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Rationale & Objective: The coronavirus disease
2019 (COVID-19) pandemic has had a profound
impact on hospitalizations in general and on dial-
ysis patients in particular. This study modeled the
impact of COVID-19 on hospitalizations of dialysis
patients in 2020.

Study Design: Retrospective cohort study.

Setting & Participants: Medicare patients on
dialysis in calendar year 2020.

Predictors: COVID-19 status was divided into 4
stages: COVID1 (first 10 days after initial diag-
nosis), COVID2 (extends until the Post-COVID
stage), Post-COVID (after 21 days with no
COVID-19 diagnosis), and Late-COVID (begins
after a hospitalization with a COVID-19 diagnosis);
demographic and clinical characteristics; and
dialysis facilities.

Outcome: The sequence of hospitalization
events.

Analytical Approach: A proportional rate model
with a nonparametric baseline rate function of
calendar time on the study population.
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Results: A total of 509,609 patients were included
in the study, 63,521were observed to have aSARS-
CoV-2 infection, 34,375 became Post-COVID,
and 1,900 became Late-COVID. Compared with
No-COVID, all 4 stages had significantly greater
adjusted risks of hospitalizations with relative rates
of 18.50 (95% CI, 18.19-18.81) for COVID1, 2.03
(95% CI, 1.99-2.08) for COVID2, 1.37 (95% CI,
1.35-1.40) for Post-COVID, and 2.00 (95% CI,
1.89-2.11) for Late-COVID.

Limitations: For Medicare Advantage patients, we
only had inpatient claim information. The analysiswas
based on data from the year 2020, and the effects
may have changed due to vaccinations, new treat-
ments, and new variants. TheCOVID-19 effectsmay
be somewhat overestimated due to missing
information on patients with few or no symptoms
and possible delay in COVID-19 diagnosis.

Conclusions: We discovered a marked time
dependence in the effect of COVID-19 on
hospitalization of dialysis patients, beginning with
an extremely high risk for a relatively short period,
with more moderate but continuing elevated risks
later, and never returning to the No-COVID level.
According to the Centers for Disease Control and Pre-
vention, at the end of the year 2020, there were over

20 million reported cases of the coronavirus disease 2019
(COVID-19) with over 361,000 COVID-19 deaths in the
United States; the numbers were almost tripled at the end
of year 2021, with almost 55 million cases and over
824,000 COVID-19 deaths.1 Studies have shown that the
pandemic has had a profound impact on hospitalization,
posthospitalization readmission, and death in the United
States and across the world.2-7 During the onset of the
pandemic, although an increasing number of patients were
hospitalized with COVID-19, overall hospitalizations fell
precipitously in the United States, as hospitals curtailed
noncritical medical services, patients deferred medical care
to avoid exposure to the coronavirus, and health care
centers reallocated resources to COVID-19 cases.2,7-10 For
Medicare dialysis patients, this decrease can be observed in
Fig 1, which shows that the rate of hospitalizations from
March to June of 2020 diverged from the historical rates of
2018 and 2019. Therefore, it is important to model the
baseline hospitalization rate with a flexible function of
calendar time.

Dialysis patients are particularly vulnerable to COVID-19
as they are typically older and have multiple
comorbidities.11,12 In addition, patients receiving in-center
dialysis are at a greater risk of SARS-CoV-2 infection because
they have to gather in and travel to and fromdialysis facilities
and interact with dialysis staff.13-18 A year into the
pandemic, the Preliminary Medicare COVID-19 Data Snap-
shot received by April 16, 2021 showed that dialysis patients
had a greater rate of COVID-19 cases compared with the
general Medicare population (20.61% compared with
6.53%) and a greater rate of COVID-19 hospitalizations
(10.95% compared with 1.83%).19 Salerno et al16 observed
a greater hazard of mortality for COVID-19 for patients on
in-center hemodialysis than those on home hemodialysis or
peritoneal dialysis. Ng et al20 found that dialysis patients had
a greater rate of in-hospital death among patients hospital-
ized with COVID-19. Similarly, Jager et al5 found that
COVID-19 resulted in greater risk of mortality in dialysis
patients. The general effect of the pandemic indicates the
importance of adjusting for COVID-19’s effect when eval-
uating health care providers, especially dialysis facilities.

Due to the severity of the pandemic and the vulnera-
bility of dialysis patients, it is important to study the
impact of COVID-19 on this population. We began this
investigation in response to a request from the Centers for
Medicare and Medicaid Services (CMS) to consider
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Hospitalization rates in 2018 to 2020 (weekly average)

Figure 1. Unadjusted weekly hospitalization rates among Medi-
care dialysis patients at risk on January 1 of each year from 2018
to 2020. The decrease at the end of 2020 is potentially due to
reporting delays.

PLAIN-LANGUAGE SUMMARY
Dialysis patients are particularly vulnerable to corona-
virus disease 2019 (COVID-19) as they are typically
older and have multiple comorbidities. Thus, it is to be
expected that infection would lead to increased
morbidity and mortality compared with the general
population. This analysis fits proportional rate models
to estimate the effect of COVID-19 on hospitalizations
and mortality. Although the pandemic initially reduced
non-COVID-19 hospitalizations, this study found that
dialysis patients with SARS-CoV-2 infections had a
much greater rate of hospital admissions than patients
without this diagnosis. The relative rate changed
markedly over time, and we define stages of COVID1,
COVID2, Post-COVID, and Late-COVID with separate
estimated relative rates. This study provides a useful
model for patients and physicians regarding hospitali-
zation after SARS-CoV-2 infection.

Ding et al
appropriate changes to the Standardized Hospitalization
Ratio (SHR) to accommodate the impact of the COVID-19
pandemic.21 The calculations of SHR are directly related to
the evaluations of dialysis facilities, so it is important to
accurately adjust for COVID-19 effects. COVID-19 is now
an important risk factor in many of the quality metrics that
CMS uses to compare facilities. More generally, however,
modeling the effects of COVID-19 with respect to hospi-
talization was an important investigation on its own. With
both descriptive and statistical analysis, this study aims to
assess the impact of the COVID-19 pandemic on hospi-
talizations of Medicare dialysis patients.
METHODS

Data Source

The study sample was the US population of Medicare pa-
tients on maintenance dialysis and associated with
Medicare-certified dialysis facilities. Data were derived from
the CMS claims, clinical, and administrative databases. The
outcomes of interest were hospitalizations in calendar year
2020. A secondary model on data from April 1, 2020 to
October 31, 2020 was fitted, and the model estimates were
similar to using the whole year data. Patients were followed
until the earliest of death, December 31, 2020, 3 days
before transplant, or loss to follow-up. COVID-19 patients
were identified from Medicare claims sources using codes
U07.1 and B97.29. This work was exempted from formal
approval from a research ethics committee and informed
consent because the data used were derived from health
records and had no identifier or group of identifiers.

Variables

We divided the period after a COVID-19 diagnosis into 4
stages. After the first diagnosis, the patient remained in a
2

“COVID” state until a consecutive 21-day period with no
further reported COVID-19 diagnoses. After this 21-day
period, the patient became “Post-COVID,” and remained
there until another hospitalization with a COVID-19
diagnosis, after which he/she became “Late-COVID.”
The “Late-COVID” group might include patients with
reinfection, relapse, repositivity, or even no negative test
result after the (first) infection, as negative test results were
not available.22 Overall, however, there was only a rela-
tively small number (1,900) of them, so they were not
further classified. The “COVID” state was divided into
“COVID1,” the first 10 days, and “COVID2,” the
remainder of the “COVID” state. We allowed for separate
effects of COVID-19 in each of these 4 stages. A (time-
dependent) indicator of whether a patient had a previous
COVID-19 diagnosis, “Any-COVID,” was used in this
model to investigate possible interactions with other
covariates. In this way, we assumed that the interactions of
the COVID-19 effect with other covariates were the same
in all 4 COVID-19 stages. All patients started in the “No-
COVID” stage, but it is possible that some “No-COVID”
patients had undiagnosed COVID-19 during the observation
period as our ascertainment is incomplete. Figure 2 provides
a description of these COVID-19 stage variables. In this
analysis, a patient could go through the 4 COVID-19 stages
only once and stay in the final stage, Post-COVID or Late-
COVID, even if he/she might have recovered. The
COVID-19 stages at a given time t are partially determined
by previous hospitalization events, and such models are
based on well-developed statistical methods, eg, Lin et al.23
Kidney Med Vol 4 | Iss 11 | Month 2022 | 100537



Figure 2. Description of the COVID-19 stages. The line indi-
cates the time course of a dialysis patient who is in a no-
COVID state at all times before diagnosis. Once diagnosis
occurs, the individual proceeds through the COVID1 stage.
No matter whether the patient had other COVID-19 diagnoses
after the first one, the patient enters the COVID2 stage in 10
days. If there is a consecutive 21-day period without any
COVID-19 diagnosis, the patient enters the post-COVID stage.
The end of the last claim before the 21-day period could be
either in the COVID1 stage or the COVID2 stage. If another hos-
pitalization with a COVID-19 diagnosis happens during the post-
COVID stage, the patient enters the late-COVID stage, where
the patient stays until the end of his/her at-risk time. This prog-
ress could be censored by withdrawal, transplant, or death.

Ding et al
Along with the 4 COVID-19 stages, we included several
patient demographic and clinical characteristics in the
model, including age, sex, race, ethnicity, body mass in-
dex, time since kidney failure, proportion of time with
Medicare Advantage coverage, and nursing home status.
For patients with Medicare Advantage coverage, we only
had data on inpatient hospital visits and therefore missed
some health condition information that we had for non-
Medicare Advantage patients. We included information
on 13 incident comorbidities and 90 conditions for
prevalent comorbidities. The incident comorbidities were
those present when the patient first started dialysis, as re-
ported in CMS Form 2728. The prevalent comorbidities
were those identified through at least 6 months of Medi-
care inpatient claims within the previous calendar year, ie,
2019. In the model, we included an indicator for whether
the patient had less than 6 months of Medicare coverage in
2019 and, for those patients, recorded no prevalent
comorbidities. Some interaction terms and fixed effects for
facilities were also included in the model. With some
variations, the model in this analysis was used to compute
the SHR based on 2017 to 2020 data in the Dialysis Facility
Reports website, a CMS website used to communicate
quality measures to dialysis facilities. Missingness was rare
and was handled by mode imputation or included as a
dummy variable.
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Statistical Analysis

Descriptive statistics were calculated for all variables by
COVID-19 stages, and simple summary statistics of
observed hospitalizations were provided as an overall view
of the dependence of the outcomes on the various COVID-
19 stages. We also plotted the unadjusted hospitalization
rate in 2020 compared with 2018 and 2019.

Further analysis was done using a proportional rate
model. The primary outcome of interest was the sequence
of hospitalization events. The Cox model used in survival
analysis can be generalized to analyze recurrent event data
of this sort.23-25

We assumed a nonparametric baseline rate function
reflecting how the event rate varied over the calendar year.
This is similar to the baseline hazard in the Cox model. The
flexible baseline rate function captures the seasonal or
other effects on hospitalizations and is especially useful for
the year 2020 as the overall hospitalization rate changed
dramatically over time due to the pandemic.

Covariates are modeled as acting multiplicatively on this
baseline rate function and the multiplicative effect is
termed a relative rate (RR). These are interpreted like
hazard ratios in the ordinary Cox model. Facilities were
also incorporated using indicator variables, so that each
facility was assumed to have a baseline rate function pro-
portional to the overall baseline rate function. This is the
so-called “fixed effect” method. Compared with the
random effect method, the fixed effect method has smaller
bias and greater power in estimating the facility effects that
are more extreme and so is suitable in detecting facilities
that differ from the national norm.26 They also are supe-
rior to random effects in estimating the effects of cova-
riates, which can be confounded with the random
effects.26

Model Checking

As in the SHR, we denoted the observed number of hos-
pitalizations of a facility by O and let E denote the expected
number of hospitalizations if the facility had outcomes that
arose from the national norm. We plotted the weekly
averaged O along with the weekly averaged E over the
observation period to check whether the model-based E
agreed with the pattern of O. In March to May, New York
City was greatly impacted by the pandemic. Therefore, we
plotted the O and E for New York City separately from the
rest of New York State. The O and E plots for New York
State and several other states and for COVID-19 patients
provided an examination of the model’s goodness of fit.

Patients who have frequent contact with the hospital
system have a greater probability of COVID-19 diagnosis,
and asymptomatic infections of SARS-CoV-2 would typi-
cally not be identified in our data set. Further, the true start
of COVID-19 would typically be earlier than the reported
date. These would lead to an overestimation of the COVID-
19 impact on hospitalizations. To address a potential
source of bias and also as a sensitivity analysis, we fitted
3
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another model in which we modified the observed start of
COVID-19 as follows: a first diagnosis at or within 7 days
of hospitalization was taken to have occurred 7 days before
the hospitalization; and a first diagnosis in the death report
was taken to have occurred 14 days before.

Mortality

Many patients died during the observation period. Using a
model similar to the hospitalization model, we also eval-
uated the effect of COVID-19 on mortality.
RESULTS

Descriptive Analysis

A total of 509,609 patients were included in the study, as
described in the flow chart in Fig 3. Table 1 summarizes
the baseline demographic and clinical characteristics of
patients who never had a reported COVID-19 diagnosis
(Never-COVID) compared with those who reached one of
the 4 COVID-19 stages during 2020 (the COVID1 group in
Table 1). Compared with Never-COVID, individuals of
Hispanic ethnicity were overrepresented in the patients
who had a reported COVID-19 diagnosis (22% vs 17%) as
were those whose race category was Black (36% vs 33%).
Patients with diabetes as the primary cause of kidney
failure were overrepresented among the patients who had
a reported COVID-19 diagnosis (53% vs 46%) as were
those with diabetes as a prevalent comorbidity with
complications (13% vs 9%) and without complications
Figure 3. A flow chart of the number of patients at risk in each C

4

(38% vs 29%). Dementia was more commonly diagnosed
in the patients who had a COVID-19 diagnosis (5% vs 3%).
Comorbidities and other characteristics are summarized in
Table S1. Summary statistics for the length of each COVID-
19 stage are provided in Table 2.

Hospitalization outcomes by COVID-19 stages are
summarized in Table 3. The 4 stages of COVID-19 resulted
in very different rates of hospitalizations. The average
number of events per person-year was 1.33 in the No-
COVID group but 27.33 in the (10-day) COVID1 group.
Note that Table 3 leads to rough, unadjusted estimates of
RRs. The unadjusted RR of COVID1 versus No-COVID was
27.33/1.33 = 20.55, and the unadjusted RRs for COVID2,
Post-COVID, and Late-COVID were respectively 2.41,
1.59, and 2.80.

Statistical Analysis

To adjust for comorbidities and other covariates, we fitted
a model with the 4 COVID-19 stages along with patient
demographic and clinical characteristics as listed in the
Methods.

COVID-19
The model fitting results are given in Table 4 and Table S2.
The 4 stages of COVID-19 had quite different effects.
COVID1 had an RR of 18.50 (95% CI, 18.19-18.81),
indicating a hospitalization rate more than 18 times greater
than that of patients in the No-COVID group; this was
much greater than the RR of any other comorbidity.
OVID-19 stage and the number of patients who died.

Kidney Med Vol 4 | Iss 11 | Month 2022 | 100537



Table 1. Baseline Characteristics of Dialysis Patients by COVID-19 Stages

Never-COVID
N = 446,088

COVID1
N = 63,521 P a

COVID2
N = 52,550

Post-COVID
N = 34,375

Late-COVID
N = 1,900

Age, y, mean
(SD)

64.7 (14) 64.6 (13.5) 0.60 64.3 (13.4) 62.9 (13.7) 63.6 (13.6)

Female 190,957 (42.8%) 28,398 (44.7%) < 0.001 23,739 (45.2%) 15,770 (45.9%) 848 (44.6%)
Race - - < 0.001 - - -
White 267,178 (59.9%) 36,369 (57.3%) - 29,683 (56.5%) 18,554 (54%) 1,120 (58.9%)
Black 146,014 (32.7%) 22,909 (36.1%) - 19,460 (37%) 13,712 (39.9%) 663 (34.9%)
Asian/Pacific
Islander

26,438 (5.9%) 2,846 (4.5%) - 2,233 (4.2%) 1,373 (4%) 77 (4.1%)

Native
American

4,660 (1%) 1,131 (1.8%) - 949 (1.8%) 582 (1.7%) 28 (1.5%)

Others 1,798 (0.4%) 266 (0.4%) - 225 (0.4%) 154 (0.4%) 12 (0.6%)
Ethnicity - - < 0.001 - - -
Non-Hispanic 369,551 (82.8%) 48,890 (77%) - 40,456 (77%) 26,319 (76.6%) 1,369 (72.1%)
Hispanic 74,055 (16.6%) 14,260 (22.4%) - 11,776 (22.4%) 7,834 (22.8%) 522 (27.5%)
Unknown 2,482 (0.6%) 371 (0.6%) - 318 (0.6%) 222 (0.6%) 9 (0.5%)

Cause of
kidney failure:
diabetes

206,815 (46.4%) 33,838 (53.3%) < 0.001 27,960 (53.2%) 17,617 (51.2%) 1,059 (55.7%)

Time since
kidney failure

- - < 0.001 - - -

<90 d 64,062 (14.4%) 8,155 (12.8%) - 6,951 (13.2%) 4,831 (14.1%) 257 (13.5%)
90 d-6 mo 18,935 (4.2%) 2,267 (3.6%) - 1,870 (3.6%) 1,240 (3.6%) 84 (4.4%)
6 mo-1 y 36,162 (8.1%) 4,735 (7.5%) - 3,891 (7.4%) 2,513 (7.3%) 126 (6.6%)
1-2 y 59,687 (13.4%) 8,289 (13%) - 6,880 (13.1%) 4,459 (13%) 257 (13.5%)
2-3 y 54,863 (12.3%) 7,901 (12.4%) - 6,563 (12.5%) 4,134 (12%) 230 (12.1%)
3-5 y 77,361 (17.3%) 11,608 (18.3%) - 9,461 (18%) 6,122 (17.8%) 338 (17.8%)
>5 y 135,018 (30.3%) 20,566 (32.4%) - 16,934 (32.2%) 11,076 (32.2%) 608 (32%)

BMI, kg/m2 - - < 0.001 - - -
≤18.4 12,334 (2.8%) 1,491 (2.3%) - 1,227 (2.3%) 838 (2.4%) 49 (2.6%)
18.5-24.9 112,522 (25.2%) 14,690 (23.1%) - 12,198 (23.2%) 8,143 (23.7%) 479 (25.2%)
25-29.9 121,913 (27.3%) 16,916 (26.6%) - 13,862 (26.4%) 8,956 (26.1%) 518 (27.3%)
≥30 199,319 (44.7%) 30,424 (47.9%) - 25,263 (48.1%) 16,438 (47.8%) 854 (44.9%)
Note: Never-COVID were the patients who had no reported COVID-19 diagnosis during the observation period, and all other groups compared in this table were
those who ever reached each stage during the observation period. Note that a patient who reached Late-COVID group also reached COVID1, COVID2, and Post-
COVID stage.
Abbreviation: BMI, body mass index.
aP-value of a test for differences between the Never-COVID and COVID1 group.

Ding et al
COVID2 showed a more moderate but still quite large RR
of 2.03 (95% CI, 1.99-2.08), which indicated a doubling
of the rate of hospitalizations compared with a No-COVID
patient. Similarly, the RR for Post-COVID and Late-COVID
were 1.37 (95% CI, 1.35- 1.40) and 2.00 (95% CI, 1.89-
2.11), respectively, indicating about a 37% and 100%
increase in the rate of hospitalizations, respectively, as
compared with a No-COVID patient.

The estimated baseline rate function, as shown in Fig 4
and Fig S1, illustrates the sharp decrease of non-COVID-19
hospitalizations at the beginning of the pandemic. This is
as expected, as elective hospitalizations were deferred to
avoid the spread of the coronavirus. The estimated baseline
then gradually returned to normal in the summer of 2020,
as the health care system recovered after the shock.

Secondary results
Age and sex, as well as their interactions with Any-COVID,
had significant effects on hospitalizations. In general,
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COVID-19 had a larger impact on older patients and males.
Compared with White patients, Black and Asian/Pacific
Islander had lesser risks of hospitalizations in the No-
COVID group but similar risks in the Any-COVID group.
Hispanics had a lesser RR of hospitalization than non-
Hispanics in the No-COVID group; this was reversed in
the Any-COVID group. Most prevalent comorbidities led to
greater risks of hospitalization. The proportion of days
with Medicare Advantage coverage was related to a lesser
risk of hospitalizations. More details can be found in Item
S1.

Goodness of fit
For New York State, Fig 5 gives a plot of the weekly
observed numbers of hospitalization admissions (O) along
with the expected numbers (E) obtained from the fitted
model, assuming all facilities had the same performance as
the national average. Estimation results for other states
were also explored. Plots for Michigan and Massachusetts
5



Table 2. Summary Statistics for the Length of Each COVID-19 Stage

Minimum First Quartile Median Mean Standard Deviation Third Quartile Maximum
COVID1 0 10 10 9 2 10 10
COVID2 0 11 19 31 33 38 303
Post-COVID 0 37 107 109 76 170 293
Late-COVID 0 15 48 74 69 125 272

Ding et al
were typical and are provided in Fig 6. If the assumed
model is true, then ðO −EÞ= ffiffiffiffi

E
p

approximately follows a
standard normal distribution, so a fluctuation within ±2
can be accepted as due to randomness. Additional state
plots are provided in Figures S2-S15. Overall, the model
captured the temporal trends quite well.

To show the effect of having COVID-19 over time, an O
and E plot for COVID1 stage patients can be seen in Fig 7.
There was no systematic trend of O minus E, indicating the
COVID-19 effect did not change significantly. Similar re-
sults are observed in Any-COVID patients, as shown in
Figure S9.

Sensitivity analysis
In the model with modified date of diagnosis of COVID-
19, the estimated RR for COVID1 versus No-COVID was
16.06, still very large, but less than 18.50 with the unal-
tered data. Other estimates in the risk adjustment changed
only slightly. As an example, a similar O and E plot for
New York City is shown in Fig S14. A figure similar to
Fig 7 is also provided in Fig S15 for the data with modified
COVID-19 start date. These results suggest that this change
makes no difference of practical importance in the
assessment of the COVID-19 effects.

Mortality
We fitted a Cox model to the mortality data using the same
4 COVID-19 stages defined for the hospitalization analysis.
Most regression coefficients were similar to those in the
hospitalization model, but there were some differences.
The model estimates are shown in Table 4 and Table S3.
Compared with the No-COVID group, COVID1 patients
had the highest relative hazard, followed by COVID2, Late-
COVID, and Post-COVID; compared with White patients,
Black and Asian/Pacific Islander had lesser hazards in the
No-COVID group; compared with non-Hispanics, His-
panics had a lesser relative hazard in the No-COVID group.
Differences from the hospitalization model include that the
COVID1 effect’s estimate in the mortality model was much
Table 3. Hospitalization Outcomes by COVID-19 Stages

No-COVID CO
No. of hospitalizations 528,862 41,7
No. of days at risk 145,140,563 559
No. of events/year of exposure 1.33 27.3
Unadjusted RR versus No-COVID 1.00 20.5
Abbreviation: RR, relative rate.
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smaller than in the hospitalization model, while the
COVID2 effect’s estimate was much greater; women had a
lesser relative hazard of mortality in the No-COVID group,
compared with men, instead of greater. Other findings
included a sudden increase in baseline mortality hazard in
early spring (see Fig S10), in contrast to the sharp decrease
in the baseline hospitalization rate. The baseline mortality
hazard also increased in the summer and winter when the
pandemic was more severe.7
DISCUSSION

Although others have examined the effect of COVID-19 in
aggregate,2,4,5,12,13,19 this analysis studied the impact over
time after initial diagnosis of COVID-19. After exploring
multiple ways of modeling the effect of COVID-19 (see
Item S2), we modeled this as a series of stages from COVID
to Post-COVID to Late-COVID, which provides a simple
framework from which to view the time-varying effects.
Having COVID-19 significantly raised the risk of hospi-
talizations for dialysis patients. The effect of COVID-19
was extremely high in a short period after the patient’s
first infection, decreased later, and increased again if the
patient had another hospitalization with COVID-19. This is
perhaps suggestive of the long COVID-19 effect and agrees
with findings in the existing literature that COVID-19
patients had long-term and time-dependent symptoms
and greater risk of hospitalization after discharge from a
COVID-19–related hospitalization.27-29

In addition, from March to June, the presence of the
virus substantially decreased hospitalization rates of
dialysis patients without COVID-19. The nonparametric
baseline rate (Fig 4) applies to the No-COVID group and
is a function of calendar time. This captures the decrease
in hospitalizations across the observational period and so
accounts for effects of the virus on the No-COVID
group.

To provide cost-effective health care, it is important to
reduce hospital usage while maintaining the quality of
VID1 COVID2 Post-COVID Late-COVID
93 13,932 21,163 1,392
,643 1,588,497 3,653,050 136,518
3 3.21 2.12 3.73
5 2.41 1.59 2.80
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Table 4. Model Fitting Results for the Main Characteristics

Hospitalization Mortality

Model Estimate P RR (95% CI) Model Estimate P HR (95% CI)
COVID stage (reference: No-COVID)
COVID1: first 10 days after COVID diagnosis 2.92 < 0.001 18.50 (18.19-18.81) 2.53 < 0.001 12.53 (12.04-13.05)
COVID2 0.71 < 0.001 2.03 (1.99-2.08) 1.84 < 0.001 6.30 (6.07-6.54)
Post-COVID 0.32 < 0.001 1.37 (1.35-1.40) 0.15 < 0.001 1.16 (1.10-1.21)
Late-COVID 0.69 < 0.001 2.00 (1.89-2.11) 1.42 < 0.001 4.13 (3.76-4.54)

Age in 2020a -4.30E-5 0.50 1.00 (0.96-1.04) 3.45 < 0.001 31.62 (28.88-34.62)
Age squarea 0.96 < 0.001 2.61 (2.25-3.04) 1.69 < 0.001 5.42 (3.41-8.64)
Age × Any-COVIDa 0.45 < 0.001 1.57 (1.48-1.67) 0.14 0.02 1.15 (1.00-1.33)
Age square × Any-COVIDa 0.55 < 0.001 1.74 (1.29-2.35) -0.28 0.25 0.76 (0.34-1.70)
Female 0.06 < 0.001 1.06 (1.05-1.07) -0.05 < 0.001 0.95 (0.93-0.97)
Race (reference: White) - - - - - -
Black -0.08 < 0.001 0.92 (0.92-0.93) -0.35 < 0.001 0.71 (0.69-0.72)
Asian/Pacific Islander -0.26 < 0.001 0.77 (0.76-0.78) -0.31 < 0.001 0.73 (0.71-0.76)
Native American -0.01 0.30 0.99 (0.97-1.02) -0.15 < 0.001 0.86 (0.81-0.93)
Others -0.12 < 0.001 0.89 (0.85-0.93) -0.34 < 0.001 0.71 (0.62-0.82)

Ethnicity (reference: non-Hispanic) - - - - - -
Hispanic -0.12 < 0.001 0.88 (0.88-0.89) -0.31 < 0.001 0.73 (0.71-0.75)
Unknown -0.13 < 0.001 0.88 (0.83-0.93) -3.71E-3 0.48 1.00 (0.87-1.14)

Cause of kidney failure: diabetes 0.01 0.02 1.01 (1.00-1.02) 0.15 < 0.001 1.16 (1.13-1.19)
Age × cause of kidney failure: diabetesa -0.31 < 0.001 0.73 (0.70-0.76) -0.87 < 0.001 0.42 (0.38-0.47)
Age × femalea -0.19 < 0.001 0.83 (0.79-0.86) -0.37 < 0.001 0.69 (0.62-0.77)
Cause of kidney failure: diabetes × female -0.01 0.12 0.99 (0.98-1.00) -4.06E-4 0.49 1.00 (0.97-1.03)
Age square × cause of kidney failure: diabetesa 1.35 < 0.001 3.85 (3.13-4.73) 1.26 < 0.001 3.53 (1.94-6.43)
Age square × femalea 0.65 < 0.001 1.92 (1.59-2.32) 0.25 0.20 1.28 (0.72-2.28)
Native American × Any-COVID 0.08 0.009 1.08 (1.01-1.15) 0.39 < 0.001 1.47 (1.29-1.68)
Asian/Pacific Islander × Any-COVID 0.35 < 0.001 1.42 (1.37-1.48) 0.59 < 0.001 1.81 (1.67-1.95)
Black × Any-COVID 0.10 < 0.001 1.10 (1.08-1.12) 0.17 < 0.001 1.19 (1.15-1.24)
Race: others × Any-COVID 0.14 0.01 1.15 (1.02-1.30) 0.09 0.26 1.10 (0.82-1.47)
Hispanic × Any-COVID 0.22 < 0.001 1.24 (1.22-1.27) 0.45 < 0.001 1.57 (1.50-1.65)
Ethnicity: Unknown × Any-COVID -0.02 0.36 0.98 (0.88-1.09) -0.30 0.008 0.74 (0.59-0.95)
Female × Any-COVID -0.12 < 0.001 0.89 (0.88-0.90) -0.10 < 0.001 0.91 (0.88-0.94)
Missing: Primary disease causing kidney failure 0.23 < 0.001 1.26 (1.19-1.34) 0.30 < 0.001 1.35 (1.18-1.55)
Proportion of days with Medicare Advantage coverage -0.07 < 0.001 0.94 (0.93-0.94) 0.09 < 0.001 1.10 (1.08-1.12)
Time since kidney failure (reference: 6 mo-1 y)
<90 d 0.30 < 0.001 1.34 (1.32-1.36) 0.18 < 0.001 1.20 (1.16-1.25)
90 d-6 moa 0.04 < 0.001 1.04 (1.02-1.06) 0.16 < 0.001 1.17 (1.13-1.21)
1-2 y 0.07 < 0.001 1.07 (1.06-1.08) 0.08 < 0.001 1.09 (1.06-1.12)
2-3 y 0.11 < 0.001 1.11 (1.10-1.13) 0.22 < 0.001 1.25 (1.21-1.29)

(Continued)
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Figure 4. Estimated baseline rate function of hospitalizations,
averaged by week.
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care. The SHR, a risk-adjusted standardized measure, has
been routinely used by the CMS to provide feedback to
dialysis facilities and to assess their relative performance.
The results of this analysis have shown a significant impact
of the pandemic on hospitalizations of dialysis patients,
indicating that adjustment for COVID-19 in the calculation
of expected events in the SHR could be appropriate. As the
pandemic progresses over time, COVID-19 effects should
continue to be examined and adjusted for, as CMS is doing
in the SHR and other quality metrics used to evaluate and
compare facilities.

Our study has limitations. As mentioned previously, for
patients with Medicare Advantage coverage, only inpatient
claims were available, so fewer COVID-19 diagnoses were
reported. Thus, it was more likely for a Medicare Advan-
tage patient to reach Post-COVID stage than a non-
Medicare Advantage patient. Also, the model considers
the COVID-19 effects as constant over calendar time, but
the true effects might have changed over time, as health
professionals learned more about this disease and its
treatment; the plots in Fig 7 and others, however, show
that the model fits the data over time quite well. Addi-
tionally, the differences in COVID-19 trends in different
geographic areas were not adjusted for. An additional
adjuster based on area background might be helpful.
Another limitation is potential overestimation of the
COVID-19 effects due to missing information of patients
with few or no symptoms and possible delay of reporting
COVID-19 diagnosis. The raised baseline mortality hazard
when the pandemic was high indicates, perhaps, that there
were missed diagnoses, or alternatively, patients did not
receive appropriate treatment for other conditions. How-
ever, the sensitivity analysis shows that the possibly
Kidney Med Vol 4 | Iss 11 | Month 2022 | 100537



Figure 5. Weekly average number of hospitalizations observed (O) and the expected number (E) for New York City and the rest of
New York. If the assumed model is true, then ðO−EÞ= ffiffiffiffi

E
p

approximately follows a standard normal distribution. Both New York City
and the rest of New York State have this value within the normal ranges. The smoothed lines on the right panels are built by local
regression (LOESS), and the gray area represents the pointwise 95% confidence intervals.

Ding et al
delayed report of COVID-19 diagnosis had a relatively
small impact on the results. Finally, the cut-off of 10 days
and 21 days was somewhat arbitrary and might reasonably
have varied by a few days. However, as the results show,
we needed cut-offs somewhere, and 10 and 21 days seem
to serve the purpose well.

In this analysis, we have developed a model that studies
the natural history of hospitalizations after SARS-CoV-2
infections of patients on dialysis based on national data.
Kidney Med Vol 4 | Iss 11 | Month 2022 | 100537
We accomplished this by introducing a series of 4 stages
with a marked variation in the COVID-19 effect over time.
This model was also adjusted for many variables to take
into account a highly varied patient population and was
used to create a revised quality measure, the SHR, for
dialysis facilities.

This analysis shows that the COVID-19 significantly
increased the risk of hospitalizations for dialysis patients,
especially in the first few days after diagnosis. The
9



Figure 6. Observed (O) and Expected (E) plots for Michigan and Massachusetts. If the assumed model is true, then ðO−EÞ= ffiffiffiffi

E
p

approximately follows a standard normal distribution. Both Michigan and Massachusetts have this value within the normal ranges. The
smoothed lines on the right panels are built by local regression (LOESS), and the gray area represents the pointwise 95% confi-
dence intervals.

Ding et al
estimated effects, although they might be somewhat
overestimated due to missing information of mild COVID-
19 symptoms and the possible delays in reporting of
COVID-19 diagnosis, are more highly significant than any
other comorbidities included in this model. This study is
based on dialysis patients, but the COVID-19 effect may
have a similar pattern in other populations. However, the
study was based on data from 2020, and the effect of
COVID-19, especially after the appearance of different
10
variants and vaccinations, has changed and is likely to
continue to change in later years.
SUPPLEMENTARY MATERIAL

Figure S1: Estimated baseline rate function and age effect on
hospitalization by group.

Figure S2: Observed (O) and expected (E) number of hospitaliza-
tions plots for all facilities over calendar time.
Kidney Med Vol 4 | Iss 11 | Month 2022 | 100537



Figure 7. Observed (O) and expected (E) plots for COVID-19 patients in their first 10 days after COVID-19 diagnosis (COVID1
stage). If the assumed model is true, then ðO−EÞ= ffiffiffiffi

E
p

approximately follows a standard normal distribution. Except the first few weeks
after the pandemic started and the end of the year, when there is potential underreporting of data, the rest of the variation is within the
normal ranges. The smoothed lines on the right panels are built by local regression (LOESS), and the gray area represents the point-
wise 95% confidence intervals.
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Figure S3: Observed (O) and expected (E) number of hospitaliza-
tions plots for a combination of North Dakota, South Dakota, Mon-
tana, Wyoming, and Idaho, and Illinois over calendar time.

Figure S4: Observed (O) and expected (E) number of hospitaliza-
tions plots for Arizona and Washington over calendar time.

Figure S5: Observed (O) and expected (E) number of hospitaliza-
tions plots for Georgia and Indiana over calendar time.

Figure S6: Observed (O) and expected (E) number of hospitaliza-
tions plots for California and Oregon over calendar time.

Figure S7: Observed (O) and expected (E) number of hospitaliza-
tions plots for New Jersey and Florida over calendar time.

Figure S8: Observed (O) and expected (E) number of hospitaliza-
tions plots for Texas and Minnesota over calendar time.

Figure S9: Observed (O) and expected (E) number of hospitaliza-
tions for all COVID-19 patients over calendar time.

Figure S10: Unadjusted weekly mortality rates among Medicare
dialysis patients at risk on January 1 of each year from 2018
to 2020.

Figure S11: Estimated baseline hazard function and age effect on
mortality.
Kidney Med Vol 4 | Iss 11 | Month 2022 | 100537
Figure S12: Observed (O) and expected (E) number of deaths plots
for New York City and the rest of New York.

Figure S13: Observed (O) and expected (E) number of deaths plots
for Michigan and Massachusetts.

Figure S14: Observed (O) and expected (E) number of hospitali-
zations plots for New York State over calendar time, using the model
on the data with COVID-19 diagnosis dates modified by the 7/14-
day rule.

Figure S15: Observed (O) and the expected number (E) for all
COVID1 patients over calendar time, using the model on the data
with COVID-19 diagnosis dates modified by the 7/14-day rule.

Item S1: Comments on secondary results.

Item S2: The analytical approach of how the four COVID-19 stages
was arrived at and justified.

Table S1: Characteristics of patients by COVID-19 stages (com-
plete Table 1).

Table S2: Effects of dialysis patients’ characteristics on hospitali-
zations (complete Table 4 for hospitalization model).

Table S3: Effects of dialysis patients’ characteristics on mortality
(complete Table 4 for mortality model).
11
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