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BACKGROUND: The demands for healthcare resources
following a COVID-19 diagnosis are substantial, but not
currently quantified.
OBJECTIVE: To describe trends in healthcare utilization
within 180 days for patients diagnosed with COVID-19
and identify patient factors associated with increased
healthcare use.
DESIGN: Observational cohort study.
PATIENTS: A total of 64,011 patients with a test-
confirmed COVID-19 diagnosis fromMarch to September
2020 in a large integrated healthcare system in Southern
California.
MAIN MEASURES: Overall healthcare utilization during
the 180 days following COVID-19 diagnosis, as well as
encounter types and reasons for visits during the first 30
days. Poisson regression was used to identify patient fac-
tors associated with higher utilization. Analyses were per-
formed separately for patients who were and were not
hospitalized for COVID-19.
KEYRESULTS:Healthcare utilization was about twice as
high for hospitalized patients compared to non-
hospitalized patients in all time periods. The average
number of visits was highest in the first 30 days (hospi-
talized: 12.3 visits/30 person-days; non-hospitalized: 6.6)
and gradually decreased over time. In the first 30 days,
the majority of healthcare visits were telehealth encoun-
ters (hospitalized: 9.0 visits; non-hospitalized: 5.6 visits),
and the most prevalent reasons for visits were COVID-
related diagnoses, COVID-related symptoms, and
respiratory-related conditions. For hospitalized patients,
older age (≥65: RR 1.27, 95% CI 1.15–1.41), female gen-
der (RR 1.07, 95% CI 1.05–1.09), and higher BMI (≥40:
RR 1.07, 95% CI 1.03–1.10) were associated with higher
total utilization. For non-hospitalized patients, older age,
female gender, higher BMI, non-white race/ethnicity, for-
mer smoking, and greater number of pre-existing comor-
bidities were all associated with increased utilization.
CONCLUSIONS: Patients with COVID-19 seek healthcare
frequently within 30 days of diagnosis, placing high
demands on health systems. Identifying ways to support
patients diagnosed with COVID-19 while adequately

providing the usual recommended care to our communi-
ties will be important as we recover from the pandemic.
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INTRODUCTION

The global COVID-19 pandemic is straining our health sys-
tems and resources in unprecedented ways throughout the
world.1, 2 Most existing research focuses on the hospitalized
COVID-19 population and the risks of critical illness or death,
but there has been little reported about the outpatient and
emergency department (ED) utilization patterns among those
infected with COVID-19. To recognize the full extent of
disease burden and prepare for ongoing needs of patients
diagnosed with COVID-19, it is important to understand the
utilization patterns among all COVID-19 patients, including
those who are treated outside of the hospital.3

Not only is there little known about the overall burden of the
COVID-19 pandemic on patients and health systems, but there
is also a critical need to identify subgroups of patients who
may require additional care following a COVID-19 diagno-
sis.4–6 Many risk factors, including age, sex, and obesity,7–10

have been identified as predictors of severe illness or death.
Further assessment of the patients who require increased out-
patient follow-up would be valuable in determining resource
allocation, which is of particular importance during resource-
constrained periods of pandemic surge. In addition, under-
standing the types of care delivered and by which health
professionals would inform future needs and efforts for im-
provement. This information may be particularly helpful in the
subgroup of patients discharged after hospitalization, in whom
recent studies have shown the prolonged impact of COVID-19
post-hospital discharge.11–13

Thus, the focus of this study was to describe the outpatient,
ED, and hospital utilization of healthcare following a con-
firmed COVID-19 diagnosis for a large, heterogeneous
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population of patients from an integrated health system. We
characterized different patient groups and their utilization
patterns to identify factors associated with the greatest health-
care needs following diagnosis. Additionally, we evaluated
the types of visits, reasons for visits, and outcomes for these
patients to help identify potential resource strain and under-
stand the broader impact of this disease. As the COVID-19
pandemic continues to be a major health crisis worldwide with
emerging variants and new surges, there is an urgent need to
characterize the post-infection healthcare demands of COVID-
19 patients to better understand patient outcomes and properly
allocate healthcare resources.

METHODS

Study Design, Population, Settings

This observational cohort study was conducted in the member
population ofKaiser Permanente SouthernCalifornia (KPSC), an
integrated healthcare organization with more than 7500 physi-
cians, 15 medical centers, and 231 medical offices. The KPSC
system provides comprehensive healthcare to more than 4.6
million racially and socioeconomically diverse members residing
within 7 counties of Southern California. KPSC coordinates care
through regionwide electronic medical records (EMRs) that cap-
ture information on outpatient visits and inpatient stays received
at KPSC-owned and KPSC-contracting facilities. The research
database also includes administrative claims for members who
receive out-of-network clinical care. All other patient data includ-
ing demographics, lifestyle factors (e.g., smoking, body mass
index [BMI]), socioeconomic factors, and comorbidities are
stored in the EMR. The study was approved by the KPSC
Institutional Review Board.

Inclusion and Exclusion Criteria

This study included all KPSC members who received a
SARS-CoV-2 positive nucleic acid amplification test between
March 1 and August 31, 2020 (N=67,354). Patients were
excluded from the study if they were not KPSC members
(N=3338) or had an unknown gender (N=5).

Outcomes, Exposure, and Measures

The primary outcome was overall healthcare utilization in the
180 days (in 30-day time intervals) following a test-confirmed
COVID-19 diagnosis. All encounters occurring on the same
day of the COVID-19 test were included. Patients were fol-
lowed from the time of the COVID-19 test to 180 days after,
death, or end of membership, whichever came first. To ac-
count for varying follow-up periods among patients, utiliza-
tion was measured as the number of visits per 30 person-days.
Since most of the healthcare utilization occurred in the first

30 days following the COVID-19 diagnosis, we performed
more detailed analyses on the visits during this first time
window. Specifically, we evaluated the types of visits, such

Table 1 Patient Characteristics of Study Cohort of 64,011 Patients
Diagnosed with COVID-19 from March 1 to August 31, 2020,

Stratified by Hospitalization Status

Hospitalized
within 30 days
(N=6,258,
9.8%)

Not
hospitalized
within 30 days
(N=57,753,
90.2%)

Total
(N=64,011)

Age (years),
mean (SD)

56.1 (17.6) 39.3 (16.6) 40.9 (17.4)

Age category
<18 64 (1%) 4095 (7.1%) 4159

(6.5%)
18–39 1083 (17.3%) 26,607

(46.1%)
27,690
(43.3%)

40–64 3080 (49.2%) 23,096 (40%) 26,176
(40.9%)

≥65 2031 (32.5%) 3955 (6.8%) 5986
(9.3%)

Female 2815 (45%) 30,995
(53.7%)

33,810
(52.8%)

Race/ethnicity
Asian 630 (10.1%) 3250 (5.6%) 3880

(6.1%)
Black 545 (8.7%) 3107 (5.4%) 3652

(5.7%)
Hispanic 4059 (64.8%) 38,833

(67.3%)
42,892
(67%)

White 937 (15%) 8741 (15.1%) 9678
(15.1%)

Other 87 (1.4%) 3822 (6.6%) 3909
(6.1%)

BMI (kg/m2)
category
Underweight
(<18.5)

82 (1.3%) 1520 (2.6%) 1602
(2.5%)

Normal (18.5–
24.9)

804 (12.9%) 10,421
(18.1%)

11,225
(17.5%)

Obese (25–29.9) 1797 (28.7%) 16,740 (29%) 18,537
(29%)

Overweight (30–
39.9)

2615 (41.8%) 20,667
(35.8%)

23,282
(36.4%)

Severely obese
(≥40)

858 (13.7%) 5040 (8.7%) 5898
(9.2%)

Missing 102 (1.6%) 3365 (5.8%) 3467
(5.4%)

Smoking status
Never/passive 4228 (67.5%) 44,262

(76.6%)
48,490
(75.7%)

Quit 1695 (27.1%) 8463 (14.7%) 10,158
(15.9%)

Yes 161 (2.6%) 2246 (3.9%) 2407
(3.8%)

Missing 174 (2.8%) 2782 (4.8%) 2956
(4.6%)

Household
median income
<$40,000 488 (7.8%) 4387 (7.6%) 4875

(7.6%)
$40,000–$79,999 3644 (58.2%) 32,764

(56.7%)
36,408
(56.9%)

≥$80,000 2123 (33.9%) 20,596
(35.7%)

22,719
(35.5%)

Missing 3 (0.1%) 6 (0%) 9 (0%)
College education 2410 (38.5%) 21,985

(38.1%)
24,395
(38.1%)

Elixhauser
comorbidity index
0 1104 (17.6%) 31,630

(54.8%)
32,734
(51.1%)

1 1151 (18.4%) 13,603
(23.5%)

14,754
(23.1%)

≥2 4003 (64%) 12,520
(21.7%)

16,523
(25.8%)

Follow-up length
(days), mean (SD)

154.2 (56.5) 173.7 (26.4) 171.8
(31.2)

Admitted to ICU
within 30 days

1083 (17.3%) 0 (0%) 1083
(1.7%)

Death within 30
days

634 (10.1%) 112 (0.2%) 746 (1.2%)

Abbreviations: SD, standard deviation; BMI, body mass index; ICU,
intensive care unit
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as telehealth (phone or videoconference appointments), in-
person office visit, assisted care (e.g., hospice/skilled nursing
facility), ED, urgent care, or hospitalization. For telehealth and
in-person office visits, we further assessed the visit specialty
(primary care or specialty care) and type of provider (physi-
cian, physician assistant/nurse practitioner, nurse, or mental
health counselor).
In addition, we assessed the reasons for visits using the Inter-

national Classification of Diseases, Tenth Revision, Clinical
Modification (ICD-10-CM) codes associated with the visits in
the first 30 days. ICD-10-CM codes were aggregated into clini-
cally relevant body system categories (e.g., respiratory, circula-
tory, endocrine systems) using the Healthcare Cost and Utiliza-
tion Project (HCUP) Clinical Classifications Software Refined
(CCSR) for ICD-10-CM-coded diagnoses.14COVID-related di-
agnosis codes25 (Supplemental Table 1) were grouped into a
separate category.

Statistical Analysis

We calculated the average rates (per 30 person-days) and 95%
confidence intervals (CI) for the total number of visits in 30-
day intervals up to 180 days after COVID-19 diagnosis. For
utilization in the first 30 days, we also calculated rates for the
types of visits, visit specialty, type of provider, and reasons for
visits. Rates for visit specialty and type of provider were only
calculated for telehealth and in-person office visits.
For the total number and types of visits in the first 30 days,

we calculated rates within subgroups defined by age category
(<18, 18–39, 40–64, ≥65), gender, race/ethnicity (Asian,
black, Hispanic, white, other), and BMI category (under-
weight <18.5, normal 18.5–24.9, overweight 25–29.9, obese
30–39.9, severely obese ≥40).
Poisson regression was used to identify factors associated

with higher utilization in the first 30 days. We estimated rate

ratios (RR) and 95% CIs for the association between overall
utilization and age category, gender, race/ethnicity, BMI cat-
egory, smoking status (current, former, never), income
(<$40,000, $40,000–79,999, ≥$80,000), college education,
and Elixhauser comorbidity index (0, 1, ≥2). We included
follow-up time as an offset in the model to account for varying
observation times (due to censoring from death or end of
membership during a given window).
Rate calculations and Poisson models were performed sep-

arately for patients who were and were not hospitalized within
30 days from the COVID-19 diagnosis. All analyses were
conducted using SAS 9.4.

RESULTS

After exclusions, there were 64,011 patients who were diag-
nosed with COVID-19 fromMarch 1 to August 31, 2020. The
cohort had a mean age of 40.9 years and was comprised of
52.8% females and 67% Hispanics (Table 1). Nearly 10%
(N=6258) of the cohort was hospitalized within 30 days of
COVID-19 diagnosis, of which 43.9% (N=2749) were admit-
ted on the same day of the COVID-19 test and 17.3%
(N=1083) were later admitted to the intensive care unit
(ICU). Among hospitalized patients, the median length of stay
was 5 days (interquartile range 2–9 days). Patients who were
hospitalized were more likely to be older, male, obese, and
former smokers compared to those who were not hospitalized.
Over 90% (N=58,571) of patients were followed until the

end of the 180-day observation period. In each time interval,
less than 2% of patients were censored due to death or end of
membership. In the first 30 days following the COVID-19
diagnosis, 1.2% (N=746) of patients died and 0.8% (N=509)
were lost to follow-up due to end of membership. During the

Figure 1 Average rates of overall utilization (number of total visits per 30 person-days) up to 180 days following COVID-19 diagnosis, by
hospitalization status.
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entire 180-day follow-up period, 1.5% (N=969) of patients
died and 7% (N=4471) became non-members.
For all patients, healthcare utilization was elevated in the first

30-day period after COVID-19 diagnosis and gradually de-
creased over time (Fig. 1). However, utilization rates were about
twice as high for hospitalized patients compared to those for non-
hospitalized patients in all time intervals. In the first 30 days

following COVID-19 diagnosis, hospitalized patients had on
average 12.3 total visits while non-hospitalized patients had on
average 6.6 total visits. This decreased to 1.9 visits for hospital-
ized patients and 0.8 visits for non-hospitalized patients by the
last 30-day time period (151–180 days after diagnosis).
When evaluating utilization in the first 30 days after

COVID-19 diagnosis, telehealth encounters were the

Figure 2 Average rates of overall utilization (number of total visits per 30 person-days) within 30 days after COVID-19 diagnosis among
subgroups for A hospitalized and B non-hospitalized patients.
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predominant type of visit for both hospitalized (9.0 visits/30
person-days) and non-hospitalized (5.6 visits/30 person-
days) patients (Fig. 2/Supplemental Table 2). Furthermore,
hospitalized patients had higher rates of assisted care (0.9
visits/30 person-days) and ED/urgent care (0.9 visits/30 per-
son-days) visits compared to non-hospitalized patients (0.1
visits/30 person-days for assisted care, 0.6 visits/30 person-
days for ED/urgent care).
Among the subgroups defined by age, sex, race/ethnicity, and

BMI, overall utilization was highest among patients of older age
and higher BMI and slightly higher for females compared to
males for both hospitalized and non-hospitalized patients (Fig. 2/
Supplemental Table 2). Utilization rates did not appear to differ
much across race/ethnicity for hospitalized patients (ranging from
12.2 to 12.6 visits/30 person-days), but were highest for Asians
(7.4 visits/30 person-days) and lowest in whites (5.9 visits/30
person-days) for non-hospitalized patients. Utilization patterns
for the type of visit were generally similar across subgroups, with
telehealth encounters being the most prevalent (Fig. 2). Among
hospitalized patients, rates of assisted care were higher for
patients who were ≥65, black, or white, or had underweight or
normal BMI (Fig. 2).
For telehealth and in-person office visits, utilization patterns

by visit specialty and provider type were similar for both
hospitalized and non-hospitalized patients (Supplemental
Table 3). For both groups, rates for primary care encounters
were about twice as high as rates for specialty care encounters.
In addition, patients were seen most frequently by physicians,
followed by nurses, physician assistants/nurse practitioners,
and mental health counselors (Supplemental Table 3).

In regard to reasons for visits, COVID-related diagnoses
were the most common for both hospitalized (5.6 visits/30
person-days) and non-hospitalized (3.2 visits/30 person-days)
patients (Fig. 3). Respiratory-related medical conditions,
symptoms (e.g., cough, shortness of breath, fatigue), and
endocrine-related medical conditions were the next most com-
mon diagnoses for both groups (Fig. 3).
Among hospitalized patients, older age (40-64: RR 1.31, 95%

CI 1.19-1.44; ≥65: RR 1.27, 95% CI 1.15-1.41), female gender
(RR 1.07, 95% CI 1.05-1.09), and higher BMI (≥40: RR 1.07,
95% CI 1.03-1.10) were associated with higher total utilization,
while having a college education was associated with lower
utilization (RR 0.986, 95% CI 0.96-1.00) (Table 2). In contrast,
among non-hospitalized patients, all of the patient characteristics
were associated with either higher (older age, female, non-white
race/ethnicity, higher BMI, former smoking, greater number of
pre-existing comorbidities) or lower (higher household income,
college education) total utilization (Table 2).

DISCUSSION

In this study, we examined healthcare utilization within 180
days following a COVID-19 diagnosis for a large and diverse
population of patients from an integrated health system. We
observed that hospitalized patients had twice the rates of
utilization compared to non-hospitalized patients in all time
intervals. Utilization rates were much higher in the first 30
days after COVID-19 diagnosis and steadily decreased over
time. The highest rates of utilization were seen among older

Figure 3 Average rates for the reasons for visit (number of visits per 30 person-days) within 30 days following COVID-19 diagnosis, by
hospitalization status.
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(aged 65+) and severely obese (BMI ≥40) patients. COVID-
related diagnoses, symptoms, and respiratory-related medical
conditions were the most common reasons for healthcare
visits.
The burden of COVID-19 on healthcare resources is greater

than recent pandemics involving influenza (H1N1) and other

coronaviruses (SARS and MERS).15 Our results demonstrate
a much greater magnitude of outpatients needs, as 99.6% of
our cohort required at least one visit during the study period.
By contrast, in previous flu seasons, 67.9% of influenza-like
illness patient episodes led to a healthcare visit.16 Moreover, a
prior study from Spain reported that healthcare utilization
during the H1N1 pandemic was similar to that of the seasonal
flu.17 Our findings also illustrate similarities to influenza in
regard to decreases in productivity.18 However, COVID-19
appears to have a more severe and sustained impact, as shown
by the high utilization rates in the first 30 days.
With social distancing measures and the continuing surges

of new cases, the COVID-19 pandemic has forced drastic
changes to our usual modes of clinical care. In our health
system, use of telehealth services was considerably high, with
telehealth visits comprising over 80% of all post-diagnosis
visits in the first 30 days after COVID-19 diagnosis. Although
we did not have a standardized telehealth follow-up program
for COVID-19 patients across our health system, some indi-
vidual medical centers did perform home monitoring for their
patients to report test results and/or provide post-
hospitalization follow-up care. However, this would not have
fully explained the high overall rates of telehealth encounters,
as the home monitoring program was implemented for a small
minority of our sample and would have only added approxi-
mately 1–2 visits for these patients. The elevated rates in the
first 30 days compared to the final time period (151–180 days)
further suggest that the increased utilization in the early period
is likely driven by COVID-19 illness severity.
The rapid rise of telehealth during the pandemic has also

been observed in other settings. Telehealth visits from the four
largest US telehealth providers increased by 154% in the last
week of March 2020 compared to the same time period in
2019.19 In addition, rates of telehealth visits increased 22-fold
for a national sample of 16.7 million Medicare Advantage
subscribers from January to June 2020.20 Telehealth will
undoubtedly continue to play an important role during the
pandemic by allowing providers to deliver care safely and
widely while minimizing potential transmission. Importantly,
it will help mitigate the burden on health facilities by reducing
the use of in-person resources and essential supplies such as
personal protective equipment.21

While Hispanic/Latinx comprise 45% of the KPSCmember
population,22 they made up 67% of our COVID-19 cohort.
Higher rates of transmission and test positivity for the Hispan-
ic and Latinx population have been observed previously due to
socioeconomic factors such as working frontline service jobs,
unemployment, and household size.23 Hispanic and Latinx
populations have also been found to have higher risk of poorer
outcomes from COVID-19 compared to whites in a recent
study from Northern California.24 Our study showed that
Hispanics and other non-whites had higher utilization com-
pared to whites among non-hospitalized patients, but there
was no difference among hospitalized patients. This suggests
that patients had equal access to care and that minority

Table 2 Full Poisson Regression for the Associations Between
Patient Characteristics and Total Number of Visits Within 30 Days
Following COVID-19 Diagnosis, Stratified by Hospitalization Status

Hospitalized
within 30
days
(N=6,258,
9.8%)

Not hospitalized within 30
days (N=57,753, 90.2%)

RR (95%
CI)1

RR (95% CI)1

Age category
<18 1 (ref) 1 (ref)
18–39 1.19 (1.08,

1.31)
1.32 (1.29, 1.34)

40–64 1.31 (1.19,
1.44)

1.47 (1.44, 1.50)

≥65 1.27 (1.15,
1.41)

1.44 (1.41, 1.47)

Female 1.07 (1.05,
1.09)

1.06 (1.05, 1.06)

Race/ethnicity
White 1 (ref) 1 (ref)
Asian 1.00 (0.97,

1.03)
1.24 (1.22, 1.26)

Black 0.99 (0.96,
1.03)

1.15 (1.13, 1.16)

Hispanic 0.98 (0.96,
1.01)

1.13 (1.11, 1.14)

Other 1.00 (0.93,
1.07)

1.08 (1.06, 1.10)

BMI (kg/m2)
category
Underweight (<18.5) 0.91 (0.85,

0.98)
0.97 (0.95, 1.00)

Normal (18.5–24.9) 1 (ref) 1 (ref)
Obese (25–29.9) 1.02 (0.99,

1.05)
1.03 (1.02, 1.04)

Overweight (30–
39.9)

1.02 (0.99,
1.04)

1.02 (1.01, 1.03)

Severely obese (≥40) 1.07 (1.03,
1.10)

1.01 (0.99, 1.02)

Smoking status
Never/passive 1 (ref) 1 (ref)
Quit 1.00 (0.99,

1.02)
1.04 (1.03, 1.05)

Yes 1.00 (0.96,
1.05)

0.99 (0.98, 1.01)

Household median
income
<$40,000 0.92 (0.89,

0.95)
1.00 (0.98, 1.01)

$40,000–$79,999 1 (ref) 1 (ref)
≥$80,000 1.00 (0.99,

1.02)
0.97 (0.96, 0.98)

College education 0.98 (0.96,
1.00)

0.98 (0.97, 0.99)

Elixhauser
comorbidity index
0 1 (ref) 1 (ref)
1 1.01 (0.99,

1.04)
1.13 (1.12, 1.14)

≥2 0.99 (0.97,
1.01)

1.28 (1.26, 1.29)

1Rate ratio and 95% confidence interval
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populations were more likely to seek healthcare during the
pandemic. As most of these visits were telehealth encounters,
our findings indicate that telemedicine may be a potential
strategy to reduce racial/ethnic inequities by improving access
to care for disadvantaged groups.
The major strengths of this study are the large and diverse

patient cohort and the comprehensive assessment of healthcare
utilization following COVID-19 diagnosis. In particular, our
study is one of the first to evaluate utilization for COVID-19
patients who were treated outside of the hospital, a population
which has not been well-studied previously in the literature. As
nearly 90% of patients were followed for the entire 180-day
follow-up period, we were also able to assess the impact of
COVID-19 on long-term healthcare utilization and compare
patterns in the early and later phases of the disease. Additionally,
our heterogeneous patient population allowed us to delineate
utilization patterns across various demographic subgroups such
as age, gender, and race. Using positive nucleic acid amplifica-
tion lab results to identify COVID-19 patients increased the
specificity of our case definition. However, we may have missed
some patients who were diagnosed in the earlier period of the
pandemic when testing was not as widely available, as well as
patients who received a positive test outside of the KPSC health
system. We also could not assess clinical status at the time of the
COVID-19 diagnosis, as 87% of individuals were tested in
outpatient settings (outpatient clinic or COVID-19 test clinics/
drive-thrus) and 76–80%weremissing lab or vital sign data at the
time of the visit. Finally, we could not evaluate the impact of
clinical management on utilization due to the high variability
across individual providers andmedical centers and the evolution
of clinical recommendations for treating COVID-19 over the
pandemic. Though COVID-19 has not afforded the time to
establish a standardized treatment approach, we expect that an
interprofessional team-based primary care approach will be suc-
cessful in caring for COVID-19 patients.
Our study showed that rates of healthcare utilization fol-

lowing a COVID-19 diagnosis are elevated for patients treated
in both outpatient and inpatient settings, particularly among
older and obese individuals. The high utilization of telehealth
that we observed in this period further illustrates the direct
changes in healthcare practices and clinical care brought on by
COVID-19. Understanding these trends will allow health sys-
tems and providers to better determine patient needs and
allocate appropriate resources as we recover from this world-
wide pandemic.
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