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health plan: a large national administrative claims
database, an outpatient laboratory testing database,
and an inpatient hospital admissions database.

PARTICIPANTS

Individuals aged 18-65 with continuous enrollment
in the health plan from January 2019 to the date of a
diagnosis of SARS-CoV-2 infection. Three comparator
groups, matched by propensity score, to individuals
infected with SARS-CoV-2: a 2020 comparator group,
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an historical 2019 comparator group, and an historical

comparator group with viral lower respiratory tract
illness.

MAIN OUTCOME MEASURES

More than 50 clinical sequelae after the acute phase
of SARS-CoV-2 infection (defined as the date of first
SARS-CoV-2 diagnosis (index date) plus 21 days) were
identified using ICD-10 (international classification of
diseases, 10th revision) codes. Excess risk in the four
months after acute infection and hazard ratios with
Bonferroni corrected 95% confidence intervals were
calculated.

WHAT IS ALREADY KNOWN ON THIS TOPIC

Small observational studies of patients admitted to hospital have shown that
some covid-19 survivors had short term and long term clinical sequelae

Few studies have characterized the excess risk of clinical sequelae attributable
to SARS-CoV-2 after the acute infection in adults aged <65 in a large
generalizable sample

WHAT THIS STUDY ADDS

14% of individuals aged <65 who were infected with SARS-CoV-2 (27 074 of
193113) developed at least one new type of clinical sequelae that required
medical care after the acute phase of the illness, which was 4.95% higher than
the 2020 comparator group

An increased risk of specific clinical sequelae after the acute infection was noted
across a range of organ systems, including cardiovascular, neurologic, kidney,
respiratory, and mental health complications

The risk for incident sequelae increased with age, pre-existing conditions, and
admission to hospital for covid-19, but in adults aged <50 and those with no
pre-existing conditions or not admitted to hospital for covid-19, the risk for some
clinical sequelae was still elevated
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RESULTS

14% of adults aged <65 who were infected with
SARS-CoV-2 (27074 0f 193 113) had at least one

new type of clinical sequelae that required medical
care after the acute phase of the illness, which was
4.95% higher than in the 2020 comparator group.
The risk for specific new sequelae attributable to
SARS-Cov-2 infection after the acute phase, including
chronic respiratory failure, cardiac arrythmia,
hypercoagulability, encephalopathy, peripheral
neuropathy, amnesia (memory difficulty), diabetes,
liver test abnormalities, myocarditis, anxiety, and
fatigue, was significantly greater than in the three
comparator groups (2020, 2019, and viral lower
respiratory tract illness groups) (all P<0.001).
Significant risk differences because of SARS-CoV-2
infection ranged from 0.02 to 2.26 per 100 people (all
P<0.001), and hazard ratios ranged from 1.24 to 25.65
compared with the 2020 comparator group.

CONCLUSIONS

The results indicate the excess risk of developing

new clinical sequelae after the acute phase of
SARS-CoV-2 infection, including specific types of
sequelae less commonly seen in other viral illnesses.
Although individuals who were older, had pre-existing
conditions, and were admitted to hospital because of
covid-19 were at greatest excess risk, younger adults
(aged <50), those with no pre-existing conditions,

or those not admitted to hospital for covid-19 also
had an increased risk of developing new clinical
sequelae. The greater risk for incident sequelae after
the acute phase of SARS-CoV-2 infection is relevant for
healthcare planning.

Introduction

Emerging data suggest that the sequelae of infection
with SARS-CoV-2 and the disease it causes, covid-19,
could vary in presentation and extend beyond the
typical postviral recovery period. Hence epidemiologic
interest in morbidity after the acute infection in
survivors is growing. Some survivors experience
serious complications during the acute phase of the
illness, affecting pulmonary, cardiovascular, hepatic,
renal, cognitive, and neurologic function.!™ Survivors
also report a range of persistent symptoms adversely
affecting physical, mental, and social wellbeing.>®
At least some of these complications might occur
independent of the severity of covid-19.° Although
individuals admitted to hospital with community
acquired (non-covid-19) pneumonia or influenza
are at risk of cardiovascular, cerebrovascular, and
neurological complications,’® ' the degree of
increased risk resulting from SARS-CoV-2 infection
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is unclear. Longitudinal studies on survivors of other
coronaviruses (Middle East respiratory syndrome
(MERS) and severe acute respiratory syndrome (SARS))
suggest long term physical and mental sequelae are
not uncommon.'**

Most published studies so far have been small
and mainly focused on clinical sequelae in patients
admitted to hospital for covid-19.'> Hence many of
these studies might not apply to the larger population
of individuals infected with SARS-CoV-2. Little is
known of the incidence of clinical sequelae caused
by SARS-CoV-2 infection after the acute phase of the
illness in adults aged 18-65 who might be considered
to have a lower risk of severe covid-19. Also, few studies
have been powered to evaluate whether factors such
as age, sex, pre-existing conditions, and admission to
hospital because of covid-19 modify the risk of clinical
sequelae after the acute infection.

We estimated the excess risk and hazard ratios of
new clinical sequelae attributable to SARS-CoV-2 in
adults aged 18-65 after the acute phase of covid-19.
Our analysis included a large generalizable sample
of commercially insured adults; determined objec-
tive outcomes with the valid ICD-10 (international
classification of diseases, 10th revision) codes in
claims; and had the power to detect rare diagnoses and
evaluate associations across subgroups.

Methods

Data source

We conducted a retrospective cohort analysis with three
data sources within the UnitedHealth Group Clinical
Discovery Database: de-identified administrative
outpatient and inpatient claims, outpatient laboratory
results for SARS-CoV-2, and a hospital admissions
database updated daily with patients admitted
with a primary, secondary, or tertiary diagnosis
of covid-19. Quality control efforts for data were
applied (supplementary appendix A). All data were
for commercially insured patients enrolled with one
large national health insurance provider in the United
States.

Study population
Individuals diagnosed as having SARS-CoV-2
This group consisted of individuals aged 18-65 with
continuous enrollment in the health plan from 1
January 2019 to the index date. We defined the index
date as the date of the first occurrence of any of these
events: diagnosis of a primary, secondary, or tertiary
diagnosis of covid-19, identified by administrative
claims with ICD-10 code U07.1 or either B34.2 or
B97.29 before 1 April 2020; or documentation of a
positive polymerase chain reaction (PCR) test in an
outpatient laboratory dataset; or admitted to hospital
for covid-19, identified from a hospital admissions
database with a diagnosis code on admission or a
primary, secondary, or tertiary diagnosis code of U07.1
or U07.2.

We included ICD-10 codes B34.2 and B97.29
because many physicians used these codes early in
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the pandemic to clinically diagnose infection before
the US Centers for Disease Control and Prevention
recommended UO07.1 as the primary code for clinical
diagnosis on 1 April 2020. The U07.1 code accounted
for 98.2% of all clinically diagnosed patients in this
study.

For individuals with a positive PCR test identified
in our database (n=77273), 45% also had a clinical
diagnosis code of U07.1. We assumed that the
remaining individuals with a positive PCR test without
diagnostic codes were asymptomatic or had mild
symptoms and did not seek medical care.

For patients admitted to hospital for covid-19
(n=21746), over half (51.3%) were coded as U07.1
(covid-19, virus identified) and the other half were
coded with the World Health Organization emergency
code for clinically diagnosed covid-19 with no
laboratory confirmed infection, U07.2 (covid-19, virus
not identified). Although U07.2 was not officially
adopted by the US, many clinicians used this code to
identify patients with suspected covid-19.

We excluded individuals with a positive SARS-CoV-2
antibody serology without documented infection
(n=28810) because index dating of the illness was
not possible. We also excluded individuals with a
diagnosis code of B34.2 or B97.29 on or after 1 April
2020 (n=24865) and individuals admitted to hospital
for suspected covid-19 but missing diagnosis code
U07.1 or U07.2 in the primary, secondary, or tertiary
position (n=1247). Figure 1 shows a flowchart with
details of population sampling.

2020 comparator group

The 2020 comparator group was individuals aged
18-65 who did not have a clinical diagnosis related
to covid-19, a positive PCR test, or were admitted to
hospital for covid-19 in 2020. Continuous enrollment
in the health plan was required from 1 January 2019 to
a randomly assigned index date drawn from the SARS-
CoV-2 infection group.

2019 comparator group

We created this historical comparison group to
account for possible ascertainment bias because of
reduced use of healthcare services during the 2020
pandemic. Individuals aged 18-65 were required to
have continuous enrollment in the health plan from 1
January 2018 to a randomly assigned month and day
in 2019, drawn from the SARS-CoV-2 infection group.

Viral lower respiratory tract illness comparator group
We created this historical comparison group to
evaluate the clinical sequelae specific to SARS-CoV-2
infection because many serious viral illnesses have a
risk of morbidity after the acute illness. The viral lower
respiratory tract illness group included individuals
aged 18-65 who developed influenza (J09, J10,
J11), non-bacterial pneumonia (J12, J18.9), acute
bronchitis (J20), acute lower respiratory infection
(J22), or chronic obstructive pulmonary disease with
acute lower respiratory infection (J44.0), between
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Fig 1 | Flowchart with details of population sampling of the 2020 cohort sample

1 January 2017 and 31 October 2017, 1 January
2018 and 31 October 2018, or 1 January 2019 and
31 October 2019. We included chronic obstructive
pulmonary disease exacerbation because instances
are typically induced by a virus and identified only
with code J44.0. We defined the index date as the
date of the first diagnosis of viral lower respiratory
tract illness in the corresponding year of the cohort.
Individuals were required to have continuous
enrollment in the health plan from 1 January 2016,
1 January 2017, or 1 January 2018 to the index date,
respectively.

Main outcomes

We used ICD-10 codes to identify new clinical diagnoses
from the administrative claims data between 1 January
2020 and 31 October 2020. eTable 1 shows the ICD-
10 classification details. We created domain clusters
based on clinically similar diagnoses, and we included
atopic dermatitis as a negative control.'®

Study variables

We used administrative claims between 1 January
2019 and 30 days before the index date to determine
length of hospital stay, previous clinical conditions,
history of comorbidities derived from the Charlson
Index and Elixhauser score, and previous visits to a
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primary care physician, cardiologist, or nephrologist.
Demographic, clinical, and testing data were obtained
from administrative claims between 1 January 2020
and 31 October 2020. We derived socioeconomic status
scores specific to zip codes and proportions of white,
black, and Hispanic populations by zip code.'” Missing
values for zip code derived variables (socioeconomic
status scores n=11 713; race n=444 080) were imputed
with the median of non-missing values for these
variables. Because all other variables were derived from
administrative claims and the continuous enrollment
criteria were applied, clinical events without a claim
were considered to have not occurred and were given
a value of zero.

Follow-up

Follow-up periods for the primary analysis for
individuals infected with SARS-CoV-2 and comparator
groups started at the index date plus 21 days and
continued up to a diagnostic event, disenrollment from
the insurance plan (because of death or withdrawal),
or the end of the study period (31 October 2020 or 31
October of the corresponding year for the historical
comparator groups), whichever occurred first. We
performed a secondary analysis evaluating rates by
month of follow-up starting 30 days before the index
date and ending after six months of follow-up.



Statistical methods
Propensity score matching
We used matching by propensity score to create three
cohorts with similar baseline characteristics and
relevant confounders.'® We constructed a propensity
score for every individual based on 108 variables
(age, number; sex, male yes/no; socioeconomic status
scores specific to zip codes, number; proportion of
white, black, and Hispanic populations in a zip code,
number; state, 10 binary variables in the top 10 states
of SARS-CoV-2 diagnosis; index month, January-March,
April, May, June, July, August, and September yes/no;
pre-existing comorbidities, yes/no; total length of stay
as an inpatient in the previous year, number in days;
previous number of visits to a primary care physician,
cardiologist, or nephrologist, number; and previous
clinical conditions, yes/no) by logistic regression with
ridge penalty.'® 2°

Because of the large study population (about 10
million), we did not perform conventional one-to-
one nearest neighbor matching. We generated 40000
bins based on the propensity scores of the SARS-
CoV-2 infected group. In each small bin, we created
equal sized sets of individuals with SARS-CoV-2 and
in the comparator group. We matched within the bins
and then combined all sets to form the propensity
matched groups. This process was repeated for each
of the comparator groups (2020, 2019, and viral lower
respiratory tract illness groups). We achieved three
balanced cohort groups with this approach (eTable 1a
and eFigure 1a-c).

Data analysis

We evaluated demographic and clinical factors with
the ¢ test and the Pearson y” test for the unmatched
population to compare numeric and categorical data,
respectively. We used a paired ¢t test and the McNemar
test for evaluating numeric and categorical factors in
the matched populations.

We calculated the proportion of individuals in the
matched populations with a follow-up time of at least
21 days after the index date who did not develop new
clinical sequelae, or developed one or more than one
new type of clinical sequelae after the acute infection.
No events that occurred before or during the acute
phase were counted. Symptoms such as fatigue,
myalgia, and anosmia, measured by ICD-10 codes,
were included in this assessment of clinical sequelae
after the acute infection.

When we calculated the risk for a specific incident
outcome after the acute infection, individuals with
the diagnosis of interest before the index date (in
the SARS-CoV-2 and respective comparator group)
or individuals (and their comparator match) who
experienced the diagnosis of interest during the acute
phase were removed from the post-acute calculation.
Individuals with less than 21 days of follow up after the
index date and their matched pair were also excluded
from the analysis. Therefore, the denominator for the
incidence of each outcome included only those at risk
for the diagnosis of interest at the index date plus 21
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days. We reported the risk difference as the difference
between the cumulative incidence calculated by the
Kaplan-Meier estimator at day 120 from the time origin
(index date plus 21 days) in the SARS-CoV-2 group
and the comparator group, multiplied by 100. We
calculated the 95% confidence intervals and P values
with a pairwise bootstrap method, with a one sided
test. We tested the proportional hazards assumption
with Schoenfeld residuals.”* Hazard ratios and 95%
confidence intervals were estimated by fitting Cox
proportional hazards models using robust variance
estimator with clustering for matched pairs. We used
the Wald test to evaluate significance at the 0.05 level.
Individuals were censored based on the outcome of
interest, disenrollment from the insurance plan, or the
end of the study period (31 October 2020).

In a secondary analysis, we created seven one month
time intervals (one month before the index date to six
months after the index date). Within each time interval,
we only included the matched pairs who were both at
risk for the diagnosis of interest at the beginning of
each time interval. We estimated the hazard ratios and
confidence intervals by fitting Cox proportional hazard
models using robust variance estimator with clustering
for matched pairs. Individuals were censored based
on the diagnosis of interest, disenrollment from the
insurance plan, or the end of the time interval.

Because of the large number of comparisons, we
applied the Bonferroni correction for all P values and
confidence intervals, by multiplying P values by N and
estimating (1-(0.05+N))x100% confidence intervals,
where N=51 and is the number of clinical sequelae
we tested. For all data analyses, we used Python with
scikit-learn, statsmodels, lifelines, and scipy libraries
and R with survminer,?* survival,? glmnet,** and stats
libraries.”

Subgroup analysis

We performed four stratified analyses (age (18 to <34,
>34 to <50, and >50), sex (male/female), any pre-
existing clinical comorbidity (yes/no), and admitted
to hospital for covid-19 (yes/no)) with the SARS-
CoV-2 and 2020 comparator group. We constructed
a propensity score, and performed matching by
propensity score within each subgroup for age, sex,
and pre-existing condition status before calculating the
risk difference or hazard ratio within each stratum. The
SARS-CoV-2 and 2020 comparator groups, matched
for propensity score, were stratified based on whether
individuals with SARS-CoV-2 were admitted to hospital
for covid-19. To test for interaction, we evaluated the
significance of the fitted coefficient for the interaction
term in a model including the main effect variables,
with a Bonferroni correction (N=51xnumber of levels
in each subgroup analysis).

Sensitivity analysis

We evaluated the robustness of the definition of the
post-acute phase by varying the cut-off points from
the index date at 14 and 28 days. We also considered
a period effect because of changes in the availability

doi: 10.1136/bmj.n1098 | BMJ2021;373:n1098 | thebmj



of testing and advancements in management and
treatment over time. We evaluated differences by
two periods (January-June and July-October). Finally,
we evaluated the number of visits to a primary care
physician after the acute infection by type of diagnostic
method (PCR positive, clinical diagnosis, and admitted
to hospital) and among the three comparator groups.

Patient and public involvement

This retrospective analysis did not directly involve
patients or the public in the development of the
research question or conduct of the analysis because
of funding and training restrictions for retrospective
analyses. A patient reviewer provided insightful
comments and contributed to the expansion of the
outcomes reported in this manuscript.

Results

Among 9247505 individuals meeting the study
criteria in 2020, we identified 266586 (2.9%) with
SARS-CoV-2 infection. After matching by propensity
score, we identified 266586 matched pairs for the
primary (2020) and secondary (2019) comparison
groups (100% of SARS-CoV-2 individuals matched).
We identified 244 276 matched pairs for the viral lower
respiratory tract illness comparison group (91.6% of
SARS-CoV-2 individuals matched).

Individuals with SARS-CoV-2 infection were
more likely than their unmatched 2020 and 2019
comparators to be younger, to be women, have a
lower socioeconomic status score index, live in a zip
code with a higher proportion of black or Hispanic
individuals, have a pre-existing comorbidity or at risk
condition, been admitted to hospital with a longer
length of stay during the preceding year, visited a
primary care physician or other specialists more often,
and live in the northeast or southern US (areas of high
incidence during the study period; all P<0.05) (table
1). Among those individuals with SARS-CoV-2, 8.2%
were admitted to hospital and 1.1% were admitted to
the intensive care unit. We found different patterns
between individuals with SARS-CoV-2 and the viral
lower respiratory tract illness comparison group who
were more likely to be older, to be women, have a
comorbidity, smoke, visit a primary care physician or
cardiologist more often, and live in the southern or
midwestern US. After matching by propensity score,
most of these differences were resolved, although
some small differences between the matched SARS-
CoV-2 infected group and the viral lower respiratory
tract illness comparator were significant (all P <0.05)
(eTable 1a). Despite these minor differences, balance
was achieved overall, as shown by the standardized
mean differences between matched groups by key
variables at less than 0.10 (eFig 1a-c).

Among the matched individuals infected with SARS-
CoV-2 identified in our study with a follow-up time of at
least 21 days from the index date (n=193 113), 85.98%
had no new clinical sequelae after the acute infection
that required medical care during their follow-up,
10.01% had one type of new sequelae that required
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medical care, and 4.01% had more than one type of
new sequelae (table 2). The proportion of individuals
diagnosed as having any new clinical sequelae after
the acute phase was higher in the SARS-CoV-2 infected
group than in the three comparator groups, although
the differences were smallest compared with the viral
lower respiratory tract illness group.

Estimates of risk difference by type of new clinical
sequelae were calculated for individuals infected
with SARS-CoV-2 who were still at risk 21 days after
the index date (n=193113 for 2020 comparison).
Follow-up time was considered up to day 141 after the
index date (120 days from the start of the post-acute
period and 73.5 centile of the follow-up distribution,
with a median of 87 days (interquartile range 45-124
days)). Figure 2 summarizes the most common new
clinical outcomes in the SARS-CoV-2 group (incidence
>0.1%) and eTable 2a the less common outcomes.
Symptoms are included separately in eTable 2b and
are not represented in figure 2. Overall, the excess
risk attributable to SARS-CoV-2 infection was low for
incident diagnoses (0.02-2.26 per 100 individuals)
four months after the acute phase (fig 2 and eTable 2a-
b). The increased risk, however, was consistently seen
for many outcomes across all three comparison groups
(2020, 2019, and viral lower respiratory tract illness
groups; eTable 2a).

Despite the small absolute risk attributable to SARS-
CoV-2 infection, the hazard ratios for individuals
infected with SARS-CoV-2 and the 2020 comparator
group after the acute infection were large (significant
hazard ratios of 1.24-25.65 (all P<0.001 except for
atopic dermatitis (P=0.033); eTable 2c-d and fig 2).
When we evaluated rates over time, hazard ratios
were highest in the first month of the index date but
were substantially elevated up to six months for some
common events, such as hypertension (hazard ratio
1.81 (95% confidence interval 1.10 to 2.96)), diabetes
(2.47 (1.14t0 5.38)), sleep apnea (2.31 (1.23 to 4.32)),
and fatigue (2.20 (1.48 to 3.27)), suggesting the
hazard for some new clinical sequelae was sustained
months after the initial SARS-CoV-2 infection (eTable
3). An increased risk 30 days before the index date was
likely because of a delay in testing or documentation
of a confirmed diagnosis in symptomatic individuals.
Figure 3 shows select graphs of the cumulative hazards
for the most common or most severe clinical sequelae.

Excess risk for developing many new outcomes
after the acute infection increased significantly (most
P<0.001) with age (fig 4 and eTable 4a). The risk for
clinical sequelae was greatest in individuals aged >50
but the absolute risk in young adults aged 18-34 was
significantly elevated, albeit modestly so, for some
conditions including, but not limited to, hypertension,
arrhythmia, hypercoagulability, amnesia, diabetes,
and fatigue (all P<0.001). The risk of developing any
mental health outcome was significantly increased
regardless of age (P, . =0.35).

Excess risk for new clinical sequelae after acute
covid-19rarely differed between men and women, apart
from fatigue and anosmia (more commonly diagnosed
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Table 1 | Demographics, comorbidities, and clinical factors in unmatched adults aged 18 to <65, UnitedHealth Group Clinical Discovery Database up to

31 October 2020

Total 2020 2020 SARS-CoV-2 2020 Comparator 2019 Comparator
Characteristic population infected group group* group* VLRTI group*
Total No 9247505 266586 8980919 9722381 1655907
Follow-up from index date (days; median (IQR)) — 95 (42-135) — — 226 (136-268)*
Age (mean (SD)) 42.4(13.6) 41.7 (13.9) 42.4 (13.6)* 42.5(13.6)* 44.5 (13.4)*

Age (No (%))

>18to <34

2903571 (31.4)

90497 (33.9)

2813074 (31.3)

3038968 (31.3)

417742 (25.2)

>34 to <50

3261246 (35.3)

89171 (33.4)

3172075 (35.3)

3426770 (35.2)

587892 (35.5)

>50

3082688 (33.3)

86918 (32.6)

2995770 (33.4)

3256643 (33.5)

650273 (39.3)

Sex

Male

4640393 (50.2)

126980 (47.6)

4513413 (50.3)*

4861274 (50.0)*

707 084 (42.7)*

SES index (median (IQR))

53.2 (51.6-55.2)

52.9 (51.2-55.1)

53.2 (51.6-55.2)*

53.1 (51.6-55.2)*

52.9 (51.2-55.2)*

Proportion of black individuals (mean (SD))
Proportion of black individuals (No (%))

0.10 (0.15)

0.13(0.17)

0.10 (0.15) *

0.10 (0.15) *

0.11(0.15) *

<0.25

8218593 (88.9)

226 443 (84.9)

7992150 (89.0)

8618587 (88.6)

1462821 (88.3)

»0.25 t0 <0.50 666921 (7.2) 25327 (9.5) 641594 (7.1) 712056 (7.3) 131297 (7.9)

»0.50 t0 <0.75 252382 (2.7) 10241 (3.8) 242141 (2.7) 272726 (2.8) 44280 (2.7)

»0.75 109609 (1.2) 4575 (1.7) 105034 (1.2) 119012 (1.2) 17509 (1.1)
Proportion of Hispanic individuals (mean (SD)) 0.15 (0.17) 0.19 (0.21) 0.14 (0.17)* 0.15 (0.17)* 0.15 (0.17)*

Proportion of Hispanic individuals (No (%))

<0.25

7705168 (83.3)

201097 (75.4)

7504071 (83.6)

8053655 (82.8)

1359968 (82.1)

»0.25 t0 <0.50

1040572 (11.3)

39727 (14.9)

1000845 (11.1)

1120296 (11.5)

202486 (12.2)

»0.50 t0 <0.75 352428 (3.8) 16934 (6.4) 335494 (3.7) 380593 (3.9) 64624 (3.9)
»0.75 149337 (1.6) 8828 (3.3) 140509 (1.6) 167837 (1.7) 28829 (1.7)
Comorbidity (No (%))
Any 3311964 (35.8) 120749 (45.3) 3191215 (35.5)* 3584107 (36.9) * 996015 (60.1)*
Previous conditions (No (%))
Alzheimer dementia 6760 (0.1) 385 (0.1) 6375 (0.1)* 8283 (0.1)* 3203 (0.2)*
Asthma 355183 (3.8) 15112 (5.7) 340071 (3.8)* 382552 (3.9)* 162684 (9.8)*
Cystic fibrosis 1284 (0.0) 64 (0.0) 1220 (0.0)* 1349 (0.0)* 818 (0.0)*
Immunodeficiency 57139 (0.6) 3101 (1.2) 54038 (0.6)* 60545 (0.6)* 22040 (1.3)*
Pulmonary fibrosis 9436 (0.1) 488 (0.2) 8948 (0.1)* 10566 (0.1)* 5444 (0.3)*
Sickle cell disease 4008 (0.0) 273 (0.1) 3735 (0.0)* 4258 (0.0)* 1211 (0.1)*
Smoking 289418 (3.1) 8113 (3.0) 281305 (3.1)* 321713 (3.3)* 104321 (6.3)*
Type 1 diabetes 46947 (0.5) 2157 (0.8) 44790 (0.5)* 52806 (0.5)* 18342 (1.1)*
Type 2 diabetes 474752 (5.1) 22619 (8.5) 452133 (5.0)* 521746 (5.4)* 171703 (10.4)*
Thalassemia 6055 (0.1) 226 (0.1) 5829 (0.1)* 6467 (0.1)* 1358 (0.1)
Previous length of stay in hospital 0.3 (2.9) 0.5 (5.9) 0.3 (2.7)* 0.3 (2.9* 0.5 (5.1)

(days; mean (SD))

Previous PCP visit (No (%))

5142739 (55.6)

186313 (70.0)

4956426 (55.2)

5617767 (57.8)

107 686 (75.1)

No of PCP visits (mean (SD)) 1.7 2.7) 2.5(3.5) 1.7 2.6)* 1.8 (2.8)* 2.9 (3.7)*
No of cardiology visits (mean (SD)) 0.2 (1.0) 0.3 (1.7) 0.2 (1.0)* 0.2 (1.1)* 0.4 (1.7)*
No of nephrology visits (mean (SD)) 0.0 (0.7) 0.1(1.6) 0.0 (0.6)* 0.0 (0.7)* 0.1(1.5)

Region (No (%))

South 3924142 (42.4) 117 292 (44.0) 3806850 (42.4)* 4039716 (41.6)* 799967 (48.3)*
Midwest 2171722 (23.5) 54494 (20.4) 2117228 (23.6)* 2312541 (23.8)* 363017 (21.9)*
Northeast 1590979 (17.2) 56071 (21.0) 1534908 (17.1)* 1714661 (17.6)* 281385 (17.0)*
West 1538866 (16.6) 38300 (14.4) 1500566 (16.7)* 1631945 (16.8)* 208353 (12.6)*
Unknown 21796 (0.2) 429 (0.2) 21367 (0.2)* 23518 (0.2)* 3185 (0.2)*
Clinical characteristics (No (%))
Covid-ICU visit flag = 2786 (1.1) = — —
Admission to hospital with covid-19 — 21746 (8.2) — — —

Diagnostic method (No (%))t

PCR test positive

77273 (29.0)

Clinical diagnosis (not PCR test)

178642 (67.0)

Admitted to hospital with covid-19
(not PCR or diagnosis)

10671 (4.0)

VLRTI=viral lower respiratory tract illness; IQR=interquartile range; SD=standard deviation; SES=socioeconomic status; PCP=primary care physician; PCR=polymerase chain reaction;

ICU=intensive care unit.

*All P values <0.05 comparing SARS-CoV-2 individuals with three comparison groups.
tPresented as hierarchical although many individuals had more than one diagnostic method recorded.

in women) and myocarditis, hypercoagulability, deep
vein thrombosis, kidney injury, and sleep apnea (more
commonly diagnosed in men) (fig 4 and eTable 4b).
With a few exceptions, individuals with pre-existing
conditions (fig 4 and eTable 4c) and individuals
admitted to hospital with covid-19 (fig 4 and eTable

4d) had a greater excess risk of developing new clinical
sequelae because of SARS-CoV-2 infection.

We did not find a significant period effect for most
outcomes (eTable 4e). In our sensitivity analysis, the
risk differences increased when the post-acute phase
was shortened to an index date plus 14 days (eTable
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Table 2 | Proportion of adults aged 18 to <65 with new clinical sequelae of SARS-Cov-2 infection after the acute phase compared with three groups
matched by propensity score, UnitedHealth Group Clinical Discovery Database up to 31 October 2020

No (%) SARS- No (%) 2020 No (%) SARS- No (%) 2019 No (%) SARS- No (%) VLRTI
No of Cov-2 infected  comparator Difference Cov-2 infected comparator Difference Cov-2 infected comparator Difference
sequelae* (n=193113) (n=193113) (%) (n=193264) (n=193264) (%) (n=181613) (n=181613) (%)
None 166039 175593 = 166094 174963 = 155083 158078 =
(85.98) (90.93) (85.94) (90.53) (85.39) (87.04)
1 19328 13671 2.93t 19408 14224 2.68t 18858 17627 0.681
(10.01) (7.08) (10.04) (7.36) (10.38) 9.71)
22 7746 3849 2.02t 7762 4077 1.91t 7672 5908 0.971
(4.01) (1.99) (4.02) (2.11) (4.22) (3.25)

VLRTI=viral lower respiratory tract illness.
*Sequelae are new clinical diagnoses determined after the index date plus 21 days.
tMcNemar test was performed and all P values <0.01.

5a). Similar risk differences were seen for the index
date plus 21 days and the index date plus 28 days
(eTable 5b), suggesting an index date plus 21 days
is a reasonable start to the post-acute phase of the
illness.

Discussion

Principal findings

Our retrospective study conducted in a large admini-
strative database evaluated the excess risk of develo-
ping a wide range of clinical sequelae after the acute
phase of SARS-CoV-2 infection in commercially
insured adults aged 18-65. We found that 14% of
individuals aged <65 who were infected with SARS-
CoV-2 developed at least one new type of clinical
sequelae that required medical care after the acute
phase of SARS-CoV-2 infection, which was 4.95%
higher than the 2020 comparator group and 1.65%
higher than individuals diagnosed as having viral
lower respiratory tract illness. This finding suggests
that the SARS-CoV-2 virus is not unique in causing
clinical sequelae after the acute infection. Our results
confirmed an excess risk for specific types of sequelae
in the four months after the acute phase (index date
plus 21 days). Our analysis also showed that although
the risk increased with age, pre-existing conditions,
and admission to hospital for covid-19, younger adults
(aged <50), those with no pre-existing conditions, and
individuals infected with SARS-CoV-2 not admitted
to hospital were also at risk for new clinical sequelae
after the acute infection. Finally, our results suggested
that the risk for some clinical sequelae, such as mental
health diagnoses, were increased regardless of age and
pre-existing condition.

Comparison with other studies

When we considered the risk attributable to SARS-
Cov-2 infection, several clinical sequelae were
increased in survivors after the acute infection
regardless of comparison group (2020, 2019, or
viral lower respiratory tract illness group). These
outcomes included chronic respiratory failure, cardiac
irregularities, such as tachycardia and arrythmia,
hypercoagulability in the form of pulmonary embolism
and deep vein thrombosis, anxiety, encephalopathy,
peripheral neuropathy, amnesia, diabetes, liver
test abnormalities, myocarditis, and fatigue. Many
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of these outcomes have been previously reported
in case studies or observational studies during the
acute phase of covid-19 (including tachycardia,?®
hypercoagulability,”’ mental health outcomes,?®
encephalopathy,? 3 diabetes,’>! and amnesia®?). A few
studies have also highlighted persistent symptoms or
new clinical diagnoses after the acute infection,?*>®
although few have reported on a full range of new
clinical diagnoses across multiple organ systems in
such a large population.

Studies of individuals infected with other
coronaviruses have shown arrhythmia and tachycardia
sequelae in survivors of SARS,* “° and central and
peripheral nervous system sequelae in survivors of
SARS and MERS.”’ The proportion of individuals
infected with SARS-CoV-2 with a new diagnosis of
encephalopathy (0.23) and peripheral neuropathy
(0.31) in our study (encephalopathy risk difference
0.09-0.19 and peripheral neuropathy risk difference
0.12-0.16) was closer to the higher rates of central and
peripheral nervous system sequelae seen with MERS.*
In another study, anxiety was reported to be the most
common type of mental health sequelae in individuals
with a diagnosis of covid-19 (hazard ratio 1.59-2.62)
at 14-90 days after SARS-CoV-2 infection.*? Our results
on mental health outcomes (anxiety; hazard ratio
1.24-1.54) were similar, although absolute risks were
lower in our study population.

We also identified excess risk for clinical sequelae
that were not unique to SARS-CoV-2 and are commonly
seen with other serious viral infections. The magnitude
of the relative risk for these incident sequelae (eg,
hypertension, stroke, and kidney injury), however,
was nearly twice that typically seen in the general
population in a normal year. Because of the scale of the
SARS-CoV-2 pandemic in the US, these findings suggest
more planning for healthcare resources is needed to
look at the health complications in survivors.

Strengths and limitations

Our study had the power to quantify the small, but not
trivial, risk among younger, healthier adults. In our
study population of adults aged <65, more than 90%
of individuals recovered at home. Younger individuals
might experience complications caused by covid-19,
especially if they are admitted to hospital and have pre-
existing conditions,” but few studies have reported
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ate significant risk difference or hazard ratio (Bonferroni

corrected P value <0.05). Atopic dermatitis is present in all plots as a negative control. *Aggregate diagnosis includes
all subdiagnoses listed in eTable 1. DVT=deep vein thrombosis; PE=pulmonary embolism

new outcomes after the acute phase of the illness in
individuals with milder symptoms.

Fatigue is often the most reported symptom after
the acute infection, with self-reported estimates in
surveys ranging from 13.6%°° to 77.7%** depending
on whether individuals were admitted to hospital and
length of follow-up. Although fatigue was also the most
common diagnosis after the acute infection in this
cohort (4.64%), our estimates only reflected fatigue
that was reported to and noted by the physician. Most
symptoms, when associated with a primary viral
illness such as covid-19, are frequently not coded by
the clinician because they are presumed to be part of
the infectious process. Also, many individuals with
covid-19 might not seek medical care unless the
symptoms are unusually long lasting or severe. ICD-10

codes have been shown to be valid for many clinical
diagnoses® but are inaccurate and unreliable for
determining symptoms.46 Therefore, we intentionally
did not evaluate a broad list of symptoms in this study
as we expect that the true incidence of symptoms was
not accurately reflected when determined by ICD-10
codes and would be best established through patient
reported surveys.

We could not determine race or ethnicity at the
individual level in the commercial claims. More
research is needed to better understand how race and
ethnicity modify the risk for long term clinical sequelae.
Moreover, our population required continuous enroll-
ment from January 2019 until the index date, and so
individuals who might not have been insured during
this period were not included in our sample.
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Fig 3 | Cumulative incidence rate for new clinical sequelae and symptoms after SARS-CoV-2 infection with three groups matched by propensity score,
UnitedHealth Group Clinical Discovery Database up to 31 October 2020. vLRTI=viral lower respiratory tract illness. *P<0.05

three comparison groups was minimal (range 0.03-
0.43%), suggesting that disenrollment was not an
informative censoring event.

We might have misclassified individuals because of
the retrospective nature of our study and the inherent
limitations of using claims to define variables. First,
we relied on a database of laboratory results to identify
individuals with a positive PCR test. Individuals infected
with SARS-CoV-2 might have been misclassified into the
2020 comparator group if they tested positive outside
of our network and did not have enough symptoms
to require medical care. This misclassification would
likely have biased our findings toward the null.

Death might be an important competing risk. We
did not perform a competing risk analysis, however,
for two reasons. First, we could not identify mortality
as an outcome in our commercial claims database.
Disenrollment from the insurance plan might be used
as a proxy but the reason for disenrollment was not
available. Therefore, we could not distinguish between
withdrawal because of loss or change in employment
and withdrawal because of death. Second, less than
5% of people disenrolled from the insurance plan
during the follow-up period in our matched cohorts.
Also, the difference in the number of disenrollments
between individuals infected with SARS-CoV-2 and the
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10

Second, because we required continuous enrollment
for study eligibility, we captured clinical diagnoses and
comorbidities that occurred in the previous year and
in the year of the index date up until 30 days before
the index date. An incident or new diagnosis in the
post-acute phase for a specific condition might have
been an exacerbation of a pre-existing condition that
did not receive medical care within the 13-22 month
window created by our continuous enrollment criteria.
Third, in the group with no pre-existing comorbidities,
we might have misclassified some individuals,
potentially inflating the incidence in that subgroup.
This misclassification is likely minimal, however,
because most medical conditions and comorbidities
require individuals to participate in at least annual
check-ups with primary care physicians or specialists.
Fourth, we might not have captured a comprehensive
list of all ICD-10 codes for each outcome, although the
most common ones were included. Finally, because
SARS-CoV-2 is a new virus, we believe that physicians
might have underestimated the clinical significance of
some outcomes, especially early in the pandemic. Our
sensitivity analysis, however, does not support this
temporal lack of documentation because we found no
significant difference in risk by period.

Our small excess risks might be a result of increased
medical care after SARS-CoV-2 infection, such that the
ascertainment (diagnosis) rather than the incidence of
anew diagnosis was triggered by SARS-CoV-2 infection.
This ascertainment bias is unlikely to fully explain our
results, however, because individuals with viral lower
respiratory tract illness should receive similar medical
care after the acute illness but have fewer visits to
primary care physicians than individuals infected with
SARS-CoV-2, regardless of the method of diagnosis
(eFigure 2).

This retrospective analysis was strengthened by
its large sample size that powered the assessment of
multiple and rare outcomes simultaneously overall
and across multiple subgroups. We used valid ICD-10
codes to determine outcomes, and included a broad
definition of SARS-CoV-2 infection (positive PCR
results or clinical diagnosis), producing a generalizable
sample of individuals.

Policy implications

With almost 70 million individuals infected with
SARS-CoV-2 worldwide and rising, the number of
survivors with potential sequelae after covid-19 will
continue to grow. To manage these patients effectively,
understanding the incidence and natural history
of these sequelae is important. Our results provide
clinicians with a comprehensive understanding
of the excess risk for over 50 clinical morbidities
across multiple organ systems affecting adults aged
<65 after the acute phase of SARS-Cov-2 infection.
Knowing the magnitude of risk for rare and common
clinical sequelae might improve the diagnosis and
management of individuals infected with SARS-CoV-2.
Also, our results could help providers and other key
stakeholders anticipate the scale of future health
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complications and improve planning on the use of
healthcare resources.

Conclusion

We found that 14% of individuals with SARS-CoV-2
infection developed a new type of clinical sequelae
that required medical care after the acute phase of
the illness, which was 4.95% higher than the 2020
comparator group. An increased and sustained risk
for clinical sequelae was seen during the four months
after the acute illness, particularly, but not exclusively,
in individuals with pre-existing conditions or admitted
to hospital for covid-19. More follow-up is needed to
determine resolution of risk over time.
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