagnosis associated with their hospitalization, including those not listed in 
Table 1. 

Comorbidities 

Comorbidities and demographic variables which could potentially confound the 
associations between mild/moderate COVID-19, severe COVID-19, and no COVID-19 
and the risk of hospitalization for post-acute COVID-19 complications were collected at 
baseline for each member of the cohort. Demographic variables included patient age, 
race, ethnicity, sex, and insurance status. Comorbidities included hypertension, 
COPD/asthma, diabetes mellitus, and overweight/obesity. Hypertension, COPD/asthma, 
and diabetes mellitus were determined using ICD-9/10 codes (Table 1), and a patient’s 
status as overweight/obese was determined using weight and height measurements 
available in the EHR. Body mass index, kg/m2 (BMI) was recorded at baseline or the 
closest available measurement in time.  

Analysis 

Hazard ratios for the risk of hospitalization for post-acute COVID-19 complications by 
COVID-19 status were determined using Cox proportional hazard models. We obtained 
hazard ratios for hospital admissions based on COVID-19 diagnosis category, using 
COVID-19 negative status as the reference. These analyses were then modified to 
control for age, sex, race, insurance status, and comorbidities. The proportional hazards 
assumption was confirmed by inspection of the Schoenfeld residual plots for each 
variable included in the models and testing of the time-dependent beta coefficients. 
Analyses were conducted using the survival package in R v4.0.3. 

 

RESULTS 

A total of 10,646 patients were included in the final cohort. The characteristics of the 
sample split into the three groups of a) mild/moderate COVID-19, b) severe COVID-19 
and c) negative COVID-19 is shown in Table 2. Figure 1a presents the Kaplan-Meier 
curves comparing the risk of hospitalization for all conditions between all patients who 
were COVID-19 positive and those who were COVID-19 negative. Using Cox 
regression, the hazard ratio for the risk of hospitalization for any condition among those 
who were COVID-19 positive was not significantly increased in comparison to those 
who were COVID-19 negative (HR 1.10; 95% CI 0.84, 1.45). After adjustment for 
potential confounding variables, the results still indicated no significantly increased risk 
in future hospitalization for any condition for patients who were COVID-19 positive 
versus those who were COVID-19 negative (HR 1.31; 95% CI 0.98, 1.74). 

Figure 1b shows a Kaplan-Meier curve of the unadjusted survival probabilities for 
hospitalizations over time between the severe COVID-19 group and the negative 
COVID-19 group. The risk of hospitalization post COVID-19 infection is presented in 
Table 3. In the unadjusted analyses, severe COVID-19 infection has a significantly 
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increased risk compared to those with no COVID-19. Although the unadjusted analyses 
suggest that mild/moderate COVID-19 may have a decreased risk for experiencing a 
post-acute hospitalization for any condition compared to no COVID-19, the effect is no 
longer significant after adjustment for potential confounding variables. In adjusted 
analyses, severe COVID-19 has a significantly increased risk of hospitalization 
compared to the patients who were COVID-19 negative. Further, the severe COVID-19 
group had a significantly increased risk of hospitalization compared to the 
mild/moderate COVID-19 group in adjusted analyses. The mild/moderate COVID-19 
patients were not at increased risk of future hospitalization compared to the COVID-19 
negative group. 

 

DISCUSSION 

These results indicate that there is a substantial impact on the likelihood of severe post-
acute COVID-19 sequelae depending on the severity of the initial COVID-19 episode. 
Even though the results do not show that COVID-19 infection increases the likelihood of 
future hospitalization, the likelihood of hospitalization 6 months following a severe 
COVID-19 is greatly increased above COVID-19 negative patients and those who had 
mild/moderate COVID-19. Importantly, mild/moderate COVID-19 patients did not have 
significantly different risks for a subsequent hospitalization compared to COVID-19 
negative patients.  

This study adds to the accumulating literature of post-acute sequelae following a 
COVID-19 infection. Other studies have focused on important, but less severe 
complications than hospitalization, which was the focus of the present study. 4 Further, 
the present study also provides evidence of complications of COVID-19 infection in 
comparison to patients who were COVID-19 negative, allowing an increased 
understanding of the impact of COVID-19. According to the Centers for Disease Control 
and Prevention, between August 1, 2020 and April 5, 2021, there have been nearly 2 
million (>1,978,000) COVID-19 confirmed hospitalizations in the USA.14  These 
numbers provide an indication of the large group of patients who are at increased risk 
for a significant COVID-19 complication post hospitalization. As we discuss flattening 
the curve to decrease hospitalizations for COVID-19, this data provides new evidence of 
the association of COVID-19 with future hospitalizations that would not be diagnosed or 
counted as COVID-19. 

The lack of a significantly increased risk of hospitalization among mild/moderate 
COVID-19 patients is encouraging. Increased vaccination for COVID-19 and mitigation 
strategies have played roles in decreasing new cases, and these results elevate the 
importance of vaccinating patients at risk for severe COVID-19.  

There are several limitations to this analysis that need to be considered. First, the 
analysis was based on patients seen in one health system with a regional catchment 
area. Although more than 10,000 PCR based COVID-19 diagnoses were included in the 



AHEAD OF PRINT. NON-COPY-EDITED VERSION. 

©2021. AMERICAN BOARD OF FAMILY MEDICINE. 

analysis, the study cohort may not be representative of the patient population in other 
areas of the USA. Second, we focused on hospitalizations as our outcome of interest. 
We focused on hospitalizations as a priority outcome due to the gap in our knowledge of 
downstream complications of COVID-19 and the serious impact of hospitalizations on 
both the patient and the health system, but other outcomes may exhibit different 
patterns. Third, we are not able to determine the reasons that patients chose to interact 
with our health system. It is possible that asymptomatic patients who had not been 
exposed to the virus sought a COVID-19 test prior to travelling and were included in the 
analysis.  We were also unable to determine whether patients were residents of a 
nursing home or long-term care facility, which could potentially affect the estimated 
hazard ratios. Finally, the analyses comparing different severity of COVID-19 may have 
been affected by limited sample sizes. It should be noted that statistically significant 
effects were found for several outcomes comparing mild/moderate to severe COVID-19. 

In conclusion, COVID-19 has significant post-acute sequelae. Patients with a severe 
episode of COVID-19 have a significantly increased likelihood of hospitalization over the 
next 6 months for conditions other than COVID-19. These results reinforce the 
importance of vaccination and mitigation strategies for patients at high risk for a severe 
COVID-19 episode. 
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Table 1. Diagnosis codes for analyzed outcomes and comorbidities 

OUTCOME CONDITIONS ICD-10/ICD-9 Codes 
Cardiovascular Diagnoses  
  Heart Failure I21 
  Myocardial Infarction I50, I11.0, I13.0, I13.2 
  Stroke G46, I63, I69 
Respiratory Diagnoses  
  Pneumonia J12, J13, J15, J16, J17, J18, J82, J84  
  Acute respiratory distress syndrome J80, J96 
  Hypoxemia R09.02 
Clotting Diagnoses  

Deep vein thrombosis/Venous 
thromboembolism 

Q26, I82 

  Pulmonary embolism I26, I74, I82, J81.1 
COMORBIDITIES  
Hypertension I10, 401 
Diabetes mellitus E11.0, E11.2, E11.3, E11.5, E11.6, E11.8, E11.9, 

E11.40, E11.41, E11.43, E11.44, E11.49, 250.00, 
250.02, 250.2, 250.3, 250.4, 250.5, 250.6, 250.7, 
250.8, 250.9 

COPD/Asthma J43, J44, J45, 491.2, 492, 493 
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Table 2. Characteristics of the COVID-19 Positive and COVID-19 Negative Patients in 
the Cohort 

 Total (n = 
10,646) 

Severe 
COVID-19 (n = 
114) 

Mild/Moderate 
COVID-19 (n = 
211) 

No COVID-19 (n 
= 10,321) 

p-value* 

No. (%) with data      
Any 
Hospitalization 

1,626 (15.3) 34 (29.8) 18 (8.5) 1,574 (15.3) <0.001 

Combined Group 
of 
Hospitalizations 

891 (8.4) 27 (23.7) 14 (6.6) 850 (8.2) <0.001 

Cardiovascular 
Hospitalizations 

637 (6.0) 21 (18.4) 9 (4.3) 607 (5.9) <0.001 

Respiratory 
Hospitalizations 

491 (4.6) 17 (14.9) 7 (3.3) 467 (4.5) <0.001 

Clotting 
Hospitalizations 

195 (1.8) 8 (7.0) 2 (0.9) 185 (1.8) <0.001 

Male 4,329 (40.7) 47 (41.2) 79 (37.4) 4,203 (40.8) 0.626 
Non-Hispanic 
White 

6,713 (63.1) 46 (40.4) 96 (45.5) 6,571 (63.7) <0.001 

Non-Hispanic 
Black 

2,560 (24.0) 55 (48.2) 61 (28.9) 2,444 (23.7) <0.001 

Hispanic 640 (6.0) 7 (6.1) 28 (13.3) 605 (5.9) <0.001 
Age      
  18-29 1,309 (12.3) 10 (8.8) 50 (23.7) 1,249 (12.1) <0.001 
  30 - 44 2,119 (19.9) 13 (11.4) 46 (21.8) 2,060 (20.0) 0.059 
  45 – 64 3,847 (36.1) 29 (25.4) 75 (35.5) 3,743 (36.3) 0.056 
  65+ 3,371 (31.7) 62 (54.4) 40 (19.0) 3,269 (31.7) <0.001 
Insurance 10,312 (96.9) 114 (100.0) 194 (91.9) 10,004 (96.9) <0.001 
Diabetes 
Mellitus 

2,820 (26.5) 64 (56.1) 45 (21.3) 2,711 (26.3) <0.001 

Hypertension 5,719 (53.7) 89 (78.1) 88 (41.7) 5,542 (53.7) <0.001 
COPD 3,174 (29.8) 39 (34.2) 36 (17.1) 3,099 (30.0) <0.001 
Overweight 2,714 (25.5) 30 (26.3) 61 (28.9) 2,623 (25.4) 0.504 
Obese 3,813 (35.8) 41 (36.0) 88 (41.7) 3,684 (35.7) 0.197 

* Results from Chi-squared tests 
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Table 3. Risk of Future Hospitalization by COVID-19 Status for Conditions other than 
COVID-19  

 Hazard Ratios (95% CI) 
Unadjusted Adjusteda 

Mild/Moderat
e vs. No 
COVID-19 

Severe 
vs. No 
COVID
-19 

Severe vs. 
Mild/Moderat
e COVID-19 

Mild/Moderat
e vs. No 
COVID-19 

Severe 
vs. No 
COVID
-19 

Severe vs. 
Mild/Moderat
e COVID-19 

Any 
Hospitalization 

0.53 (0.33, 
0.85) 

2.55 
(1.82, 
3.58) 

4.80 (2.71, 
8.50) 

0.71 (0.44, 
1.17) 

2.16 
(1.53, 
3.04) 

3.01 (1.66, 
5.48) 

Combined 
Targeted 
Hospitalizationsb 

0.78 (0.46, 
1.33) 

3.73 
(2.54, 
5.48) 

4.76 (2.50, 
9.08) 

1.02 (0.59, 
1.76) 

2.24 
(1.52, 
3.30) 

2.20 (1.13, 
4.28) 

Cardiovascular 
Hospitalization 

0.71 (0.37, 
1.37) 

4.05 
(2.62, 
6.25) 

1.41 (0.73, 
2.72) 

0.92 (0.46, 
1.86) 

2.30 
(1.48, 
3.57) 

2.50 (1.10, 
5.66) 

Respiratory 
Hospitalization 

0.72 (0.34, 
1.51) 

4.09 
(2.52, 
6.64) 

5.72 (2.37, 
13.78) 

1.05 (0.50, 
2.23) 

2.64 
(1.62, 
4.31) 

2.51 (1.03, 
6.07) 

Clotting 
Hospitalization 

0.52 (0.13, 
2.09) 

4.86 
(2.39, 
9.86) 

9.36 (1.99, 
44.08) 

0.64 (0.16, 
2.60) 

3.32 
(1.62, 
6.80) 

5.17 (1.09, 
24.50) 

a Models were adjusted for age, race/ethnicity, diabetes mellitus, hypertension, COPD, 
overweight/obesity, gender, and insurance status 

b Combined cardiovascular, respiratory, and clotting hospitalizations 
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Figure 1a. Kaplan-Meier Curve Comparing All Hospitalizations between COVID-19 
Positive and COVID-19 Negative Patients 
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Figure 1b. Kaplan Meier Curve Comparing Combined Hospitalizations between Severe 
COVID-19 Positive and COVID-19 Negative Patients 
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