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Abstract
We sought to explore the relationship between body mass index (BMI) and neurologic outcomes following acute COVID-
19 infection. We conducted a retrospective electronic medical record-based cohort study enrolling adults with laboratory-
confirmed acute COVID-19 infection who presented to 1 of 12 academic and community hospitals in Southwestern Ontario, 
Canada between April 1, 2020 and July 31, 2021. Primary subjective (anosmia, dysgeusia, and/or headache) and objective 
(aseptic meningitis, ataxia, delirium, encephalopathy, encephalitis, intracranial hemorrhage, ischemic stroke, and/or seizure) 
composite neurologic outcomes were assessed, comparing obese and overweight individuals to those with underweight/
normal BMI indices, adjusting for baseline characteristics. Secondary outcomes (severity of illness, length of hospital stay, 
SARS-CoV-2 viral load, mortality) were similarly analyzed. A total of 1437 enrolled individuals, of whom 307 (21%), 456 
(32%), and 674 (47%) were underweight/normal, overweight, and obese, respectively. On multivariable analysis, there was 
no association between BMI category and the composite outcome for subjective (odds ratio [OR] 1.17, 95% CI 0.84–1.64, 
Bonferroni p = 1.00 for obese; OR 1.02, 95% CI 0.70–1.48; Bonferroni p = 1.00 for overweight) and objective (OR 0.74, 95% 
CI 0.42–1.30, p = 0.29 for obese; OR = 0.80, 95% CI 0.45–1.43, p = 0.45 for overweight) neurologic manifestations. There 
was no association between BMI category and any secondary outcome measure and no evidence of effect modification by 
age or sex. This study demonstrates the absence of an association between BMI and neurologic manifestations following 
acute COVID-19 illness. Prospective studies using standardized data collection tools and direct measures of body fat are 
warranted to obtain more valid effect estimates.
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Background

COVID-19 is renowned for being one of the most morbid, 
deadly, and costly public health emergencies in human his-
tory. From the World Health Organization’s declaration of 
COVID-19 as a pandemic illness caused by SARS-CoV-2 
(severe acute respiratory syndrome coronavirus 2) to the 
time of writing, over 625 million infections, 6.5 million 
attributable deaths, and an incalculably large number of 

survivors with debilitating long-term post-infectious seque-
lae have been reported worldwide [1–3]. The pandemic has 
concomitantly touched the fabric of everyday life in all cor-
ners of the globe by way of its negative impacts on men-
tal health, physical activity, social gatherings, education, 
and the economy [4–6]. Purported risk factors for severe 
COVID-19 illness and mortality include a constellation of 
chronic medical conditions, demographic characteristics 
such as older age and male sex, socioeconomic attributes 
including poverty, race, and ethnicity, and behavioral traits 
including cigarette smoking [7–12]. Obesity has recently 
been proposed as another potential risk factor for COVID-19 
infection and severity of illness as well as being a repercus-
sion of lockdowns and limited health promotion messaging 
during the pandemic. [8, 9, 13–19]

Supranormal body mass index is a major global public 
health threat and represents a pandemic of its own [20]. On 
a global scale, an estimated 650 million adults are deemed to 
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be obese, and over 1.2 billion are deemed to be overweight 
[20]. Among adults, approximately 42% of Americans, 27% of 
Canadians, and 17% of Europeans are obese 21–23. Although 
obesity is considered a potential risk factor for a variety of 
bacterial and viral infections, controversy remains about a 
cause-and-effect relationship. [24]

Multinational ecologic studies have identified a correla-
tion between obesity prevalence and COVID-19 incidence, 
and there appears to be an association between obesity and 
increased morbidity and mortality following COVID-19 infec-
tion in retrospective cohort studies [25–28]. Severity of illness 
in subjects with higher BMI is believed to be secondary to 
increased local and systemic inflammatory activity, impaired 
metabolic and immune system functioning, and barriers to care 
[29, 30].

Subjective neurologic manifestations, such as anosmia 
(decreased sense of smell), dysgeusia (abnormal sense of 
taste), and headache are common symptoms of acute COVID-
19 infection, with limited post-hoc identification of a poten-
tial association between BMI and these outcomes. Objective 
neurologic manifestations, such as aseptic meningitis, ataxia, 
delirium, encephalitis, encephalopathy, intracranial hemor-
rhage, ischemic stroke, and seizures have also been reported 
following acute COVID-19, with one study documenting a 
higher risk of ischemic stroke in obese subjects [31–36].

Existing gaps in our current evidence base include uncer-
tainty surrounding the potential neurotropism of SARS-
CoV-2, the relationship between BMI and the development 
of neurologic manifestations following COVID-19 infection, 
whether increased COVID-19 severity among the obese is 
related to factors other than physiology (such as sociodemo-
graphics and systemic discrimination), and a lack of Cana-
dian data on COVID-19 outcomes in obese and overweight 
subjects [37]. The aims of this study included determining 
the association between BMI and neurologic manifestations 
of acute COVID-19 infection, and the influence of sex and 
age on this relationship, as well enhancing our understand-
ing of the relationship between BMI and SARS-CoV-2 viral 
load, length of hospital stay, severity of illness, and mortal-
ity following acute COVID-19 infection. We hypothesized 
that obesity would be associated with subjective and objec-
tive neurologic manifestations, with effect modification by 
age and sex. We also hypothesized that SARS-CoV-2 viral 
load, length of hospital stay, illness severity, and mortality 
would be higher in obese subjects.

Methods

Study design and population

This was a retrospective cohort study based on a review of 
electronic medical records at a network of 12 academic and 

community hospitals within six counties in Southwestern 
Ontario, Canada. Adults  ≥ 18 years of age presenting to hos-
pital with a PCR-confirmed first-onset, acute presentation 
of COVID-19 infection from April 1, 2020 to July 31, 2021 
were included. The participating hospitals share a common 
electronic medical record (EMR) platform (Cerner Power-
Chart®, Cerner Inc., North Kansas City, Missouri) and rely 
on a single clinical laboratory for diagnostic microbiologic 
testing. Approval to conduct this study, with waiver of indi-
vidual consent, was obtained from the Western University 
Research Ethics Board (London, Ontario, Canada) and the 
Harvard Longwood Campus Institutional Research Ethics 
Board (Boston, Massachusetts, USA).

Eligibility criteria

Inclusion criteria included residency in the province of 
Ontario, Canada, age  ≥ 18 years, a positive SARS-CoV-2 
real-time PCR test performed at the London Health Sci-
ences Centre regional Microbiology Laboratory, and first 
presentation of acute COVID-19 infection at one of the 
participating hospitals during the study period. Exclusion 
criteria included transfer to or from a non-network hospital, 
hospital-acquired COVID-19 infection, any previous posi-
tive COVID-19 test performed at an external laboratory, 
prior receipt of a COVID-19 vaccine, receipt of blood or 
plasma product within the 60 day period prior to the onset 
of acute COVID-19 infection, and pregnancy. An electronic 
line listing of all positive COVID-19 real-time PCR results 
was generated to facilitate screening and enrollment of eli-
gible individuals for the study.

Predictor variables

Our main predictor variable was BMI, defined as weight 
(kg)/height  (m2), and was calculated from the most 
recently observed or self-reported height and weight in the 
EMR. Subjects were categorized as Obese (BMI > 30 kg/
m2), Overweight (BMI > 25.0–29.9 kg/m2), and Under-
weight/Normal (BMI < 25.0 kg/m2) according to World 
Health Organization criteria. 21 Demographic variables 
included age (in years), sex, and race. Medical comor-
bidities including diabetes mellitus, hypertension, dys-
lipidemia, asthma, chronic obstructive pulmonary dis-
ease, obstructive sleep apnea, chronic kidney disease, 
chronic liver disease, coronary heart disease, congestive 
heart failure, and immunosuppression (T or B cell defects, 
HIV, hematologic malignancy, immunomodulatory drugs, 
chemotherapy, or radiotherapy in the preceding 6 months) 
were also recorded. Psychiatric conditions such as depres-
sion (and other mood disorders) and anxiety, and habits 
such as cigarette smoking (current, former, or rare/never), 
alcohol consumption (regular, occasional, or rare/never), 
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and illicit substance use (any consumption or injection 
in the past 365 days) were ascertained. Median pre-tax 
household income in 2015 was used as a surrogate of soci-
oeconomic status and was based on neighborhood-specific 
aggregate data from the 2016 Canadian Census as reported 
by Statistics Canada [38]. Given our a priori knowledge 
of the infrequent use of COVID-19 antiviral and immu-
nomodulatory agents during the study period, we did not 
incorporate the use of therapeutic agents in our univariable 
or multivariable regression models.

Outcome measures

There were two primary endpoints in this study. The first 
was a composite of patient-reported neurologic symp-
toms including anosmia, dysgeusia, and/or headache. The 
second was a composite of clinically, radiologically, and/
or biochemically observed neurologic conditions includ-
ing aseptic meningitis, ataxia, delirium, encephalopathy, 
encephalitis, intracranial hemorrhage, ischemic stroke, 
and/or seizure. Secondary endpoints included hospital 
length of stay (in hours, scaled to number of days), sever-
ity of illness based on World Health Organization ordinal 
categories, SARS-CoV-2 PCR cycle threshold (an inverse 
surrogate of viral load), and all cause in-hospital mor-
tality [39, 40]. Only outcomes that were deemed to have 
occurred as part of the acute illness/hospitalization were 
included in our analysis.

Data collection, sample size calculation, 
and handling of missing data

All study data was obtained directly from electronic medical 
records (including physician notes, nursing notes, diagnostic 
imaging reports) of eligible patients and from the regional 
microbiology laboratory. This information was subsequently 
entered into REDCap (Research Electronic Data Capture) 
web-based software (Vanderbilt University, Nashville, 
TN) housed on servers at the Lawson Research Institute of 
London Health Sciences Centre. After completing the data 
collection process, a Microsoft® Excel spreadsheet was 
generated and the data contained therein was imported into 
Stata® software version 16.1 (StataCorp, College Station, 
TX). We determined our estimated sample size requirement 
to be 948 participants, based on an expectation that each of 
the primary composite outcomes will occur in 5% of those in 
the Underweight/Normal (reference) BMI group and 10% of 
those in the Overweight and Obese BMI groups, along with 
a desired power of 80% and a two-sided significance level of 
0.05. Missing data was handled using multiple imputation 
by chained equations (MICE) in Stata®.

Statistical analysis

Descriptive statistics included the number of subjects in 
each of the three BMI categories, with the Underweight/
Normal BMI group serving as the reference category. 
Baseline characteristics were reported as means and stand-
ard deviations for continuous variables, and frequencies 
and proportions for categorical variables. Inferential sta-
tistical analyses included univariable and multivariable 
(adjusted for baseline characteristics) logistic regression 
for each of the two primary composite neurologic out-
comes and for mortality, non-proportional odds logistic 
regression for severity of illness and length of hospital 
stay, and linear regression for SARS-CoV-2 cycle thresh-
old. We conducted stratified analyses based on sex and 
dichotomous age (age < 65 years versus age  ≥ 65 years) to 
assess for effect modification, and corresponding p values 
were obtained via interaction terms included in the regres-
sion model. For sensitivity analyses, we excluded subjects 
enrolled during the early waves of the pandemic (April 1, 
2020–December 1, 2020) with December 1, 2021, rep-
resenting the midpoint of our study’s timeframe. Effect 
measures were reported with their corresponding 95% con-
fidence intervals and p-values. All p-values were adjusted 
for multiple testing using the Bonferroni method.

Results

Figure 1 shows the geographic location of the 12 partici-
pating hospitals in Southwestern Ontario, Canada. A total 
of 1437 subjects met study eligibility criteria. Of these, 
307 were in the Underweight/Normal BMI category, 456 
were in the Overweight category, and 674 were in the 
Obese category. Baseline characteristics were fairly bal-
anced with the exception of a relatively lower mean age 
in the Obese category, male predominance in the Over-
weight category, female predominance in the Obese cat-
egory, and higher rates of diabetes mellitus, hypertension, 
and dyslipidemia in both the Overweight and Obese cat-
egories (Table 1). Baseline rates for smoking and alcohol 
consumption were mostly balanced among all categories 
although substance abuse in the past year was higher for 
the Underweight/Normal BMI group. Table 2 provides 
descriptive statistics for the subcomponents of each of the 
primary composite outcomes while Table 3 summarizes 
the results of univariable analyses for all outcomes.

The primary composite outcome for subjective neuro-
logic manifestations was realized in 37.1%, 37.7%, and 
44.1% of Underweight/Normal, Overweight, and Obese 
subjects, respectively, with headache being the most 
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common symptom. The primary composite outcome for 
objective neurologic manifestations was noted in 10.1%, 
7.7%, and 5.9% of Underweight/Normal, Overweight, and 
Obese subjects, respectively, with delirium being the most 
common sign. When compared to the reference group, the 
unadjusted odds ratios for the subjective composite out-
come were 1.02 (95% confidence interval (CI): 0.72, 1.45; 
Bonferroni p-value 1.00) and 1.34 (95% CI: 0.96, 1.88; 
Bonferroni p-value 0.348) for the Obese and Overweight 
groups, respectively (Table 2). Rates for each of the sec-
ondary outcomes appeared to be similar across exposure 
groups, except for mortality which was noted in 13.4%, 

10.7%, and 8.8% of Underweight/Normal, Overweight, 
and Obese subjects, with all observations being non-sta-
tistically significant (Table 3).

The results of multivariable analysis for the two primary 
composite outcomes are shown in Fig. 2a, b as well as in 
Table 4. For the subjective composite outcome, the odds 
ratios for the Overweight and Obese categories compared 
to the Underweight/Normal category were statistically 
non-significant at 1.02 (95% CI: 0.70, 1.48; Bonferroni 
p-value = 1.00) and 1.17 (95% CI: 0.84, 1.64; Bonferroni 
p-value = 1.00), respectively. For the objective composite 
outcome, the respective odds ratios for the Overweight and 
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Fig. 1  Geographic location of the 12 participating hospitals in South-
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Table 1  Baseline 
Characteristics of Study 
Participants by BMI  Categorya

a Sample size for each category based on multiple imputation estimates
b SD = standard deviation. Mean values based on multiple imputation estimates for BMI categories
c COPD = chronic obstructive lung disease; dOSA = obstructive sleep apnea; eCKD = chronic kidney dis-
ease; fCLD = chronic liver disease; gCHD = coronary heart disease; hCHF = congestive heart failure
i Regular = at least daily; Occasional = at least monthly but less than daily; Rare/never < monthly
j Marijuana, opiate, and/or crystal methamphetamine use as documented in the electronic medical record, 
including results from urine or blood toxicologic analyses
k SES = socioeconomic status using 2015 pre-tax median household income (in Canadian dollars) as a sur-
rogate, based on neighborhood-specific aggregate data from the 2016 Canadian Census as reported by Sta-
tistics Canada [38]

Characteristic Underweight/Normal 
(n = 307)

Overweight (n = 456) Obese (n = 674)

Age, years [mean (SD)]b 54.8 (22.8) 54.2 (20.4) 51.5 (19.6)
Sex, no (%)
Female 156 (50.8) 200 (43.9) 363 (53.9)
Male 151 (49.2) 256 (56.1) 311 (46.1)
Comorbidities, no. (%)
Diabetes mellitus 51 (16.6) 88 (19.3) 170 (25.2)
Hypertension 86 (28.0) 163 (35.7) 245 (36.4)
Dyslipidemia 50 (16.3) 114 (25.0) 161 (23.9)
Asthma 21 (6.8) 32 (7.0) 81 (12.0)
COPDc 18 (5.9) 29 (6.4) 30 (4.5)
OSAd 6 (2.0) 19 (4.2) 71 (10.5)
CKDe 20 (6.5) 23 (5.0) 30 (4.5)
CLDf 8 (2.6) 8 (1.8) 18 (2.7)
CHDg 18 (5.9) 50 (11.0) 51 (7.6)
CHFh 13 (4.2) 25 (5.5) 24 (3.6)
Immunosuppression 15 (4.9) 21 (4.6) 21 (3.1)
Depression/Mood Disorder 43 (14.0) 52 (11.4) 95 (14.1)
Anxiety 25 (8.1) 27 (5.9) 54 (8.0)
Smoking, no. (%)
Current 31 (10.1) 40 (8.8) 61 (9.1)
Former 59 (19.2) 85 (18.6) 113 (16.8)
Rare/Never 148 (48.2) 230 (50.4) 352 (52.2)
Unknown 69 (22.5) 101 (22.1) 148 (22.0)
Alcoholi, no. (%)
Regular 19 (6.2) 32 (7.0) 51 (7.6)
Occasional 42 (13.7) 75 (16.4) 103 (15.3)
Rare/Never 158 (51.5) 224 (49.1) 350 (51.9)
Unknown 88 (29.0) 125 (27.4) 170 (25.2)
Substance usej, no. (%)
Past year 24 (7.8) 21 (4.6) 33 (4.9)
Rare/Never 144 (46.9) 230 (50.4) 361 (53.6)
Unknown 139 (45.3) 205 (45.0) 280 (41.5)
Household incomek, no. (%)
 > $100,000 34 (11.1) 55 (12.1) 73 (10.8)
$75,000–$99,999 91 (29.6) 124 (27.2) 200 (29.7)
$50,000–$74,999 79 (25.7) 157 (34.4) 204 (30.3)
$25,000–$49,999 98 (31.9) 109 (23.9) 184 (27.3)
 < $25,000 5 (1.6) 10 (2.2) 12 (1.8)
Unknown 0 (0.0) 1 (0.2) 1 (0.1)
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Obese groups were statistically non-significant at 0.80 (95% 
CI: 0.45, 1.43; Bonferroni p-value = 1.00) and 0.74 (95% CI: 
0.42, 1.30; Bonferroni p-value = 1.00).

Compared to Underweight/Normal BMI participants, 
being Overweight or Obese was not associated with three 
hospital length of stay categories, including hospitaliza-
tion at or beyond 24 h, hospitalization for 7 days or longer, 
and hospitalization for 14 days or longer, with adjusted 
odds ratios of 0.98 (95% CI: 0.91, 1.05), 0.97 (95% CI: 
0.91, 1.03), and 1.00 (95% CI: 0.95, 1.04), respectively, 
for the Overweight group, and 1.01 (95% CI: 0.95, 1.08), 
0.99 (95% CI: 0.93, 1.05), and 1.00 (95% CI: 0.96, 1.05), 
respectively, for the Obese group, with all Bonferroni 
p-values = 1.00.

There was no significant relationship between being over-
weight or obese with severity of illness. The odds ratios 
for any inpatient hospitalization, hospitalization requiring 
high-flow oxygen or greater levels of respiratory support, 
and ICU admission were 0.86 (95% CI: 0.58, 1.28), 0.90 
(95% CI: 0.60, 1.36), and 0.99 (95% CI: 0.52, 1.88), respec-
tively, for the Overweight group, and 0.99 (95% CI: 0.58, 
1.43), 1.07 (95% CI: 0.73, 1.57), and 1.52 (95% CI: 0.84, 
2.80), respectively, for the Obese group, with all Bonferroni 
p-values = 1.00.

For SARS-CoV-2 cycle threshold, the adjusted odds 
ratios were non-significant at 1.14 (95% CI: 0.43, 3.01; 
Bonferroni p-value = 1.00) for the Overweight group and 
1.45 (95% CI: 0.57, 3.69; Bonferroni p-value = 1.00) for the 
Obese group.

Mortality rates were non-significant, with adjusted odds 
ratios of 0.95 (95% CI: 0.92, 1.00; Bonferroni p-value = 1.00) 
and 0.97 (95% CI: 0.93, 1.01; Bonferroni p-value = 1.00) 
for the Overweight and Obese groups, respectively. Age 
and sex-stratified analyses for the two primary composite 

outcomes revealed no evidence of effect modification for the 
obese and overweight groups, respectively (Table 5). Sensi-
tivity analysis revealed non-significant findings for the two 
primary composite outcomes when individuals who were 
enrolled prior to the study mid-point (December 1, 2020) 
were excluded from the analysis (Table 6).

Discussion

We demonstrated that obese and overweight study par-
ticipants had no significantly increased risk of neurologic 
manifestations during acute COVID-19 illness based on our 
composite outcome measures. To our surprise, the point esti-
mates for objective neurologic manifestations were lower for 
obese and overweight subjects, and vice versa for subjective 
neurologic manifestations. We also found no evidence of 
effect modification by age or sex in subgroup analyses for 
the two primary outcomes. All secondary outcome meas-
ures were not significantly different between obese and over-
weight subjects compared to underweight/normal subjects. 
Our sensitivity analysis involved restricting the focus to later 
waves of the pandemic as more information became avail-
able to guide the management of COVID-19 illness. How-
ever, the findings were not significantly different from those 
of the entire cohort.

Our results differ somewhat from those of other inves-
tigators. In a Chinese retrospective cohort study, Ye and 
colleagues observed that underweight subjects were signifi-
cantly more likely to develop a headache following acute 
COVID-19 infection compared to other BMI groups [41]. 
Attia and colleagues in Egypt found a significantly higher 
incidence of altered mental status (delirium) post COVID-
19 illness in subjects with a mean BMI of almost 34 kg/m2 
compared to those with a mean BMI of approximately 31 kg/
m2. [42] Ashrafi and colleagues conducted a cross-sectional 
study in a single tertiary hospital in the Middle East and 
found that headache, impaired taste, and reduced smell 
were the most common neurologic manifestations following 
COVID-19 infection [33]. However, these researchers mod-
elled BMI as a continuous variable and found that individu-
als with neurologic manifestations had a significantly higher 
mean BMI compared to those without neurologic manifes-
tations (26.64 kg/m2 versus 25.71 kg/m2, p = 0.02) [33]. In 
Italy, Vimercati and colleagues conducted a retrospective 
cohort study assessing chronic neurologic manifestations, 
which we did not assess [43]. However, these investigators 
observed that these neurologic signs were more frequent 
among those who were overweight and obese compared to 
those in lower BMI groups [43]. In the Philippines, Espiritu 
and coworkers conducted a retrospective cohort study on 
clinical outcomes following acute COVID-19 illness and 
found that obese persons with neurologic signs or symptoms 

Table 2  Frequency of Subcomponents of Primary Composite Out-
comes by BMI Category

Outcome, no. (%) Underweight/normal Overweight Obese
(n = 307) (n = 456) (n = 674)

Anosmia 38 (12.4) 75 (16.4) 97 (14.4)
Dysgeusia 44 (14.3) 74 (16.2) 111 (16.5)
Headache 88 (28.7) 133 (29.2) 242 (35.9)
Ataxia 0 (0.0) 0 (0.0) 0 (0.0)
Delirium 27 (8.8) 31 (6.8) 33 (4.9)
Encephalitis 0 (0.0) 0 (0.0) 2 (0.3)
Encephalopathy 2 (0.7) 1 (0.2) 3 (0.4)
Intracranial hemor-

rhage
1 (0.3) 2 (0.4) 1 (0.1)

Meningitis 1 (0.3) 1 (0.2) 0 (0.0)
Seizure 1 (0.3) 1 (0.2) 2 (0.3)
Stroke (ischemic) 2 (0.7) 3 (0.7) 6 (0.9)
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had a lower rate of neurologic improvement at discharge 
compared to lower BMI groups [44]. In a recent review, 
Khan and coinvestigators from France argue that obesity is 
associated with a lower degree of perception of altered taste 
and smell, and that this lack of an alert to the onset of acute 
COVID-19 may result in poorer outcomes due to a delay 
in seeking care [45]. Table 7 summarizes the key findings 
of the aforementioned comparative studies. The findings of 
our study represent an important addition to the existing 
COVID-19 knowledge base. Our findings differ from those 
of other investigators although we acknowledge that limited 
comparative evidence exists. We believe that factors other 
than BMI may be playing a role in the development of neuro-
logic symptoms following COVID-19. Thus, our study paves 
the way for the design of new experiments to investigate 

the relationship between BMI and a wide variety of infec-
tious diseases, including but not limited to COVID-19. Our 
study is unique in developing a novel composite outcome 
measure for post-acute COVID-19 neurologic symptoms and 
signs among patients belonging to different BMI categories. 
No previous studies have assessed the relationship between 
BMI group and acute COVID-19 neurologic outcomes in 
any detail. We enrolled a diverse patient population from 
multiple regional hospitals and had around-the-clock on-
site and remote access to detailed electronic medical record 
information, including physician and nurse-generated docu-
ments as well as diagnostic imaging reports, all of which 
fostered timely and accurate collection of clinical data. Our 
research endeavor faced a number of limitations, including 
a lack of information on race and ethnicity in the EMR, the 

Table 3  Univariate analysis of 
outcomes by BMI Category

a Composite subjective neurologic outcome;
b Composite objective neurologic outcome
c CT = Real-time PCR cycle threshold value

Outcome Underweight/normal Overweight Obese
(n = 307) (n = 456) (n = 674)

Composite #1a, no. (%) 114 (37.1) 172 (37.7) 297 (44.1)
 OR [95% CI] 1 1.02 [0.72, 1.45] 1.34 [0.96, 1.88]
 Bonferroni p-value 1 0.348

Composite #2b, no. (%) 31 (10.1) 35 (7.7) 40 (5.9)
 OR [95% CI] 1 0.74 [0.44, 1.25] 0.56 [0.33, 0.93]
 Bonferroni p-value 1 0.112

Length of stay  ≥  24 h, no. (%) 136 (44.3) 200 (43.9) 299 (44.4)
 OR [95% CI] 1 1.00 [0.92, 1.09] 1.00 [0.93, 1.08]
 Bonferroni p-value 1 1

Length of stay  ≥ 7 days, no. (%) 75 (24.4) 106 (23.2) 159 (23.6)
 OR [95% CI] 1 0.99 [0.92, 1.06] 0.99 [0.93, 1.06]
 Bonferroni p-value 1 1

Length of stay  ≥  14 days, no. (%) 39 (12.7) 60 (13.2) 83 (12.3)
 OR [95% CI] 1 1.00 [0.96, 1.06] 1.00 [0.95, 1.04]
 Bonferroni p-value 1 1

 ≥ Hospitalized, mild, no  O2, no. (%) 157 (51.1) 227 (49.8) 332 (49.3)
 OR [95% CI] 1 0.99 [0.91, 1.08] 0.98 [0.91, 1.06]
 Bonferroni p-value 1 1

 ≥ Hospitalized, severe, no. (%) 59 (19.2) 89 (19.5) 132 (19.6)
 OR [95% CI] 1 1.00 [0.94, 1.06] 1.00 [0.95, 1.06]
 Bonferroni p-value, no. (%) 1 1

ICU Admission, no. (%) 3 (1.0) 29 (6.4) 59 (8.8)
 OR [95% CI] 1 1.01 [0.97, 1.05] 1.03 [0.99, 1.07]
 Bonferroni p-value 1 1

Mortality, no. (%) 41 (13.4) 49 (10.7) 59 (8.8)
 OR [95% CI] 1 0.78 [0.49, 1.26] 0.62 [0.40, 0.97]
 Bonferroni p-value 1 0.7

SARS-CoV-2 PCR  CTc, mean(SD) 22.2 (6.9) 22.6 (6.8) 22.5 (6.1)
 [95% CI} 1 1.15 [0.44, 3.01] 1.26 [0.50, 3.16]
 Bonferroni p-value 1 1
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a priori exclusion of vaccinated individuals due to the slow 
roll-out of COVID-19 vaccines in Canada, exclusion of anti-
viral or immunomodulatory therapy as a baseline predictor 
due to potential confounding by indication, an incomplete 
picture of baseline comorbidities due to variation in severity 
level between individual subjects, and the lack of follow-up 
post-hospital discharge. Information about baseline labo-
ratory indices was not collected except for SARS-CoV-2 
cycle threshold. The time period of our study did not extend 
beyond the initial hospital visit or admission, and we had a 
relatively small sample size for the outcomes being assessed. 
The most recent height and weight metrics in the EMR may 
not necessarily correspond to indices at the time of study 
inclusion. It also possible that milder neurologic symptoms 
may not have been documented in the EMR. Residual con-
founding is also likely to be present to some extent in obser-
vational studies. Furthermore, SARS-CoV-2 cycle threshold 
values may vary if obtained at different time points during 
the course of acute illness. Finally, BMI may not correspond 
to a well-defined intervention or exposure and may not pro-
vide an accurate measure of body fat.

Conclusions

Obese and overweight participants are not at increased risk 
of developing subjective or objective neurologic manifesta-
tions following COVID-19 infection, compared to those with 
an underweight/normal BMI. Future studies are warranted 
to explore the relationship between body fat composition 
and COVID-19-related neurologic outcomes using meas-
ures of adiposity other than, or in addition to, BMI, and 
to determine how vaccination status mediates the effects of 
obesity on acute COVID-19 infection. Studies designed to 
explore the relationship between degree of obesity (i.e., class 
I, II, and III obesity) and the development of neurologic 
manifestations following COVID-19 may provide further 
insight. A larger sample size using provincial/state and/or 
national health databases is recommended to increase study 
power. Furthermore, standardized electronic data collection 
forms for recording baseline characteristics, their severity, 
and all outcome measures should be considered for future 
COVID-19 prospective or retrospective cohort studies. Fur-
ther studies will be needed to determine how BMI affects 
the prevalence and severity of post-acute-COVID syn-
drome, including neurologic manifestations such as cogni-
tive dysfunction.

A

B

*Bonferroni-adjusted p-value

1.00 1.02
1.17

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

BMI Category

Underweight/Normal Overweight Obese

*p=1.00 (naïve p=0.92)

*p=1.00 (naïve p=0.34)

O
dd

s R
at

io
 fo

r C
om

po
si

te
 O

ut
co

m
e 

1

*Bonferroni-adjusted p-value

1.00
0.80 0.74

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

BMI Category

Underweight/Normal Overweight Obese

Fig. 2  a Multivariable Analysis of Subjective Primary Composite 
Outcome by BMI Category b Multivariable Analysis of Objective 
Primary Composite Outcome by BMI Category



2247Clinical and Experimental Medicine (2023) 23:2239–2251 

1 3

Table 4  Multivariable analysis 
of Outcomes by BMI  category*

* All p-values are Bonferroni-adjusted
a Composite subjective neurologic outcome
b Composite objective neurologic outcome
c CT = Real-time PCR cycle threshold value

Outcome Underweight/Normal Overweight Obese
(n = 320) (n = 462) (n = 685)

Composite outcome #1a

 Odds ratio [95% CI] 1.00 (reference) 1.02 [0.70–1.48] 1.17 [0.84–1.64]
 P-value 1 1

Composite outcome #2b

 Odds ratio [95% CI] 1.00 (reference) 0.80 [0.45–1.43] 0.74 [0.42–1.30]
 P-value 1 1

Hospital length of stay  ≥ 24 h
 Odds ratio [95% CI] 1.00 (reference) 0.98 [0.91–1.05] 1.01 [0.95–1.08]
 P-value 1 1

 ≥ 7 days
 Odds ratio [95% CI] 1.00 (reference) 0.97 [0.91–1.03] 0.99 [0.93–1.05]
 P-value 1 1

 ≥ 14 days
 Odds ratio [95% CI] 1.00 (reference) 1.00 [0.95–1.04] 1.00 [0.96–1.05]
 P-value 1 1

Severity of Illness
 ≥ Hospitalized, mild, no  O2

 Odds ratio [95% CI] 1.00 (reference) 0.86 [0.58–1.28] 0.99 [0.58–1.43]
 P-value 1 1

 ≥ Hospitalized, severe
 Odds ratio [95% CI] 1.00 (reference) 0.90 [0.60–1.36] 1.07 [0.73–1.57]
 P-value 1 1

ICU admission
 Odds ratio [95% CI] 1.00 (reference) 0.99 [0.52–1.88] 1.52 [0.84–2.80]
 P-value 1 1

Mortality
 Odds ratio [95% CI] 1.00 (reference) 0.96 [0.92–1.00] 0.97 [0.93–1.01]
 P-value 1 1

SARS-CoV-2 PCR  CTc

 Odds ratio [95% CI] 1.00 (reference) 1.14 [0.43–3.01] 1.45 [0.57–3.69]
 P-value 1 1
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Table 5  Effect Modification: 
Sex or Age, and BMI Category 
(Multivariable Analysis)*

* All p-values are Bonferroni-adjusted
a Composite subjective neurologic outcome
b Composite objective neurologic outcome

Outcome Underweight/normal Overweight Obese
(n = 320) (n = 462) (n = 685)

Composite outcome #1a

Males
 Odds ratio [95% CI] 1.00 (reference) 0.97 [0.46–2.05] 0.74 [0.36–1.52]
 P-value 1 1

Females
 Odds ratio [95% CI] 1.00 (reference) 1.03 [0.49–2.18] 1.36 [0.66–2.80]
 P-value 1 1

Composite outcome #2b

 Males
 Odds ratio [95% CI] 1.00 (reference) 0.72 [0.23–2.29] 1.09 [0.35–3.38]
 P-value 1 1

Females
 Odds ratio [95% CI] 1.00 (reference) 1.39 [0.44–4.44] 0.91 [0.30–2.83]
 P-value 1 1

Composite outcome #1a

Age < 65 years
 Odds ratio [95% CI] 1.00 (reference) 1.04 [0.65–1.65] 1.21 [0.79–1.87]
 P-value 1 1

Age  ≥ 65 years
Odds ratio [95% CI] 1.00 (reference) 1.22 [0.61–2.44] 1.53 [0.81–2.88]
 P-value 1 1

Composite outcome #2b

Age < 65 years
 Odds ratio [95% CI] 1.00 (reference) 0.70 [0.16–3.10] 0.57 [0.15–2.21]
 P-value 1 1

Age ≥ 65 years
 Odds ratio [95% CI] 1.00 (reference) 0.69 [0.36–1.31] 0.59 [0.31–1.11]
 P-value 1 1

Table 6  Sensitivity Analyses 
(Exclusion of Subjects Enrolled 
Prior to Study Mid-Point)*

* All p-values are Bonferroni-adjusted
a Composite subjective neurologic outcome
b Composite objective neurologic outcome

Outcome Underweight/normal Overweight Obese
(n = 320) (n = 462) (n = 685)

Composite outcome #1a

 Odds ratio [95% CI] 1.0 (reference) 1.01 [0.66–1.53] 1.16 [0.78–1.76]
 P-value 1 1

Composite outcome #2b

 Odds ratio [95% CI] 1.0 (reference) 0.85 [0.43–1.66] 0.87 [0.45–1.68]
 P-value 1 1
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