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Associations of Temporal Cardiometabolic Patterns

and Incident SARS-CoV-2 Infection Among U.S. Blood

Donors With Serologic Evidence of Vaccination
Elaine A. Yu, PhD,1,2 Mars Stone, PhD,1,2 Marjorie D. Bravo, MD,3 Eduard Grebe, PhD,1,2

Roberta L. Bruhn, PhD,1,2 Marion C. Lanteri, PhD,2,4 Mary Townsend, MD,3 Hany Kamel, MB, BCh,3

Jefferson M. Jones, MD,5 Michael P. Busch, MD, PhD,1,2,3 Brian Custer, PhD1,2,3
Introduction: Cardiometabolic diseases are associated with greater COVID-19 severity; however, the
influences of cardiometabolic health on SARS-CoV-2 infections after vaccination remain unclear. Our
objective was to investigate the associations between temporal blood pressure and total cholesterol
patterns and incident SARS-CoV-2 infections among those with serologic evidence of vaccination.

Methods: In this prospective cohort of blood donors, blood samples were collected in 2020−2021
and assayed for binding antibodies of SARS-CoV-2 nucleocapsid protein antibody seropositivity.
We categorized participants into intraindividual pattern subgroups of blood pressure and total cho-
lesterol (persistently, intermittently, or not elevated [systolic blood pressure <130 mmHg, diastolic
blood pressure <80 mmHg, total cholesterol <200 mg/dL]) across the study time points.

Results: Among 13,930 donors with 39,736 donations representing 1,127,071 person-days, there
were 221 incident SARS-CoV-2 infections among those with serologic evidence of vaccination (1.6%).
Intermittent hypertension was associated with greater SARS-CoV-2 infections among those with sero-
logic evidence of vaccination risk (adjusted incidence rate ratio=2.07; 95% CI=1.44, 2.96; p<0.01) than
among participants with consistent normotension on the basis of a multivariable Poisson regression.
Among men, intermittently elevated total cholesterol (adjusted incidence rate ratio=1.90; 95% CI=1.32,
2.74; p<0.01) and higher BMI at baseline (adjusted hazard ratio=1.44; 95% CI=1.07, 1.93; p=0.01; per
10 units) were associated with greater SARS-CoV-2 infections among those with serologic evidence of
vaccination probability; these associations were null among women (both p>0.05).

Conclusions: Our findings underscore that the benefits of cardiometabolic health, particularly
blood pressure, include a lower risk of SARS-CoV-2 infection after vaccination.
AJPM Focus 2024;3(2):100186. © 2024 The Author(s). Published by Elsevier Inc. on behalf of The American Jour-
nal of Preventive Medicine Board of Governors. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) has caused over 770 million confirmed cases of
coronavirus disease 2019 (COVID-19) and 6 million
deaths worldwide as of September 27, 2023.1 The
increasing number of vaccine doses and boosters
f Pre-

s.org/licenses/by-nc-nd/4.0/).

AJPM Focus 2024;3(2):100186 1

http://crossmark.crossref.org/dialog/?doi=10.1016/j.focus.2024.100186&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:EYu@vitalant.org
https://doi.org/10.1016/j.focus.2024.100186
http://creativecommons.org/licenses/by-nc-nd/4.0/


2 Yu et al / AJPM Focus 2024;3(2):100186
administered1 have lowered the risk of hospitalization
and mortality caused by SARS-CoV-2,2 but despite
increasing vaccination coverage, SARS-CoV-2 infections
after vaccination have emerged as a critical issue3−5 that
hinder long-term SARS-CoV-2 management strategies.2

A major challenge stems from an incomplete under-
standing of the key drivers, particularly modifiable fac-
tors, of interindividual variability in immune responses
after COVID-19 vaccination.
Cardiometabolic diseases and conditions, particularly

hypertension and elevated BMI, have been previously
associated with lower vaccine immunogenicity, includ-
ing lower antibody titers against SARS-CoV-2 and influ-
enza virus.6−8 A growing body of evidence has shown
that cardiometabolic diseases are independent risk fac-
tors of severe COVID-19 outcomes,9−17 including hospi-
talizations and deaths occurring after COVID-19 illness
among those who had been vaccinated,18 and lower
postvaccination antibody responses. These prior studies
found that improved vaccine effectiveness against subse-
quent infection and disease burden from SARS-CoV-2
are affected by underlying cardiometabolic health.19

Thus, cardiometabolic health could represent a modifi-
able risk factor.
One fundamental research gap is the influence of car-

diometabolic health patterns on vaccination-induced
immune protection and effectiveness against SARS-
CoV-2 infection. Blood pressure is homeostatically reg-
ulated to allow for dynamic responses to daily physio-
logic and environmental stimuli (e.g., temperature,
physical activity, meal consumption, stress).20−22 High
intraindividual variability in blood pressure is associ-
ated with elevated risk of cardiovascular outcomes and
mortality.22−24 Interestingly, this association is rela-
tively stronger than the associations between mean
blood pressure measurements and cardiovascular dis-
ease risk.23 Previous findings support putative mecha-
nisms explaining how dysregulated blood pressure
could be further exacerbated upon SARS-CoV-2 infec-
tion.25 SARS-CoV-2 enters human host cells by binding
to angiotensin-converting enzyme 2 receptors, which
have key functions in blood pressure regulation.26 Sepa-
rately, prior evidence has shown that greater visit-to-
visit variability in circulating cholesterol and lipids
could also be an independent risk factor for adverse
health outcomes (e.g., all-cause mortality, myocardial
infarction, stroke, coronary atheroma progression).27,28

A recent study showed that sterol regulatory element-
binding protein signaling, which regulates cholesterol
synthesis and affects metabolic diseases, has a key role
in B-cell responses after vaccination.29 On the basis of
this evidence, we hypothesized that temporal interindi-
vidual patterns of systemic blood pressure and
cholesterol were associated with SARS-CoV-2 infection
risk after vaccination.
With the emergence of SARS-CoV-2, several blood

collection organizations conducted serosurveillance stud-
ies of previous SARS-CoV-2 infection and vaccination
among a longitudinal cohort of donors.30−33 Some blood
donors also provide cardiometabolic health data as part
of routine donor screening. Therefore, we evaluated the
influences of temporal patterns of cardiometabolic indi-
cators (blood pressure, total cholesterol) on the probabil-
ity of incident SARS-CoV-2 infection among U.S. blood
donors with serologic evidence of vaccination (SISV).
METHODS

This study leveraged data from 2 parent studies that
focus on SARS-CoV-2 serosurveillance of allogeneic
blood donors across the U.S. The National Blood Donor
Seroprevalence (NBDS) study was a serial cross-sec-
tional study conducted during 2020 and 2021.30−33 The
Repeat Donor Cohort (RDC) is a prospective cohort of
152,000 repeat blood donors from Vitalant (>65,000
donors) and American Red Cross (>77,000 donors),
which are the 2 largest blood collection organizations in
the U.S.

Study Population
This study is a secondary analysis of Vitalant RDC par-
ticipants with serologic evidence of having received
COVID-19 vaccination and no previous SARS-CoV-2
infection. Participants were blood donors who donated
blood on multiple occasions during 2020 and 2021.
Additional inclusion criteria were having (1) satisfied
the U.S. Food and Drug Administration regulations and
blood collection organization requirements for all blood
donors (e.g., age ≥16 years; >110 lbs; healthy, including
being afebrile), (2) provided ≥2 blood donations, (3)
antibodies specific to SARS-CoV-2 spike protein anti-
bodies (i.e., anti-S) seropositivity at the first study visit
(defined as the first qualifying donation and referred to
as baseline), and (4) antibodies specific to SARS-CoV-2
nucleocapsid protein antibodies (i.e., anti-N) seronega-
tivity at the baseline study visit. We excluded partici-
pants with missing (1) laboratory assay results for anti-
N, anti-S, or total cholesterol and (2) data for key inde-
pendent variables (e.g., blood pressure [diastolic, sys-
tolic], self-reported height and weight, demographics).
Donors and donations included in the final analytic data
set are shown in Appendix Figure 1 (available online).
Measures
For each donation visit, every donor completed a health
questionnaire, which is part of routine donor screening
www.ajpmfocus.org
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and used for donation eligibility criteria. Blood samples
were evaluated for antibodies against SARS-CoV-2 pro-
tein antibodies using assays with emergency use author-
izations from the U.S. Food and Drug Administration.
Concentrations of total cholesterol (mg/dL) from non-
fasting blood donation samples were assayed (Beckman
Coulter AU analyzers, Brea, CA) at 5 laboratories
operated by Creative Testing Solutions. Further data
collection details are in the Appendix Methods (available
online).
On the basis of the Centers for Disease Control and

Prevention’s interim guidelines for interpretation of
SARS-CoV-2 antibodies among individuals without
known vaccination status,34 we restricted the analytic
data set to only include participants with serologic evi-
dence of vaccination and no previous SARS-CoV-2
infection (anti-S seropositivity and anti-N seronegativ-
ity) at baseline. We defined incident SISV as the first
observation of seropositivity for anti-N at any subse-
quent donation after the baseline donation (Appendix
Table 1, available online).
In addition to SARS-CoV-2 antibodies, cardiometa-

bolic indicators were evaluated at every donation time
point in the analysis. BMI was calculated as weight (kg)
divided by height squared (m2). BMI categories were
<18.5 (underweight), ≥18.5 to <25 (normal weight), ≥
25 to <30 (overweight), and ≥ 30 kg/m2 (obesity). We
categorized BMI, blood pressure, and cholesterol with
the cut off values recommended by the WHO,35 Ameri-
can College of Cardiology and American Heart Associa-
tion,36 and National Cholesterol Education Program37

(Appendix Table 2, available online).
To consider temporal patterns and different measures

of central tendency, we considered cardiometabolic indi-
cators with 4 approaches: (1) baseline values, (2) maxi-
mum (peak) values, (3) median, and (4) categorization
of consistently high or low. Temporal patterns are fully
detailed in the Appendix Methods (available online).

Statistical Analysis
To account for missing data, a complete-case analysis
approach was used. Mean (SD) or median (IQR) was
used to summarize continuous variables on the basis of
findings from normality assumption assessments; n (%)
was reported for categorical variables. Subgroups were
compared on the basis of p-values of 2-tailed test statistics
(Kruskal−Wallis, Mantel−Haenszel chi-square, Fisher’s).
Correlations were evaluated by Spearman rank correlation
coefficients. We utilized SAS (Version 9.4; SAS Institute,
Cary, NC) for statistical analysis, GraphPad Prism (Ver-
sion 9.3.1.; GraphPad Software, LLC, San Diego, CA),
and www.BioRender.com for visualizations. Statistical sig-
nificance was determined by an ɑ value of 0.05.
April 2024
We used semiparametric proportional hazards regres-
sion models designed to fit interval-censored data
(ICPHREG procedure in SAS) to evaluate the bivariable
and multivariable associations of interest (Appendix
Table 3, available online).38 For participants with inci-
dent SISV, time to event was specified as the interval
between the date of observed SISV (donation during
which first anti-N seropositivity is observed) and the
penultimate donation date (last observed donation
where anti-N remained seronegative). Participants with-
out incident SISV were considered right censored; their
time to event (end-of-study censoring) was defined with
the date of their last donation as the lower value of the
interval. We first assessed proportional hazard assump-
tions for key bivariable associations of interest on the
basis of log-minus-log survival probability and Schoen-
feld residual plots. Most associations did not violate the
proportional hazards assumption.39 As exceptions, 2
associations (temporal pattern subgroups of blood pres-
sure or total cholesterol as independent variables) did
violate the assumption and were therefore assessed by
multivariable Poisson regressions accounting for per-
son-days at risk. On the basis of previous literature, we
determined a priori a set of covariates (age, gender, race
−ethnicity, geographic region); this set was utilized
across multivariable regressions to facilitate comparisons
between associations that were adjusted for the same
potential confounders.
Because there are biological sex differences in immu-

nity, including vaccination responses,40,41 and cardiome-
tabolic health,42 we evaluated gender as a potential effect
modifier. We evaluated 2-way interaction terms, specifi-
cally gender multiplied by the primary independent
variable, in regressions; if the interaction term was sig-
nificantly associated (p<0.05), we reported gender-strati-
fied associations.
Study Ethics
All donors provided voluntary, informed consent for the
use of their deidentified data and residual blood samples
from routine blood donations. This protocol is approved
by an IRB protocol (Advarra Number Pro00030878). In
accordance with the University of California San Fran-
cisco IRB policies and guidance, NBDS was considered
nonhuman subjects’ research. The NBDS protocol was
reviewed by the Centers for Disease Control and Preven-
tion as nonresearch public health surveillance, given the
deidentified data and routine consent for blood donation
testing. The RDC study protocol was approved by an
IRB (Advarra Protocol Number Pro00056783). The
study methodology is also reported according to the
STROBE guidelines for cohort studies.43



Table 1. Demographic and Clinical Characteristics of Study Participants

Characteristics
Overall

Incident SISV statusa

Yes No p-value

Study participation and follow-up

Donors, n 13,930 221 13,709

Donations, nb

Total 39,736 796 38,940

Per participant

Median (IQR) 2 (2−3) 3 (2−4) 2 (2−3)
Minimum 2 2 2

Maximum 19 19 18

Time at risk (person-days) 1,127,071 19,575 1,107,496

Demographic characteristics

Age, years, median (IQR) 59 (43−68) 52 (40−63) 59 (43−68) <0.01c

Male, n (%) 7,012 (50.3%) 132 (59.7%) 6,880 (50.2%) <0.01d

Female, n (%) 6,918 (49.7%) 89 (40.3%) 6,829 (49.8%)

Race−ethnicity, n (%)

White, non-Hispanic 10,057 (72.2%) 167 (75.6%) 9,890 (72.1%) 0.03d

Hispanic 2,320 (16.7%) 44 (19.9%) 2,276 (16.6%)

Asian, non-Hispanic 940 (6.8%) 4 (1.8%) 936 (6.8%)

Black, non-Hispanic 299 (2.2%) 3 (1.4%) 296 (2.2%)

Other 314 (2.3%) 3 (1.4%) 311 (2.3%)

Cardiometabolic indicators at baseline

Total cholesterol, n (%)

Normal: ≤200 mg/dL 9,592 (68.9%) 153 (69.2%) 9,439 (68.9%) 0.86d

Borderline high: >200 to ≤239mg/dL 3,358 (24.1%) 50 (22.6%) 3,308 (24.1%)

High: ≥240 mg/dL 980 (7.0%) 18 (8.1%) 962 (7.0%)

Blood pressure

Systolic, mmHg, median (IQR) 126 (116−138) 128 (121−139) 126 (116−138) 0.03c

Diastolic, mmHg, median (IQR) 76 (70−83) 78 (72−84) 76 (70−83) <0.01c

Normotension, n (%) 6,716 (48.2%) 88 (39.8%) 6,628 (48.4%) 0.01d

Hypertension, n (%) 7,214 (51.8%) 133 (60.2%) 7,081 (51.7%)

BMI categories, n (%)

Underweight: <18.5 kg/m2 33 (0.2%) 0 (0.0%) 33 (0.2%) <0.01e

Normal: ≥18.5 and <25.0 kg/m2 3,866 (27.8%) 38 (17.2%) 3,828 (27.9%)

Overweight: ≥25.0 and <30.0 kg/m2 5,317 (38.2%) 103 (46.6%) 5,214 (38.0%)

Obesity: ≥30.0 kg/m2 4,714 (33.8%) 80 (36.2%) 4,634 (33.8%)

aAmong donors without seropositivity at baseline (first visit contributed to study), incidence was defined as the number of newly observed cases (anti-
N seropositivity) during the follow-up period. At-risk time (person-days) was defined as the last visit to the first visit among participants without SISV or
an interval (visit of incident SISV detection to visit immediately preceding incident SISV) among participants with SISV.
bIn this table, all values reflect the baseline study visit of each donor. The exceptions were the number of donations (total among all donors; median,
minimum, maximum per donor).
cVariable was not normally distributed on the basis of the Kolmogorov−Smirnov test statistic (p<0.05). p-value was calculated from the Kruskal
−Wallis test statistic.
dp-value was calculated from the Mantel−Haenszel chi-square test statistic.
ep-value was calculated from Fisher’s exact test statistic.
anti-N, antibodies specific to SARS-CoV-2 nucleocapsid protein antibodies; SISV, SARS-CoV-2 infection among those with serologic evidence of
vaccination.
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RESULTS

Overall, this analysis included 13,930 donors who pro-
vided 39,736 donations, representing 1,127,071 person-
days from August 29, 2020 to September 30, 2021
(Table 1 and Appendix Figure 2, available online). The
median number of donations per participant was 2
(IQR=2−3); donations ranged between 2 and 19 per par-
ticipant. At the baseline study visit, the median age was
59 years (IQR=43−68); donors were aged between 16
and 96 years (Table 1 and Appendix Figure 3, available
www.ajpmfocus.org
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online). Among all donors, 49.7% were female, and
50.3% were male (Table 1). Most donors were White
(non-Hispanic, 72.2%); 16.7% were Hispanic, 6.8% were
Asian (non-Hispanic), 2.2% were Black (non-Hispanic),
and 2.3% were of other races and ethnicities (Table 1).
Among blood donors in this study, the cumulative

incidence of SISV was 1.6% (Table 1). Donors with inci-
dent SISV (n=221) contributed a total of 796 donations
and 19,575 person-days at risk; the median person-days
was 66 (IQR=28−112). A total of 13,709 donors without
incident SISVs contributed 38,940 donations and
1,107,496 person-days at risk; the median person-days
was 70 (IQR=56−105). The incidence rate was 19.6
SISVs per 100,000 person-days.
Donors with SISVs were younger at the baseline

study visit than donors without SISVs (median age of
52 years [IQR=40−63] vs 59 years [IQR=43−68];
p<0.01). There was a lower proportion of female
donors among those with SISV (40.3%) than among
those without SISV (49.8%; p<0.01). Percentages of
participants in racial−ethnic groups differed by inci-
dent SISV (p=0.03).
At baseline, 7.0% of participants had high total choles-

terol, and 24.1% had borderline elevated total cholesterol
(Table 1). The percentages of donors in cholesterol cate-
gories were similar between donors with and those with-
out incident SISVs (p=0.86).
Among all donors at baseline, 51.8% had hypertension

(Table 1). A greater proportion of participants who later
had SISVs were hypertensive at baseline (60.2%) than
those without SISVs (51.7%; p<0.01). Median systolic
blood pressure (SBP) and diastolic blood pressure (DBP)
(mmHg) at baseline study visits were higher among
those with SISVs than among those without (SBP=128
[IQR=121−139] vs 126 [IQR=116−138] mmHg;
DBP=78 [IQR=72−84] vs 76 [IQR=70−83]; both
p≤0.03).
Overall, 33.8% of donors had BMI categorized as

obese, and 38.2% were overweight (Table 1). BMI cate-
gories differed by incident SISV status (p<0.01); a
greater proportion of donors with incident SISV were
overweight (46.6% vs 38.0%) or had obesity (36.2% vs
33.8%) than those without incident SISV.
Considering all time points of each donor, median

values of the minimum, median, and maximum total
cholesterol (mg/dL), SBP, and DBP (mmHg) are
reported in Appendix Table 4 (available online). Propor-
tions of participants in hypertension pattern subgroups
differed by incident SISV status (p<0.01) (Figure 1).
Among participants without SISVs, a greater percentage
(34.4% vs 18.1%) were consistently normotensive at all
available donation time points, and a smaller percentage
(53.3% vs 70.6%) had intermittent hypertension than
April 2024
those with SISVs. Among all participants, proportions in
4 cholesterol temporal pattern subgroups (consistently
high, consistently borderline high, consistently normal,
intermittently elevated) were similar by SISV status
(p>0.05) (Figure 1).
Bivariable associations are presented in Appendix

Table 5 (available online). We adjusted for age, gender,
race−ethnicity, and geographic region (Appendix Meth-
ods, available online) in the multivariable proportional
hazards regression results below.
Per 10 unit increase in median total cholesterol (mg/

dL) was associated with an elevated risk of incident SISV
(adjusted hazard ratio [aHR]=1.05; 95% CI=1.01, 1.09;
p=0.02) (Figure 2 and Appendix Table 6, available
online). Among men, intermittently high cholesterol
was associated with a greater risk of SISV (adjusted inci-
dence rate ratio=1.90; 95% CI=1.32, 2.74; p<0.01) than
the risk among men with consistently normal choles-
terol; among women, the risk of SISV was similar across
cholesterol pattern subgroups (all p>0.05). In a separate
multivariable model, per 10 unit increase of the peak
total cholesterol (mg/dL; maximum value during the
study follow-up) was associated with a higher risk of
SISV (aHR=1.05; 95% CI=1.02, 1.08; p<0.01). At base-
line, per 10 unit increase of total cholesterol (mg/dL;
p=0.26) and high cholesterol (≥240 mg/dL; p=0.23)
were not associated with the risk of SISV.
Per 10 unit increase (mmHg) of peak SBP (aHR=1.18;

95% CI=1.08, 1.30; p<0.01) and DBP (aHR=1.31; 95%
CI=1.12, 1.54; p<0.01) was associated with greater risk
of SISV (Figure 2 and Appendix Table 7, available
online). Intermittent hypertension was associated with a
higher risk of SISV (adjusted incidence rate ratio=2.07;
95% CI=1.44, 2.96; p<0.01) than consistent normoten-
sion as the reference; in contrast, consistent hyperten-
sion (p=0.16) or hypertension at baseline (p=0.15) was
not associated with the likelihood of SISV.
Among men, per 10 unit increase in baseline BMI

(kg/m2) was positively associated with incident SISV
(aHR=1.44; 95% CI=1.07, 1.93; p=0.01) (Figure 2 and
Appendix Table 8, available online). Among women, per
10 unit increase in baseline BMI was not associated with
the risk of SISV (p=0.84). Baseline obesity status was not
associated with the risk of SISV (p=0.95) among men
and women.
DISCUSSION

Among 13,930 blood donors, the incidence rate of SISV
was 19.6 per 100,000 person-days. Blood donors with
intermittent hypertension had a greater risk of SISV
than donors with consistently normotensive blood pres-
sure. Higher baseline BMI and intermittently elevated



Figure 1. Comparison of proportion of donors in blood pressure and total cholesterol temporal pattern subgroups, stratified by inci-
dent SISV status. (A) Distribution of maximum and minimum values of total cholesterol (mg/dL) and blood pressure (mmHg) among
participants (ndonors=13,930), stratified by subgroups on the basis of temporal patterns of total cholesterol and blood pressure dur-
ing the study period. (B) The proportions of participants categorized as consistently hypertensive (elevated blood pressure at every
study time point), consistently normotensive (normotensive blood pressure at every study time point), and intermittently hyperten-
sive across time points were compared by incident SISV status over the study period. (C) Percentages in temporal cholesterol pattern
subgroups were compared by incident SISV status. Individuals with intermittently high total cholesterol included those with high or
borderline high at some but not all of their study visits (donations).
p-value of Mantel−Haenszel chi-square test statistic are reported. *p<0.05 and **p<0.01.
SISV, SARS-CoV-2 infection among those with serologic evidence of vaccination.
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Figure 2. Summary of associations between blood pressure, cholesterol, BMI, and incident SISV.
Results from multivariable semiparametric proportional hazards and Poisson regression models are in Appendix Tables 6−8 (available online). Each
unique symbol represents the key association of interest (aHR or aIRR) and corresponding 95% CI from a separate multivariable regression.
*p<0.05.
aHR, adjusted hazards ratio; aIRR, adjusted incidence rate ratio; DBP, diastolic blood pressure; SBP, systolic blood pressure; SISV, SARS-CoV-2 infec-
tion among those with serologic evidence of vaccination.
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cholesterol, respectively, were associated with a greater
risk of SISV among men but not among women.
Elevated blood pressure, cholesterol, and BMI are

major risk factors for cardiovascular diseases and related
mortality. Our findings indicate that maintaining these
cardiometabolic indicators in normal ranges could have
the additional benefit of reducing the risk of SARS-CoV-
2 infection after vaccination. The results from this study
underscore several key research priorities. Future studies
need to systematically evaluate the influences of multiple
metrics of blood pressure variability on COVID-19
severity outcomes44 among people with vaccinations,
particularly with emergent SARS-CoV-2 variants and
vaccines currently in the pipeline. The gender-specific
associations between intermittently high cholesterol or
BMI and SISV risk need further elucidation (Appendix
Figure 4, available online). Cholesterol-rich lipid
domains in SARS-CoV-2 lipid envelope membranes are
associated with SARS-CoV-2 viral entry into host
cells45,46; however, biological mechanisms explaining
gender and sex differences are needed.

Limitations
This study had several limitations. First, participants are
not representative of the general population because
April 2024
they met the minimum health-related eligibility criteria
for allogeneic blood donation.47 Despite this likely bias
toward the null, we still found associations. Second, we
were unable to account for key vaccination status details,
including the number of doses, formulation, and calen-
dar time of receipt given waning antibodies and immune
protection. Previous vaccination was determined on the
basis of serologic evidence. Third, we did not have exact
dates of SARS-CoV-2 infections on the basis of nucleic
acid amplification or antigen test results of swab samples
or genome-sequencing data of SARS-CoV-2 strains.
Because SARS-CoV-2 variants and subvariants have het-
erogeneous transmissibility and immune escape capac-
ity, it is likely that SARS-CoV-2 subvariants are effect
modifiers of the associations between cardiometabolic
indicators and SISV. We were not able to account for
reinfections and varying risks of infection over time,
given the numerous factors affecting inter and intraindi-
vidual exposure risk. Fourth, a large proportion of blood
samples were not assayed for anti-N results and were
excluded, which potentially limits the generalizability of
findings. We note that laboratory testing algorithms
screened for serologic evidence of previous SARS-CoV-2
infection and vaccination by anti-S; many samples that
were not further tested for anti-N had serologic evidence



8 Yu et al / AJPM Focus 2024;3(2):100186
of previous infection or no COVID-19 vaccination,
which are both baseline exclusion criteria in this study.
Fifth, there is potential for residual confounding, despite
our adjustment for covariates. As key examples, we did
not evaluate models with both blood pressure and total
cholesterol; donation frequency and interdonation inter-
vals (including their respective nonlinear associations);
clinical diagnoses; and treatment of cardiovascular and
metabolic diseases, particularly hypertension medica-
tions (e.g., angiotensin-converting enzyme inhibitors)
owing to substantial missingness of data.
One major strength of this analysis was the assess-

ment of the risk of SISV over a large overall time at risk,
including >1.1 million person-days. Another strength
was the evaluation of temporal patterns in blood pres-
sure and cholesterol as modifiable risk factors, which
were based on multiple measurements of cardiometa-
bolic health indicators; this contrasts with other studies
that measured these homeostatic variables only once
and therefore could contribute to the inconsistencies
across previous findings. Our analysis is therefore more
informative because the results are likely to reflect the
individual-level cardiometabolic health profile and
should aid in designing longer-term preventative
approaches. In sensitivity analyses, we confirmed that
key associations were similar while further adjusting for
BMI or the number of donations as a continuous vari-
able, respectively.
CONCLUSIONS

Our results indicate that cardiometabolic indicators
could represent risk factors for SARS-CoV-2 infection
among individuals with vaccinations.
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