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Background: High-dose influenza vaccine (HDV) is an alternative vaccination strategy in patients with
end-stage renal disease (ESRD), though the safety of HDV has not been evaluated in this population.
The objective of this study was to estimate the relative occurrence of adverse vaccine reactions in
patients with ESRD following vaccination with HDV compared with standard-dose influenza vaccine
(SDV).
Methods: Using data from the United States Renal Data System, we identified patients with ESRD
aged � 65 years at influenza vaccination during yearly influenza seasons from 2010 through 2016.
Patients were followed after vaccination to observe serious (anaphylaxis, angioedema, seizure,
encephalopathy, Guillain-Barré syndrome [GBS], and short-term, all-cause mortality) and milder
(urticaria/hives, rash, pain in limb, cellulitis, myalgia/myositis, fever, nausea and vomiting, diarrhea,
and syncope) adverse events. Propensity score-weighted hazard ratios (HRs) and 95% confidence inter-
vals (CIs) for HDV versus SDV were estimated with Cox proportional hazards models.
Results: Of 520,876 vaccinations observed (mean age = 74.7 years at vaccination; 63% white race), 7.4%
were HDV. For serious events, the weighted HRs were null for seizure, encephalopathy, and mortality
and inestimable due to too few cases for anaphylaxis, angioedema, and GBS. For milder vaccine reactions,
the weighted HRs demonstrated generally increased risks in the HDV group, including rash (HR = 1.86;
95% CI, 1.34–2.57), diarrhea (HR = 1.26; 95% CI, 1.07–1.50), pain in limb (HR = 1.23; 95% CI,
1.12–1.34), and myalgia/myositis (HR = 1.16; 95% CI, 1.04–1.30).
Conclusions: The risks of serious adverse events were low and similar between treatment groups; how-
ever, HDV recipients had increased risks of several milder adverse events compared with SDV recipients,
consistent with clinical trial findings in the general population of older adults. These results add impor-
tant information to inform the risk-benefit tradeoff of the use of HDV versus SDV in patients with ESRD.

� 2020 Elsevier Ltd. All rights reserved.
1. Introduction

Patients with end-stage renal disease (ESRD) are at high risk of
influenza-associated morbidity and mortality due to immunode-
pression and heavy comorbidity burden [1]. Influenza vaccination
is recommended for patients with ESRD [2], though the United
States (US) Centers for Disease Control and Prevention (CDC) rec-
ommendations do not give preference to the type of inactivated
influenza vaccine administered. Despite the importance of pre-
venting influenza in this population, the effectiveness of
standard-dose influenza vaccination (SDV) has been questioned
by studies suggesting that SDV is only minimally effective among
patients with ESRD [3,4]. Therefore, alternative vaccination strate-
gies have been explored to prevent influenza among these patients,
including the use of high-dose influenza vaccination (HDV).
tion in
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The use of HDV has increased among patients with ESRD [5]
since its approval in 2009 by the US Food and Drug Administration
(FDA) for use by persons aged � 65 years. The HDV contains the
same three strains as SDV, but with more antigen (60 mg versus
15 mg per strain), and it has demonstrated increased immunogenic-
ity compared with SDV among the general population of older
adults and, potentially, in immunocompromised individuals
[6–11]. Studies have not suggested an increased risk of any severe
adverse events associated with HDV compared with SDV in the
non-ESRD population [6,8–10,12,13]. However, HDV has been
associated with higher rates of mild or moderate injection site
and systemic reactions in the general population of older adults
[6,8–10,12–14]. Patients with ESRD have decreased immunocom-
petence due to altered blood chemistry and regular hemodialysis
procedures [15,16], which may result in a different level of vacci-
nation effectiveness and safety profile than that in the general pop-
ulation of older adults. Prior to widespread adoption of HDV in the
ESRD population, a thorough evaluation of adverse event rates fol-
lowing HDV administration is necessary.
Fig. 1. Study design schematic. a Defined as treatment modality as in-center hemodia
conditions included mobility aids, dementia, lipid abnormality, diabetes mellitus com
neurological problem, psychiatric problem, hypertension, heart disease, cancer, liver disea
disease, rheumatic heart disease, and myocardial infarction. c The earliest available date
January 1, 2008, or 91 days after dialysis initiation. d Baseline conditions included use o
weakness, transfusion, rehabilitation services, sepsis, pneumonia, vascular infection, su
receipt, hepatitis B vaccine receipt, lipid test, diabetic eye exam, A1C test, and cancer sc
follow-up period, death (except for the mortality analysis), disenrollment from Medicar
influenza vaccine dose, switch to peritoneal dialysis, and receipt of a kidney transplant.
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We aim to compare the risk of adverse events following vacci-
nation with HDV versus SDV among patients aged � 65 years
receiving maintenance hemodialysis in the US.

2. Materials and methods

2.1. Setting

We used data from the US Renal Data System (USRDS) database
from 2010 to 2016 [17]. The USRDS is a national registry of patients
with ESRD with US federally funded Medicare insurance. It con-
tains data on enrollment, cause of ESRD, death, administrative bill-
ing claims (including procedure and diagnosis claims), and
prescription drug claims submitted to Medicare for billing.

2.2. Population

We identified individuals receiving influenza vaccinations in
any of six individual influenza seasons, as influenza is a seasonal
lysis, with institutional claims covering at least 67% of enrolled days. b Baseline
plications, arthritis, paralysis, chronic obstructive pulmonary disease or asthma,
se, autoimmune disorders, coagulopathy, stroke/brain injury, pulmonary circulation
of enrollment in the United States Renal Data System occurring after the latest of
f oxygen, ambulance/life support, skin ulcer, home hospital bed, difficulty walking,
bstance abuse, peptic ulcer disease, gastrointestinal bleeding, pneumonia vaccine
reening. e First occurrence of one of the following events: end of outcome-specific
e part A or B, end of the study period (December 31, 2016), receipt of a subsequent
Note: figure template available at www.repeatinitiative.org.
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Table 1
Outcome-specific follow-up periods and prevaccination washout periods.

Outcome Follow-
up
perioda

Prevaccination washout period

Serious outcomes
Anaphylaxis 3 days 6 months
Angioedema 3 days 6 months
Seizure 15 days 6 months
Encephalopathy 43 days All pre-index enrollment data available
Guillain-Barré
Syndrome

43 days All pre-index enrollment data available
(including both ICD-9-CMb diagnosis code
357.0 or 357.81)

Short-term, all-
cause mortality

8 days Not applicable

Milder outcomes
Urticaria/hives 8 days 42 days
Rash 8 days 42 days
Pain in limb 8 days 42 days
Cellulitis 8 days 42 days
Myalgia and/or
myositis

8 days 42 days

Fever 8 days 42 days
Nausea and
vomiting

8 days 42 days

Diarrhea 8 days 42 days
Syncope 3 days 6 months

Secondary Outcomes
Hospitalized
fever

8 days Any fever (not just hospitalized) in past
42 days

Hospitalized
nausea and
vomiting

8 days Any nausea and vomiting (not just
hospitalized) in past 42 days

Hospitalized
diarrhea

8 days Any diarrhea (not just hospitalized) in past
42 days

Composite
hypersensitivity

8 days 6 months

Composite
gastrointestinal

8 days 42 days

ICD-9-CM = International Classification of Diseases, 9th Edition, Clinical
Modification.

a Inclusive of the vaccination date.
b ICD-9-CM diagnosis codes were converted into International Classification of

Diseases, 10th Edition, Clinical Modification (ICD-10-CM) using the US Centers for
Medicare and Medicaid Services (CMS) forward and backward General Equivalence
Mapping (GEMs) crosswalks.
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illness and influenza vaccination is recommended annually.
Patients were eligible to enter each yearly cohort as early as August
1 of each year and as late as the end of the influenza season, the
latter defined as the midpoint of the first week after the start of
the influenza season when <10% of national influenza tests were
positive for influenza, as defined by the CDC (Supplemental
Table S1) [18–24]. For the 2016–2017 season, only patients who
received their first influenza vaccination in 2016 were included
since data availability ended on December 31, 2016.

We identified patients on the date of their first influenza vacci-
nation during each yearly cohort; a patient could be included in
multiple yearly cohorts. We included patients aged� 65 years with
ESRD and Medicare as the primary insurance payer at the time of
vaccination. We required patients to be at least 9 months past their
dialysis initiation date prior to the vaccination date, allowing for a
3-month enrollment period and a minimum of a 6-month baseline
covariate assessment period. Additionally, we required patients to
have a minimum of 3 months of continuous hemodialysis treat-
ments (defined as having at least 67% of institutional claims pre-
sent during the period, with hemodialysis as the treatment
modality) prior to the vaccination date to ensure treatment stabil-
ity (Fig. 1). Patients missing dialysis facility information were also
excluded.

2.3. Exposure assessment

We identified trivalent or quadrivalent, non-adjuvanted, egg-
based, inactivated influenza vaccines using Current Procedural Ter-
minology (CPT) and Healthcare Common Procedure Coding System
(HCPCS) codes in patients’ billing records (Supplemental Table S2)
during each influenza season. All influenza vaccine doses were cat-
egorized as either SDV or HDV, and the first date of vaccination
observed during an influenza season was assigned as the index
date. If multiple codes for vaccines of the same type of dose were
received within a 7-day period, they were assumed to result from
the same vaccination event, and the date of the earliest code was
considered the index date. However, if codes from different vaccine
doses were received within a 7-day period, they were assumed to
be from different vaccination events, and the patient’s follow-up
time was censored on the date of the second vaccine in order to
isolate the effects of the first vaccine. Patients receiving multiple
different vaccination (e.g. pneumococcal vaccine, hepatitis B) were
included.

2.4. Outcome assessment

We assessed the occurrence of the following serious outcomes:
anaphylaxis, angioedema, seizure, encephalopathy, Guillain-Barré
syndrome (GBS), and short-term all-cause mortality. Additionally,
we assessed the occurrence of the following milder outcomes: urti-
caria/hives, rash, pain in limb, cellulitis, myalgia/myositis, fever, nau-
sea and vomiting, diarrhea, and syncope. Outcomes were identified
from inpatient or outpatient diagnosis codes in patient billing data
resulting from routine clinical care (Supplemental Table S3). Mortal-
ity was assessed from enrollment records. Each outcome was evalu-
ated separately in outcome-specific cohorts. To ensure identification
of new-onset outcome events, we excluded individuals with diag-
noses of the outcome prior to vaccination for each outcome-
specific cohort (Table 1). These prevaccination washout periods
ranged from 42 days for more common outcomes (e.g., fever) to
�6 months for syncope and seizure to all-available baseline enroll-
ment data for encephalopathy or GBS (Table 1).

Patients were followed from the vaccination date until censor-
ing at the first of the following events: end of outcome-specific
follow-up window, death (except for the mortality analysis), disen-
rollment from Medicare Parts A or B, end of the study period
Please cite this article as: J. B. Layton, L. J. McGrath, J. M. Sahrmann et al., Com
patients with end-stage renal disease, Vaccine, https://doi.org/10.1016/j.vaccin
(December 31, 2016), receipt of a subsequent influenza vaccine,
switch to peritoneal dialysis, or receipt of a kidney transplant.
Follow-up could extend beyond the end of the influenza season.
The duration of outcome-specific follow-up windows ranged from
3 days to 43 days (Table 1), depending on the anticipated onset of
each outcome after vaccination. These outcome-specific ascertain-
ment windows were consistent with clinical understanding of each
outcome, as some acute outcomes such as anaphylaxis would be
expected to occur much sooner after vaccination than others, such
as GBS, which may manifest weeks after vaccination [25].

The primary outcomes of fever, nausea and vomiting, and diar-
rhea were identified in any health care setting, but secondary out-
comes of hospitalized fever, nausea and vomiting, and diarrhea
were limited to only those occurring during an inpatient hospital-
ization so that more severe events could be evaluated. Other sec-
ondary outcomes included composite hypersensitivity events
(diagnoses of anaphylaxis, angioedema, urticaria/hives, adverse
reactions to vaccines) and composite gastrointestinal events (nau-
sea, vomiting, diarrhea).
2.5. Covariates

Demographic characteristics, comorbidities, screening tests and
preventive services, health care utilization, and indicators of frailty
parative safety of high-dose versus standard-dose influenza vaccination in
e.2020.06.020
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[26] were identified a priori from the USRDS enrollment informa-
tion and billing claims. Demographic characteristics were assessed
on the vaccination date; health care utilization variables, frailty
indicators, and acute comorbidities were assessed in the 6 months
prior to vaccination; chronic conditions were assessed using all
baseline data available for each patient [27] back to January 1,
2008, or 91 days after dialysis initiation, whichever was latest
(Fig. 1). These covariates were identified using diagnosis and pro-
cedure coding from inpatient and outpatient billing records (Sup-
plemental Table S4).

2.6. Statistical analysis

We described the baseline characteristics of patients receiving
vaccinations by treatment group and compared the covariate bal-
ance between HDV and SDV groups with absolute standardized
mean differences (ASMDs) [28]. Patients could contribute one vac-
cination in each season and thus could be included in both treat-
ment groups, potentially multiple times. Each vaccination was
considered independently.

For each outcome, we estimated the incidence rate and 95%
confidence interval (CI) of the outcome after vaccination for each
Fig. 2. Attrition due to application of eligibility criteria during cohort selection. USRDS
patients were included in multiple seasons, exclusion criteria were applied independent
geographic region, facility size, hospital-based vs. freestanding facility, profit/nonprofit

Please cite this article as: J. B. Layton, L. J. McGrath, J. M. Sahrmann et al., Com
patients with end-stage renal disease, Vaccine, https://doi.org/10.1016/j.vaccin
treatment group. We compared rates among HDV recipients with
rates among SDV recipients using Cox proportional hazards mod-
els, estimating hazard ratios (HRs) and 95% CIs. Because an individ-
ual could contribute an observation in multiple years, we
estimated CIs with robust sandwich covariance matrix estimates
to account for the potential within-person correlation.

To account for confounding resulting from imbalances of char-
acteristics between HDV and SDV recipients, we implemented
standardized mortality ratio (SMR) weighting. First, we estimated
a propensity score (PS)—a predicted probability of receiving HDV
based on the observed covariates—for each patient using logistic
regression models in each outcome-specific cohort. We used all a
priori–identified covariates as predictors and HDV receipt as the
dependent variable. Second, the estimated PSs were transformed
into SMR weights with the following approach: for the HDV group,
SMR weight = 1; for the SDV group, SMR weight = PS/(1-PS). Lastly,
the SMR weights were applied to the Cox models to estimate
weighted HRs and 95% CIs.

Subgroup analyses were performed, stratifying the analysis by
yearly influenza seasons, age group (65–74, 75–84, 85+ years),
and by length of time on dialysis (vintage) (0, 1–2, 3–4, 5–9,
10+ years). Additionally, a sensitivity analysis restricting the SDV
= US Renal Data System. a Patients could be included once per influenza season. If
ly at each vaccination date. b Covariates with the potential for missingness included
facility status.

parative safety of high-dose versus standard-dose influenza vaccination in
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group to only trivalent standard-dose influenza vaccines was per-
formed, as the HDV is also a trivalent vaccination.

This analysis of secondary, deidentified data was approved by
the Institutional Review Board at . Analyses were performed with
SAS Enterprise Guide 8.1 (, Inc., Cary, North Carolina) and R version
3.6 [29].

3. Results

We identified 520,876 eligible index vaccinations during the
study period from 216,843 unique patients; 38,441 (7.4%) of the
observed vaccinations were HDV (Fig. 2). The mean age at the time
of vaccination was 74.7 years (standard deviation, 7.0), and 63.2%
of vaccinations were administered to those of white race. Use of
HDV was rare in the early years of the study but increased substan-
tially in 2016; 64.4% of the HDV vaccinations occurred during the
2016 influenza season (Table 2).

3.1. Patient characteristics

There were key differences in the characteristics of patients
receiving HDV versus SDV (Table 2, Supplemental Fig. S1). Patients
receiving HDV were much more likely to be vaccinated in 2016,
vaccinated in the month of October, and receive dialysis treatment
in a hospital-based or nonprofit facility than those receiving SDV.
However, most measures of frailty or other comorbidities were
well-balanced between the treatment groups, even in the
unweighted analyses.

3.2. Crude incidence analyses

Patients excluded from each outcome-specific cohort due to
occurrence of the outcome before vaccination ranged from 0.1%
of the sample for anaphylaxis or urticaria/hives to 12.8% for
encephalopathy (Supplemental Table S5). Among those vaccinated
with HDV, rates of the identified outcomes after vaccination varied
widely, from 0 cases/10,000 person-years (py) for anaphylaxis and
angioedema to 27.79 cases/10,000 py for pain in limb (Table 3).
Table 2
Characteristics of patients with end-stage renal disease receiving maintenance hemodialy

Characteristic Total
N = 520,876

Age in years, mean (SD) 74.7 (7.0)
Male sex, n (%) 262,879 (50.5)
Race, n (%)
White 328,964 (63.2)
Black 158,953 (30.5)
Other 32,959 (6.3)

Cause of ESRD, n (%)
Diabetes 249,596 (47.9)
Hypertension 168,598 (32.4)
Glomerulonephritis 34,700 (6.7)
Other 67,982 (13.1)

Region, n (%)
Northeast 89,891 (17.3)
South 227,872 (43.7)
West 95,324 (18.3)
Midwest 107,789 (20.7)

Influenza season yeara, n (%)
2010–2011 68,155 (13.1)
2011–2012 68,591 (13.2)
2012–2013 73,487 (14.1)
2013–2014 74,518 (14.3)
2014–2015 78,487 (15.1)
2015–2016 79,128 (15.2)
2016 78,510 (15.1)

Please cite this article as: J. B. Layton, L. J. McGrath, J. M. Sahrmann et al., Com
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Rates of most serious outcomes were low, including anaphylaxis,
angioedema, and GBS; the crude rates of encephalopathy were
higher, though the rates were similar between the treatment
groups (1.08 cases and 1.03 cases/10,000 py in HDV and SDV recip-
ients, respectively). The crude rates of more minor events such as
pain in limb, myalgia and/or myositis, and nausea and vomiting
were high in both treatment groups (Table 3).
3.3. Weighted comparative analyses

The distributions of the PSs by treatment group were plotted for
each outcome-specific cohort, and there was reasonably good over-
lap between the two groups, considering the much larger relative
size of the SDV group as compared with the HDV group (Supple-
mental Fig. S2). Upon application of the SMR weights to the popu-
lation, all the measured covariates were very well-balanced
between the treatment groups (Supplemental Fig. S1).

Case counts were too low to estimate HRs for anaphylaxis, angioe-
dema, and GBS. The weighted analyses of the remaining serious out-
comes did not suggest increased risk associated with HDV versus
SDV for seizure (HR = 1.03; 95% CI, 0.81–1.32), encephalopathy
(HR = 0.94; 95% CI, 0.78–1.14), or short-term mortality (HR = 1.09;
95% CI, 0.80–1.48). However, in weighted analyses of milder adverse
reactions, HDV recipients experienced increased risks of rash
(HR = 1.86; 95% CI, 1.34–2.57), pain in limb (HR = 1.23; 95% CI,
1.12–1.34), myalgia and/or myositis (HR = 1.16; 95% CI, 1.04–1.30),
and diarrhea (HR = 1.26; 95% CI, 1.07–1.50). The HRs for remaining
milder events, including urticaria/hives, cellulitis, fever, nausea or
vomiting, and syncope were null and/or imprecise.

The rate estimates for the secondary hospitalized outcomes
were much lower than those of the primary outcomes identified
in any setting, and the resulting HRs were much less precise
because of fewer cases. While the estimate for the primary fever
outcome did not suggest any increased risk, in the secondary anal-
ysis of hospitalized fever, the HR was elevated, though the small
number of cases and imprecision of the estimate precluded any
conclusion. The weighted HR estimate for the secondary hospital-
ized nausea and vomiting outcome was similarly null as the
sis who received seasonal influenza vaccination in the United States, 2010–2015.

HDV SDV ASMD
N = 38,441 N = 482,435

75.0 (7.0) 74.7 (7.0) 0.05
20,102 (52.3) 242,777 (50.3) 0.04

0.14
26,616 (69.2) 302,348 (62.7)
9,658 (25.1) 149,295 (30.9)
2,167 (5.6) 30,792 (6.4)

0.05
17,816 (46.3) 231,780 (48)
12,233 (31.8) 156,365 (32.4)
2,885 (7.5) 31,815 (6.6)
5,507 (14.3) 62,475 (12.9)

0.14
6,909 (18.0) 82,982 (17.2)
15,590 (40.6) 212,282 (44.0)
6,160 (16.0) 89,164 (18.5)
9,782 (25.4) 98,007 (20.3)

1.44
558 (1.5) 67,597 (14.0)
1,417 (3.7) 67,174 (13.9)
1,863 (4.8) 71,624 (14.8)
2,346 (6.1) 72,172 (15.0)
3,332 (8.7) 75,155 (15.6)
4,181 (10.9) 74,947 (15.5)
24,744 (64.4) 53,766 (11.1)

(continued on next page)
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Table 2 (continued)

Characteristic Total HDV SDV ASMD
N = 520,876 N = 38,441 N = 482,435

Month of vaccination 0.46
August – September 311,295 (59.8) 14,831 (38.6) 296,464 (61.5)
October 190,272 (36.5) 21,249 (55.3) 169,023 (35.0)
November 13,620 (2.6) 1,782 (4.6) 11,838 (2.5)
December 3,275 (0.6) 414 (1.1) 2,861 (0.6)
January or later 2,414 (0.5) 165 (0.4) 2,249 (0.5)

Medicaid eligibility, n (%) 187,214 (35.9) 11,026 (28.7) 176,188 (36.5) 0.17
Hospital-based facility, n (%) 130,527 (25.1) 13,335 (34.7) 117,192 (24.3) 0.23
Nonprofit facility, n (%) 125,983 (24.2) 14,119 (36.7) 111,864 (23.2) 0.30
Facility number of dialysis stations, n (%) 0.08
0–19 256,850 (49.3) 20,564 (53.5) 236,286 (49.0)
20–29 186,915 (35.9) 12,585 (32.7) 174,330 (36.1)
30–80 77,111 (14.8) 5,292 (13.8) 71,819 (14.9)

Years with ESRD, n (%) 0.09
0 26,553 (5.1) 2,348 (6.1) 24,205 (5.0)
1–2 178,198 (34.2) 13,986 (36.4) 164,212 (34.0)
3–4 127,153 (24.4) 8,934 (23.2) 118,219 (24.5)
5–9 141,890 (27.2) 9,643 (25.1) 132,247 (27.4)
�10 47,082 (9.0) 3,530 (9.2) 43,552 (9.0)

Hospitalized in last month, n (%) 0.00
0 458,630 (88.0) 33,983 (88.4) 424,647 (88.0)
<1 35,752 (6.9) 2,622 (6.8) 33,130 (6.9)
�1 26,494 (5.1) 1,836 (4.8) 24,658 (5.1)

Skilled nursing facility in last month, n (%) 28,799 (5.5) 1,795 (4.7) 27,004 (5.6) 0.04
Frailty indicators, n (%)
Mobility aidsb 193,346 (37.1) 13,286 (34.6) 180,060 (37.3) 0.06
Use of oxygen 71,913 (13.8) 5,280 (13.7) 66,633 (13.8) 0.00
Ambulance/life support 185,388 (35.6) 12,952 (33.7) 172,436 (35.7) 0.04
Skin ulcer (decubitus) 80,799 (15.5) 5,944 (15.5) 74,855 (15.5) 0.00
Dementia 163,460 (31.4) 11,430 (29.7) 152,030 (31.5) 0.04
Home hospital bed 20,623 (4.0) 1,135 (3.0) 19,488 (4.0) 0.06
Difficulty walking 126,819 (24.3) 9,463 (24.6) 117,356 (24.3) 0.01
Weakness 121,923 (23.4) 8,865 (23.1) 113,058 (23.4) 0.09
Lipid abnormality 468,618 (90.0) 35,427 (92.2) 433,191 (89.8) 0.08
Diabetes mellitus complications 364,698 (70.0) 27,119 (70.5) 337,579 (70.0) 0.01
Arthritis 385,404 (74.0) 28,846 (75.0) 356,558 (73.9) 0.03
Transfusion 48,177 (9.2) 3,134 (8.2) 45,043 (9.3) 0.04
Paralysis 63,554 (12.2) 4,439 (11.5) 59,115 (12.3) 0.02
Rehabilitation services 51,288 (9.8) 2,514 (6.5) 48,774 (10.1) 0.13

Comorbidities, n (%)
Sepsis 50,928 (9.8) 3,574 (9.3) 47,354 (9.8) 0.02
Pneumonia 73,143 (14) 5,304 (13.8) 67,839 (14.1) 0.01
Chronic obstructive pulmonary disease 253,603 (48.7) 19,106 (49.7) 234,497 (48.6) 0.02
Neurological problem 164,342 (31.6) 12,172 (31.7) 152,170 (31.5) 0.00
Psychiatric problem 234,281 (45) 17,748 (46.2) 216,533 (44.9) 0.03
Hypertension 513,933 (98.7) 38,057 (99.0) 475,876 (98.6) 0.03
Heart disease 495,248 (95.1) 36,643 (95.3) 458,605 (95.1) 0.01
Cancer 177,159 (34.0) 14,886 (38.7) 162,273 (33.6) 0.11
Liver disease 113,950 (21.9) 10,532 (27.4) 103,418 (21.4) 0.14
Autoimmune disorders 48,825 (9.4) 4,156 (10.8) 44,669 (9.3) 0.05
Coagulopathy 152,896 (29.4) 13,409 (34.9) 139,487 (28.9) 0.13
Stroke/brain injury 168,946 (32.4) 13,131 (34.2) 155,815 (32.3) 0.04
Pulmonary circulation disease 132,826 (25.5) 10,318 (26.8) 122,508 (25.4) 0.03
Vascular infection 27,826 (5.3) 1,574 (4.1) 26,252 (5.4) 0.06
Substance abuse 34,430 (6.6) 2,933 (7.6) 31,497 (6.5) 0.04
Rheumatic heart disease 114,224 (21.9) 9,470 (24.6) 104,754 (21.7) 0.07
Myocardial infarction 97,529 (18.7) 7,544 (19.6) 89,985 (18.7) 0.02
Peptic ulcer disease 14,182 (2.7) 1,363 (3.5) 12,819 (2.7) 0.05
Gastrointestinal bleeding 92,18 (1.8) 693 (1.8) 8,525 (1.8) 0.00

Screening tests/preventionc, n (%)
Pneumonia vaccine 36,225 (7.0) 3,881 (10.1) 32,344 (6.7) 0.12
Hepatitis B vaccine/titer 101,088 (19.4) 7,796 (20.3) 93,292 (19.3) 0.02
Lipid test 169,594 (32.6) 14,339 (37.3) 155,255 (32.2) 0.11
Diabetic eye exam 170,505 (32.7) 13,437 (35.0) 157,068 (32.6) 0.05
Hemoglobin A1C test 308,186 (59.2) 22,011 (57.3) 286,175 (59.3) 0.04
Cancer screening 66,409 (12.7) 5,012 (13.0) 61,397 (12.7) 0.01

ASMD = absolute standardized mean difference; ESRD = end-stage renal disease; HDV = high-dose influenza vaccination; SD = standard deviation; SDV = standard-dose
influenza vaccination.
Note: an individual patient may be included multiple times in either treatment group, as patients could be included up to once per influenza season

a Flu season year runs from August 1 to July 31; 2016 included through December 31.
b Defined as use of walker, wheelchair, or modified bathroom equipment.
c Defined during baseline period until date of influenza vaccine.
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Table 3
Association of high-dose influenza vaccination with adverse events compared with standard-dose influenza vaccine among patients with end-stage renal disease.

Crude SMR weighteda

Outcome Vaccine Count Cases Crude incidence
rate (cases/
10,000 py)

HR 95% CI HR 95% CI

Serious outcomes
Anaphylaxis SDV 481,974 23 0.16 Reference Reference

HDV 38,412 0 0.00 NE NE
Angioedema SDV 481,520 12 0.08 Reference Reference

HDV 38,387 0 0.00 NE NE
Seizure SDV 457,914 1,088 1.59 Reference Reference

HDV 36,611 97 1.78 1.12 0.91–1.38 1.03 0.81–1.32
Encephalopathy SDV 421,039 1,838 1.03 Reference Reference

HDV 33,060 150 1.08 1.05 0.89–1.24 0.94 0.78–1.14
Guillain-Barré Syndrome SDV 480,250 N < 11 0.00 Reference Reference

HDV 38,256 N < 11 0.01 NE NE
Short-term mortality SDV 482,435 546 1.42 Reference Reference

HDV 38,441 65 2.12 1.50 1.16–1.94 1.09 0.80–1.48
Milder outcomes
Urticaria/hives SDV 482,022 87 0.23 Reference Reference

HDV 38,407 N < 11 0.29 1.30 0.66–2.58 1.29 0.60–2.77
Rash SDV 479,958 474 1.24 Reference Reference

HDV 38,251 65 2.13 1.72 1.33–2.24 1.86 1.34–2.57
Pain in limb SDV 434,923 7,152 20.72 Reference Reference

HDV 34,428 755 27.79 1.34 1.24–1.45 1.23 1.12–1.34
Cellulitis SDV 474,297 1,511 3.99 Reference Reference

HDV 37,834 122 4.05 1.01 0.84–1.22 0.96 0.78–1.20
Myalgia and/or myositis SDV 436,248 4,859 14.02 Reference Reference

HDV 34,723 497 18.09 1.29 1.18–1.42 1.16 1.04–1.30
Fever SDV 468,120 2,856 7.66 Reference Reference

HDV 37,370 202 6.80 0.89 0.77–1.02 0.92 0.78–1.08
Nausea and vomiting SDV 458,563 5,645 15.53 Reference Reference

HDV 36,403 514 17.86 1.15 1.05–1.26 1.07 0.96–1.19
Diarrhea SDV 469,346 1,968 5.26 Reference Reference

HDV 37,300 233 7.86 1.49 1.31–1.71 1.26 1.07–1.50
Syncope SDV 446,450 508 3.80 Reference Reference

HDV 35,430 46 4.33 1.14 0.84–1.54 1.20 0.84–1.71
Secondary outcomes
Hospitalized fever SDV 468,120 142 0.38 Reference Reference

HDV 37,370 14 0.47 1.24 0.72–2.14 1.62 0.84–3.09
Hospitalized nausea and vomiting SDV 458,563 218 0.59 Reference Reference

HDV 36,403 24 0.83 1.39 0.91–2.12 1.04 0.63–1.72
Hospitalized diarrhea SDV 469,346 299 0.8 Reference Reference

HDV 37,300 27 0.91 1.14 0.77–1.69 0.95 0.58–1.53
Composite hypersensitivityb SDV 473,139 498 1.32 Reference Reference

HDV 37,785 46 1.53 1.16 0.86–1.57 1.17 0.84–1.63
Composite gastrointestinalc SDV 449,025 6,926 19.48 Reference Reference

HDV 35,591 676 24.10 1.23 1.14–1.34 1.12 1.02–1.23

CI = confidence interval; HDV = high-dose influenza vaccine; HR = hazard ratio; NE = not estimable due to small case counts; py = person-years; SDV = standard-dose
influenza vaccine; SMR = standardized mortality ratio.

a Variables included in the propensity score models include age, sex, cause of end-stage renal disease, geographic region, influenza season year, month of vaccination,
Medicaid eligibility, hospital-based facility, nonprofit facility, dialysis facility size, years with end-stage renal disease, hospitalizations in the last month, skilled nursing
facility stay in last month, use of mobility aids, use of oxygen, use of ambulance/life support, skin ulcer (decubitus), dementia, home hospital bed, difficulty walking,
weakness, lipid abnormality, diabetes mellitus complications, arthritis, transfusion, paralysis, use of rehabilitation services, sepsis, pneumonia, chronic obstructive pulmonary
disease, neurological problem, psychiatric problem, hypertension, heart disease, cancer, liver disease, autoimmune disorders, coagulopathy, stroke/brain injury, pulmonary
circulation disease, vascular infection, substance abuse, rheumatic heart disease, myocardial infarction, peptic ulcer disease, gastrointestinal bleeding, pneumonia vaccine,
hepatitis b vaccine/titer, lipid test, diabetic eye exam, hemoglobin A1c test, and cancer screening.

b Including anaphylaxis, angioedema, postimmunization arthropathy, urticaria/hives, or allergy/reaction.
c Including diarrhea, nausea, and vomiting.
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estimate for the primary outcome definition. The weighted HR for
the hospitalized diarrhea outcome was attenuated, unlike the HR
for the primary diarrhea outcome, which was elevated. When the
composite outcomes were considered, the rates of most hypersen-
sitivity reactions were very low, and the HRs for both composite
outcomes (hypersensitivity and gastrointestinal) were similarly
elevated, though the much larger number of gastrointestinal
events resulted in a more precise HR estimate (Table 3).

3.4. Stratified and sensitivity analyses

When evaluating the HR estimates stratified by age, influenza
season, and duration of dialysis treatment, the findings were
Please cite this article as: J. B. Layton, L. J. McGrath, J. M. Sahrmann et al., Com
patients with end-stage renal disease, Vaccine, https://doi.org/10.1016/j.vaccin
generally consistent with the main results. The estimable risks of
serious events (i.e., seizure, encephalopathy) were similar between
groups, though the risks of some milder events (i.e., pain in limb,
myalgia and/or myositis, rash, diarrhea, composite gastrointesti-
nal) were increased in most levels of the stratification characteris-
tics. However, the much smaller sample sizes in the stratified
analyses resulted in wide CIs for many of the estimates (Supple-
mental Fig. S3).

The majority of the SDVs in the primary analysis (75.6%) were
trivalent. In the sensitivity analysis restricted to HDV (which is a
trivalent vaccine) versus trivalent SDV vaccinations, very similar
results to the overall analyses were observed (Supplemental
Table S6).
parative safety of high-dose versus standard-dose influenza vaccination in
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4. Discussion

In this evaluation of the safety of HDV among US patients
receiving hemodialysis, no increased risks for serious adverse
events (i.e., seizure, encephalopathy, short-term all-cause mortal-
ity) were observed, although there were too few cases to estimate
comparative risk estimates for anaphylaxis, angioedema, or GBS.
However, the risks of some milder adverse reactions (pain in limb,
myalgia, rash, diarrhea) identified in any setting were consistently
increased in patients receiving HDV as compared with those
receiving SDV, overall and across multiple influenza seasons and
patient subgroups. We did not observe evidence of increased risks
of hospitalized cases of fever, nausea and vomiting, or diarrhea,
potentially suggesting that HDV may be associated with increased
rates of minor events, though not with more severe events. While
the lack of increased risks of serious events is reassuring, older
patients with ESRD receiving dialysis experience high rates of
comorbidities, hospitalization, and mortality [30]; therefore, even
minor adverse events may prove detrimental in this population.

The findings of the current analysis are consistent with the
results of phase 2 and 3 clinical studies comparing HDV and SDV
in the general population of adults, which have reported increased
occurrence of adverse events such as erythema [9], localized pain
[6,8,9,14], and myalgia [6,8,9] for the more immunogenic HDV;
most of the reported adverse events from these studies resolved
quickly with no treatment or minor treatment. Additionally, in a
placebo-controlled comparison of different influenza vaccine
dosages, increasing doses of influenza vaccine were associated
with higher rates of injection site discomfort, redness, and swelling
[10]. Similarly, an analysis of adverse event reporting to the US
Vaccine Adverse Event Reporting System reported increased odds
of serious cardiac or gastrointestinal events and nonserious respi-
ratory events associated with HDV compared with SDV in the gen-
eral population of older adults [13]. While patients receiving
dialysis may experience compromised immunity, the increased
risk of milder vaccine reactions in these patients appears similar
to those observed in the general population.

There were changing dynamics in the use of HDV over the study
period, with very low uptake of HDV during the early years of the
study period and then a much higher occurrence of HDV vaccina-
tions in the 2016 influenza season. These changing treatment
trends and nonrandomized nature of the study may result in resid-
ual unmeasured confounding [31], where atypical patients
received HDV early after its approval followed by more general
acceptance of HDV among dialysis providers. When the analyses
were stratified by year (Supplemental Fig. S3), the 2016 season
analysis included 64% of the total HDV vaccinations in the study.
While the precision of the year-stratified estimates was less than
that of the overall estimates, most of the 2016 HR estimates were
similar in magnitude and direction to the overall estimates, with
the exceptions of myalgia and/or myositis and diarrhea, which
were attenuated toward the null. This heterogeneity by year sug-
gests potential for some confounding by changing case mix in each
influenza season. To account for confounding by overall patient
health status, we included a variety of proxies for health care
receipt and frailty, dialysis facility characteristics, and clinical vari-
ables. After weighting, all characteristics were well-balanced. We
also used an active comparator design to reduce residual con-
founding, as demonstrated in a previous negative control study
comparing HDV to SDV and HDV to unvaccinated patients [32].
Despite our efforts, residual unmeasured confounding remains a
possibility.

There are additional potential limitations of this work. This
study was conducted using existing health care data that were col-
lected for reimbursement purposes and program enrollment rather
Please cite this article as: J. B. Layton, L. J. McGrath, J. M. Sahrmann et al., Com
patients with end-stage renal disease, Vaccine, https://doi.org/10.1016/j.vaccin
than clinical delivery or active vaccine surveillance, which may
result in incomplete, missing, or misclassified information. Patients
may have received vaccinations through mechanisms without bill-
ing to Medicare (e.g. self-payment), and thus, some vaccinations
may not have been recorded in the data. However, most patients
receiving hemodialysis obtain care at dialysis clinics multiple
times a week, thus routine influenza vaccination is very likely to
occur in dialysis clinics and be billed to Medicare. Additionally,
not all outcomes may be medically attended and coded in reim-
bursement data, potentially resulting in lower outcome rates,
though missingness is not likely to differ by vaccination type.
Potentially, only more severe outcomes may be observed and
recorded by health care providers; however, the severity of out-
comes could not be evaluated in claims data, as recorded diagnoses
do not differentiate between adverse event grades or contain infor-
mation about disease severity. Nevertheless, secondary analyses of
hospitalized fever, nausea and vomiting, and diarrhea were per-
formed to evaluate more severe cases of these outcomes. Addition-
ally, many of the outcomes were acute in nature, and the
occurrence of outcomes was evaluated on the day of vaccination.
While it was assumed that the outcomes occurring on the day of
vaccination occurred after the vaccination, claims data do not
record the time of health care interactions, and there is the possi-
bility that some acute outcome preceded the vaccination and were
recorded at the same visit as the vaccination.

Given the lack of serious adverse events but the increased risk
of someminor adverse events observed in this study, older patients
with ESRD and their providers should consider the benefits and
risks of routine influenza vaccination with HDV. Previous observa-
tional studies have reported mixed results regarding the effective-
ness of HDV versus SDV among patients with ESRD [33,34], and
further research is necessary to clarify the effectiveness of HDV
in this population. In conclusion, vaccination with HDV was not
associated with increased risks of serious adverse events in
patients with ESRD receiving dialysis compared with SDV. How-
ever, rates of some milder outcomes were higher in patients
receiving HDV than in those receiving SDV.
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