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Abstract

Sepsis is defined as an infection that causes the immune system to attack the body, subsequently leading
to death. Some findings suggest that there is a high level of correlation between tumor necrosis factor
(TNF) activity and susceptibility to sepsis. We used MEDLINE, Scopus and Web of Science databases to con-
duct an automated search covering the years 2000—2019. The Meta-analysis of Observational Studies
in Epidemiology (MOOSE) criteria and Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines were used for the meta-analysis. The selected studies were evaluated based on their
focus on the TNF-a —308 A/G polymorphism, sepsis and sepsis mortality. Based on this inclusion criterion,
24 papers out of 782 were chosen for the meta-analysis. The meta-analysis was performed using Review
Manager. The comparison of TNF1 and TNF2 among the patients was calculated in the 2 groups and the odds
ratio (OR) was used to construct the forest plots. The meta-analysis of the OR in Asian and Caucasian popula-
tions does not prove the influence of TNF variant on sepsis risk.
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Introduction

Sepsis is a serious burden to healthcare worldwide. It de-
velops mostly in elderly patients, preterm infants or low-
birth-weight infants.? An exigent factor is the association
of a vital genetic component to both the risk of developing
sepsis and the subsequent outcome regarding survival.
Various studies have shown a connection between wide-
spread variations in human DNA, genetic polymorphism
and sepsis-related mortality.> Several biomarkers show
elevated levels in sepsis conditions, such as TLR4 (toll-
like receptor 4) single nucleotide polymorphisms (SNPs),
rs4986790, and rs4986791, but not the SERPINEI (serpin
peptidase inhibitor, clade E (nexin, plasminogen activator
inhibitor type 1), member 1) rs1799768 polymorphism.*-8

Tumor necrosis factor alpha (TNF-«) plays a vital role
in many serious conditions, such as diabetes, cancer, etc.>!
The studies conducted in the past have produced mixed re-
sults on the role of TNF-a in a weakened health condition.
One study reported TNF-a as a risk factor in the North
Indian and Japanese populations, as well as Chinese and
Turkish children. Studies in Germany and Hungary re-
vealed a negative correlation between preterm infants and
low-birth-weight infants.811-2!

Several papers examining the relationship between TNF-«
and sepsis risk and outcome have been published. However,
various conflicting reports have emerged, and it is not easy
to replicate initial studies in many cases.??>? We speculated
that a synthesis of the results of these studies would be more
understandable, as it would provide more accurate estimates
of the clinical effects of the TNF-a —308 A/G polymorphism,
since many studies had insufficient power to suggest that
TNF2 was correlated with the development of sepsis or sepsis-
related mortality.2+-26

Objectives

This study aimed to investigate whether having a vari-
ant TNF-a —308 genotype (ITNF2 or non-G/G) is linked
to a higher risk of sepsis or sepsis-related mortality.

Materials and methods

The meta-analysis was carried out according to the Meta-
analysis of Observational Studies in Epidemiology (MOOQOSE)
guidelines. We followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) norma-
tive recommendations with the registration No. XMU #
SM/IRB/2020/1021.

Data sources and searches

The keywords used were “ITNF-a —308 A/G”, “tumor

” o«

necrosis factor”, “sepsis”, “septic shock”, and “sepsis risk”.
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The search was carried out in MEDLINE, Scopus, and Web
of Science databases.

Study selection

Articles from the years 2000-2019 were considered.
A total of 782 articles were retrieved, out of which only
45 full-text articles were found to be eligible. Out of those,
24 were used for the purpose of the meta-analysis after
their quality had been assessed.

Figure 1 shows the process of the selection of studies.

Exclusion and inclusion criteria

The selected studies were evaluated using 2 parameters:
1) focus on TNF-a —308 A/G polymorphism; and 2) focus
on sepsis and sepsis risk.

To improve the readability, we used the term “sepsis”
when referring to health disorders such as sepsis, severe
sepsis, septic shock, septicemia, or infection-related sys-
temic inflammatory response syndrome.

Studies were omitted if 1) the triggers of systemic in-
flammatory reaction syndrome (SIRS) or multiple organ
dysfunction syndrome (MODS) were specifically unre-
lated to infection (e.g., following heart surgery); 2) the re-
seached causes of sepsis were nonbacterial infections
(such as parasites, fungi and viruses); or 3) there were
duplicate reports. The research architecture or language
used had no impact on which studies were included
in the meta-analysis.

The titles and abstracts of publications found using
the search strategy were reviewed by 1 reviewer (HN).
Any journal that was considered to be significant; full
text was downloaded. The reviewers were not blinded
to study authors or outcomes. In the end, both reviewers
agreed on which findings should be included in the meta-
analysis. A kappa (k) statistic was used to assess the level
of agreement. A kappa (k) value of 0.87 indicated a high level
of agreement between the reviewers, and hence the selec-
tion of included studies was agreed upon (Table 1).

Extraction of data
and methodological approach

The primary outcomes were the development of sepsis
and mortality among patients with sepsis. Two research-
ers (FL and HM) used a structured data collection form
to retrieve the data.

The included studies compared G/G with G/A, G/A with
A/A, and hence the meta-analysis compared the studies
taking into consideration G/G with G/A or A/A allele
combinations. The G/A or A/A allele combinations are
referred to as TNF2 and G/G as TNF1. The meta-analysis
also considered the ethnicity of the study population, as
it is believed to have a confounding role in the influence
of TNF on sepsis risk.
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Fig. 1. The selection of studies

Patients with related symptoms or illnesses and being
at risk for sepsis served as the reference population for
the sepsis study. Only people with sepsis were included
in the probability of mortality study. Control subjects
from the general population, such as healthy blood donors
or healthy volunteers, were not included in either study.

We conducted stratified analyses by variables that
we believed could confound the primary analysis, includ-
ing 1) ethnicity (Asian compared to Caucasian); 2) sep-
sis classification (sepsis, severe sepsis, and septic shock);
3) age (adults compared to pediatric patients); and 4) im-
mune status (immune-competent compared to immune-
compromised patients). In the stratified study, only results
of at least 2 trials per group were considered; therefore,
age, immune condition, and 2 elements relevant to meth-
odologic accuracy (primer sequence and sepsis definition)
were excluded.

Statistical methods

The meta-analysis was performed using Review Man-
ager v. 5 software (The Cochrane Collaboration, Co-
penhagen, Denmark). The comparison of TNF1 and
TNF2 among patients was calculated in the 2 groups.
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Meta-analyses were done using a random effects model
(Mantel-Haenszel method) and heterogeneity was eval-
uated using I? statistic. The odds ratio (OR) and 95%
confidence intervals (95% Cls) were used to construct
forest plots. The value of p < 0.05 was considered sta-
tistically significant. The publication bias was assessed
using a funnel plot in which the standard error of the log
of the OR was plotted against the log of the OR.

Results

The flow diagram of trial recognition and collection
is presented in Fig. 1. A total of 782 titles and abstracts were
reviewed, with 24 meeting the requirements for inclusion
in the final meta-analysis. The following 21 articles were
excluded: 14 articles with no study on sepsis susceptibility
or result, 3 articles with inadequate evidence on TNF-«
—308 A/G polymorphism status and 4 articles with a sec-
ondary release.

Table 1 shows the demographic data of the patients ex-
amined in the 24 included studies. A total of 4764 patients
were analyzed in 24 studies: 15 papers concerned white
population, 8 Asian population and 1, a mixed population.
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Table 1. Details of the included studies
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Ethnicity
Song et al.'® 2012 Asian
Teuffel et al?” 2010 Asian
Gupta et al.'® 2015 Asian
Fuetal® 2016 Asian
Nakada et al." 2005 Asian
Treszl et al.?! 2003 Caucasian
Zhang et al.?® 2017 Mixed
Solé-Violan et al.*' 2010 Caucasian
Solé-Violan et al 3! 2010 Caucasian
Mira et al.? 1999 Caucasian
Gordon et al.** 2004 Caucasian
Sipahi et al** 2006 Caucasian
Allam et al.® 2015 Asian
Duan et al.* 2011 Asian
Paskulin et al.?” 2011 Caucasian
Jaber etal 2004 Caucasian
McDaniel et al.*® 2007 Caucasian
Garnacho-Montero et al 4 2006 Caucasian
Kothari et al.*® 2013 Asian
Susantitaphong et al.*! 2013 Caucasian
Schaaf et al.# 2003 Caucasian
Schueller et al.®? 2006 Caucasian
Balding et al.* 2003 Caucasian
Majetschak et al.* 2002 Caucasian

Allele combination Key findings
GA vs GG OR =1.138(0.945 to 1.370)
GAvs GG OR =2.187 (0.946 to 5.059)
GA vs GG OR =48.706 (10457 to 226.86)
GAvs GG OR =10.535 (0.349 to 0.820)
GA vs GG OR =0.450 (0.104 to 1.938)
GA vs GG OR=0.713 (0.263 to 1.934)
GA vs GG and AA vs GG OR=3.78(1.16,12.30)
GAvs GG OR=0.596 (0472 t0 0.753)
GA vs GG OR=8.857 (4.565 t0 17.184)
GAvs GG OR=0.297 (011910 0.738)
GA vs GG OR = 2.000 (0.990 to 4.039)
GA vs GG OR=0.972 (0.244 to 3.869)
GA vs GG OR=0.103 (0.0456 to 0.232)
GAvs GG OR=2.006 (1.199 to 3.355)
GA vs GG OR =1.304 (0.859 to 1.978)
GAvs GG OR=1.206 (0.416 to 3.496)
GA vs GG OR =1.545 (0.318 to 7.502)
GA vs GG OR=0.882 (0480 to 1.621)
GA vs GG OR =1.947 (1.280 to 2.964)
GAvs GG OR=1.141(0.672 to 1.939)
GA vs GG OR =0.222 (0.0458 to 1.078)
GAvs GG OR=10.792 (0404 to 1.550)
GA vs GG OR = 1.240 (0.869 to 1.767)
GA vs GG OR =1.389 (0.385 to 5.005)

OR - odds ratio.

Sepsis was classified as sepsis (in 8 studies), extreme sepsis
(in 5 studies), septicemia (in 1 study), septic shock (in 7
studies), or 2 of the above forms of sepsis, defined as com-
bined patient groups (in 3 studies). Fifteen researchers
examined sepsis susceptibility, 5 examined sepsis death
and 4 examined each of them.

In 15 studies, TNF2 (G/A or A/A) was compared to TNF1
(G/G) in 8 studies, and allele A frequency in 1 sample,
the TNF 308 genotype was identified as G/G, G/A, or A/A.%
The data from the 15 studies that reported on G/G, G/A,
or A/A were translated to TNF2 (G/A or A/A) or TNF1
(G/G), yielding a total of 23 studies that could be used to as-
sess the effect of TNF2 (Table 2,3). The data from the 15
studies that reported on G/G, G/A or A/A were translated
to TNF2 (G/A or A/A) or TNF1 (G/G), yielding a total of 23
studies that could be used to assess TNF2 effect (Table 2,3).

Figure 2 shows the forest plot of the role of TNF-a during
sepsis among Asian population (n = 8 studies). There was
no significant effect of TNF phenotype on risk of sepsis
(OR 1.21, 95% CI: [0.63; 2.30], p = 0.57, I = 92%). The het-
erogeneity value I? is high (>80%) indicating inconsistency
between the included studies.

Figure 3 shows the forest plot between the roles of TNF-a
during sepsis among Caucasian population (n = 15 studies).

There was no significant effect of the TNF phenotype
on risk of sepsis (OR 1.08, 95% CI [0.73; 1.61], p = 0.69,
2 = 82%). A high I? heterogeneity value (>80%) indicates
the inconsistency between the studies.

Figure 4 is the funnel plot for the assessment of publica-
tion bias. The funnel plot was asymmetrical, indicating
the possibility of publication bias.

However, based on the OR results of the meta-analysis,
there was a higher risk of sepsis in Asian population than
in Caucasian population, and there was no significant ef-
fect of TNF phenotype on sepsis risk in either population.

Discussion

Tumor necrosis factor alpha has been identified as an im-
portant pro-inflammatory cytokine in diseases like pso-
riatic arthritis, rheumatoid arthritis, ulcerative colitis,
Crohn’s disease and other autoimmune diseases, as well
an in healthy people. It is located on the p arm of chro-
mosome 6 within the major histocompatibility complex,
where genetic alterations in the TNF-a locus are known
to be involved directly in high TNF-a production.”” Many
polymorphisms inside the TNF-a promoter positioned
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Table 2. The studies presenting the role of TNF in sepsis among Asian population

Song etal.'® 375/727 560/1158
Teuffel et al?’ 34/53 18/40
Gupta et al.!® 23/25 17/89
Fuetal® 47/163 100/232
Nakada et al.”” 81/189 5/8
Allam et al 3 24/69 57/68
Duan et al* 45/131 36/174
Kothari et al.#¢ 74/169 64/224
Total (random effects) 703/1526 857/1993
df

Significance level

1 (inconsistency)

9505 1 Weight (%)
fixed random
1.138 [0.945;1.370] N/A 15.30
2187 [0.946; 5.059] N/A 12.27
48.706 [10.457; 226.865] N/A 8.23
0.535 [0.349; 0.820] N/A 1451
0450 [0.104; 1.938] N/A 8.63
0.103 [0.0456;0.232] N/A 1242
2.006 [1.199;3.355] N/A 14.10
1.947 [1.280; 2.964] N/A 14.54
1.21 [0.63; 2.30] N/A 100.00
7
p=057
92%

TNF = tumor necrosis factor; OR — odds ratio; 95% Cl — 95% confidence interval; df — degrees of freedom; N/A — not applicable.

Table 3. The studies reporting on the role of TNF in sepsis among Caucasian population

Treszl et al.?! 25/82 8/21
Solé-Violan et al.>! 123/1162 234/1413
Solé-Violan et al.! 112/126 56/118
Mira et al.3? 23/54 25/35
Gordon et al.*? 39/135 13/77
Sipahi et al.** 15/42 4/11
Paskulin et al.?” 104/349 42/171
Jaber etal® 19/40 9/21
McDaniel et al.** 4/15 4/21
Garnacho-Montero et al.4° 38/224 19/101
Susantitaphong et al*! 36/112 44/150
Schaaf et al.# 32/48 18/20
Schueller et al.# 19/67 34/102
Balding et al.* 83/183 156/389
Majetschak et al* 10/46 4/24
Total (random effects) 682/2685 670/2674
df

Significance level

12 (inconsistency)

‘ - Weight (%)
fixed random
0.713 [0.263; 1.934] 201 5.94
0.596 [0.472;0.753] 36.76 9.30
8.857 [4.565; 17.184] 4.57 7.56
0.297 [0.119;0.738] 242 6.35
2.000 [0.990; 4.039] 4.06 7.36
0.972 [0.244; 3.869] 1.05 441
1.304 [0.859; 1.978] 11.55 8.68
1.206 [0.416; 3.496] 1.77 5.65
1.545 [0.318;7.502] 0.80 3.77
0.882 (0.480; 1.621] 541 7.82
1141 [0.672; 1.939] 7.15 8.19
0.222 [0.0458; 1.078 0.80 3.78
0.792 0.404; 1.550] 444 7.51
1.240 [0.869; 1.767] 15.96 8.92
1.389 [0.385; 5.005] 1.22 4.76
0.978 (0.854;1.121] 100.00 100.00
14
p =069
82%

TNF — tumor necrosis factor; OR — odds ratio; 95% Cl — 95% confidence interval; df — degrees of freedom.

at —1031 (T—C), -863 (C—A), —857 (C—A), -851 (C—T),
~419 (G—C), -376 (G—A), —308 (G—A), —238 (G—A),
-162 (G—A), and -49 (G—A) have been identified, but
nucleotide position -308 directly affects TNF-a produc-
tion. A SNP within the promoter of the gene for TNF-a
results in 2 allelic forms, TNF1 with guanine as common
allele and TNF2 with guanine substituted by adenosine.*®
The polymorphism in TNF-a —308 A/G has been associated
with several pathologies like parasitic, bacterial and viral

infections; autoimmune diseases like systemic lupus erythe-
matosus, rheumatoid arthritis and ankylosing spondylitis;
acute rejections for transplants®’-%%; cancers'® and coronary
artery disease.>? It has been observed in the past that TNF-a
has been involved in sepsis-induced immune depression
through increased apoptosis.*’ The TNF2 allele has been
linked to sepsis, but the evidence is ambigous. The pres-
ent meta-analysis aimed to analyze the role of TNFa —308
genotype (TNF1 or TNF2) in a higher risk of sepsis.
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Fig. 2. The forest plot depicting the role of tumor necrosis factor alpha (TNF-a) during sepsis among the Asian population

95% Cl - 95% confidence interval; df — degrees of freedom.

Fig. 3. The forest plot depicting the role of tumor necrosis factor alpha (TNF-a) during sepsis among the Caucasian population

95% Cl — 95% confidence interval; df — degrees of freedom.

The Human Genome Project (HGP) focused on an indi-
vidual’s DNA sequence. The following stage was designed
to compare DNA sequences from various populations.
The HapMap is a collection of human genetic diversity.
It was completed in 2005 and uses SNPs to discover huge
blocks of DNA sequence known as haplotypes that are
inherited together (Fig. 5). Researchers examine haplotypes
in persons with and without certain diseases to elucidate
information from the analyzed data. The haplotypes shared
by persons with the disease are then analyzed in depth
to search for genes that are linked to a particular condition.
Scientists have already used the data in order to find a gene
linked to age-related macular degeneration, a condition
that causes blindness in elderly patients.’ The International
HapMap Consortium is predicted to play a significant role
in finding many more disease-related genes in the future.
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Fig. 4. Funnel plot for the assessment of publication bias

SE - standard error; OR — odds ratio.
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In a small number of DNA samples, the HGP,* the SNP
Consortium®® and the International HapMap Project®!
found over 10 million common DNA variations, mostly
SNPs. Genome-wide association studies have effectively
found hundreds of unique genomic loci that have an im-
pact on human diseases, due to the knowledge on SNPs
and associated linkage disequilibrium patterns.*

Nonetheless, our understanding of human genetic varia-
tion in terms of variant type, frequency and population di-
versification is inadequate. Only common DNA variations
(minor allele frequency (MAF) 5%) have been thoroughly
investigated, despite the fact that low MAF variations are
likely to account for a significant portion of genetic risk
for common diseases. Systematic investigations of other
forms of variations, particularly copy number variation,
have just lately begun to shape our understanding of their
frequency spectra, population distributions and linkage
disequilibrium patterns.

According to Elahi et al.,>> TNF polymorphisms are
found in a region of polymorphic variation and they are
in linkage disequilibrium with the human leukocyte an-
tigen (HLA) genes and with each other. Due to the differ-
ences in the distribution of HLA alleles, there can be varia-
tion in TNF polymorphisms and various discrepancies can
be associated with different geographical locations.

The current study does not demonstrate the influence
of TNF variants on sepsis in Asian and Caucasian popula-
tions. However, the number of studies in Asian population
is small (n = 8), thus limiting an inference to be made
in general. The heterogeneity values are high (>80%), sug-
gesting a considerable inconsistency between the studies.
Potential sources of heterogeneity are age, sample size,
genotyping method, and type of sepsis.

The TNE2 allele frequencies have been identified for
various ethnic groups, with Asian population (TNF2 prev-
alence ranging from 1.7%"! to 5.1%°%) having a lower TNF2
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allele frequency than Caucasian population (TNF2 preva-
lence ranging from 21.7%°> to 23.0%°°). To see whether
the connection between TNF2 and sepsis varied by eth-
nicity, we conducted a stratified study. Our findings indi-
cate that the connection between TNF2 and sepsis is not
significant in the Asian community compared to other
ethnic groups. Given the secondary nature of the study,
this finding should be regarded as hypothesis-generating.

The authors has also researched whether the impact
of TNF2 varied, based on how sepsis was defined (sep-
sis, extreme sepsis or septic shock) in our stratified stud-
ies. The fact that many different health conditions such
as pneumonia, bacteremia, sepsis, septicemia, acute sep-
sis, or septic shock have been analyzed, has made it chal-
lenging to interpret past findings. The authors were able
to conduct systematic review because this meta-analysis
used published consensus criteria for sepsis®® and the rest
of the articles in our meta-analysis used these same
definitions.

We discovered that the way sepsis was defined had little
effect on the connection between TNF2 and sepsis sus-
ceptibility. Because of the limited number of trials in each
subgroup, determining whether sepsis classification influ-
enced the relationship between TNF2 and sepsis mortality
is more complicated. Therefore, future research into this
topic is critical. However, the present meta-analysis helped
to overcome the limitations of the individual studies and
thoroughly examined TNF-a role in sepsis.

One of the strengths of the study is that it was focused
solely on TNF-a =308 A/G, which helped in conducting
a thorough search and analysis of the impact of this single
polymorphism. Other genetic variants, on the other hand,
are very likely to affect sepsis risk. As a result, future ex-
periments should examine the effects of other polymor-
phisms, and eventually, many polymorphisms would have
to be considered.

Fig. 5. Single nucleotide
polymorphisms (SNPs),
haplotypes and tag SNPs
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In addition, the current meta-analysis reveals the pos-
sibility of obtaining a more stratified study by considering
similar studies in each stratum. A meta-regression could
also be carried out to examine the hidden factors affecting
the phenomenon.

Limitations

The study has a few limitations, such as limited sample
size in most of the analyzed studies, that affects the statis-
tical power. There is a high heterogeneity among the dif-
ferent ethnic backgrounds. Lastly, there is a strong need
for more studies to determine the clarification on genetic
roles and cytokine production during sepsis.

Conclusions

The relationship between the TNF-308 G/A polymor-
phism and sepsis was quantitatively synthesized in this meta-
analysis. It does not suggest an association between the G/A
allele combination of TNF-a and sepsis risk in the Asian and
Caucasian populations. We believe that integrating the ef-
fects of correlation research will help us better understand
the impact of polymorphisms on disease outcomes.
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