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Background: Individuals with normal weight could suffer from obesity based on
their body fat percentage (also known as normal weight obesity (NWQO)), thus
being at risk of significant morbidity and mortality compared to the general
population. It seems that inflammatory pathways and chronic inflammation are
significant contributors to the pathogenicity of NWO. This study aimed to assess
and pool the association of proinflammatory and anti-inflammatory cytokines
with NWO.

Methods: In this systematic review and meta-analysis, online international
databases (PubMed, Scopus, EMBASE, Web of Science, and Google Scholar)
were searched until August 2022. All observational studies with an English full
text comparing the mean levels of proinflammatory and anti-inflammatory
cytokines (e.g., C-reactive protein (CRP), various types of interleukins (IL) s,
tumor necrosis factor-alpha (TNF)) and white blood cell (WBC) count, in
subjects with NWO and “normal weight non-obese (NWNO)" were included.
Two researchers independently screened, reviewed and assessed the quality of
included studies. The remaining articles’ data were extracted post-screening.
The heterogeneity between studies was assessed using the I° and Cochran’'s Q
tests. A random effect model meta-analysis was used to pool the standardized
mean difference (SMD) as an effect size.

Results: From the initial 559 studies, 21 and 19 were included in the qualitative
and quantitative synthesis, respectively. In the systematic review, 8 studies
reported a significant association between various proinflammatory cytokines
(CRP, ILg, ILsg, and TNFa) and NWO. According to random-effect meta-analysis,
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the association between NWO with CRP (SMD: 0.60, 95% Cl: 0.30, 0.91) and IL6
(SMD: 0.90, 95%Cl: 0.14, 1.66) was statistically significant. Moreover, the mean
level of TNF,, in subjects with NWO and NWNO did not differ significantly (SMD:
0.67, 95% CI. -0.36, 1.70).

Conclusion: The findings of this study show that NWO was associated with high
levels of CRP and IL6. Therefore, inflammatory pathways may play a role in the
pathogenicity of NWO.
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NWO, normal weight obesity, inflammation, inflammatory markers, CRP, interleukin

Background

Obesity has been extensively studied as one of the most
prominent causes of morbidity and mortality (1, 2). Despite such
evaluations in different target populations, new findings still emerge
in this topic (3). These findings are particularly important in
preventing and treating obesity as its prevalence, morbidity, and
mortality are increasing globally (4). It should be noted that lately,
morbidity and mortalities attributed to obesity are being seen in
individuals who, based on previous definitions of obesity, a body
mass index (BMI) above 30 Kg/m2, are not considered obese (5, 6).
Hence new definitions and types of obesity have been defined (6).

One of these relatively new definitions regards those with
normal BMI values and yet high body fat percentage (6-9). These
individuals are regarded as Normal Weight Obese (NWO) (9).
Studies indicate that NWOs are at an increased risk of
cardiometabolic conditions similar to obese individuals and may
suffer from the same morbidity and mortality-related conditions
(10-13). Some studies suggest that one contributing factor to this
increased risk of cardiometabolic conditions in obesity and NWO
could be chronic inflammation, as inflammation has been observed
in increased adiposity (14, 15). Despite inflammation being an
essential process in the body, chronic inflammation can have
adverse cardiometabolic effects, since pro-inflammatory cytokines
in a chronic inflammatory status can contribute to the development
of atherosclerosis, insulin resistance, type 2 diabetes, hypertension
and hypercholesterolemia (14). Since obesity is a chronic condition,
the resulting inflammation persists, resulting in chronic
inflammation and subsequently the aforementioned conditions
(15, 16). Similar to obesity (based on BMI) the association of
inflammation with NWO has been highlighted in a review (9). It
seems that in NWO the secretions of the adipose tissue itself
contributes to inflammation; these studies argue that the
underlying cause of this inflammation is the increased fat mass
and lipid accumulation resulting in increased oxidative stress, and
NF-kB pathway (a major pathway in the innate inflammatory
response) activation (9, 17). Although the number of studies
addressing the association of NWO and inflammation has been
increasing throughout the years (9), no systematic review on the
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inflammatory aspect of NWO has been published so far. This
systematic review and meta-analysis aimed to summarize and
pool the association of NWO phenotype with inflammatory
markers in published studies.

Methods

This study was performed according to the Preferred Reporting Items
for Systematic Review and Meta-Analysis (PRISMA) checklist (18).

Search strategy

A comprehensive systematic search was conducted on all available
online databases (Scopus, EMBASE, Web of Science, PubMed, and
Google Scholar) until August 2022. One of the investigators conducted
the search, and another reviewed the findings. Terms such as “normal
weight obesity”, “NWO”, “high fat percentage” and their MeSH term
equivalents alongside proinflammatory and anti-inflammatory
cytokines such as “CRP” “C-reactive protein” and “interleukin” and
white blood cell (WBC) count were searched. The entire search (terms
and strategy) can be seen as Supplementary Table 1. Moreover,
reference lists of included studies or reviews were hand-searched to
identify more potentially eligible studies.

Study selection criteria and eligibility

All observational studies with an English full text that assessed
the association of proinflammatory and anti-inflammatory
cytokines such as C-reactive protein (CRP), various types of
interleukins (IL) s, tumor necrosis factor (TNF) alpha with NWO
were included in this study. Regardless of their various definitions of
NWO (based on fat percentage, waist circumference, etc.), all
studies were included. All studies included studies had
represented the targeted population and compared them with
normal-weight, non-obese (NWNO) individuals. Studies that
failed to meet the inclusion criteria were excluded. Furthermore,
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duplicates, non-peer-reviewed publications, and studies without
sufficient information to determine eligibility were excluded.

Two investigators independently carried out the screening
process of included studies, including titles, abstracts and full
texts. Upon removing the irrelevant entries, the full texts of the
remaining articles were assessed. Moreover, to find the missed
relevant studies (if any), the reference lists of the included studies
were hand-searched as well. Discrepancies were referred to a third
investigator for resolution.

Data extraction strategy

Two investigators separately extracted the data using a pre-designed
data extraction sheet. The extracted data were composed of the name of
the first author and publication year, the number of participants, age and
sex, the definition of normal weight obesity, the studied cytokines, and
the outcome as standardized mean difference (SMD) alongside their 95%
confidence interval (CI) of the outcomes were extracted as the effect size
of dichotomous and continuous respectively. Moreover, discrepancies
were referred to a third investigator for resolution.

Quality assessment

We used the Newcastle-Ottawa Scale for quality assessment.
This scale consists of seven items, scoring based on selection,
comparability, exposure (case-control studies), and outcome
(cohort studies). The total score ranges from 0 to 9 for cohort
studies or 0 to 10 for case-control studies and is calculated by
summing the scores of each item of this assessment tool (19, 20).
We categorized the scores as 0 to 4, 5-6, 7 and above, indicating the

10.3389/fimmu.2023.1044178

studies’ quality (low, middle, and high-quality studies, respectively).
Two investigators independently assessed the quality of the studies,
and discrepancies were referred to the third investigator.

Statistical analysis

The I? and Cochran’s Q tests were used to assess the heterogeneity
between the studies. A random-effect model was adapted for analyses if
the heterogeneity was statistically significant (P-value<0.1). Otherwise,
a fixed model was used. The SMDs of the included studies were
calculated and pooled as an effect size for NWO association with the
mean levels of proinflammatory and anti-inflammatory cytokines.
Meta-Analysis was performed for outcomes with at least 3 reports
within the studies. If applicable, sub-group analysis was performed for
proinflammatory and anti-inflammatory cytokines (stratified by sex,
quality and adjustment for confounding variables and type of CRP
(high-sensitivity (hs-CRP) and CRP excluding hs-CRP) as well. Egger’s
test was adapted to assess publication bias for each inflammatory
factor, and trim fill analysis was performed if publication bias was
present. STATA (Stata Corporation, College Station, Texas, USA)
version 17 was used to analyze the data.

Results
Search results
Figure 1 shows the flowchart of the selection of studies for

inclusion in the meta-analysis. From the 559 studies found in the
initial search, 263 duplicate studies were removed. Out of 296

duplicate records
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Excluded records
(n=227)

Excluded full-text
articles (n = 48)

Identified records by searching
g databases
= (n=559)
<
=
=
€
[
=
Title and abstract screening
(n=296)
oo
c
c
@
]
S
@
Full-text assessment
(n=69)
2
3
&
o Studies included in
qualitative synthesis
(n=21)
— Studies included in Meta-
@ X
° Analysis
= - .
< (quantitative synthesis)
£ (n=19)
FIGURE 1
studies search, review and analysis flowchart.
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remaining articles, 227 irrelevant studies were excluded after titles and
abstracts screening. The full texts of the 69 articles were assessed, and
45 studies were excluded due to failing the eligibility criteria. Finally, 21
articles remained in the current systematic review (21-41).
However,19 were eligible for inclusion in the meta-analysis (one
study reported OR as the effect size (36), and one study exclusively
evaluated complement C; (23), which did not reach the minimum
number of three studies needed to enter the meta-analysis)

Study characteristics

The included studies were conducted worldwide (Canada, Iran,
Italy, Japan, Poland, South Korea, Spain, Sweden, USA) with a total
number of 19,857 participants aged =13 years. Twenty studies were
conducted on the adult population (age > 18 years), one study was
conducted on adolescents aged 13 to 18 (34), and one was conducted
exclusively on the elderly aged above 60 (41). Most studies were
conducted in Italy (5 studies) and South Korea (4 studies). Canada,
Poland, Spain, Sweden and Switzerland had the least number of studies
(1 study). The greatest sample size was from a study conducted in the
USA (4116 individuals), and the smallest was from Brazil (52
individuals). In most of the included studies, NWO was defined as
normal BMI values with a body fat percentage above 30% in women (8
out of 16 reports) and above 25% in men (4 out of 8 reports). These
general characteristics are shown in summery in Table 1. Three studies
(24, 38, 40) had adjusted their findings for possible confounders; the
other included studies were not adjusted for any confounding factors.

Qualitative synthesis

The included studies evaluated the associations of NWO with the
mean levels of proinflammatory and anti-inflammatory cytokines
(CRP, IFNY, TNF0, IL;o, ILig, IL,, ILg, ILg, Iy, ILiap70, ILys, ILys)
as well as complement C;, and white blood cell count (WBC),
compared with normal-weight non-obese (NWNO) individuals; and
their effect sizes are shown in Table 2. As can be seen, in 11 out of 22
reports of CRP, 2 out of 3 reports of ILg, 1 out of 3 reports of TNFa, 2
outof 2 reports of WBC, L, and IL, g, and 1 out of 1 reports of IL, 5 and
complement C;, significant differences between NWO and NWNO
individuals were observed; with the greatest effect size regarding IL,p,
SMD: 3.79,95% CI (2.75-4.83). However, in the two reports evaluating
IL,( and singular reports evaluating IL,, ILg, IL;5570, IL1g and IENY, no
significant differences between NWO and NWNO individuals were
seen. Moreover, one study (36) reported that NWOs, in comparison
with NWNOs, have significantly increased odds of vascular
inflammation (OR:3.07 95%CI (1.29-7.29)).

Quantitative synthesis

Significant heterogeneity among the studies assessing the
association between NWO and CRP, ILs and TNFo was seen (for
all associations I*: > 88%, P-value < 0.001). The overall association
between NWO, and CRP, ILs and TNFo are shown in Table 3.
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Based on the random effect models meta-analysis, the pooled
association of CRP (SMD: 0.60, 95% CI: 0.30, 0.91) and ILg
(SMD: 0.90, 95%CI: 0.14, 1.66) was significantly higher among
NWO individuals compared with NWNOs. TNF-o. (SMD: 0.67,
95% CI: -0.36, 1.70) was also higher among NWO individuals;
however, this association was not statistically significant. Figures 2—-
4, illustrate the included studies and their overall relationships
between NWO and CRP, ILs and TNFa, respectively.

Stratified meta-analysis

Based on the random effect model, the means of CRP sub-
grouped by sex in males and females were (SMD: 0.31, 95% CI 0.05,
0.56) and (SMD: 0.97, 95% CI 0.31, 0.98), respectively.

The pooled association between NWO and CRP sub-grouped by
quality assessment was (SMD: 0.39, 95% CI -0.57, 1.35), (SMD: 1.28,95%
CI0.51,2.06),and (SMD: 0.43, 95% CI 0.05, 0.81) for low quality (articles
which had a high risk of bias), satisfactory (articles with moderate risk of
bias) and high-quality studies (articles with a low risk of bias)
respectively. The pooled association between NWO and CRP sub-
grouped by study adjustment (whether studies adjusted their findings
for confounding variables) was (SMD:0.50 95%CI -0.14,1.13) and
(SMD:0.65 95%CI 0.31,0.98) for adjusted and unadjusted studies
respectively. The pooled stratified association between NWO and CRP
sub-types according to sex, quality assessment and study adjustment are
reported in Table 3. The association of NWO with hs-CRP was
statistically significant (SMD:0.65 95%CI 0.32,0.99), and this
association was not statistically significant for CRP excluding hs-CRP
(SMD:0.60 95% CI -0.12,1.12).

Meta-regression

Meta-regression was performed with sex, quality of the studies
and study adjustment (whether studies adjusted their findings for
confounding variables) as covariates across CRP, ILs and TNFa; no
significant results were seen across them except for ILg; in which sex
and quality of the studies were recognized as possible causes of
heterogeneity. (Coefficient: -0.69, P-value: 0.005 and coefficient:
-1.61, P-value: 0.001 respectively.)

Quality assessment

Based on the New-Castle Ottawa scale, six of the included
studies were of low quality studies (indicating a high possibility of
bias), Five studies had middle quality (with acceptable risk of bias)
and ten studies had high quality (with low risk of bias). The overall
quality score of the studies can be seen in Table 1.

Publication bias

No publication bias was seen in articles studying the association
between NWO and CRP (coefficient: 2.22, P-value: 0.16); however,
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TABLE 1 General Characteristics of included studies for association of NWO and inflammatory factors.

sample size (number) mean age/
age range NWO definition
F NWNO NWO (year)
D 2021 C -
Brazil uque ross 52 ARG 29 23 433 © 3
21) sectional
. Shea 2012 C -
Canada J. Shea ross 653 O 0 324 329 39.6 BF > 20.8% for men, > 35.0% for women 7
(22) sectional
M.
Case-
Karkhaneh 70 0 70 30 40 19-39 BF >30% 4
control
2019 (23)
I Tayefi 2019 C -
ran aye ross 39 ) O 1311 1128 47 BF > 25% for men, > 30% in women 9
(24) sectional
Al i2019 Case-
mant ase 90 SIRENG) 30 30 18-25 BF > 20% 4
(25) control
Renzo 2013 Cross-
) 47 0 47 17 30 33.6 BF >30% 3
(26) sectional
R« 2010 Case-
enzo ase 60 0 60 20 20 20-35 BE >30% 4
27) control
R 2008 Case-
Italy enzo ase 150 0 150 50 50 20-45 BF > 30% 5
(28) control
A. Lorenzo Case-
60 0 60 20 20 26 BF >30% 4
2007 (29) control
R 2007 Case-
enzo ase 110 0 110 30 40 26 BE >30% 5
(30) control
J. Huang Cross-
91 0 91 51 34 20 BF > 30% 5
Japan 2018 (31) | sectional >0
W. Kosmala Case- BF% for every 20 years, from 20 years of
Poland 168 (-) (-) 95 73 37.8 age > 19,21,24 for men, 32,33,35 for 6
2012 (32) control
‘women
Y. J. Hyun Case- .
50 - - 25 25 25-64 | fat >100 2 5
2008 (33) control G 0 visceral 1 em
. K. Ch - high il 4) of
W Cho Crf)ss 1700 888 812 1266 144 13-18 ighest qL?art e '(Q ) o.age :?nd sex .
2015 (34) sectional specific waist to hip ratio
south
Korea Sohee kim Cross-
. 2078 (-) (-) 1795 283 53.4 BF > 25.4% for men, > 31.4% for women) 8
2015 (35) sectional
S. K 2014 Case-
ang ase 6 O O 82 82 54 BF > 23.5% for men, > 29.2% for women 7
(36) control
. Gomez 2011 Cross-
Spain . 3051 838 2213 656 1579 18-80 BF > 25% for men, > 35% for women 8
(37) sectional
B 2015 C -
Sweden er8 ross 1471 | 581 890 1080 266 25-74 BF > 25% for men, > 38% for women 8
(38) sectional
P. Marques- Cross
Switzerland Vidal 2010 . 2301 0 2301 1667 173 54 BF >38% 8
sectional
(39)
A. R Cross-
onero ross 4116 | 2031 2085 = 2054 2062 413 BE% 223.1% for men, >33.3% for women | 8
2010 (40) sectional
USA
. A. Batsi C -
J. A. Batsis ross 936 | 173 763 636 303 > 60 BF > 25% for men, > 35% for women 8
2013 (41) sectional

M, male; F, female; NWNO, normal weight non-obese; NWO, normal weight obesity; Q.A, quality assessment (based on the New castle Ottawa scale). (-): not reported/not available.
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TABLE 2 Association of NWO with the mean of inflammatory markers in included studies.

N I\ SMD NWO/
Outcome  Sex Mean + SD (N Mean = SD (NWO 95% ClI
NWNO N) NWO ( ) NWNO
CRP Female 20 04 £0.1 20 0.8 £0.3 1.75 1.89, 3.62
IL 1o Female 20 148 + 1.8 20 26.9 + 4.5* 3.46 2.69, 4.74
L 1B Female 20 5+26 20 15 + 3.1* 343 2.92,5.07
IL 2 Female 20 123 +15 20 14.7 £ 3.6 0.85 0.73, 2.12
A. Lorenzo, 2007 (29)
IL 8 Female 20 09+02 20 2.3 +£0.6* 3.07 1.32,2.87
IL 10 Female 20 34+08 20 38+13 0.36 0.23, 1.52
IL 12p70 Female 20 142 +22 20 19.1 £ 3.7 1.58 4.14, 6.85
IFN vy Female 20 17.7 + 4.8 20 253 +53 1.47 2.9, 5.04
CRP Male 1014 3.3 +£6.36 1017 3.7 £ 6.37* 0.06 =)
A. Romero, 2010 (40)
CRP Female 1040 32+032 1045 3.8 +£0.32* 1.87 =)
Amani, 2019 (25) CRP Both 30 28+138 30 1.6 £1.2 -0.77 -0.61, 0.4
CRP Male 377 0.8 £0.99 139 14 + 1.5* 0.52 0.58, 1.11
Berg, 2015 (38)
CRP Female 703 0.8 £ 1.35 137 1.2 + 1.43* 0.29 0.94, 1.49
Duque,2021 (21) CRP Both 29 0.1+03 23 02+05 0.25 )
CRP Male 96 0.9 £ 0.5 371 4.3 +9.2% 0.41 0.44, 0.9
Gomez, 2011 (37)
CRP Female 560 2.1+26 1208 4.9 + 1.95* 1.29 0.21, 0.46
CRP Male 73 04 +0.25 103 0.6 +1* 0.25 =)
J. A. Batsis, 2013 (41)
CRP Female 563 0.39 = 0.95 200 0.43 + 0.56 0.05 (=)
-0.41,
CRP Female 51 092+ 0.3 34 1.19 + 0.58* 0.62 129
J. Huang 2018 (31)
-1.25,
TNF o Female 51 0.65 + 0.78 34 0.57 + 0.46 -0.12 0.45
J. Shea, 2012 (22) CRP Female 324 2.14 +422 329 24243 0.08 “)
M. Karkhaneh, 2019 (23) Cs Female 30 92.79 + 8.13 40 104.3 + 15.04* 091 =)
P. M -Vidal 2010
(o) arques-vida CRP Female = 1667 1.8 +0.09 173 1.83 +0.27 025 2.76,2.97
Renzo, 2007 (30) CRP Female 30 0.5+ 0.1 40 09+ 04 1.28 2.51, 3.94
CRP Female 50 0.59 £ 0.1 50 0.9 +0.1* 3.08 53,721
Renzo, 2008 (28)
IL 6 Female 50 545+ 1.4 50 8.1 +3.8* 0.92 0.36, 1.17
TNF o Female 20 215+5 20 43 + 10* 2.67 2.92, 5.06
IL 1o Female 20 152 +2 20 27.5 + 5% 3.17 3.66, 6.14
L 1B Female 20 73+23 20 17 £ 2.7* 3.79 2.97,5.14
Renzo, 2010 (27)
IL 6 Female 20 82+22 20 134 + 1.8 2.54 2.34, 4.25
IL 10 Female 20 5.8 £0.8 20 62+1 0.43 0.59, 1.95
IL 15 Female 20 6.3 £ 1.1 20 8.7 £ 1.1* 2.14 1.3,2.84
CRP Female 17 0.1 £0.17 30 0.4 £+ 0.85 0.43 =)
Renzo, 2013 (26)
TNF o Female 17 27.51 + 19.77 30 23.55 + 11.47 -0.26 =)
S. Kang, 2014 (36) CRP Both 82 12+32 82 2429 (=) )
Sohee.Kim, 2015 (35) CRP Both 1795 12+2 283 1.6 +2.3* 0.20 =)
(Continued)
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TABLE 2 Continued

Author, Year Outcome NV\’;INO Mean = SD (N) N\’/\IVO Mean £ SD (NWO) SMN?N’\,LV(\;O/ 95% Cl
Tayefi, 2019 (24) CRP Both 1311 1.28 +12.93 1128 1.81 4233 0.03 )
WBC Male 662 6+ 134 61 6.4 + 139 030 0.4,0.74
W. K. Cho, 2015 (34)
WBC Female 604 59+ 125 83 6.1 + 2,09 0.14 0.4,0.79
CRP Both 95 1+05 73 4+42% 1.07 )
W. Kosmala, 2012 (32) IL6 Both 95 172+ 4.1 73 184+68 022 )
IL 18 Both 95 258 + 96 73 292 + 132 030 )
CRP Both 25 023 +02 25 0.52 +0.9 0.44 )
Y. J. Hyun 2008 (33) TNF o Both 25 1.66 + 0.9 25 244 + 1.65% 0.58 )
IL 6 Both 25 0.96 + 4.45 25 1.71 + 0.33* 0.24 )

N, number; NWNO, normal weight non-obese; SD, standard deviation; NWO, normal weight obesity; SMD, standardized mean difference; CI, confidence interval; CRP, C-reactive protein; IL,
interleukin; IFN, interferon; TNF, Tumor necrosis factor; C, complement; WBC, white blood cell.

The reported outcome values are as follows: CRP: mg/L, ILs, TNF and IEN y: pg/mL, C 5, g/L, WBC: 10 /L.

*: statistically significant (P-value < 0.05). (-): not reported/not available.

TABLE 3 The overall association between NWO, and the means of inflammatory markers.

Heterogeneity
Variable Sample Size

| Squared% Model **P-Value

Both types CRP’

Overall 18 16492 0.60 (0.30,0.91)* 98.45 Random < 0.001
‘ By sex
Male 4 3190 0.31 (0.05,0.56)* 88.87 Random < 0.001
Female 11 8291 0.97 (0.46,1.48)* 88.7 Random < 0.001
Both Sexes 7 5011 0.23 (-0.03,0.49) 98.45 Random < 0.001

‘ By adjustment

Unadjusted 14 6503 0.65 (0.31,0.98)* 96.24 Random < 0.001

Adjusted 4 9989 0.50 (-0.14,1.13) 99.47 Random < 0.001

‘ By quality of the study

Low quality 4 199 0.39 (-0.56,1.34) 90.65 Random < 0.001
Medium quality 5 473 1.28 (0.51,2.05)* 92.76 Random < 0.001
High quality 9 15820 0.43 (0.05,0.80)* 99.01 Random < 0.001

‘ hs-CRP
Overall ‘ 12 ‘ 8975 0.65 (0.32,0.99)* 97.34 Random ‘ < 0.001

‘ By sex

Female ‘ 9 ‘ 5443 0.96 (0.49,1.44)* 97.37 Random ‘ < 0.001
Both Sexes ‘ 3 ‘ 2549 -0.10 (-0.63,0.44) 82.24 Random ‘ < 0.001

‘ By adjustment

Unadjusted ‘ 10 ‘ 5180 0.78 (0.33,1.22)* 96.91 Random ‘ < 0.001

‘ By quality of the study

Low quality 3 147 0.45 (-0.95,1.85) 93.77 Random < 0.001

Medium quality 4 305 1.35 (0.24,2.45)* 94.52 Random < 0.001

High quality 5 8523 0.41 (-0.01,0.82) 98.34 Random < 0.001
(Continued)
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TABLE 3 Continued

Heterogeneity

Variable Sample Size
| Squared% Model **P-Value
CRP?

Overall 6 7517 0.60 (-0.12,1.12) 99.17 Random < 0.001
Both Sexes 4 2462 0.44 (0.03,0.85)* 99.17 Random < 0.001
Unadjusted 4 1323 0.37 (0.01,0.74)* 0.86.96 Random < 0.001
High quality 4 7297 0.45 (-0.28,1.18) 99.40 Random <0.001

IL6
Overall 4 358 0.90 (0.14,1.66)* 90.39 Random < 0.001
TNF o
Overall 4 222 ‘ 0.67 (-0.36,1.70) 92.17 Random < 0.001

N, Number; NWO, Normal Weight Obesity; SMD, Standardized Mean Difference; CI, Confidence Interval; CRP, C-Reactive Protein; IL, Interleukin; TNF, Tumor Necrosis Factor; hs-CRP, high-
sensitivity C-reactive protein.

Ireferes to both types of hs-CRP and regular CRP.

“referes to CRP excluding hs-CRP.

*P-Values Under 0.05 Were Considered As Statistically Significant.

**For Heterogeneity P-Values Under 0.1 A Fixed Model Was Used.

Treatment Control Hedges's g Weight

Study N Mean SD N Mean SD with 95% CI (%)
A. Lorenzo 2007 20 8 3 20 & Rl —— 1.75[ 1.03, 247] 3.32
A. Romero 2010 1017 37 637 1014 23 638 0.06[-0.02, 0.15] 4.34
A Romero 2010 1045 328 32 1040 232 32 [ ] 187 1.77. 1.0 483
Amani 2019 0 16 12 30 23 13 - 077[-1.20, -0.26] 4.25
Berg 2015 137 12 143 703 8 135 0.28[ 0.11, 0.48] 477
Berg 2015 132 14 15 377 8 90 [ ] 052[ 032, 0.72] 478
Duque 2021 23 2 5 20 1 3 0.25[-0.30, 0.78] 421
Gomez 2011 1208 490 105 560 21 26 [ ] 1281 118, 1.30] 4.82
Gomez 2011 371 43 902 @ 9o 5 [ ] 0.41[ 019, 0.64] 473
J. A. Batsis 2013 200 43 56 583 .30 05 0.05[-0.12, 0.21] 470
J. A, Batsis 2013 102 6 1 73 4 25 0.25[-0.05, 0.55] 4.64
J. Huang 2018 24 112 58 51 92 3 - 0.82[ 018, 1.08] 4.41
J. Shea 2012 320 242 3 324 214 422 0.08[-0.08, 0.23] 4.80
P Margues-Vidal 2010 173 1.83 .27 1667 18 .00 0.26[ 010, 0.41] 470
Renzo 2007 0 o 4 31 5 1 E = 1.28[ 0.76. 1.70] 4.28
Renzo 2008 sa 8 1 50 59 Kl - 208[ 250, 3.85] 4.13
Renzo 2012 0 4 8 AT 4 A7 0.43[-0.18, 1.02] 4.10
Sohee Kim 2015 283 16 23 1785 12 2 0.20[ 007, 0.32] 431
S. Kang 2014 a2 2 28 82 12 32 0.26[-0.05, 0.57] 463
Tayefi 2019 1,428 181 233 12311 128 1203 0.03[-0.05, 0.11] 434
W. Kosmala 2012 T3 4 42 85 1 5 | | 1.07[ 0.75. 1.30] 450
Y. J. Hyun 2008 25 52 R-] 25 23 2 0.44[-0.11, 0.00] 4.18
Overall *> 0.80[ 0.20, 0.91]
Heterogenaity: T = 0.50, 1’ = 93.45%, H' = 64.40
Testof & = 8: Q[21) = 1352.40, p = 0.00
Testof@=0:z=3.080, p=000
Random-efiects DerSimonian—Laird model

FIGURE 2

The extracted and overall association between NWO and CRP. (The red line represents null effect).

publication bias was seen in articles assessing NWO and TNForand  Discussion
IL6 (coefficient: 13.42, P-value: 0.004 and coefficient: 7.62, P-value:

0.017 respectively) To the best of our knowledge, the current study is the only systematic
review and meta-analysis that compared the mean levels of
Trim fill analysis proinflammatory and anti-inflammatory cytokines among NWO and

NWNO individuals across the population. Nineteen studies were

Sensitivity analysis was performed on studies assessing NWO  included in our meta-analysis to address the research questions. And

and TNFa (SMD: 0.67, 95%CI (-0.36, 1.70) and IL6 (SMD: 0.90,  the findings of this study showed that the mean levels of CRP and IL

95%CI (0.14, 1.66), indicating that publication bias did not have a  were significantly higher in NWO individuals compared to the
substantial effect on the results. NWNO individuals.
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Treatment Control Hedges's g Weight

Study N Mean SD N Mean SD with 95% CI (%)
Renzo 2008 50 81 38 50 545 14 - 0.92[ 051, 1.33] 26.39
Renzo 2010 20 134 18 20 82 22 — W 254[ 171, 336] 21.41
W.Kosmala2012 73 184 68 95 172 41 022[-0.08, 052] 27.32
Y. J. Hyun 2008 25 171 33 25 96 445 023[-0.31, 0.78] 2489
Overall e 0.90[ 0.14, 1.66]
Heterogeneity: T = 0.53, I' = 90.39%, H" = 10.40

Testof 8 =8, Q(3) =31.21,p=0.00

Testof 8=0:2=233,p=0.02

- S
0 1 2 3
Random-effects DerSimonian-Laird model
FIGURE 3
The extracted and overall association between NWO and IL 6. (The red line represents null effect)
Treatment Control Hedges's g Weight

Study N Mean SD N Mean SD with 95% CI (%)
J.Huang 2018 34 57 46 51 65 78 -0.12[-055, 0.31] 26.19
Renzo 2010 20 43 10 20 215 —l— 267[ 1.82, 351] 2320
Renzo 2013 30 2355 1147 17 2751 1977 -0.26[-0.85, 0.33] 2520
Y.J Hyun2008 25 244 165 25 166 058[ 002, 1.13] 2541
Overall 0.67[-0.36, 1.70]
Heterogeneity: 1 = 1.01, I'=92.17%, H' = 12.77

Testof 8 =8 Q(3)=3831.p=000

Testof8=0:2=127,p=020

2 0 2 4

Random-effects DerSimonian-Laird model

FIGURE 4

The extracted and overall association between NWO and TNF-o.. (The red line represents null effect).

Although inflammation is one of the body’s essential processes,
chronic inflammation is not desirable (42). As chronic inflammation
could cause damage to the inflamed site, resulting in metabolic
dysregulation, homeostatic mechanisms alteration and even result in
some diseases (anemia, various tissue damages, malnutrition, and
autoimmune diseases) (42-44). It should be kept in mind that chronic
inflammation itself can cause progressive atherosclerosis and
cardiovascular diseases through various mechanisms (43, 45). In this
regard, although IL is an essential modulator of the immune system and
has a wide range of biological activities such as modulating immune
responses (46), inflammation and hematopoiesis (46, 47); its increase has
been associated with renal injury (48), autoimmune conditions (e.g.
rheumatoid arthritis and Crohn’s disease), increased risk of
cardiovascular disease and increased mortality due to cardiovascular
diseases (49, 50). Similarly, it seems that CRP is an important regulator of
inflammation and not just a marker (51). Elevated levels of CRP have
been seen in autoimmune conditions (e.g. rheumatoid arthritis) and
infections and inflammation (51). Furthermore, elevated CRP has been
associated with cardiovascular conditions (52), atherothrombosis (53)
and atherosclerosis (54). As studies suggest, elevated levels of both ILs
and CRP have been associated with cardiovascular diseases (55). Hence it
seems that alongside the increased adiposity which is a significant risk
factor for cardiovascular diseases (56), the increased ILs and CRP
associated with NWO could have a significant effect on atherosclerosis
and cardiovascular diseases as well. Thus by reducing inflammation with
various methods (proper nutrition, exercise, etc.), the cardiovascular risk
imposed by NWO may be reduced to some degree (8, 16). Moreover, to
reduce the comorbidities of NWO, the public should be educated on
various types of obesity and the risks that they impose; they should know
that the BMI system has its flaws, and a normal BMI does not indicate the
absence of obesity.
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It should be kept in mind that CRP could be affected by many
environmental factors; thus, IL levels could be more suitable for
association assessment and research purposes (57).

Limitations and strength

Despite this study being the aggregated data of all studies on
inflammation and NWO with a more precise estimation, the
majority of the included studies were not adjusted for potential
confounders and had a relatively small sample size; hence studies
with a greater population and proper adjustments (e.g. age, sex,
underlying diseases, inflammatory and infectious conditions prior
to testing, etc) are needed to properly evaluate the association of ILg,
CRP and TNFo with NWO; and since many of the included studies
were unadjusted the findings of these studies, should be interpreted
with caution. Moreover, only ILs, CRP and TNFo had enough
studies making meta-analysis rational. More studies on other
aspects of inflammation are needed to evaluate their association
with NWO as well.

Conclusion

The present study highlighted the significant association of
NWO with CRP and IL6 and showed that these cytokines were
significantly higher in NWO individuals compared to the NWNO
individuals, pertaining to the presence of some degrees of
inflammation among NWOs. Regarding the aligned effect of
inflammation and adiposity in the progression of cardiovascular
diseases and, most importantly, the flaws in the current BMI
system, using other measures alongside BMI, and implementing
preventive measures to reduce adiposity and inflammation is
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needed. Moreover, more studies on inflammatory markers in NWO
individuals are needed to understand their association better.
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