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Abstract: Background/Objectives: Obesity is a rising public health concern in Africa, with
aggravating effects on several diseases including the recent COVID-19 pandemic. We analyzed the
epidemiology of bioimpedance analysis-based adipose obesity and evaluated its predictive potential
and clinical value for SARS-CoV-2 infection. Methods: A one-year cross-section study was conducted
at seven referral COVID-19 centers in the town of Douala, Cameroon. Demographic, anthropometric,
and clinical data were obtained from each participant. Body composition was estimated using body
mass index (BMI), body fat (BF), and visceral fat (VF). Results: The adipose obesity was evaluated
using BF and VF. The overall prevalence of obesity was 27.1%, 46.2%, and 28.8% using BMI, BF, and
VF, respectively. Discrepancies were noted between BMI, BF, and VF for identifying obese people.
The strongest risk factors of BF-related obesity were BMI = 30 Kg.m?2 (aOR = 25.32, p < 0.0001) and
university level (aOR = 3.97, p = 0.02), while being male (aOR = 4.68, p < 0.0001), advanced age (aOR
=2.01 to 3.25, p < 0.05), university level (aOR = 4.14, p = 0.04), and BMI = 30 Kg.m? (aOR = 4.38, p <
0.0001) were the strongest risk factors for high VF levels. VF was a consistent risk factor for SARS-
CoV-2 infection, especially in women. BF and VF had AUC values < 0.75. Conclusions: This study
outlined a high burden of adipose obesity with an interesting predictive potential, especially in
women, but a poor clinical utility, for the screening of SARS-CoV-2 infection.

Keywords: Adipose obesity; bioelectrical impedance analysis; reliability; SARS-CoV-2 infection;
Cameroon

1. Introduction

Yet four years after the coronavirus disease 2019 (COVID-19) pandemic, caused by severe acute
respiratory syndrome coronavirus-2 (SARS-CoV-2), there are still a great number of studies
published on the virus thereby outlining the fact that unanswered questions need to be elucidated
till now. COVID-19 imposed a high public health burden across the world, with high rates of
morbidity and mortality, especially in developed countries (e.g.,, USA, Japan, European Union
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region) and some African countries (e.g., Nigeria, South Africa) [1]. In other African settings, the
SARS-CoV-2 circulated at low rates, while other studies revealed its circulation at higher rates in
asymptomatic individuals [2,3]. Also, COVID-19 has directly and indirectly provoked difficulties in
combatting other major diseases such as malaria or cancer [4]. The future emergence and spread of
benign and pathogenic microorganisms is highly probable given several favouring factors like
anthropical activities and climate change [5-7].

Epidemiological and clinical studies on COVID-19 identified a large number of risk factors for
morbidity and/or mortality. Cardiovascular and respiratory diseases and associated morbidities, e.g.,
obesity, diabetes mellitus, and metabolic syndrome, have been identified as one of the top risk factors
for infection, morbidity, and fatality [8-10]. Given the upsurge of these comorbidities and the lack of
preparedness of African countries this last decade, the majority of models had predicted COVID-19-
induced hecatombs in the continent. Indeed, at the onset of the pandemic, an obvious disproportion
between developing and developed countries regarding diagnostic tools (i.e., nucleic acid
amplification tests, NAATSs) has been observed. A handful of African countries, such as South Africa
and those in the northern part of the continent, could afford such NAATSs, while the bulk of countries
were living off donations. Given, the high cost of these NAATSs, the identification and validation of
reliable and affordable tools such as biomarkers have been proposed as seen for other major diseases
[11]. In this context, a panoply of biomolecules and conditions (e.g., blood parameters, immune
biomolecules, hormones/hormone-like molecules, body mass index - BMI) have been investigated as
potential biomarkers for the prognosis, diagnosis, therapy, and prediction of COVID-19 outcomes
[12-16].

Some studies outlined that overweight (BMI 25 - 29.9 Kg.m2) and obesity (BMI > 30 Kg.m?) were
good predictors of COVID-19-related morbidity and mortality [14,17,18]. The prevalence of
malnutrition, especially obesity, is dramatically high and alarming in Africa [19,20]. The mechanism
(s) through which obesity exposes individuals to a higher risk of infection, morbidity, and mortality
is not completely understood. Hypotheses such as endothelial dysfunction, immune response
dysregulation, chronic inflammation, or synergistic effect with some established risk factors (e.g.,
diabetes, cardiovascular diseases) have been proposed to explain how obesity affects the clinical
course of SARS-CoV-2 infection [21-23]. Obesity likely plays a role central in the pathophysiology of
SARS-CoV-2 infection given the fact that the potential pathophysiological mechanisms are organised
around the deleterious impact of adipose tissue. Unfortunately, studies on the effect of body
composition mostly focused on BMI, without a glance at the presence and distribution of adipose
tissue [24]. Again, there is a scarcity of studies on the relationship between adipose tissue and
COVID-19, especially in African areas such as Cameroon.

In this context, the present study was designed to analyse the burden and clinical utility of
adipose obesity in COVID-19 patients living in the town of Douala, Cameroon.

2. Materials and Methods

2.1. Study Population

This study is part of a research project ‘Severe Acute Respiratory Syndrome Coronavirus-2 in
Cameroon: Epidemiology and impact on haematological, hormonal, and immunological profiles’,
which was approved by the Department of Biochemistry, Faculty of Sciences, The University of
Douala, Cameroon, and the Ethics board of the University of Douala (N° 2945 CEI-UDo/12/2021/T).
The details of the study sites, eligibility, and procedures/experiments have been published earlier
[2,12,25].

Briefly, a hospital-based cross-sectional was conducted from January to September 2022 at seven
reference centers for COVID-19 management in the town of Douala, Cameroon. These consisted of
Bangue District Hospital, Cite des Palmiers District Hospital, New-Bell District Hospital, Nylon
District Hospital, Deido District Hospital, Bonassama District Hospital, and Boko Medico-Social


https://doi.org/10.20944/preprints202501.1414.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 20 January 2025 d0i:10.20944/preprints202501.1414.v1

3 of 16

Center. Patients of Cameroonian nationality, both genders, and aged > 21 years old, and willing to
take part in the study were enrolled.

2.2. Data Collection and Operational Definitions

The patients underscored a physical and clinical examination by skilled nurses and medical
doctors. A pre-tested structured questionnaire was designed to capture demographical, clinical, and
paraclinical data (e.g., gender, age, COVID-19 vaccination status). Blood samples were collected to
perform to measure clinical parameters (i.e., vitamin D, glycaemia), while nasopharyngeal samples
were used to detect SARS-CoV-2 via standard molecular tests.

Anthropometric measurements (weight, height) were made to compute BMI as the Quetelet’s
formula: BMI (Kg.m?) = BW/BH? where BW and BH are the body weight (Kg) and height (m),
respectively. Patients were categorised as underweight (BMI < 18.5 kg/m?), normal (BMI 18.5- 24.9
kg/m?), overweight (BMI 25.0 - 29.9 Kg.m2), and obese (BMI > 30 Kg.m2) [26]. Bioelectrical impedance
analysis (BIA) parameters, i.e., body fat (BF) and visceral fat (VF), were measured using a smart
wireless scale coupled with an Android 11.1.1 smartphone as described elsewhere [27]. Briefly, each
patient was asked to take off their shoes, remove any metal objects, empty their pockets, and then
climb on the scale. Electrical impulses of low intensity and frequency (10-100 KHz) were sent by the
scale through the patient’s body to assess the resistance/impedance of body tissues. The BIA results
were transferred and processed to an Android smartphone using the New Iwellness application v3.0
(Apple Inc., Cupertino, California, USA). The cut-off values (i.e., low, normal, high, and very high)
of BF were adjusted for age (i.e., 20 — 39 years, 40 — 59 years, and > 60 years) and gender (i.e., female,
male) as described elsewhere [24,28]. Regarding VF, the patients were categorised as follows: normal
(1< VF<9), high (10 < VF<14), and very high (VF > 15) [24]. Based on these cut-off values, overweight
and obesity are determined when values of BF or VF are high or very high, respectively.

2.3. Statistical Analysis

Data were keyed in a Microsoft Excel sheet, coded, checked for consistency, and then exported
for statistical analysis. Variables are expressed as mean * standard deviation (SD) or frequency and
percentages where appropriate. Gaussian distribution of quantitative variables was assessed by the
Kolmogorov-Smirnov test [29]. The one-way analysis of variance (ANOVA) and Duncan’s post-hoc
tests were used to compare the mean values of quantitative variables (e.g., BF, VF) between the
categories of independent variables (e.g., gender, age). Variables with skewed distribution were
analysed with non-parametric tests (i.e.,, Kruskal-Wallis test, Mann-Whitney test). Pearson’s chi-
square test was used to compare frequency distributions. The proportions of qualitative variables
were compared using Pearson’s chi-square and Fisher’s exact tests. A simple correlation analysis was
performed to analyse the link between BMI and BF or VF. Receiver operating curves (ROC) were
constructed, and the area under the curve (AUC) was calculated to assess the clinical reliability of BF
and VF in the screening of SARS-CoV-2 infection [30]. AUC analyses were also stratified by patients’
details (i.e., gender, age, BMI, vitamin D level, and COVID-19 vaccination) to assess the influence of
these variables on the association between SARS-CoV-2 infection and BF or VF. An AUC > 0.75 is
considered to be of good clinical utility as proposed earlier [11]. No imputation was done to analyse
data. Thus, patients with missing data were excluded from statistical analyses. All two-tailed p-value
< 0.05 were considered statistically significant. Data analyses were done using StatView v5.0 (SAS
Institute, USA), SPSS v16 (SPSS, IBM, Inc., CA, USA), and GraphPad v8.02 (GraphPad PRISM, IBM.,
CA, USA).

3. Results
3.1. Description of the Study Population

The characteristics of the 420 patients included here have been presented elsewhere [2,12,25].
Briefly, the patients were mainly represented by males (52.9%). Likewise, the majority of them were
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working in a non-medical formal sector (57.4%) and had completed university studies (60.5%). The
mean age + SD was 42.3 + 14.4 years. Nearly 40% of them had at least one comorbidity, with
hypertension and diabetes mellitus diagnosed in 6.4% and 11.2% of them. Only 18.6% of them had
received COVID-19 vaccination. About 10.2% of the patients were suffering from vitamin D
deficiency. SARS-CoV-2 infection was found in 8.1% (1 = 34) of the participants.

3.2. Prevalence of Obesity

The prevalence of BMI-based obesity was 27.1% (1 =114, %95CI 23.1 — 31.6%) in the study (Figure
1A). Regarding adipose and visceral obesity, the prevalence rates were estimated at 46.2% (1 = 194,
%95CI 41.5 — 50.9%) and 28.8% (n = 121, %95CI 24.7 — 33.3%), respectively (Figures 3B & 3C). Some
discrepancies between BMI and BF or VF were observed. For instance, 4.3% and 22.7% of normal BMI
patients had very high levels of BF and VF, respectively (Figures 1D and 1E). Also, 10.5% of BMI-
based obese patients had normal BF values. These discrepancies were reflected in the weak
curvilinear correlation found between i) BMI and BF (12 = 0.38, p < 0.0001, Figure 1F), and ii) BMI and
VF (12=0.25, p = 0.0004, Figure 1G).
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Figure 1. Prevalence of obesity based on BMI (A), BF (B), and VF (C); and association (D, E) and correlation (F,
G) between BMI, BF, and VF. Note. BMI: Body mass index, BF: Body fat, VF: Visceral fat, 1> = Correlation
coefficient. In Figures 1D & 1E, the Pearson’s chi-square test was used to compare proportions. The differences
were statistically significant at p < 0.05. In Figures 1F & 1G, a simple correlational analysis was performed
between BMI and BF or VF. BMI-based underweight individuals (1 = 1) were excluded from the analysis. Each
point corresponds to one individual included in the analysis (1 = 420). Shaded areas present confidence interval

limits for correlation line (solid line) and agreement limits (dotted lines).

3.3. Profile of Body Fat and Visceral Fat by Patients” Characteristics

The BF- and VF-related body composition of participants stratified by demographical,
anthropometric, and clinical characteristics is summarized in Figure 2. We observed that obesity
according to BF was significantly more frequent in SARS-CoV-2 uninfected patients compared to
their infected counterparts (47.4% vs 32.4%, p < 0.05) (Figure 2A). The highest level of obesity was
found in those aged 40 — 59 years (61.2%), followed by those aged > 60 years (42.6%) and 20 — 39 years
(37.6%). Very high levels of BF were more frequently found in patients working in the medical sector
(50.2%, p < 0.0001), having completed university studies (47.6%, p <0.0001), and those with BMI > 30
Kg.m?2 (87.7%, p < 0.0001) (Figure 2A). In contrast, the proportion of very high VF levels was higher
in SARS-CoV-2 infected patients (50.0%, p = 0.003), males (41.9%, p < 0.0001), those aged > 60 years
(50.0%, p <0.0001), married ones (40.4%, p <0.0001), and those with BMI > 30 Kg.m2(30.7%, p <0.0001)

(Figure 2B).
A Low Normal mm High (Overweight) mm Very High (Obesity)
* n.s *n axs n.s ™ o n.s n.s n.s
100
g 80
§ 60
E 40
Q
<4
& 20
0
B Normal = High = Very High
s wrn wrx Foo n.s 2rx an n.s n.s n.s
100
£ 80
5 80
E 40
a
[
£ 20
0 T I I T 1 I 1 T 1 I T T I 1 T I 1 1 T I I T I 1 T 1 I T I 1
AR B NG A SRR LSS SR A AN DN
S3 S TEF SPT VEF SFS ST SFEF L F S
o v & v o & v & & N IR v AR ¢ & AR
osé"\ @Qas c:sv:@ \""\ e;\(\ b\(\es’\ C\\ \(\A\(‘\ ’5'\&@ &\ o@ (9@ @o\\?‘\c’\ oé\w"’\ 0@ «zf’\
SN P cﬁofg‘c"k\ OGL&Q‘(’ -\ébt?&@\ 5?595} Sl G Er o 5
Q;% PEE SFs g TE Q&e"é’%
N & > & o\@ ‘Z‘A QG}Q
S 83

— L J L 1L Jd 1 e ] L 1 L 1 L 1

Gender  Age Marital Education Occupation BMI = Glycaemic vDD COVID-19

SARS-CoV2 status level 30kgm? status vaccination
infection

Figure 2. Body composition categories for body fat (A) and visceral fat (B) by demographic, anthropometric, and
clinical characteristics. Note. BMI: Body mass index, SARS-CoV-2: Severe acute respiratory syndrome
coronavirus 2, COVID-19: Coronavirus disease 2019, ns: Not significant. The Pearson’s chi-square test was used

to compare proportions. Statistically significant at *p < 0.05, **p <0.01, and **p < 0.0001.
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The variation of mean values of BF and VF with regard to demographical, anthropometric, and
clinical characteristics is depicted in Figure 3. Overall, BF values varied significantly by gender, age
group, marital status, occupation, and vitamin D deficiency (VDD) status (Figure 3A). Mean BF levels
were significantly higher in females compared to males (37.20 + 8.29% vs 26.57 + 9.19%, p < 0.0001).
The highest value of BF (33.50 + 9.21%) was found in patients aged > 60 years, with a significant
difference compared to their younger counterparts aged 20 — 39 years (p < 0.0001), but not with those
aged 40 - 59 years (p = 0.47). Not surprisingly, BF values were significantly higher in individuals with
BMl-related obesity than those with normal BMI or overweight (39.44 + 7.06% vs 28.65 + 9.71%, p <
0.0001). Likewise, participants with VDD had higher BF compared to those with normal vitamin D
levels (35.14 + 8.68% vs 31.17 + 10.35%, p = 0.01) (Figure 3A).
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Figure 3. Variation of body fat (A) and visceral fat (B) by patients” details. Note. BMI: Body mass index, SARS-
CoV-2: Severe acute respiratory syndrome coronavirus 2, COVID-19: Coronavirus disease 2019. One-way
analysis of variance (ANOVA) and Duncan’s post-hoc tests were used to compare groups. Statistically
significant at *p < 0.05, **p < 0.01, and ***p <0.0001.

Variables included SARS-CoV-2 infection, gender, age group, marital status, occupation, BMI,
and VDD status significantly modulated the values of VF (Figure 3B). Indeed, mean VF values were
higher in SARS-CoV2-infected individuals compared to their negative counterparts (16.28 + 3.50 % vs
13.17 + 4.81%, p = 0.0001). Similarly to BF, levels of VF were significantly higher in participants aged
> 60 years (16.43 + 5.11%) compared to those aged 20 — 39 years (12.37 + 4.91%, p < 0.0001) and 40 - 59
years (13.57 + 3.71 %, p = 0.02). Females had lower mean VF levels compared to males (12.07 + 4.49%
vs 14.64 + 4.74%, p < 0.0001). Patients with BMI > 30 %.m2 had higher VF values compared to those
with BMI < 30 %.m2(13.12 + 4.00 % vs 9.79 + 4.21 %, p <0.0001) (Figure 3B).

3.5. Determinants of Body Fat-Based Adipose Obesity

The univariate logistic analysis identified four factors (i.e., age, marital status, occupation, and
BMI > 30 Kg.m?) associated with adipose obesity (Table 1). The participants aged 40 — 59 years were
more than twofold (cOR = 2.62, 95%CI 1.69 — 4.06, p < 0.0001) at risk of visceral obesity compared to
those aged 20 — 39 years. The risk of obesity was higher in those working in the medical sector (cOR
=4.03, 95%CI 1.94 — 8.37, p = 0.0002) or the informal sector (cOR = 3.73, 95%CI 1.66 — 8.40, p = 0.001)
compared to students. Likewise, the risk of obesity was three times higher (cOR = 2.81, 95%CI 1.87 —
4.23, p <0.0001) in married and sixteen times higher (cOR = 16.11, 95%ClI 8.75 — 29.64, p < 0.0001) in
those with BMI > 30 Kg.m* compared to singles and those with BMI < 30 Kg.m?, respectively (Table
1).

Table 1. Univariate and multivariate logistic regression analyses of determinants of body fat-based adipose
obesity in participants.

Univariate analysis Multivariate analysis

Variables N 1 (%) cOR (95%CI) r aOR (95%CI) r
Gender

Females 198 85 (42.9%) 1 1

Males 222 109 (49.1%) 1.28 (0.87 - 1.89) 0.21 2.47 (1.43 - 4.25) 0.001*
Age (yrs)

20 -39 213 80 (37.6%) 1 1

40 -59 139 85 (61.2%) 2.62 (1.69 - 4.06) <0.0001* 1.12 (0.60 - 2.08) 0.71

260 68 29 (42.6%) 1.24 (0.71-2.15) 0.45 0.30 (0.13 - 0.70) 0.005*
Education

None/Primary 25 8 (32.0%) 1 1

Secondary 141 65 (46.1%) 1.82 (0.74 - 4.48) 0.19 2.28 (0.72 - 7.20) 0.15

University 254 121 (47.6%) 1.93 (0.81 - 4.64) 0.14 3.97 (1.23 - 12.88) 0.02*
Marital status

Single 182 59 (32.4%) 1 1

Married 223 128 (57.4%) 2.81 (1.87 - 4.23) <0.0001* 2.52(1.42 - 4.49) 0.001*

Divorced/Widowed 15 7 (46.7%) 1.82 (0.63-5.27) 0.26 2.35(0.53 - 10.47) 0.26
Occupation

Student 50 10 (20.0%) 1 1

Medical sector 283 142 (50.2%) 4.03 (1.94 - 8.37) 0.0002* 2.44 (1.01- 5.88) 0.04*
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Informal sector 87 42 (48.3%) 3.73 (1.66 - 8.40) 0.001* 227 (0.74 - 6.94) 0.15
BMI > 30 Kg.m?2

No 306 94 (30.7%) 1 1

Yes 114 100 (87.7%) 16.11 (8.75 - 29.64)  <0.0001* 25.32(12.18 - 52.66)  <0.0001*
Vitamin D deficiency

No 377 174 (46.2%) 1 1

Yes 43 20 (46.5%) 0.99 (0.52 - 1.86) 0.96 1.13 (0.49 - 2.60) 0.76
Glycaemic status

Hypoglycaemic 6 2(33.3%) 1 1

Normal 366 162 (44.3%) 1.35(0.11 - 11.20) 0.89 1.36 (0.14 - 13.20) 0.78

Hyperglycaemic 48 30 (62.5%) 1.57 (0.13 - 15.87) 0.33 1.55(0.14 - 16.98) 0.72

Note. 95%CI: Confidence interval at 95%, BMIL: Body mass index, cOR/aOR: Crude/Adjusted odds ratio.
Univariate and multivariate logistic regression analyses were performed to identify the determinants of adipose

obesity in participants. *Statistically significant at p < 0.05.

Six associated factors were identified via the multivariate logistic model viz. gender, age,
education, marital status, occupation, and BMI > 30 Kg.m?2. For instance, the odds of obesity were
higher in males (aOR = 2.47, 95%CI 1.43 — 4.25, p = 0.001) compared to females. Similarly, the risk of
obesity was higher in those having completed university studies (aOR = 3.97, 95%CI 1.23 - 12.88, p =
0.02), married (aOR =2.52, 95%CI 1.42 — 4.49, p = 0.001), in those working in the medical sector (aOR
=2.44,95%CI 1.01 - 5.88, p = 0.04), and those with BMI > 30 Kg.m?2 (aOR = 25.32, 95%CI 12.18 - 52.66,
p <0.0001). In contrast, the chances of obesity were reduced by 70% (aOR = 0.30, 95%CI 0.13 - 0.70, p
=0.005) in those aged > 60 years compared to those aged 20 — 39 years (Table 1).

3.6. Determinants of Visceral Obesity

Six variables, i.e., gender, age, marital status, occupation, BMI, and VDD, were found to be
associated with visceral obesity using univariate logistic regression analysis. The risk of visceral
obesity was nearly four times higher (cOR =2.71, 95%CI 1.33 - 5.51, p = 0.0005) in males compared to
females. Similarly, being aged 40 — 59 years (cOR = 2.08, 95%CI 1.27 — 3.39, p = 0.0003), or more than
60 years (cOR = 4.20, 95%CI 2.34 — 7.53, p < 0.0001), working in the medical sector (cOR = 3.82, 95%ClI
2.29 - 6.04, p = 0.003), being married (cOR =3.72, 95%CI 2.29 — 6.04, p < 0.0001), having BMI > 30 Kg.m-
2(cOR =3.39, 95%CI1 2.02 - 5.69, p < 0.0001), and suffering from VDD (cOR =1.92, 95%CI 1.00 - 3.66, p
=0.04) were also risk factors of visceral obesity (Table 2).

Table 2. Univariate and multivariate logistic regression analyses of determinants of visceral obesity in

participants.
Univariate analysis Multivariate analysis
Variables N n (%) cOR (95%CI) 4 aOR (95%CI) |4
Gender
Females 198 17 (8.6%) 1 1
Males 222 58 (26.1%) 2.71(1.33-5.51)  0.0005* 4.68 (2.65-8.27)  <0.0001*
Age (yrs)
20-39 213 15 (7.0%) 1 1
40 - 59 139 32 (23.0%) 2.08 (1.27-3.39)  0.0003* 2.01 (1.06 - 3.81) 0.03*
=60 68 28 (41.2%) 4.20 (2.34-7.53) <0.0001* 3.25(1.49-7.17)  <0.0001*
Education
None/Primary 25 3 (12.0%) 1 1
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Secondary 141 24 (17.0%) 0.84 (0.34 - 2.10) 0.71 0.87 (0.31 - 2.41) 0.79

University 254 48 (18.9%) 0.86 (0.35 - 2.07) 0.73 4.14 (1.07 - 17.71) 0.04*
Marital status

Single 182 14 (7.7%) 1 1

Married 223 59 (26.5%) 3.72(2.29- 6.04)  <0.0001* 2.21(1.18 - 4.13) 0.03*

Divorced/Widowed 15 2 (13.3%) 1.37 (0.36 - 5.19) 0.44 1.45 (0.31 - 6.86) 0.63
Occupation

Student 50  6(12.0%) 1 1

Medical sector 283 57 (20.1%) 3.82(1.57-9.29)  0.003* 1.63 (0.61 - 4.36) 0.33

Informal sector 87 12 (13.8%) 1.91 (0.70 - 5.19) 0.20 1.18 (0.35 - 3.94) 0.78
BMI > 30 Kg.m?

No 306 38 (12.4%) 1 1

Yes 114 37 (32.5%) 3.39 (2.02-5.69) <0.0001* 4.38 (2.22-8.64)  <0.0001*
Vitamin D deficiency

No 377 62 (16.4%) 1 1

Yes 43 13 (30.2%) 1.92 (1.00 - 3.66) 0.04* 2.78 (1.09 - 7.09) 0.03*
Glycaemic status

Hypoglycaemic 6 2 (33.3%) 1 1

Normal 366 60 (16.4%) 0.80 (0.15 - 4.46) 0.80 0.48 (0.07-3.11) 0.44

Hyperglycaemic 48 13 (27.1%) 0.82(0.14-5.02)  0.83 0.30 (0.04 - 2.25) 0.24

Note. 95%CI: Confidence interval at 95%, BMI: Body mass index, cOR/aOR: Crude/Adjusted odds ratio.
Univariate and multivariate logistic regression analyses were performed to identify the determinants of visceral

obesity in participants. *Statistically significant at p < 0.05.

In the multivariate analysis, six variables (e.g., gender, age, education, marital status, BMI, and
VDD), were associated with visceral obesity. For instance, the odds of visceral obesity were higher
(aOR = 4.14, 95%CI 1.07 — 17.71, p = 0.04) in those having completed university studies. As found in
the univariate analysis, the risk of visceral obesity was higher in males (aOR =4.68, 95%CI 2.65 - 8.27,
p <0.0001), those aged 40 — 59 years (aOR =2.01, 95%CI 1.06 — 3.81, p = 0.03), those aged 60 years (aOR
=3.25, 95%CI 1.49 — 7.17, p < 0.0001), married people (aOR = 2.21, 95%CI 1.18 — 4.13, p = 0.03), those
with BMI > 30 Kg.m?2 (aOR = 4.38, 95%ClI 2.22 - 8.64, p < 0.0001), and those diagnosed with VDD
(aOR =2.78, 95%CI 1.09 - 7.09, p = 0.03) (Table 2).

3.7. Predictive Analysis of Body Composition for SARS-CoV-2 Infection

Table 3 summarizes the logistic analysis of the predictive power of anthropometric metrics (BMIL,
BF, and VF) for screening for SARS-CoV-2 infection. Only VF was consistently found to be a risk
factor for SARS-CoV-2 infection in both univariate analysis (cOR =2.72, 95%Cl 1.34 — 5.51, p = 0.0002)
and multivariate analysis (cOR: 3.11, 95%CI 1.50 - 6.43, p = 0.002) (Table 3). We analysed the impact
of gender and age on the predictive potential of adiposity indexes for the detection of SARS-CoV-2
infection. We observed confounding role of gender as a significant association was found between
VF and SARS-CoV-2 infection, but not with BMI or BF, only in females both in univariate analysis
(cOR =6.75, 95%CI 2.22 — 20.52, p = 0.0008) and multivariate analysis (cOR = 6.96, 95%CI 2.26 — 21.37,
p = 0.0001). Finally, the age of patients did not influence the association between adiposity indexes
and SARS-CoV-2 risk.
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Table 3. Univariate and multivariate logistic regression analyses of determinants of visceral obesity in

participants.
Univariate analysis Multivariate analysis

Variables cOR (95%CI) P aOR (95%CI) 4
BMI (Kg.m?)

Non-obese 1 1

Obese 1.03 (0.97 - 1.10) 0.31 2.28 (0.85 - 6.16) 0.10
BF (%)

Non-obese 1 1

Obese 1.01 (0.97 - 1.04) 0.67 0.30 (0.11 - 0.78) 0.01*
VF (Kg)

Normal/High 1 1

Very high 2.72 (1.34 - 5.51) 0.0002* 3.11 (1.50 - 6.43) 0.002*

Note. 95%CI: Confidence interval at 95%, BMI: Body mass index, BF: Body fat, VF: Visceral fat, cOR/aOR:
Crude/Adjusted odds ratio. Univariate and multivariate logistic regression analyses were performed.

*Statistically significant at p < 0.05.

3.8. Clinical Performances of BF and VF in the Screening of SARS-CoV-2 Infection

The AUC analysis revealed that neither BF nor VF reached a minimum AUC value of 0.75 (AUC
= 0.43 for BF and AUC = 0.57 for VF) (Figure 4A). A more granular analysis revealed the impact of
patients’ characteristics on the clinical reliability of BF and VF in the screening of SARS-CoV-2
infection. However, no noticeable improvement in the clinical value of BF and VF was observed after
stratification of the analysis as per patients’ characteristics (i.e., gender, age, VDD, BMI, and COVID-
19 vaccination) (Figure 4B-F).
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Figure 4. Clinical value of body fat and visceral fat in the screening of SARS-CoV-2 infection (A) and impact of
gender (B), age (C), vitamin D deficiency (D), body mass index (E), and COVID-19 vaccination (F). Note. BF:
Body fat, VF: Visceral fat, SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2, COVID-19:
Coronavirus disease 2019. Receiver operating curves were constructed to evaluate the clinical utility of body fat
and visceral fat in the screening of SARS-CoV-2 infection, and the impact of patients’ characteristics. The

diagonal dotted line represents a test with AUC = 0.50.

4. Discussion

NAATSs are the gold standard for the detection of SARS-CoV-2 infection, but these tools are
costly and require a high level of expertise. In this regard, a large number of studies evaluated the
predictive power and clinical utility of different molecules and parameters as potential biomarkers.
BMI has been extensively studied, and the studies revealed a strong association between this
anthropometric parameter and COVID-19 outcomes (e.g., severity, mortality) [17,18], but very fewer
studies analysed the potential of BIA parameters, especially for the screening of SARS-CoV-2
infection. This study was conducted to analyse the predictive power and clinical utility of body and
visceral fat for the detection of SARS-CoV-2 infection. Additionally, we analysed the profile and
determinants of adipose obesity in Cameroonian patients.

The study revealed a high proportion of obese patients according to BF and VF, with respective
rates of 46.2% and 28.8%. Stevanovic et al. reported higher estimates of BF (50.9%) and VF (38.4%) in
COVID-19 patients from Serbia. Obesity is a rising public health problem in African and Asian
settings such as Cameroon, Ethiopia, and India [31,32]. Several studies reported high rates of obesity
in all strata of the Cameroonian population (e.g., children, and adults) [19,20].

It should be noted that we found some discrepancies between BMI and BF for the determination
of obese status, even though we found a significant curvilinear correlation between these two
parameters. Indeed, a non-negligible fraction (10.5%) of BMI-based obese patients had normal BF
values. Such disagreement had already been reported elsewhere [24,33]. This may be explained by
the fact that the measurement of BMI does not take into account parameters such as muscle mass or
fat mass. BMI is not a perfect measure of fat composition. Also, the discrepancies observed between
BMI and BF could be due to the influence of factors such as gender and age as shown earlier in Sri
Lanka and India [33,34].

The present study revealed that males were more at risk of visceral obesity, and this is in line
with previous studies in South Korea. In contrast, other studies found a higher risk of abdominal
obesity in females [35,36]. Advanced age was another risk factor for visceral obesity. Similar findings
have been reported in Africa (e.g., Ethiopia) and The Americas (e.g., Peru) [35,36]. Factors such as
muscle loss, decrease in physical activity level, slower metabolism, and sex hormone changes with
aging could explain the higher risk of visceral obesity in older patients. Indeed, the aging process is
characterised by a redistribution of body adiposity, with a general increase in trunk fat (mostly
visceral fat) coupled with a reduction in appendicular fat [37]. Besides, abdominal obesity was more
pronounced in married people, and this finding supports that of a study conducted in Ethiopia [32],
South Korea [38], and a recent systematic review and meta-analysis on the association between
marital status and obesity [39].

Patients with VDD were more at risk of having visceral obesity. This is consistent with previous
studies that reported a high prevalence of VDD in obese people [40-43]. Several mechanistic
processes of the link between VDD and obesity have been proposed. Some of them include a higher
sequestration of vitamin D in adipose tissue, impairment of the metabolism of vitamin D, reduced
production and bioavailability of vitamin D in obese people [40]. In contrast, other studies revealed
that VDD could contribute to higher body fat reserves via an increased uptake of calcium by
adipocytes and/or the upregulation of parathyroid hormone, ultimately enhancing the cell
production of lipids also known as lipogenesis [43,44].

Of the three anthropometric parameters, only BF was found to be a risk factor for SARS-CoV-2
infection. Such finding has been reported in Serbia, where the authors pinpointed that BF and VF
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were stronger risk factors for mortality or emergency admission [24]. Similarly, Malavazos et al. found
that abdominal obesity was more correlated with X-ray chest, a strong predictor of COVID-19
severity, than observed with BMI-based obesity [14].

Finally, we found a poor clinical relevance of BF and VF for the screening of SARS-CoV-2
infection, even after adjustment for patients’ details, as witnessed by AUC values below 0.75. This
finding seems to suggest that the link between adiposity and the risk of SARS-CoV-2 infection is not
strong enough as seen between adiposity and COVID-19-related severity or mortality in previous
investigations [45]. Our results do not stand for the utilisation of BF or VF for appraising SARS-CoV-
2 infection risk in clinical practice in Douala, Cameroon.

Limitations

The present study stands out for its originality as the first of COVID-19 studies in Cameroon,
offering baseline data to inform public health decision-makers about potential future viral
pandemics. However, the fact that the study was conducted in Douala limits the generalisability of
findings at the national level. Additionally, the cross-sectional nature of the study limited our ability
to establish the temporality between body fat disturbances and SARS-CoV-2 infection.

5. Conclusions

This study aimed at evaluating the burden, patterns, and determinants of BIA-related adipose
obesity, and evaluate its predictive potential and clinical utility for the screening of SARS-CoV-2
infection in patients living in the town of Douala, Cameroon. The study revealed a high prevalence
of BF- and VF-related obesity, with varying prevalence rates according to demographical,
anthropometric, and clinical characteristics (e.g., gender, age, marital status, educational level,
occupation, body mass index, vitamin D deficiency). The strongest risk factors of BF-related obesity
were BMI 2 30 Kg.m? and having a university education level, while being male, advanced, having a
university education level, and BMI > 30 Kg.m2 were the strongest risk factors of high levels of VF.
Interestingly, only VF was consistently found to be a risk factor for SARS-CoV-2 infection in both
univariate and multivariate analyses, especially in women. In contrast, all adiposity indexes (i.e.,
BM]I, BF, and VF) had low AUC values, thereby outlining their limited clinical utility for the detection
of SARS-CoV- infection in the study population.
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The following abbreviations are used in this manuscript:

95%CI Confidence interval at 95%
ANOVA Analysis of variance

aOR Adjusted odds ratio

AUC Area under the curve

cOR Crude odds ratio

BF Body fat

BIA Bioelectrical impedance analysis
BH Body height

BMI Body mass index

BW Body weight

COVID-19 Coronavirus disease 2019

ns Not significant

ROC Receiver operating curve
SARS-CoV-2  Severe acute respiratory syndrome coronavirus 2
SD Standard deviation

VDD Vitamin D deficiency

VF Visceral fat
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