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UnitedHealth Group Clinical Research Database:
deidentified administrative claims and outpatient
laboratory test results.

PARTICIPANTS

Individuals aged 265 years who were continuously
enrolled in a Medicare Advantage plan with coverage
of prescription drugs from January 2019 to the date
of diagnosis of SARS-CoV-2 infection, matched by
propensity score to three comparison groups that
did not have covid-19: 2020 comparison group
(n=87337), historical 2019 comparison group
(n=88070), and historical comparison group with
viral lower respiratory tract illness (n=73 490).

MAIN OUTCOME MEASURES

The presence of persistent and new sequelae at

21 or more days after a diagnosis of covid-19 was
determined with ICD-10 (international classification
of diseases, 10™ revision) codes. Excess risk for
sequelae caused by infection with SARS-CoV-2

was estimated for the 120 days after the acute
phase of the illness with risk difference and hazard
ratios, calculated with 95% Bonferroni corrected

Accepted: 24 December 2021

confidence intervals. The incidence of sequelae after

the acute infection was analyzed by age, race, sex,
and whether patients were admitted to hospital for
covid-19.

WHAT IS ALREADY KNOWN ON THIS TOPIC

Studies characterizing the incidence and severity of sequelae of SARS-CoV-2
infection after the acute infection in covid-19 survivors have started to emerge
Few studies, however, have described the excess risk of persistent and new
sequelae caused by SARS-CoV-2 infection in adults aged 265 years in a large
generalizable sample

WHAT THIS STUDY ADDS

Almost a third of adults (32 of every 100) aged 265 years infected with SARS-
CoV-2 had a diagnosis of at least one sequela during the post-acute phase of the
illness, 11 more than in a control group who did not have a diagnosis of covid-19
The increased risk during the post-acute phase was found for sequelae of the
respiratory, cardiovascular, neurologic, hematologic, endocrine, and kidney
systems, and for diagnoses related to mental health
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RESULTS

Among individuals who were diagnosed with SARS-
CoV-2, 32% (27 698 of 87 337) sought medical
attention in the post-acute period for one or more
new or persistent clinical sequelae, which was 11%
higher than the 2020 comparison group. Respiratory
failure (risk difference 7.55, 95% confidence

interval 7.18 to 8.01), fatigue (5.66, 5.03 to 6.27),
hypertension (4.43, 2.27 to 6.37), memory difficulties
(2.63, 2.23 t0 3.13), kidney injury (2.59, 2.03 to
3.12), mental health diagnoses (2.50, 2.04 to 3.04),
hypercoagulability 1.47 (1.2 to 1.73), and cardiac
rhythm disorders (2.19, 1.76 to 2.57) had the greatest
risk differences compared with the 2020 comparison
group, with similar findings to the 2019 comparison
group. Compared with the group with viral lower
respiratory tract illness, however, only respiratory
failure, dementia, and post-viral fatigue had increased
risk differences of 2.39 (95% confidence interval 1.79
to 2.94), 0.71 (0.3 to 1.08), and 0.18 (0.11 to 0.26)
per 100 patients, respectively. Individuals with severe
covid-19 disease requiring admission to hospital had
a markedly increased risk for most but not all clinical
sequelae.

CONCLUSIONS

The results confirm an excess risk for persistent and
new sequelae in adults aged 265 years after acute
infection with SARS-CoV-2. Other than respiratory
failure, dementia, and post-viral fatigue, the sequelae
resembled those of viral lower respiratory tract illness
in older adults. These findings further highlight the
wide range of important sequelae after acute infection
with the SARS-CoV-2 virus.

Introduction

Post-acute sequelae of SARS-CoV-2 infection has been
defined as signs and symptoms that persist beyond
30 days after infection with the SARS-CoV-2 virus.
Emerging data suggest that individuals affected by the
disease might have many signs and symptoms across a
wide range of organ systems after the acute infection.
Therefore, the natural course of post-acute sequelae of
SARS-CoV-2 infection needs to be precisely defined. The
accumulated data have mainly been from individuals
who were admitted to hospital because of covid-19,
with only a few reports from a large more general
population of outpatients.'” Also, little is known about
the incidence of persistent and new clinical sequelae
caused by SARS-CoV-2 infection among adults aged
265 years, who might have worse outcomes than
younger adults after the acute infection.! Few studies
have been powered to evaluate whether factors such
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as advancing age, sex, race, and admission to hospital
for covid-19 modify the risk of clinical sequelae in the
post-acute phase of the illness in older individuals.
We have estimated the excess risk and hazard ratios
of persistent and new clinical sequelae caused by SARS-
CoV-2 infection among adults aged =65 years during the
post-acute phase of infection. This analysis of a large
generalizable sample of Medicare patients used ICD-10
(international classification of diseases, 10" revision)
codes in claims that provided the power to evaluate
associations across subgroups of older individuals.

Methods

Data source

We used two data sources within the UnitedHealth
Group Clinical Research Database: deidentified
administrative outpatient and inpatient claims, and
outpatient laboratory results for SARS-CoV-2 infection.
All data were for individuals who were enrolled in a
Medicare Advantage plan with coverage of prescription
drugs through one large national health insurance
provider in the US.

Study population

SARS-CoV-2 infection group

Individuals were aged 265 years in 2020 and had: a
primary, secondary, or tertiary diagnosis of covid-19,
identified by an administrative claim with an ICD-
10 code of U07.1, or B34.2 or B97.29 before 1 April
2020; or a report of a positive SARS-CoV-2 polymerase
chain reaction (PCR) test in the outpatient laboratory
dataset. We included ICD-10 codes B34.2 and B97.29
because many physicians used these codes early in
the pandemic to clinically diagnose infection before
the US Centers for Disease Control and Prevention
recommended U07.1 as the primary code for clinical
diagnosis on 1 April 2020.

Group members were required to have continuous
enrollment in Medicare Advantage with coverage
of prescription drugs from 1 January 2019 to the
index date, which was the date of the first diagnosis
of covid-19 or the date of a positive PCR test. If an
individual had both dates, we took the earliest of these
as the index date.

A preliminary analysis indicated that individuals on
Medicare Special Needs Plans were different from most
members who were diagnosed as having covid-19, and
therefore we excluded individuals who were enrolled in
Special Needs Plans in the calendar month before their
index date (n=32584). We also excluded individuals
with a positive SARS-CoV-2 antibody serology test
without a reported infection (n=4667) because an
index date for covid-19 was not possible. Finally, we
excluded individuals with a diagnosis ICD-10 code
of only B34.2 or B97.29 (n=5264) on or after 1 April
2020. The study period for the primary analysis was
from 1 January 2020 to 31 December 2020.

2020 comparison group
Individuals were enrolled in Medicare Advantage
with coverage of prescription drugs, were aged =65
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years in 2020, and did not have a clinical diagnosis
related to covid-19 or a positive PCR test 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.
Individuals enrolled in Special Needs Plans in the
calendar month before their assigned index date were
excluded (n=178 647).

2019 comparison group

We created this historical comparison group to account
for ascertainment bias as a result of reduced use of
healthcare services during the 2020 pandemic (eFigure
1a). Individuals aged =65 years in 2019 were required
to have been continuously enrolled in Medicare
Advantage with coverage of prescription drugs from
1 January 2018 to a randomly assigned index month
and day in 2019 drawn from the corresponding 2020
dates in the SARS-CoV-2 infection group. Individuals
participating in Special Needs Plans in the calendar
month before their assigned index date were excluded
(n=192705).

Viral lower respiratory tract illness

We created this historical comparison group to
evaluate the clinical sequelae specific to SARS-CoV-2
infection because many serious viral illnesses carry
a risk of developing morbidity after the acute illness
(eFigure 1b). The viral lower respiratory tract illness
group included individuals aged 265 years in the year
they were diagnosed as having a viral lower respiratory
tract illness, defined as any of the following: influenza
(Jo9, 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 1 January and 31 December 2017; 1 January
and 31 December 2018; or 1 January and 31 December
2019. We included exacerbation of chronic obstructive
pulmonary disease because in these patients the
disease is typically induced by a virus and identified
only with code J44.0. Observations from each of
these time periods were combined to form a viral
lower respiratory tract illness comparison group. We
defined the index date as the date of the first diagnosis
of a viral lower respiratory tract illness. Individuals
were required to have been continuously enrolled in
Medicare Advantage with coverage of prescription
drugs from 1 January of the year before the index date.
Individuals participating in Special Needs Plans in the
calendar month before their assigned index date were
excluded (n=96821).

Main outcomes

We used ICD-10 codes to identify diagnoses from
the administrative claims data from 1 January to 31
December for each group (see eTable 1 for ICD-10
classification details). We grouped clinically similar
diagnoses to examine potential associations between
covid-19 and different organ systems or disease
groups, and included atopic dermatitis as a negative
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control.® For each event, we identified a population
that was at risk for the diagnosis, defined as those who
had no record of that diagnosis in the year before the
index date up to 14 days before the index date. We used
14 days before the index date to account for a possible
time lag from having covid-19 to getting a test, and
the time lag of having a diagnosis of covid-19 (eTable
3 and eFigure 3). We identified persistent events as
diagnoses that were reported in both the acute period
(from 14 days before the index date to 20 days after
the index date) and the post-acute period (221 days
after the index date), and new events as new diagnoses
reported during the post-acute period. We considered
all diagnoses to be binary.

Study variables

To assess the health status of individuals, we looked at
the calendar year before the index date up to 14 days
before the index date and identified: Charlson and
Elixhauser comorbidities; previous clinical conditions;
and previous visits to a primary care physician,
cardiologist, or nephrologist. We also determined total
hospital length of stay within the previous calendar
year; information on race (non-Hispanic white, non-
Hispanic black, non-Hispanic Asian, Hispanic, and
other races); and other demographic information (age,
sex, and socioeconomic status) in the previous calendar
year. Information on race for individuals was current
up to June 2019. Index scores for socioeconomic
status specific to zip codes’ were derived from the
2017 American Community Survey five year estimate
data. For predicting propensity scores, missing values
for socioeconomic status scores were imputed with
population medians, and missing values for sex, US
state, and race were imputed with reference categories
(female, not belonging to the top 10 US states with
the most individuals infected with SARS-CoV-2, and
multi-racial, respectively). For subsequent subgroup
statistical inference, individuals with corresponding
missing values were excluded. We also accounted for
the month of the actual or assigned index dates of
individuals to adjust for seasonality effects.

Follow-up periods

After a diagnosis of covid-19 or a positive PCR test,
patients were observed for persistent or new diagnoses.
The follow-up period started 21 days after the index
date and continued to a persistent or new event,
disenrollment from the insurance plan (as a result of
death or withdrawal), or the end of the study period
(31 December 2020 for the SARS-CoV-2 infection group
and the 2020 comparison group, 31 December 2019
for the 2019 comparison group, or 31 December of
each year used to construct the viral lower respiratory
tract illness group), whichever occurred first.

Statistical analysis

Propensity score matching

We used matching by propensity score to create three
comparison groups (2020 and 2019 comparison
groups, and the viral lower respiratory tract illness
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group) that were similar to the SARS-CoV-2 group
in terms of baseline characteristics and relevant
confounders.! We estimated a propensity score for
each individual based on 120 variables by logistic
regression with ridge penalty,’*** as explained in the
methods (study variables).

Because of the large study sample (n=2895943)
of the SARS-CoV-2 and 2020 comparison groups, we
did not perform conventional 1:1 nearest neighbor
matching. Instead, we generated 40 000 bins based on
propensity scores, and in each small bin, we created
sets of individuals of equal size from the SARS-CoV-2
and 2020 comparison groups. We matched within the
bins and then combined all sets to form the propensity
matched 2020 group. This process was repeated for the
2019 comparison group, but we reduced the bin count
to 1000 to improve the matching rate. A bin count
of 1000 allows a high matching rate such that the
results from the 2020 and 2019 control groups were
comparable. We also included a sensitivity analysis
(eTable 4c-d and eFigure 2d) by exactly matching
the condition of dementia as well as matching by
propensity score, because we found imbalance issues
with dementia and other related neurological disorders
when matching by propensity score only for the 2019
comparison group. For the viral lower respiratory
tract illness comparison group, we used 1:1 nearest
neighbor matching with a caliper of 0.2 because the
sample size of the this group was much smaller than
the 2020 comparison group and 1:1 nearest neighbor
matching was less computationally intensive. We
assessed covariate balance after matching by absolute
standardized mean difference. Plots of absolute
standardized mean difference for selected important
variables (eFigure 2a-d) and for all 120 variables
(eTable 2) showed that the three comparison groups
were well matched to the SARS-CoV-2 infection group.

Data analysis
We evaluated differences in demographic and clinical
factors between the SARS-CoV-2 infected group and
the comparator group before matching (with the two
sided Student’s t test and Pearson y’ test to compare
numeric and categorical factors, respectively). We also
determined the proportion of individuals in the SARS-
CoV-2 and comparison groups matched by propensity
score with none, one, or more than one persistent or
new diagnosis in the period after the acute infection.
Individuals in the SARS-CoV-2 group with less than 21
days of data from the index date were excluded from
our analyses, along with their matched pairs. A similar
investigation was performed to look at individuals with
persistent or new diagnoses by subgroup (age, race, sex,
and admitted to hospital for covid-19). We also evaluated
the significance of the interaction between SARS-CoV-2
infection status and these subgroups in having at least
one new or persistent sequela after the acute infection.
We used McNemar’s test to evaluate the difference in
proportion from these analyses after matching.

In our main analysis, we evaluated the risk for each
new or persistent clinical diagnosis in the period

BLAdod Ag padaloid 1sanb Ag ZZ0Z J9GUISAON 62 UO /wod g mmmy/:dny woly papeojumod ‘2Z0Z Arenigad 6 Uo ¥T¥890-1202-IWa/9ETT 0T Se paysiiand iy :CING


http://www.bmj.com/

after the acute infection in the at risk population
by computing risk difference and hazard ratios. We
applied the Kaplan-Meier estimator to obtain the
cumulative incidence!® of a given diagnosis for the
SARS-CoV-2 and comparison groups in the 141 days
after the index date. We defined the risk difference
as the difference between the cumulative incidence
of the SARS-CoV-2 group and the comparison group.
Statistical inference to estimate the risk difference was
conducted with bootstrapping. We sampled matched
pairs of individuals with replacement from the SARS-
CoV-2 group and the comparison group to construct
the 95% confidence interval of the risk difference.
Corresponding bootstrapped statistical tests for the
Kaplan-Meier based risk difference were one sided:

H,: SARS-CoV-2 cumulative incidence — comparison
group cumulative incidence <O
H_: SARS-CoV-2 cumulative incidence — comparison
group cumulative incidence >0

We also tested the proportional hazards assumption
with Schoenfeld residuals,’® and estimated hazard
ratios with 95% confidence intervals with Cox
proportional hazards models and robust variance
estimation with clustering for matched pairs.'®
Corresponding statistical tests for hazard ratios were
also one sided.

To overcome the problem of multiple comparisons,
we applied the Bonferroni correction for P values
and confidence intervals by multiplying P values by
N and estimating confidence intervals (calculated as
((1-(0.05+N))x100%), where N=53 was the number
of outcomes tested in the main analysis. For all data
analyses, we used R with survminer,'” survival,'®
glmnet,'® and stats®° libraries.

Subgroup analysis

We performed stratified analyses by four demographic
and clinical factors with the SARS-CoV-2 cohort and
the 2020, 2019, and viral lower respiratory tract illness
comparison groups, looking at age (65-74, >75),
sex (men, women), race (non-Hispanic white, non-
Hispanic black), and admission to hospital for covid-19
(yes, no). The analysis was limited to white and black
races because the other racial groups were small. We
performed matching by propensity score within each
group for age, race, and sex before calculating the risk
difference. The original full sample propensity score
matching was maintained when we evaluated the
interaction between infection status and admission
to hospital for covid-19. To test for interactions, we
evaluated the significance of the fitted coefficient
for the interaction term (the interaction between the
exposure and a dummy variable of each subgroup) in
a linear model including main effect variables, with a
Bonferroni correction (n=53 x number of levels in each
subgroup).

Patient and public involvement
Patients and the public were not directly involved in
the study. Several members of the public who had
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recovered from covid-19 read and provided feedback
on our manuscript.

Results

We identified 133366 individuals aged =65 years
infected with the SARS-CoV-2 virus in 2020 who met
our study criteria (fig 1). After matching by propensity
score, we identified 132847 matched pairs for the
primary (2020) comparison group (99.6% of SARS-
CoV-2 individuals matched), 133266 matched pairs
for the secondary (2019) comparison group (99.9%
of SARS-CoV-2 individuals matched), and 113190
matched pairs for the viral lower respiratory tract illness
comparison group (84.9% of SARS-CoV-2 individuals
matched) (eFigure 1a and eFigure 1b). Individuals (or
their match) with less than 21 days of data after the
index date were excluded, resulting in a final analytic
dataset of 87337 SARS-CoV-2 individuals matched
to 2020 individuals, 88070 SARS-CoV-2 individuals
matched to 2019 individuals, and 73 490 SARS-CoV-2
individuals matched to individuals in the viral lower
respiratory tract illness group.

Relative to their unmatched 2020 and 2019
comparison groups, individuals with SARS-CoV-2
infection were more likely to be older, men, have alower
socioeconomic status index, be of black or Hispanic
race, live in midwestern and northeastern US states,
have had a pre-existing comorbidity, have had a longer
inpatient hospital stay during the preceding year, and
have visited a primary care physician, cardiologist, or
nephrologist more often (all P<0.05). We found similar
patterns between the SARS-CoV-2 individuals and
those with viral lower respiratory tract illness although
the lower respiratory tract illness group was more
likely to smoke and have asthma (table 1).

Among individuals infected with SARS-CoV-2
matched to the 2020 cohort, 68% did not have new
or persistent diagnoses in the post-acute phase that
required medical attention during the follow-up
period, 16% had one diagnosis that required medical
attention, and 16% had two or more diagnoses in
the post-acute phase that required medical attention
(table 2).) Overall, >70% of patients in the post-
acute phase had new onset compared with persistent
sequelae. Pulmonary embolism and respiratory
failure were the exceptions, where the majority of
events occurred during the acute phase and therefore
were considered persistent during the post-acute
phase (eTable 6a-c).

The proportion of individuals with one or more
sequelae in the SARS-CoV-2 group was 11% higher
than the 2020 comparison group, 7.9% higher than
the 2019 comparison group, and 1.4% lower than the
viral lower respiratory tract illness infection group.
For the subgroup of individuals admitted to hospital
because of covid-19, estimated risk differences for at
least one sequela were 23.6%, 19%, and 8.9% relative
to the 2020, 2019, and viral lower respiratory tract
illness comparison groups, respectively (table 3).

Increased risks for clinical sequelae after acute
covid-19 infection were consistently seen for many
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#3734 100
Medicare Advantage plan members with coverage of prescription drugs
continuously enrolled in 2019 and enrolled at least 1 month from Jan to Dec 2020

{286 229

Not continuously enrolled

# 3447 871
Continuously enrolled from Jan 2019 to 2020 actual or assigned index date

T

£330 766
Age <65 years
£3117 105
Age 265 years
(§ 211 231)
Those enrolled in Medicare
Special Needs plan in month before
actual or assigned index date
v
i 2905 874
Not enrolled in any Medicare Special Needs plan in month before actual or assigned index date
(§9931)

Excluded

A

y

4667 Only positive antibody test without
covid-19 diagnosis or SARS-CoV-2
PCR test

5264 ICD-10 code B34.2 or B97.29 on or
after April 2020

{2895 943
2020 Medicare study sample
{ 8 !
(EEED 2762577
SARS-CoV-2 group 2020 comparison group
l Propensity score matching l
t 132 847 £ 132847
Matched SARS-CoV-2 group Matched 2020 comparison
with 2020 comparison group group with SARS-CoV-2 group
(§ 91020)

%

Matched SARS-CoV-2 group who
(and their matched pair) had at least
21 days of observation from index date

Excluded matched SARS-CoV-2
and 2020 comparison group who
(or their matched pair) had <21 days
of observation from index date

:

Matched 2020 comparison group who
(and their matched pair) had at least
21 days of observation from index date

Fig 1 | Flowchart of 2020 cohort sample. PCR=polymerase chain reaction; ICD-10=international classification of

diseases, 10th revision

diagnoses compared with the 2020 and 2019
comparison groups. Figure 2 summarizes the most
common diagnoses, and eTables 4a-b the less common
diagnoses. Compared with the 2020 comparison
group, estimates for risk difference for post-acute
sequelae caused by SARS-CoV-2 infection ranged
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from 0.55 per 100 people for liver test abnormalities
(95% confidence interval 0.29 to 0.80), to 4.43 for
hypertension (2.27 to 6.37), and 7.55 for respiratory
failure (7.18 to 8.01) (eTable 4a). Estimates for hazard
ratios ranged from 1.76 (95% confidence interval 1.58
to 1.97) for mental health disorders up to 7.55 (6.70 to
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Table 1 | Demographics, previous comorbidities and conditions, and clinical factors among Medicare adults aged 265 years matched by propensity

score. Data are number (%) of participants unless stated otherwise

Characteristic Total 2020 population 2020 SARS-CoV-2 infected 2020 comparison 2019 comparison VLRTI
Total No 2895943 133366 2762577 2756247 829042
Median (IQR) No of observation days 78 (30-175) 56 (27-148) 79 (30-176)* 80 (30-176)* 233 (84-317)*
Mean (SD) age (years) 75.7 (7.0) 76.9 (7.7) 75.7 (6.9)* 75.7 (7.0)* 77.1(7.7)*
Median (IQR) age (years): 74 (70-80) 75 (71-82) 74 (70-80)* 74 (70-80)* 76 (71-82)*
65-74 1498232 (52) 61641 (46) 1436591 (52)* 1419088 (52)* 367063 (44)*
74 1397711 (48) 71725 (54) 1325986 (48)* 1337159 (49)* 461979 (56)*
Male sex 1227545 (42) 58110 (44) 1169435 (42)* 1163549 (42)* 342992 (41)*
SES index:
Mean (SD) 53 (2.8) 52 (2.9) 53 (2.8)* 53 (2.8)* 52 (2.8)*
Median (IQR) 53 (51-54) 52 (51-54) 53 (51-54)* 53 (51-54)* 52 (51-54)*
Race:
White 2317481 (80) 103918 (78) 2213563 (80)* 2214307 (80)* 692232 (84)*
Black 262336 (9.1) 14498 (11) 247 838 (9.0)* 262483 (9.5)* 69592 (8.4)*
Asian 60403 (2.1) 1926 (1.4) 58477 2.1)* 58459 (2.1)* 14981 (1.8)*
Hispanic 53458 (1.8) 4559 (3.4) 48899 (1.8)* 50932 (1.8)* 15458 (1.9)*
Other 202265 (7.0) 8465 (6.3) 193800 (7.0)* 170066 (6.2)* 36779 (4.4)*
Index month:
Before March — 219 (0.2) — — 283746 (34)*
March = 2776 (2.1) = = 93663 (11)*
April = 7561 (5.7) = = 69058 (8.3)*
May = 6617 (5.0) = = 58561 (7.1)*
June — 8441 (6.3) — — 45576 (5.5)*
July = 14145 (11) = = 36040 (4.3)*
August = 9319 (7.0) = = 34320 (4.1)*
September — 7843 (5.9) — — 38780 (4.7)*
October — 13675 (10) — — 44873 (5.4)%
November — 26 464 (20) — — 51150 (6.2)*
December — 36306 (27) — — 73275 (8.8)*

Previous comorbidity:

Any comorbidityt

2617399 (90)

127379 (96)

2490020 (90)*

2505137 O)*

789892 (95)*

1 comorbidityt 374310 (13) 10535 (7.9) 363775 (13)* 346231 (13)* 70360 (8.5)*
2 comorbiditiest 394851 (14) 12622 (9.5) 382229 (14)* 369691 (13)* 87796 (11)*
3 comorbiditiest 368671 (13) 13282 (10) 355389 (13)* 350749 (13)* 94924 (11)*
4 comorbiditiest 343162 (12) 14110 (10) 329052 (12)* 326126 (12)* 95725 (12)*
>5 comorbiditiest 1136405 (39) 76830 (57) 1059575 (38)* 1112340 (40)* 441087 (53)*
AIDS/HIV 3650 (0.1) 233(0.2) 3417 (0.1)* 3251 (0.1)* 1067 (0.1)*
Alcohol abuse 42132 (1.5) 2267 (1.7) 39865 (1.4)* 39219 (1.4)* 11636 (1.4)*
Anemia 484980 (17) 35128 (26) 449852 (16)* 483675 (18)* 197 044 (24)*
Cerebrovascular disease 364782 (13) 25470 (19) 339312 (12)* 367388 (13)* 141848 (17)*
Chronic pulmonary disease 578650 (20) 35527 (27) 543123 (20)* 582790 (21)* 311533 (38)*
Coagulopathy 94781 (3.3) 6473 (4.9) 88308 (3.2)* 94093 (3.4)* 39986 (4.8)
Congestive heart failure 334654 (12) 26306 (20) 308348 (11)* 325547 (12)* 168163 (20)*
Dementia 145766 (5.0) 18971 (14) 126795 (4.6)* 142945 (5.2)* 64367 (7.8)*
Depression 348236 (12) 24260 (18) 323976 (12)* 333307 (12)* 118630 (14)*
Drug abuse 54651 (1.9) 3137 (2.4) 51514 (1.9)* 50905 (1.8)* 17710 2.1)*
Fluid and electrolyte disorders 343320(12) 26401 (20) 316919 (12)* 344712 (13)* 149004 (18)*
Hypertension 2081772 (72) 107473 (81) 1974299 (72)* 2011264 (73)* 651432 (79)*
Hypothyroidism 605081 (21) 32165 (24) 572916 (21)* 585973 (21)* 193899 (23)*
Liver disease 172336 (6.0) 10226 (7.7) 162110 (5.9)* 164101 (6.0)* 54011 (6.5)*
Lymphoma 30599 (1.1) 1926 (1.4) 28673 (1.0)* 29313 (1.1)* 15068 (1.8)*
Metastatic cancer 50143 (1.7) 2934 (2.2) 47209 (1.7)* 47237 (1.7)* 23588 (2.8)*
Moderate to severe liver disease 11522 (0.4) 866 (0.6) 10656 (0.4)* 10958 (0.4)* 4892 (0.6)*
Myocardial infarction 110805 (3.8) 7989 (6) 102816 (3.7)* 109485 (4.0)* 48262 (5.8)*
Obesity 478902 (17) 27967 (21) 450935 (16)* 469062 (17)* 135145 (16)*
Other neurological disorders 359978 (12) 31807 (24) 328171 (12)* 356072 (13)* 148387 (18)*
Paralysis 53159 (1.8) 5260 (3.9) 47899 (1.7)* 52773 (1.9)* 23659 (2.9)*
Peptic ulcer disease 37722 (1.3) 2650 (2.0) 35072 (1.3)* 39164 (1.4)* 15315 (1.8)*
Peripheral vascular disease 570440 (20) 38078 (29) 532362 (19)* 547994 (20)* 203550 (25)*
Psychoses 113191 (3.9) 8284 (6.2) 104907 (3.8)* 103805 (3.8)* 34503 (4.2)*
Pulmonary circulation disorder 46502 (1.6) 3693 (2.8) 42809 (1.5)* 48096 (1.7)* 26252 (3.2)*
Renal failure 528314 (18) 33785 (25) 494529 (18)* 489941 (18)* 180270 (22)*
Rheumatoid arthritis 197050 (6.8) 11002 (8.2) 186048 (6.7)* 195281 (7.1)* 70021 (8.4)*
Solid tumor without metastasis 368557 (13) 18995 (14) 349562 (13)* 355669 (13)* 128946 (16)*
Valvular disease 391782 (14) 24336 (18) 367 446 (13)* 386419 (14)* 147 694 (18)*
Weight loss 130719 (4.5) 10194 (7.6) 120525 (4.4)* 129398 (4.7)* 55951 (6.7)*

(Continued)
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Table 1 | Continued
Characteristic
Previous conditions:

Total 2020 population

2020 SARS-CoV-2 infected

2020 comparison

2019 comparison

VLRTI

Alzheimer’s dementia 165953 (5.7) 20761 (16) 145192 (5.3)* 162413 (5.9)* 73722 (8.9)*
Asthma 184855 (6.4) 11222 (8.4) 173633 (6.3)* 182913 (6.6)* 94302 (11)*
Cystic fibrosis 240 (0.0) 15 (0.0) 225 (0.0) 259 (0.0) 150 (0.0)
Immunodeficiency 32836 (1.1) 2024 (1.5) 30812 (1.1)* 30174 (1.1)* 12802 (1.5)
Pulmonary fibrosis 43809 (1.5) 2992 (2.2) 40817 (1.5)* 43218 (1.6)* 23922 (2.9)*
Sickle cell disease 1214 (0.0) 87 (0.1) 1127 (0.0)* 1216 (0.0)* 355 (0.0)*
Smoking 157912 (5.5) 5878 (4.4) 152034 (5.5)* 152473 (5.5)* 61085 (7.4)*
Thalassemia 3818 (0.1) 167 (0.1) 3651 (0.1) 3732 (0.1) 1125 (0.1)
Type 1 diabetes 38290 (1.3) 3042 (2.3) 35248 (1.3)* 43634 (1.6)* 20476 (2.5)*
Type 2 diabetes 845195 (29) 51516 (39) 793679 (29)* 818570 (30)* 282907 (34)*
Mean (SD) previous inpatient length of stay (days) 1.3 (7.0) 3.6 (14) 1.2 (6.5)* 1.4 (7.4)* 3.6 (14)
Previous primary care physician visit (yes) 2458360 (85) 114867 (86) 2343493 (85)* 576228 (21)* 186810 (23)*
\')’:;?Z;\S/SD) N GIF P S PIITEIY GEIE SRR 5 0 4.9 (4.9) 4.1 (4.2)* 1Q.7)* 1.4 (3.6)*
Previous cardiology visit (yes) 888432 (31) 54460 (41) 833972 (30)* 188419 (6.8)* 76411 (9.2)*
Mean (SD) No of previous cardiology visit days 12.7) 1.6 (4.1) 0.9 (2.6)* 0.2 (1.2)* 0.3 (1.7)*
Previous nephrology visit (yes) 120015 (4.1) 9810 (7.4) 110205 (4.0)* 35979 (1.3)* 16579 (2.0)*
Mean (SD) No of previous nephrology visit days 0.2 (1.8) 0.5 (3.5) 0.2 (1.6)* 0(0.7)* 0.1 (1.3)*
Region:
South 1123526 (39) 53607 (40) 1069919 (39)* 1117232 (41)* 368255 (44)*
Midwest 552853 (19) 28356 (21) 524497 (19)* 500534 (18)* 152618 (18)*
Northeast 396474 (14) 21609 (16) 374865 (14)* 379921 (14)* 105980 (13)*
West 820433 (28) 29684 (22) 790749 (29)* 756550 27)* 201635 (24)*
Unknown 2657 (0.1) 110(0.1) 2547 (0.1) 2010 (0.1) 554 (0.1)*
Clinical characteristics?:
Covid ICU visit (yes) — 8569 (6.4) — — —
Covid hospital admission status (yes) = 35939 (27) — = =
Diagnostic methods§:
PCR test positive — 26151 (20) — — —

Clinical diagnosis (not PCR test)

107 215 (80)

IQR=interquartile range; SD=standard deviation; SES=socioeconomic status; vLRTI=viral lower respiratory tract illness; ICU=intensive care unit; PCR=polymerase chain reaction; observation

days=measured from the index date to the end of the member observation period.

*All P values <0.05 comparing SARS-CoV-2 individuals with three comparison groups with two sided Student’s t test or Pearson x° test.

tincludes all comorbidities and conditions listed.

$Covid ICU visit=having an inpatient claim with a clinical diagnosis related to covid-19 and a revenue code related to intensive care (0200, 0201, 0202, 0209); Covid hospital admission

status=having an inpatient claim with a clinical diagnosis related to covid-19.
§Presented as hierarchical (ie, those with a positive PCR test positive are shown first, even if they had a clinical diagnosis, and then those that had only a clinical diagnosis and no positive PCR
test), although individuals might have more than one diagnostic method recorded.

8.51) for respiratory failure compared with the 2020
comparison group (eTable 4b). For the most frequently
reported symptoms of fatigue and myalgias in the post-
acute infection phase, the estimated risk differences
were 5.80 (95% confidence interval 5.19 to 6.57)
per 100 people and 2.25 (1.57 to 2.95), respectively.
eTables 4a-b show other sequelae after the acute
infection with significant risk differences and hazard
ratios relative to the 2020 comparison group.

Those aged =75 years and infected with SARS-CoV-2
had a larger risk difference than those aged 65-74
years for several neurological sequelae, including
dementia, encephalopathy, and amnesia (fig 3 and
eTable 5a) (all P, . <0.001). Black individuals had
a significantly increased risk difference for respiratory
failure and acute kidney injury (fig 3 and eTable 5b) (all

nteraction<0-001). We found the same pattern for sex,
with men having a significantly higher risk difference
for respiratory failure and acute kidney injury (fig 3
and eTable 5c) (all P, .. <0.001). The 2020 cohort
admitted to hospital for covid-19 had significantly
higher risks (all P___ . <0.001) for sequelae after
the acute infection than those not requiring hospital
admission for most of the diagnoses, including
cardiovascular, cerebrovascular, respiratory, and

thebmj | BMJ2022;376:068414 | doi: 10.1136/bmj-2021-068414

neurological sequelae, diabetes, kidney injury, mental
health, and fatigue (fig 3 and eTable 5d).

Discussion

Although research on sequelae after acute SARS-CoV-2
infection is now available for large general populations
of patients and cohorts of patients who were admitted
to hospital for covid-19,'7 few data are available for
older adults. In a recent large meta-analysis of 45
studies examining sequelae after acute SARS-CoV-2
infection, only three studies had a median age >65
years (n=251 patients).!

We estimated that during the post-acute period,
32 of every 100 individuals aged =65 years infected
with SARS-CoV-2 had a diagnosis of one or more new
clinical sequelae that required medical attention.
These outcomes included chronic respiratory failure,
cardiac sequelae (including cardiac rhythm disorders
and acute coronary syndromes), hypercoagulability,
neurological disorders (such as encephalopathy,
dementia, memory difficulties, and stroke), kidney
injury, diabetes, and anemia. Comparing individuals
with SARS-CoV-2 with those with viral lower
respiratory tract illness, however, differences in post-
acute sequelae were small and significant only for an
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Risk difference
(95% CI)

Respiratory failure*
Hypertension
Amnesia or memory difficulty -
Kidney injury* —
Mental health diagnosis* ——
Hypercoagulability DVT PE PAO* -
Cardiac rhythm disorders* —.-
Encephalopathy .-
Dementia -e-
Type 2 diabetes -
CHF cardiomyopathy myocarditis* -e-
Anemia -
Stroke and sequelae* -o-
Coronary disease* -

Liver test abnormality -

Sleep apnea -
Pulmonary hypertension *>

Atopic dermatitis
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Hazard ratio
(95% CI)

- ——

-

6 8 0 25 50 75 100

Fig 2 | SARS-CoV-2 group versus 2020 comparison group for risk difference per 100 individuals (left) and hazard ratio
(right) for clinical sequelae in post-acute phase. Clinical sequelae are diagnoses with incidence > 1 per 100 in the
SARS-CoV-2 group at 120 days after the start of the post-acute phase (index date +21 days) and highest in hierarchy
if an aggregate or group diagnosis is noted. This rule was adopted to avoid confidence intervals that were too wide to
display. Symptoms are not displayed. eTables 4a-b list all associations for each of the 53 outcomes. Symbols indicate
significant risk difference or hazard ratio (Bonferroni corrected P value <0.05); atopic dermatitis=negative control.
*Aggregate diagnosis includes all subdiagnoses (eTable 1). DVT=deep vein thrombosis; PE=pulmonary embolism;
PAO=peripheral arterial occlusion; CHF=congestive heart failure

increased risk of respiratory failure, post-viral fatigue,
and dementia. Although admission to hospital for
covid-19 was associated with a markedly increased risk
of persistent and new sequelae for almost all clinical
conditions, the larger population of patients aged =65
years who did not require admission to hospital for
covid-19 were still at risk for persistent or new clinical
sequelae in the post-acute phase.

Comparison with other studies

The incidence of sequelae after acute SARS-CoV-2
infection seemed to be much lower in patients with less
severe disease. An analysis of data from the US Veterans
Affairs compared incident sequelae at six months in
73435 survivors of covid-19 who were not admitted to
hospital for covid-19 with almost five million patients
cared forin the Veterans Affairs health system whodid not
have a diagnosis of covid-19.> Similarly, we conducted
a retrospective analysis of 266586 adults aged 18-65
years who were commercially insured and infected with
SARS-CoV-2 and from the same data warehouse as this
study.” Although the estimated risk differences were
smaller in both of these studies compared with the older
population in this study, the types of sequalae found
in excess among patients infected with SARS-CoV-2
were similar, and the most common were respiratory
disease, hypertension, sleep disorders, nervous system
disorders, myalgias, and fatigue.

thebmj | BMJ2022;376:068414 | doi: 10.1136/bmj-2021-068414

Several other studies have examined the long
term sequelae of infection with SARS-CoV-2 but
not specifically in an older population. Cirulli et al
looked at sequelae after SARS-CoV-2 infection in
an adult cohort of 357 individuals compared with
controls matched by propensity score.?! Patients
tended to have mild disease, with <3% of individuals
requiring admission to hospital. At 90 days from
the onset of infection, 14.8% still had symptoms.
Symptom burden correlated with the severity of the
initial infection and the most common sequelae were
anosmia or ageusia, or both, cognitive difficulties
and memory loss, dyspnea, and chest pain. A study
by Lund et al compared 8983 Danish outpatients two
weeks to six months after SARS-CoV-2 infection with
a cohort matched by propensity score.?” The SARS-
COV-2 cohort had an increased risk of having a new
diagnosis of dyspnea and venous thromboembolism.
The authors did not identify an increased risk of
other serious sequelae of SARS-CoV-2 infection.
We reported an increased risk for multiple serious
sequelae in our cohort who did not require admission
to hospital for covid-19 (eTable 5d). Stavem et al
looked at 451 individuals in Norway 1.5-6 months
after the onset of SARS-COV-2 infection?®: 53% of
women and 67% of men were symptom free, whereas
16% reported dyspnea, 12% loss or disturbance
of smell, and 10% loss or disturbance of taste.
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Respiratory failure*
Hypertension

Mental health diagnosis*

Kidney injury*
Hypercoagulability DVT PE PAO*
Cardiac rhythm disorders*
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Type 2 diabetes
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CHF cardiomyopathy myocarditis*
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Stroke and sequelae*

Sleep apnea

Coronary disease*
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Atopic dermatitis
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Sleep apnea
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Hospital admission for covid-19
Hypertension

Respiratory failure* . —
Mental health diagnosis*
Amnesia or memory difficulty "
Kidney injury* -
Anemia -
Hypercoagulability DVT PE PAO* -
Cardiac rhythm disorders* .
Type 2 diabetes -
Dementia "
Encephalopathy .
CHF cardiomyopathy myocarditis* |«
Stroke and sequelae* -
Liver test abnormality ==
Coronary disease* .
Pulmonary hypertension o

Sleep apnea .

i . -~ Admitted to hospital
Thrf)mbocytopenla with covid-19
Peripheral neuropathy ¢ -~ Not admitted to hospital

with covid-19

5 10 15

Atopic dermatitis g

20 25

Fig 3 | Risk difference per 100 individuals for clinical sequelae in post-acute phase by age, race, sex, and admission to hospital for covid-19 in the
2020 cohort. Clinical sequelae are diagnoses with incidence 2 1 per 100 in the SARS-CoV-2 group for any subgroup at 120 days after the start of
the post-acute phase (index date +21 days) and highest in hierarchy if an aggregate or group diagnosis is noted. This rule was adopted to avoid
confidence intervals that were too wide to display. Symptoms are not displayed. eTables 5a-d list all associations for each of the 53 outcomes.
Filled symbols indicate significant interaction term (Bonferroni corrected P value <0.05); atopic dermatitis=negative control. *Aggregate diagnosis
includes all subdiagnoses (eTable 1)
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Persistent symptoms were related to the severity of
the initial illness and the number of comorbidities.
The higher risk of persistent and new sequelae in

our study compared with these previous studies is
probably because of our focus on those aged =65
years, inclusion of those who did and did not require
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admission to hospital, and inclusion of incident and
persistent sequelae.

Other studies have examined the natural course
and clinical sequelae after infection with SARS-
CoV-2 predominantly, but not exclusively, in patients
admitted to hospital for covid-19."® These studies
included symptoms reported by patients and therefore
had higher incidences of sequelae. The most common
sequelae reported were fatigue, muscle weakness,
behavioral health complaints, and respiratory
symptoms, including persistent dyspnea. The overall
rates of having at least one late sequela in these studies
ranged from 51% to 76%.

Strengths and limitations of this study

ICD-10 codes have been shown to be valid for many
clinical conditions®** but unreliable for codes based
on symptoms.? Therefore, we anticipate that the true
incidence of symptoms is not accurately reflected
in ICD-10 codes and would be better determined by
surveys where patients report their symptoms, as
in some of the previous studies.!® Other potential
limitations of ICD-10 codes are that individuals might
be misclassified because of the retrospective nature of
the study and the inherent limitation of using claims
to define variables. We might not have captured all
ICD-10 codes for each outcome, although the most
common ones were included. Also, the excess risk for
some chronic disease sequelae in the post-acute phase,
such as hypertension and dementia, could be because
of the increased medical attention after SARS-CoV-2
infection. In these patients, the diagnosis might not
truly represent a new condition triggered by SARS-
CoV-2 infection. Lastly, many lower respiratory tract
illnesses and exacerbations of chronic obstructive
pulmonary disease cannot be definitively classified
as viral versus bacterial by the treating physician.
Therefore, our viral lower respiratory tract illness
group probably included individuals with bacterial
infections, making this group seem more ill.

One of the strengths of this retrospective analysis
was the large sample size that allowed us to assess
multiple and infrequent outcomes overall and across
multiple comparison groups. Another strength was the
standardization and level of precision offered by the
use of ICD-10 codes to determine the diagnoses. Also,
we used a broad definition of SARS-CoV-2 infection
(positive PCR result or clinical diagnosis) which helped
to minimize the likelihood of missed patients, thereby
producing a more generalizable sample of older adults
than has been previously studied.

Policy implications

With more than 357 million people infected with
SARS-CoV-2 worldwide, the number of survivors with
sequelae after the acute infection will continue to grow.
Our data showed that individuals aged =65 years had a
higher risk of persistent and new clinical sequelae than
younger populations.” To best manage these patients,
understanding the incidence and clinical course of
these post-acute sequelae is important. Our results
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provide clinicians with a comprehensive understanding
of the excess risk for the most important sequelae of
SARS-CoV-2 infection in the post-acute phase, affecting
adults aged =65 years who were admitted to hospital for
covid-19 and those who did not require admission to
hospital. Understanding the magnitude of risk for the
most important clinical sequelae might enhance their
diagnosis and the management of individuals with
sequelae after acute SARS-CoV-2 infection. Also, our
results can help providers and other key stakeholders
anticipate the scale of future health complications and
improve planning for the use of healthcare resources.

Conclusion

In a population of adults aged =65 years after acute
infection with the SARS-CoV-2 virus, we found that
32% of individuals were diagnosed as having one or
more persistent or new clinical sequelae that required
medical attention during the post-acute phase of the
illness, 11 percentage points higher than a comparator
cohort. An increased risk for these sequelae was
evident among those who were admitted to hospital
for covid-19 disease, but the risk of several sequelae
was also increased for men, for those of black race,
and for those aged =75. These data can help to define
the sequelae of SARS-CoV-2 infection in the post-acute
phase in the older adult population, and to evaluate
and manage these patients appropriately.
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