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Abstract: Background The prevalence of obesity is increasing all over the world, resulting
in a global health emergency. The impact of obesity on the risk of SARS-CoV-2 infection
and symptom severity, especially among high-risk working populations such as health
workers, deserves further studies. Methods A multicentric retrospective cohort study
was conducted among health workers at four Italian University Hospitals belonging to
the ORCHESTRA Project. Data were collected through an online survey, investigating
sociodemographic and clinical data, until September 2022. Results The questionnaire was
filled out by 5777 health workers. The median age was 46 years old (I–III quartile 20–72)
and 75.5% were females. Data on BMI was available for 5470 participants. Overweight and
obese subjects amounted to 23.4% and 9.8%, respectively. Naïve health workers were the
majority (57.4%). Overweight and obese subjects were at a higher risk of infection only
before vaccination with respect to normoweight subjects (RRR = 1.28 (IC 95% 1.01–1.62,
p = 0.039) and 1.36 (1.00–1.86, p = 0.047), respectively). Major acute and post-acute COVID-
19 symptoms were more common among obese subjects, as compared to those with a
normal weight (35.2% vs. 23.5%, and 14.2% vs. 9.3%). BMI did not reduce antibody
levels after vaccination. On the contrary, overweight and obese health workers had a
significantly higher RGM after the third dose (1.12 and 1.48, respectively; normal weight as
reference). Conclusions Overweight and obese subjects are at a higher risk of SARS-CoV-2
infection. However, SARS-CoV-2 vaccination fosters a high antibody response even in
these individuals. Vaccination against SARS-CoV-2 should be prioritized in subjects with a
high BMI, especially in highly exposed workers, such as health workers.
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1. Introduction
Obesity and overweight, defined as excessive fat deposition, are characterized by a

pathological increase in body weight with respect to an individual’s height [1]. World
Health Organization estimates for 2022 showed that about 2.5 billion adults (43% of the
adult population worldwide) were overweight, and more than 890 million suffered from
obesity (16% of the population aged 18 years and older) [1]. In Italy, data from the European
Union National Health and Wellbeing Survey revealed that, in 2013, about 35 percent and
13 percent of the general adult population were overweight or obese, respectively [2]. More
recently, Okunogbe et al. estimated the overall prevalence of overweight and obesity in
161 countries. Their results showed that, in Italy, the overall prevalence of overweight and
obesity was 57.9% in 2019, with higher values in the adult male population (69.8%) [3].
These data show that the prevalence of obesity is a global health emergency.

Indeed, the scientific literature has shown that obese individuals have an increased risk
of diabetes and cardiovascular, neurological, chronic respiratory, and cancer diseases [4].
Moreover, obesity has been correlated with a higher risk of getting infected and having
a reduced humoral response to vaccinations. This effect appears to be related to the
pro-inflammatory action of adipose tissue, resulting in chronic low-grade inflammation
linked to an altered immune system and increased susceptibility to infection [5–7]. Several
reviews have reported that obese individuals are more prone to post-surgical infections,
skin infections, H1N1 influenza, and periodontal disease [8–10].

Furthermore, the humoral response against the most common pathogens after vac-
cination in obese subjects is also reduced. Antibody titers against influenza, hepatitis B,
rabies, and tetanus showed significantly lower levels in obese people than in normal-weight
subjects after vaccination [11]. After the emergence of the COVID-19 pandemic, several
studies have evaluated the impact of obesity on the risk of SARS-CoV-2 infection and its
severity, showing an increased risk of poor outcomes, invasive mechanical ventilation,
mortality, and long COVID in obese subjects [5,7,12,13]. On the other hand, the effect of
obesity on antibody response after vaccination for COVID-19 is still unclear. While some
studies have shown that an increased BMI negatively impacts antibody levels, likewise,
as do other comorbidities [14–19], and in other studies, such an inverse correlation is not
significant or missing [6,20–24]. In the same way, the different impacts of BMI by gender
are also unclear. Indeed, Yamamoto et al. reported significant differences between sexes,
showing that a BMI over 30 was related to a lower antibody level only in men [25].

Most studies investigating these issues have been conducted on health workers (HWs)
for several reasons. First, HWs were the occupational group at the greatest risk during
the COVID-19 pandemic, representing an area of interest in evaluating the impact of
occupational exposure. Second, most HWs underwent periodic antibody assays in the
pre- and post-vaccination periods, providing data on antibody response trends over time.
Finally, HWs were periodically screened by swab, so data on the incidence of SARS-CoV-2
infections, even asymptomatic ones, are more reliable than in the general population.

This study aimed to evaluate the impact of overweight and obesity within a multicen-
tric population of HWs during the pre- and post-vaccination phases of the SARS-CoV-2
pandemic on the following:

- The risk of SARS-CoV-2 infection;
- The risk of post-acute COVID-19 symptoms;
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- The antibody response.

2. Materials and Methods
2.1. Study Design and Setting

This study was addressed to HWs included in the Horizon 2020 ORCHESTRA Project
(https://orchestra-cohort.eu/; accessed on 16 June 2025).

An online survey, which retrospectively investigated socio-demographic information
and clinical data, including details on SARS-CoV-2 vaccination and previous infection, was
sent to HWs employed at the University Hospitals of Modena (n = 610), Padua (n = 6728),
Trieste (n = 6230), and Verona (n = 8183) in June 2022. A monthly reminder was sent to all
HWs. Data were collected until September 2022.

The structure of the questionnaire and the details of the information collected have
already been described in a previous ORCHESTRA study [26].

This study followed the “Strengthening the Reporting of Observational Studies in
Epidemiology” (STROBE) reporting guidelines and was approved by the Italian Medicine
Agency (AIFA) and the Ethics Committee of the Italian National Institute of Infectious
Diseases (INMI) Lazzaro Spallanzani. The local ethical boards also approved the study.

2.2. BMI Categories

BMI was obtained using the following formula:

- Person’s weight in kilograms divided by the square of the person’s height in me-
ters (kg/m2).

Each participant who reported data on height and weight was included in one of
the four BMI categories (underweight, BMI < 18.5; normal weight, 18.5–24.9; overweight,
25–29.9; obesity, >30), in agreement with the WHO classification [27].

2.3. Vaccination Status

Based on the vaccination status of each HW, we defined infection periods based on
vaccination status at the time of infection, distinguishing between the following:

- Pre-vaccination phase: before the administration of the first dose of the SARS-CoV-
2 vaccine;

- Between the 1st and 3rd dose: after the administration of the 1st dose and before the
3rd dose;

- After 3rd dose: after administering the 3rd dose of the vaccine.

Case definition, symptom classification, and serological analyses were conducted.
A participant was categorized as infected if he/she reported at least one positive

nasopharyngeal swab for SARS-CoV-2 until the questionnaire was filled out.
The severity of symptoms was classified as follows:

- No symptoms;
- Minor symptoms, if the infected HWs reported at least one symptom among fever,

abdominal pain, vomiting and/or nausea, dysgeusia or ageusia, loss of smell, cough,
chest pain and/or tightness, diarrhea, dyspnea, weight loss, fatigue and/or malaise,
headache, muscle pain (myalgia) or joint pain (arthralgia), runny nose (rhinorrhea),
sore throat, conjunctivitis, skin rash, dizziness, insomnia, rhinitis, concentration disor-
ders, and chills;

- Major symptoms, if the infected HWs reported at least one symptom among al-
tered consciousness and/or confusion, seizures, inability to walk, lymphadenopathy,
bleeding, fainting (syncopal episodes), memory loss, anxiety, depression, anorexia,
and aphasia.

https://orchestra-cohort.eu/
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Post-acute symptoms were defined as the persistence of at least one symptom after a
negative swab.

In the Verona Cohort, serological response was assessed on the day of administering
the 2nd dose, six months after the 2nd dose, and 1 month after the 3rd dose. Samples were
analyzed with the Liaison SARS-CoV-2 TrimericS IgG test (Diasorin), a chemiluminescence
immunoassay (CLIA), which quantitatively detected antitrimeric spike protein-specific
IgG antibodies. The test results are reported as BAU/mL (binding antibody unit per mL).
Samples that exceeded the linearity range underwent a 1:20 dilution.

2.4. Statistical Analysis

The normality of continuous variables was assessed using the Shapiro–Wilk test.
Variables that deviated significantly from normality were analyzed using non-parametric
methods or were appropriately transformed.

Since the data were skewed, quantitative variables are summarized as the median and
interquartile range (I–III quartile), and categorical variables are frequencies and percentages.
Where appropriate, the significance of differences among BMI groups was evaluated using
Kruskal–Wallis or Fisher’s exact tests for continuous or categorical variables.

We evaluated the risk factors between infection periods (before vaccination, between
the 1st and 3rd dose, and after the 3rd dose) using multinomial logistic regression models,
controlling for sex, age (by ten-year increase), BMI categories (underweight, normoweight,
overweight, and obese), comorbidities, and job title (administrative, nurse, technician,
physician, and other HW). Each outcome’s relative risk ratio (RRR) with a 95% confidence
interval (CI) is reported.

We used regression models to investigate the humoral response after each vaccine dose
(humoral response after 1st, 2nd, and 3rd doses of vaccines). The serum concentration of
each test was log-transformed to fulfill the assumption of normality. Association estimates
are expressed as ratios of geometric means (RGMs) with a 95% CI. The regression models
were adjusted for sex, age, BMI, previous infections, and comorbidity. Lag time, expressed
as the elapsed months between second-dose administration and sampling, was also used
to adjust the model for the II serum test.

Participants with missing BMI data were excluded from the corresponding analyses.
For all other variables, missing data were not imputed, and analyses were performed using
available-case (complete-case) methods.

The level of statistical significance was set at 5%. The analysis used STATA software,
version 18.0 (StataCorp, College Station, TX, USA).

3. Results
A total of 5777 HWs filled in the questionnaire. The response rate was 26,6% among

the whole study population (41.8% in Modena, 39.5% in Verona, 17.9% in Padua, and 17.4%
in Trieste). Analyses were performed on 5470 HWs for whom data on BMI were available.
The number of HWs included in the analyses for each cohort is specified in Table 1.

The median age of the participants was 46 (IQR 20–72) and they were mainly female
(75.5%), in line with the composition of the national HW workforce (Table 1). As for BMI,
the participants mostly had a normal weight (62.7%), while overweight and obese subjects
amounted to 23.4% and 9.8%, respectively.

The majority of the HWs had not been previously infected (57.4%). On the other hand,
38.2% of the subjects were infected before vaccination or after the third dose (11.0% and
27.2%, respectively). Only a few, 3%, reported a SARS-CoV-2 infection between the first
and the third dose of the vaccine. The socio-demographic and clinical characteristics of the
study population are shown in Table 1.
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Table 1. Sociodemographic and clinical characteristics of the study population.

Centers

Total MO PD TS VR
(n = 5470) (n = 231) (n = 1165) (n = 1006) (n = 3068)

Sex
Male 1310 (24.0%) 93 (40.3%) 215 (18.5%) 270 (26.8%) 732 (24.0%)

Female 4131 (75.5%) 138 (59.7%) 946 (81.2%) 732 (72.8%) 2315 (75.8%)
Other 5 (0.1%) 0 (0.0%) 2 (0.2%) 1 (0.1%) 2 (0.1%)

Not answered 9 (0.1%) 0 (0.0%) 1 (0.1%) 3 (0.3%) 5 (0.2%)
Missing 15 (0.3%) 0 (0.0%) 1 (0.1%) 0 (0.0%) 14 (0.5%)

Age * 46 (20–72) 30 (20–65) 50 (23–70) 47 (24–67) 46 (20–72)

BMI * 23 (14–63) 22 (17–50) 23 (14–53) 24 (16–63) 23 (15–58)
Underweight 223 (4.1%) 9 (3.9%) 49 (4.2%) 39 (3.9%) 126 (4.1%)

Normal weight 3428 (62.7%) 175 (75.8%) 687 (59.0%) 563 (56.0%) 2003 (65.3%)
Overweight 1282 (23.4%) 38 (16.5%) 296 (25.4%) 289 (28.7%) 659 (21.5%)

Obese 537 (9.8%) 9 (3.9%) 133 (11.4%) 115 (11.4%) 280 (9.1%)

Country of birth
Italy 5232 (95.7%) 221 (95.7%) 1125 (96.6%) 947 (94.1%) 2939 (95.8%)

Other EU 102 (1.9%) 4 (1.7%) 22 (1.9%) 20 (2.0%) 56 (1.8%)
ExtraEU 108 (2.0%) 5 (2.2%) 18 (1.5%) 34 (3.4%) 51 (1.7%)

Not answered 7 (0.1%) 0 (0.0%) 0 (0.0%) 3 (0.3%) 4 (0.1%)
Missing 21 (0.3%) 1 (0.4%) 0 (0.0%) 2 (0.2%) 18 (0.6%)

Ethnicity
Caucasian 4329 (79.1%) 218 (94.4%) 823 (70.6%) 795 (79.0%) 2493 (81.3%)

Other 532 (9.7%) 10 (4.3%) 152 (13.0%) 106 (10.5%) 264 (8.6%)
Not answered 383 (7.0%) 2 (0.9%) 125 (10.7%) 54 (5.4%) 202 (6.6%)

Missing 226 (4.2%) 1 (0.4%) 65 (5.6%) 51 (5.1%) 109 (3.6%)

Job
Administrative 498 (9.1%) 0 (0.0%) 90 (7.7%) 82 (8.2%) 326 (10.6%)

Nurse 1851 (33.8%) 1 (0.4%) 563 (48.3%) 346 (34.4%) 941 (30.7%)
Technician 409 (7.5%) 0 (0.0%) 84 (7.2%) 76 (7.6%) 249 (8.1%)
Physicians 1190 (21.7%) 221 (95.7%) 210 (18.0%) 194 (19.3%) 565 (18.4%)

Other 1387 (25.4%) 5 (2.2%) 216 (18.5%) 280 (27.8%) 886 (28.9%)
Missing 135 (2.5%) 4 (1.7%) 2 (0.2%) 28 (2.8%) 101 (3.3%)

Infection period
Not infected 2967 (54.2%) 101 (49.3%) 543 (48.5%) 605 (65.8%) 1718 (57.7%)

Before vaccination 601 (11.0%) 20 (9.8%) 133 (11.9%) 91 (9.9%) 357 (12.0%)
Between 1st and 3rd

dose 165 (3.0%) 7 (3.4%) 58 (5.2%) 29 (3.2%) 71 (2.4%)

After 3rd dose 1485 (27.2%) 77 (37.6%) 385 (34.4%) 194 (21.1%) 829 (27.9%)
Missing 252 (4.6%) 26 (11.3%) 46 (3.9%) 87 (8.6%) 93 (3.0%)

* Median, I–III quartile.

The cumulative infection incidence and the percentage of infection by vaccination
status were significantly affected by BMI category (p = 0.014). Obese HWs had a higher
incidence of SARS-CoV-2 infection before vaccination (BV) with respect to those with a
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normal weight (14.5% vs. 11.0%), while a lower incidence was observed between first and
third dose and after third dose. The distribution of infection by vaccination status and BMI
is described in Table 2.

Table 2. SARS-CoV-2 infection by vaccination status at time of infection and BMI.

BMI

Total Normoweight Underweight Overweight Obese p-Value
(n = 5470) (n = 3428) (n = 223) (n = 1282) (n = 537)

Infection by
vaccination status

Not infected 2967 (54.2%) 1858 (54.2%) 130 (58.3%) 684 (53.4%) 295 (54.9%) 0.014
Before vaccination 601 (11.0%) 339 (9.9%) 22 (9.9%) 162 (12.6%) 78 (14.5%)
Between 1st and

3rd dose 165 (3.0%) 112 (3.3%) 8 (3.6%) 30 (2.3%) 15 (2.8%)

After 3rd dose 1485 (27.2%) 958 (27.9%) 56 (25.1%) 344 (26.8%) 127 (23.6%)
Missing 252 (4.6%) 161 (4.7%) 7 (3.1%) 62 (4.8%) 22 (4.1%)

The multinomial logistic regression model shows that age and job title were determi-
nants of risk of infection (RI) both before the primary vaccination course and after the third
dose. Indeed, the medium age categories (30–39 and 40–49 yo) had an RRR of 1.53 (CI 95%
1.08–2.17, p = 0.017) and 1.52 (1.06–2.17, p = 0.023) BV, respectively, while the older-aged
HWs (50–59 and ≥60 yo) had a significantly lower RI after the third dose. Regarding job title,
nurses had a higher RI BV and after the third dose (RRR = 2.04, 1.39–2.99; p < 0.001 and 1.49,
1.14–1.94; p = 0.003), while physicians and technicians had a higher RI only after the third
dose (RRR = 1.44, 1.08–1.91; p = 0.011 and 1.39, 1.00–1.94; p = 0.049 respectively). On the
other hand, BMI and comorbidities influenced RI only BV (RRR = 1.28,1.01–1.62; p = 0.039
and 1.36, 1.00–1.86; p = 0.047) in overweight and obese HWs, respectively; RRR = 1.44
(1.15–1.82; p = 0.002) in HWs who suffered from at least a comorbidity) (Table 3).

Considering the severity of infection, there was a significant association between acute
symptoms and BMI (p = 0.013), with normal-weight and underweight subjects presenting
mainly minor symptoms (61.1% and 66.7%, respectively). In contrast, obese subjects had the
highest prevalence of severe symptoms (35.2%) (Table 4). Moreover, post-acute symptoms,
both mild and severe, were more common among obese HWs, as compared to those with
a normal weight (47.3% and 14.2% vs. 36.7% and 9.3%). On the other hand, no relevant
differences were detected between overweight and normal-weight HWs (Table 4).

Linear regression on the humoral response after the first, second, and third doses
showed that the main determinants of antibody levels were age class, previous infections,
comorbidities, and the time elapsed between the second dose and the sampling (Table 5).
The effects of each factor changed during the vaccination course. Indeed, older age was
negatively related to RGM after either the first or second dose, while values were higher
after the third dose in the 50–59 and >60 years old categories. As expected, previously
infected HWs had a higher RGM after the first and second doses. On the contrary, adminis-
tering the third dose was related to a slightly lower RGM in these subjects. Comorbidity
had a negative influence on RGM after the first and second doses, too. No significant
differences were reported after the third dose. Sex and BMI did not have a significant
impact on RGM. In particular, RGM did not differ among BMI categories after the first and
second doses, while overweight and obese HWs had a higher RGM after the third dose,
using normoweight as reference (1.12 and 1.48, respectively, Table 5).
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Table 3. Multinomial logistic regression: relative risk ratio (RRR) among infection by vaccina-
tion status.

Infection by Vaccination Status RRR (95% CI) p-Value

No Infection Ref.

Age (years)

20–29 Ref.

30–39 1.53 (1.08–2.17) 0.017

40–49 1.52 (1.06–2.17) 0.023

50–59 0.99 (0.71–1.41) 0.997

≥60 0.73 (0.46–1.17) 0.192

Sex
Male Ref.

Female 1.15 (0.89–1.47) 0.266

BMI

Normoweight Ref.

Underweight 0.97 (0.59–1.61) 0.920

Overweight 1.28 (1.01–1.62) 0.039

Obese 1.36 (1.00–1.86) 0.047

Job

Administrative Ref.

Nurse 2.04 (1.39–2.99) <0.001

Technician 0.83 (0.48–1.44) 0.514

Physician 1.30 (0.85–1.98) 0.223

Other 1.15 (0.77–1.73) 0.481

Comorbidity
No Ref.

B
ef

or
e

va
cc

in
at

io
n

Yes 1.44 (1.15–1.82) 0.002

Age

20–29 Ref.

30–39 1.44 (0.80–2.59) 0.219

40–49 1.61 (0.88–2.92) 0.117

50–59 0.96 (0.53–1.72) 0.896

≥60 0.56 (0.23–1.39) 0.209

Sex
Male Ref.

Female 1.03 (0.67–1.59) 0.886

BMI

Normoweight Ref.

Underweight 1.15 (0.54–2.44) 0.717

Overweight 0.83 (0.53–1.30) 0.427

Obese 0.75 (0.40–1.41) 0.381

Job

Administrative Ref.

Nurse 1.82 (0.93–3.53) 0.078

Technician 1.14 (0.48–7.71) 0.755

Physician 1.09 (0.52–2.29) 0.805

Other 0.88 (0.42–1.82) 0.742

B
et

w
ee

n
1s

ta
nd

3r
d

do
se

Comorbidity Yes (No Ref.) 0.98 (0.63–1.52) 0.946
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Table 3. Cont.

Infection by Vaccination Status RRR (95% CI) p-Value

No Infection Ref.

Age

20–29 Ref.

30–39 0.96 (0.76–1.20) 0.739

40–49 1.18 (0.93–1.48) 0.163

50–59 0.69 (0.55–0.86) 0.001

≥60 0.59 (0.44–0.81) 0.001

Sex
Male Ref.

Female 1.12 (0.95–1.33) 0.178

BMI

Normoweight Ref.

Underweight 0.83 (0.58–1.18) 0.311

Overweight 1.07 (0.90–1.27) 0.416

Obese 0.86 (0.67–1.10) 0.240

Job

Administrative Ref.

Nurse 1.49 (1.14–1.94) 0.003

Technician 1.39 (1.00–1.94) 0.049

Physician 1.44 (1.08–1.91) 0.011

Other 0.97 (0.74–1.28) 0.864

Comorbidity
No Ref.

A
ft

er
3r

d
do

se

Yes 1.00 (0.83–1.19) 0.993

Table 4. Association between acute and post-acute symptoms severity by BMI categories in infected
HWs only.

BMI

Total
(n = 1941)

Normoweight
(n = 1261)

Underweight
(n = 78)

Overweight
(n = 423)

Obese
(n = 179) p-Value *

Acute symptoms
severity *

No symptoms 286 (14.7%) 194 (15.4%) 5 (6.4%) 65 (15.4%) 22 (12.3%) 0.013

Minor symptoms 1171 (60.3%) 771 (61.1%) 52 (66.7%) 254 (60.0%) 94 (52.5%)

Major symptoms 484 (25.0%) 296 (23.5%) 21 (26.9%) 104 (24.6%) 63 (35.2%)

Post-acute severity
symptoms *

No symptoms 949 (51.3%) 649 (54.0%) 31 (40.3%) 204 (50.6%) 65 (38.5%) 0.003

Minor symptoms 719 (38.8%) 441 (36.7%) 38 (49.4%) 160 (39.7%) 80 (47.3%)

Major symptoms 183 (9.9%) 112 (9.3%) 8 (10.4%) 39 (9.7%) 24 (14.2%)

* Percentage and p-value were computed on available data.
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Table 5. Linear regression models: humoral response after 1st, 2nd, and 3rd doses of vaccine by
sociodemographic and clinical characteristics.

First Serum Test *
p-Value

Second Serum
Test *

p-Value

Third Serum
Test *

p-Value
RGM (95% IC)

(n = 1586)
RGM (95% IC)

(n = 2032)
RGM (95% IC)

(n = 1655)

Sex

Male Ref.

Female 1.03 (0.87–1.22) 0.729 1.07 (0.96–1.19) 0.195 0.96 (0.86–1.06) 0.414

Age

20–29 Ref.

30–39 1.04 (0.77–1.41) 0.794 0.93 (0.77–1.12) 0.443 1.06 (0.89–1.27) 0.507

40–49 0.74 (0.55–0.99) 0.046 0.69 (0.57–0.83) <0.001 1.08 (0.91–1.29) 0.362

50–59 0.52 (0.39–0.69) <0.001 0.77 (0.65–0.92) 0.005 1.24 (1.05–1.47) 0.010

≥60 0.40 (0.29–0.56) <0.001 0.65 (0.52–0.80) <0.001 1.20 (0.99–1.46) 0.065

BMI

Normoweight Ref.

Underweight 0.88 (0.60–1.29) 0.511 1.00 (0.79–1.28) 0.980 1.06 (0.88–1.33) 0.623

Overweight 1.08 (0.91–1.28) 0.388 1.02 (0.92–1.13) 0.687 1.12 (1.01–1.23) 0.032

Obese 0.88 (0.70–1.11) 0.293 1.00 (0.87–1.15) 0.991 1.48 (1.29–1.71) <0.001

Previous infection

No Ref.

Yes 10.60 (8.60–13.07) <0.001 2.83 (2.50–3.22) 0.017 0.88 (0.79–0.98) 0.019

Comorbidity

No Ref.

Yes 0.79 (0.66–0.93) 0.005 0.88 (0.79–0.98) 0.017 0.97 (0.88–1.08) 0.611

Lag time
(months) 0.79 (0.74–0.85) <0.001

* Humoral response after each vaccine dose (1st, 2nd, and 3rd dose of vaccine). The ratios of Geometric Means
(RGMs) were obtained by exponentiating multiple linear regression coefficients of the log-serum test. All
regression models were adjusted for sex, age, BMI, previous infections, and comorbidity. Lag time was also used
to adjust the II serum test model.

4. Discussion
The prevalence of overweight and obesity in our study population was 33.2%. This

data is significantly lower than the percentage that Okunogbe reported for the general
Italian population in 2022 (57.9%) [3]. This difference could be explained by the fact that
overweight and obesity increase with age, especially in the retired population, reaching
67.9% in subjects aged 65 or older [28]. For the same reason, the lowest prevalence was
reported in the Modena cohort, in which only residents were included (median age of
30 years, IQR 20–65). Another cause of the lower prevalence in HWs is probably related
to the “healthy worker effect”, a process of excluding unhealthy individuals, leading to a
health status difference between the workforce and the general population [29].
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The overall percentage of HWs previously infected up to July 2022 was 43.1%, with
an incidence that waved significantly during the different phases of the pandemic. As
previously reported in the Orchestra HW cohorts, SARS-CoV-2 infection incidence collapsed
after the beginning of the vaccination campaign and increased dramatically after the
Omicron variant surge [30]. The lowest percentage of infection was among underweight
subjects (39.8%). This data aligns with the findings of a study involving 5897 Italian
HWs. Indeed, during the study period, from March 2020 to January 2021, the cumulative
incidence of SARS-CoV-2 infection was lower in underweight HWs (8.3%) as compared
to other BMI classes (12.2%, 14.8%, and 17.6% in normal-weight, overweight, and obese
HWs, respectively). However, the difference was not significant in the multiple logistic
regression analysis [31]. On the other hand, a review by Dobner et al. showed that the RI
in general, not only of the respiratory tract, had a U-shaped relation to BMI, with normal-
weight subjects at a lower risk relative to both underweight and obese individuals [10].
This difference confirms the specificity of COVID-19 risk factors, warranting an in-depth
analysis of the particular risk factors of this disease.

In contrast, a higher risk was reported in overweight and obese HWs, even if only in
the pre-vaccination pandemic phase. Indeed, the cumulative incidence of the entire study
period was similar in these BMI categories to the normal-weight class (46.6% and 45.1% vs.
45.8%), while the incidence BV showed a positive trend corresponding with an increase in
BMI (11.0%, 12.6%, and 14.5% in normoweight, overweight, and obese, respectively). This
effect was qlwo evident in the multinomial logistic regression, in which overweight and
obese had an RRR of 1.28 and 1.36, with respect to normoweight. At the same time, no
significant differences in RRR were reported after vaccination. The same pattern was seen
in HWs suffering from other comorbidities (RRR = 1.44 in the pre-vaccination phase, not
significant after administering two or three vaccine doses).

A comparison with the literature data is challenging, because only a few studies have
investigated the role of BMI in the risk of SARS-CoV-2 infection among HWs, focusing only
on sex, age, job category, and the use of Personal Protective Equipment. In the previously
mentioned article by Modenese et al., a higher OR in overweight and obese HWs was
reported during the pre-vaccination period. Moreover, their ORs were very similar to our
results (1.27 vs. 1.28 and 1.38 vs. 1.36 in overweight and obese, respectively) and increased
with an increasing BMI category, confirming the trend shown by our data [31]. A higher
risk of SARS-CoV-2 infection in obese HWs was also reported in the study by Rizza et al.,
evaluating the incidence during the first months of the pandemic (from March to May
2020). The OR was 7.15 in subjects with a BMI of > 30, compared to the BMI < 25 category.
The stronger association with BMI reported in this research could be related to the different
reference groups (BMI < 25, including underweight), the short follow-up, and the very low
number of infections [32]. Studies on the general population have confirmed a higher RI
in obese subjects. A meta-analysis by Popkin et al., including 20 studies up to June 2020,
found an OR of 1.46 for infection in this category [33].

Even more scant data on the correlation between BMI and RI during the post-
vaccination period are available. A comparison of the RI among BMI categories in the
post-vaccination phase (from December 2020 to May 2021) was carried out by Alishaq
et al. They used a Cox regression model, showing that HWs with a BMI of < 30 had an
HR significantly higher than obese HWs (HR = 2.99) [34]. Furthermore, no influence of
BMI on the RI was found among 267 HWs during the Omicron period (February–March
2022) in a study that assessed SARS-CoV-2 anti-N antibodies [35]. These findings highlight
vaccination’s key role and effectiveness in preventing SARS-CoV-2 infection, especially in
the most vulnerable categories.



Vaccines 2025, 13, 660 11 of 15

Regarding COVID-19 severity related to BMI class, we found no significant difference
in the percentage of symptomatic or asymptomatic infections. On the other hand, data
on symptom severity showed that among obese HWs, there was a higher percentage
of subjects who reported major symptoms as compared to other categories, including
overweight. Moreover, post-acute symptom persistence was the highest in obese HWs
(61.4% vs. 57.5%, 35.7%, and 50.2%, in underweight, normal-weight, and overweight,
respectively). These data are in line with the scientific literature, which shows an increased
severity of SARS-CoV-2 infection and a higher incidence of long COVID in obese subjects.
Indeed, data reported in systematic reviews and meta-analyses confirm that individuals
with a BMI of > 30 have a higher risk of being hospitalized and a higher mortality rate.
The association appeared stronger in higher BMI categories (second and third obesity
grades) [5,7,12]. Moreover, data from an Italian study by Vimercati et al. showed that
the BMI mean was higher in subjects who experienced long COVID, as compared to
individuals who had no symptoms after COVID-19 infection, and the OR of suffering
from long COVID in overweight participants was 1.6 (with reference to normal-weight
subjects) [13]. Interestingly, our data showed that this effect waned during the pandemic.
Indeed, the pre-vaccination and post-third-dose periods analysis reported that overweight
and obese HWs had a higher incidence of major symptoms in the first phase (results
not statistically significant). On the other hand, the risk of acute and post-acute major
symptoms was lower in overweight and only slightly higher in obese HWs after third-
dose administration, as compared to normal-weight HWs, confirming that vaccination
dramatically reduced the effect of obesity on the risk of developing severe symptoms, as
well as of being infected (Supplementary Table S1).

Finally, we evaluated the humoral response after each dose of vaccine (first, second,
and booster dose). We found that the main determinants of SARS-CoV-2 antibody levels
were age, previous infection, comorbidities, and the time elapsed since the last dose. In-
deed, previously infected HWs had a higher anti-S titer after the first and second dose
(RMG = 10.60 and 2.83, respectively), while an older age, comorbidities, and the num-
ber of months after the last dose were inversely related to the median antibody levels.
These results are consistent with the findings reported in previous papers involving larger
ORCHESTRA HW populations. Visci et al. investigated the serological response among
17,257 HWs from the Bologna, Brescia, and Verona cohorts from 21 days to 3 months after
the first dose. They found that a 10-year increase was related to a decreased quantitative
response (RR = 0.83) and time since vaccination per 14-day interval (RR = 0.97). Previously
infected HWs had higher SARS-CoV-2 anti-S IgG (RR = 4.39), with a lower increase than
that shown by other results related to the first dose. This difference can be explained
by the fact that the previous paper included samples collected after the first and second
doses [36]. Similar trends were reported in another ORCHESTRA study carried out among
60,000 HWs from eight European cohorts six months after the first dose. This paper also
confirmed that the booster effect of a previous infection diminished with time (RR in
previously infected = 2.26) [37]. Moreover, in agreement with our findings, a previous
ORCHESTRA Project study involving 2941 HWs from seven European centers reported a
negative effect of comorbidities on antibody levels, showing an RR = 0.87 in HWs suffering
from hypertension and an RR = 0.89 in participants with at least two comorbidities [19].

More controversial are the results regarding the influence of BMI on humoral response.
Indeed, we did not find any differences in the geometric mean values in overweight and
obese HWs compared with those with a normal weight, except for a significant increase in
obesity after the third dose. However, there is no consensus on this topic in the available
literature. Watanabe et al. investigated a small group of HWs (86), and they did not
find any correlation between BMI and serological response 1–4 weeks after the second
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dose [24]. Moreover, a study involving 290 Greek HWs reported slightly reduced antibody
levels in obese participants one and six months after the second dose, but these results
did not reach significance [23]. Furthermore, Golec et al. reported that BMI did not affect
antibody levels 8 months after the second dose among a population of 242 HWs [14].
On the other hand, a subsequent study on the same population found a weak positive
correlation 21 days after the booster dose (r = 0.22) [20]. In contrast, a lower antibody
geometric mean concentration was shown in overweight and obese HW cohorts by Pellini
et al., as compared to underweight and normal-weight subjects [11]. Interestingly, a study
on 2435 HWs found a reduction in anti-S IgG 2 months after the second dose only in
men, while no significant differences were reported in women. The lack of homogeneity
in correlations across studies and data on the possible role of BMI only in men seems
to support what Golec et al. hypothesized about the limited role of BMI in being able to
identify subjects with a reduced humoral response. Indeed, considering that the impairment
of the immune response is mainly related to the chronic pro-inflammatory role of abdominal
fat, BMI should not be the only parameter to assess the risk of decreased immune response,
particularly among women.

Our study has some limitations. BMI is the simplest and the most used method to
classify large populations and determine health issues regarding overweight and obese
subjects. However, it does not consider adipose tissue distribution and the amount of
visceral adipose tissue, which is related to the pro-inflammatory effect [25]. All data were
collected through a self-administered questionnaire. This aspect may have resulted in a
misdating of previous infections and vaccinations, as well as an incorrect determination
of symptom classification and of BMI in some participants. Moreover, questionnaire
completion was on a voluntary basis, so the study population cannot be considered as
representative of the entire working population of the cohorts involved. Furthermore, only
Italian centers were included in the study due to the availability of BMI data. Therefore,
ethnicity reflects the composition of the study population and limits the generalizability of
the findings across Europe.

Finally, the unbalanced sex distribution limited sex-stratified analyses. Therefore,
potential sex-specific differences in the relationship between BMI and immune response
could not be thoroughly explored.

However, the high number of HWs included in the analyses and the multicentric
design of the research ensure the reliability of our results. Furthermore, to the best of our
knowledge, this is the only study on HWs that evaluated all pandemic phases. This lets us
compare the influence of different BMI classes in the different periods of the pandemic. In
addition, this is the only research that has investigated multiple effects of BMI on COVID-19
among HWs, including the RI, symptom severity, and humoral response to vaccination.

5. Conclusions
Our data showed that overweight and obese HWs were at a higher risk of SARS-CoV-

2 infection and severe symptoms BV. However, the administration of a primary course
overrides this increase.

The humoral response did not vary among BMI classes after the primary course
and the booster dose, confirming that overweight and obesity alone did not affect the
effectiveness of the vaccination.

These results confirm the urgency and effectiveness of vaccination administration in
overweight and obese subjects, suggesting that public health policies should also consider
BMI for prioritizing the primary-course vaccine. On the other hand, after administering
a primary course of the vaccine, it seems that no additional doses should be provided to
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obese people who are not affected by other comorbidities beyond those recommended for
a specific professional or age category.

Further studies that include body composition analyses and data on inflammatory
markers should be carried out on the correlation of overweight and obesity with immunity
to better understand the biological mechanisms of the observed effects.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/vaccines13060660/s1, Supplementary Table S1. Acute and post-
acute symptom severity by BMI category.
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