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Abstract

Objective: This study investigated the sex-associated difference in the impact of obe-
sity on antibody response to a COVID-19 vaccine.

Methods: This study included 2,435 health care workers who received two doses
of the BioNTech, Pfizer (BNT162b2) vaccine and participated in a serological survey,
during which they were tested for anti-SARS-CoV-2 spike immunoglobin G (IgG) an-
tibodies and asked for information on height, weight, and vaccination history via a
questionnaire. Multivariable linear regression analysis was used to estimate the geo-
metric mean titers (GMT) of antibodies for each sex and BMI category.

Results: The relationship between BMI and anti-SARS-CoV-2 spike IgG titers mark-
edly differed by sex (p value for interaction = 0.04). Spike IgG antibody titers tended
to decrease with increasing BMI in men (p value for trend = 0.03); GMT (95% ClI) were
6,093 (4,874-7,618) and 4,655 (3,795-5,708) for BMI < 18.5 and >30 kg/m?, respec-
tively. In contrast, spike 1gG antibody titers did not significantly differ across BMI
categories in women (p value for for trend = 0.62); GMT (95% Cl) were 6,171 (5,714~
6,665) and 5,506 (4,404-6,883) for BMI <18.5 and =30, respectively.

Conclusions: Higher BMI was associated with lower titers of SARS-CoV-2 spike anti-
bodies in men, but not in women, suggesting the need for careful monitoring of vac-

cine efficacy in men with obesity, who are at high risk of severe COVID-19 outcomes.
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INTRODUCTION

Obesity is a major risk factor for morbidity and mortality in patients
with COVID-19 (1). Given the adverse effect of excess adipose tissue
on the immune system (2), obesity may interfere with the production
of vaccine-specific antibodies. In clinical trials on the mRNA-based
vaccine against SARS-CoV-2, vaccine recipients had a markedly
lower risk of COVID-19 irrespective of obesity status (3). However,
a more recent observational study of 1.6 million people in Israel
showed that vaccine efficacy (VE) was slightly lower among those
with obesity than the total population (4).

The evidence regarding the association between BMI and
vaccine-induced antibody titers is limited and inconsistent (5-7).
Given the sex difference in the distribution and function of adipo-
cytes (8), the inconsistency among previous studies could be as-
cribed, at least in part, to the lack of consideration of sex. Here, we
investigate the sex-associated difference between BMI and SARS-
CoV-2 antibodies among 2,435 health care workers who received
two doses of the BioNTech, Pfizer (BNT162b2) vaccine. We hypoth-
esize that higher BMl is associated with lower antibody titers in men

only.

METHODS

We launched a repeat serological survey in July 2020 to monitor
the spread of SARS-CoV-2 infection among the staff of the National
Center for Global Health and Medicine (NCGM; Tokyo, Japan),
which has accepted a large number of COVID-19 inpatients. As of
October 2021, we have completed three surveys, in each of which
we measured anti-SARS-CoV-2 nucleocapsid (all surveys) and spike
(from the second survey onward) protein antibodies. The details of
the study design are available elsewhere (9). For the present analysis,
we used the data of the third survey (June 2021), 2 months after the
in-house vaccination program (COVID-19 mRNA-lipid nanoparticle
BNT162b2; BioNTech, Pfizer [BioNTech SE, Mainz, Germany; Pfizer
Inc., New York, New York]). Of the 3,072 workers invited, a total of
2,779 (90%) participated. Of these, we included 2,514 staff who had
received two doses of the vaccine. Of these, we excluded those who
attended the survey within 14 days of the second vaccination (n =
5) and those who lacked data on height or weight (n = 74), leaving
2,435 participants for analysis. Written informed consent was ob-
tained from each participant. The study procedure was approved by
the NCGM ethics committee.

Participants were asked to donate venous blood. Data on height,
weight, vaccination history (confirmed against in-house records), and
history of polymerase chain reaction (PCR)-confirmed COVID-19
were collected via a questionnaire. BMI was calculated as the weight
in kilograms divided by the height in meters squared, and partici-
pants were grouped into five categories according to the World
Health Organization (WHO) classification of BMI for Asian individu-
als (10): underweight (<18.5); normal weight (18.5-22.9); overweight
(23-24.9); obesity | (25-29.9); and obesity Il (230). Immunoglobulin

Study Importance

What is already known?

» Obesity can downregulate immune response, but epide-
miological evidence regarding the impact of obesity on
COVID-19 vaccine-induced antibody production and its
gender difference is scarce.

What does this study add?

» A higher BMI was associated with lower levels of anti-
SARS-CoV-2 spike immunoglobin G antibodies in male,

but not female, vaccine recipients.

How might these results change the direction of
research?

» Future studies on vaccine efficacy should pay attention
to the sex-associated difference in the impact of obesity

on the immune response to a COVID-19 vaccine.

G (IgG) against the SARS-CoV-2 spike protein was quantitatively
measured (AdviseDx SARS-CoV-2 IgG Il assay; Abbott ARCHITECT,
Abbott Laboratories, Chicago, lllinois; positive threshold: 250.0 AU/
mL).

We converted antibody titers into a log scale before analysis. We
ran linear regression modeling to test the interaction between BMI
and sex and estimate the ratio of means and the means of IgG titers
for each sex and BMI category. Independent variables included BMI
category, sex, the interaction term between BMI category and sex,
age (continuous), days after the second vaccination (continuous), and
history of COVID-19. We back-transformed the estimated values to
present the ratios of means and geometric mean titers (GMT). We
tested the trend of the association between BMI and antibody titers
while assigning one through five to the increasing BMI categories.
We repeated the analyses using other BMI classifications recom-
mended by WHO for Asian individuals (11) and in general (12). To vi-
sualize the association between BMI and the predicted GMT of spike
IgG antibodies, we ran the model while treating BMI (continuous) as
a cubic polynomial (i.e., terms of BMI, BMI?, and BMI®). Statistical
significance was set at p < 0.05 for trend and p < 0.1 for interaction
tests. Statistical analyses were conducted using Stata version 17.0
(StataCorp LLC, College Station, Texas).

RESULTS

The median age was 36.6 years (interquartile range [IQR]: 27.6-47.6),
70% of participants were women, 0.5% had a history of COVID-19,
and the median interval between the second vaccination and blood
sampling was 64 days (range: 15-103 days). Major occupations



OBESITY, SEX, AND IMMUNOGENICITY TO COVID-19 VACCINE

TABLE 1 Characteristics of study participants

Overall (n = 2,435)

Age (y), median (IQR)
Age category (y), n (%)

<30 791 (32.5)
30-39 597 (24.5)
40-49 558 (22.9)
>50 489 (20.1)
Job category, n (%)
Doctor 432 (17.7)
Nurse 940 (38.6)
Allied health professional 332(13.6)
Administrative staff 230 (9.4)
Other 501 (20.6)
History of COVID-19, n (%) 13(0.5)
Interval between second vaccination and blood 64 (41-69)

sampling (d), median (IQR)

36.6 (27.6-47.6)

Obesity o MRVIIESVERELL

Men (n = 728)
39.3(30.5-49.4)

Women (n = 1,707)
34.9 (26.5-46.8)

161 (22.1) 630 (36.9)
212(29.1) 385 (22.6)
179 (24.6) 379 (22.2)
176 (24.2) 313 (18.3)
269 (37.0) 163 (9.5)
55(7.6) 885 (51.8)
163 (22.4) 169 (9.9)
58 (8.0) 172(10.1)
183 (25.1) 318 (18.6)
5(0.7) 8(0.5)

66 (41-70) 63 (40-69)

8000

6000

P for trend
Women = 0.97
Men =0.04

P for interaction = 0.03

4000

Predicted GMT of spike IgG (AU/mL)
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FIGURE 1 Sex-specific cubic spline curves in the association between estimated GMT of anti-SARS-CoV-2 spike IgG and BMI. Data
are shown as geometric means with 95% Cl predicted by linear regression model, including the following variables: a cubic polynomial of
BMI (continuous); sex; an interaction term of BMI and sex; age (continuous); days after the second vaccination (continuous); and history of

COVID-19. AU, arbitrary units; GMT, geometric mean titers

included nurses (38.6%), doctors (17.7%), allied health care profes-
sionals (13.6%), and administrative staff (9.4%; Table 1). All partici-
pants were positive for SARS-CoV-2 spike antibodies, with a median
of 6,063 AU/mL (IQR: 3,620-9,919).

There was a significant interaction between BMI category and
sex (p value for interaction = 0.04; Table 2). In men, SARS-CoV-2
spike antibody titers progressively decreased with increasing BMI

(p value for trend = 0.03), and adjusted geometric means (95% Cl)
were 6,093 (4,874-7,618) and 4,655 (3,795-5,708) for BMI < 18.5
and 230, respectively. In women, antibody titers did not signifi-
cantly differ across BMI categories (p value for trend = 0.62), and
adjusted geometric means (95% Cl) were 6,171 (5,714-6,665) and
5,506 (4,404-6,883) for BMI < 18.5 and 230, respectively. Men with
BMI < 18.5 had antibody titers similar to that of women in the same
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neutralizing antibody titers in a subgroup of vaccine recipients in this
cohort (Spearman p = 0.91) (Takeuchi JS et al. MedRxiv. doi:10.1101/
2021.11.06.21265632, unpublished data). Second, we did not assess
cellular immune response, another key mechanism of infection protec-
tion (15). Last, the participants were staff of a single medical facility
in Japan. Caution should be exercised when generalizing the present

findings to populations with different backgrounds.

CONCLUSION

In summary, higher BMI was associated with lower titers of anti-
SARS-CoV-2 spike IgG antibody in male, but not female, vaccine
recipients. The result suggests the need for careful monitoring of
VE in men with obesity, who are at high risk of severe COVID-19
outcomes.O
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