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Abstract 

Background  Clinically, most patients with Kaposi’s sarcoma (KS) are male, and several direct and indirect mecha-
nisms may underlie this increased susceptibility in men, Kaposi’s sarcoma-associated herpesvirus (KSHV), also known 
as human herpesvirus 8 (HHV-8), is considered to be the primary etiological agent responsible for KS. Thus, we 
propose the hypothesis that men are more susceptible to HHV-8 infection, leading to a higher incidence of Kaposi’s 
sarcoma among males. A meta-analysis was conducted to evaluate the association between gender and HHV-8 sero-
positivity in the general population.

Methods  A comprehensive literature search was performed using 6 online databases: PubMed, EMBASE, Cochrane 
library, Web of Science, CNKI, and Wanfang. Studies published before March 15, 2023, were included.

Results  In all, 33 articles including 41 studies were included in the meta-analysis. In the included adult popula-
tion. men had a higher risk of HHV-8 infection than did women in adult populations from all over the world (odds 
ratio [OR]: 1.08, 95% confidence interval [CI]: 1.01–1.15), but no differences were found in child population from all 
over the world (OR: 0.90, 95% CI: 0.79–1.01). There was a significant difference in HHV-8 seroprevalence between men 
and women in sub-Saharan Africa (SSA) adult population (OR: 1.15, 95% CI: 1.05–1.26). However, no significant differ-
ences were observed in sub-Saharan Africa (SSA) child population (OR: 0.90, 95%CI 0.78–1.03). As for other continents, 
the results showed no significant difference, such as the Asian population (OR: 1.03, 95%CI: 0.92–1.16). or the Euro-
pean and American populations (OR 1.01, 95%CI 0.87–1.17).

Conclusion  There was a slight gender disparity for HHV-8 infection in the adult population. Among the adult popula-
tions from SSA and globally, men were more likely to be infected with HHV-8 than were women. However, no statis-
tical significance was observed in the child populations from SSA and globally. In the future, the inclusion of more 
standardized studies may strengthen the results of this study.

Keywords  Kaposi’s sarcoma, Human Herpesvirus 8, Seroprevalence

Background
Kaposi’s sarcoma (KS) is a complex angioproliferative 
neoplasm that has attracted the attention of research-
ers and clinicians for decades [1, 2]. It primarily affects 
the skin of the extremities, face, trunk, external genitalia, 
and oropharyngeal mucosa. Lymph nodes and internal 
organs, most notably the respiratory and gastrointesti-
nal tracts, are also often involved. It was first described 
and named by Moritz Kaposi, an Austro-Hungarian 
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dermatologist, in 1872 [3]. It is unclear why patients with 
various types of KS are predominantly male. Several fac-
tors such as hormonal factors, inherent differences in the 
immune system, and high-risk behaviors may contribute 
to this phenomenon. Kaposi’s sarcoma-associated her-
pes virus (KSHV), also known as human herpesvirus 8 
(HHV-8) is considered a crucial factor in the pathogen-
esis of KS [4, 5]. Whether HHV-8 seroprevalence differs 
between men and women and thus explains the male pre-
dominance of KS, is yet to be determined.

HHV-8 is the primary cause of several malignancies, 
including KS, primary effusion lymphoma (PEL), and 
multicentric Castleman disease (MCD) [4]. Understand-
ing the seroprevalence of HHV-8 is essential for assessing 
the burden of this virus and developing strategies to pre-
vent the associated diseases.

Begré et  al. [6] conducted a meta-analysis on this in 
2016 and concluded that there was a slight gender dis-
parity in the incidence of KS in sub-Saharan Africa 
(SSA). However, their findings may be outdated, since 
more relevant original articles on this issue have been 
published, we believe that the conclusion may be dif-
ferent now. In this meta-analysis, we not only included 
more English articles, but also included studies from the 
Asian continent in Chinese databases. Subgroup analyses 
were conducted separately in populations from different 
continents. Therefore, it is necessary to provide a more 

comprehensive evaluation of this issue. We conducted an 
updated meta-analysis to comprehensively evaluate the 
association between gender and HHV-8 seropositivity.

Methods
Search strategy
We searched the main English and Chinese language 
databases. Two of our researchers (Hai-bo Gong and 
Shuai Zhang) conducted a literature search of the Pub-
Med, EMBASE, Cochrane library, Web of Science, 
CNKI, and Wanfang databases for articles published 
before March 15, 2023. The electronic search strategy 
of PubMed was as follows: ((((((((((((("Herpesvirus 8, 
Human"[Mesh]) OR HHV-8) OR KSHV) OR Kaposi’s 
Sarcoma-Associated Herpesvirus) OR Kaposi’s Sar-
coma Associated Herpesvirus) OR Sarcoma-Associated 
Herpesvirus, Kaposi) OR Herpesvirus, Kaposi’s Sar-
coma-Associated) OR Herpesvirus, Kaposi’s Sarcoma 
Associated) OR Human Herpesvirus 8) OR Herpesvirus, 
Kaposi’s Sarcoma-Associated) OR Kaposi’s Sarcoma-
Associated Herpesviruses) OR Sarcoma-Associated 
Herpesviruses, Kaposi’s)) AND ((((((seroprevalence) 
OR "Seroepidemiologic Studies"[Mesh])) OR ((Epi-
demiology) OR "Epidemiology"[Mesh])) OR ((inci-
dence) OR "Incidence"[Mesh])) OR ((Prevalence) OR 
"Prevalence"[Mesh])).

Fig. 1  Flow diagram of literature search and screen
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Inclusion and exclusion criteria
We collected data from cross-sectional studies on 
HHV-8 seroprevalence worldwide. The recruited par-
ticipants in the included studies were representative of 
the general local population. The following information 
was extracted from the included studies: proportion of 
seropositive individuals by sex, race, and age. Therefore, 
studies conducted on blood donors, hospital-based stud-
ies, and studies conducted on specific populations, such 
as men who have sex with men, patients with solid organ 
transplants, HIV-positive individuals, those using intra-
venous (IV) drugs, or those who were incarcerated, were 
excluded.

Data extraction
Two researchers, Gong Haibo and Zhang Shuai, indepen-
dently extracted all the information from the included 
literature, including the authors, year of publication, 
country and region, total number of participants, num-
ber of men, number of women, frequency of seropositiv-
ity, frequency of seronegativity, age composition of the 
participants (children or adults), and number of sero-
positive individuals. Methods for the detection of HHV-8 
and antibodies used in the detection process were also 
recorded. In case of disagreement, the two authors dis-
cussed the issue and submitted it to a third author for 
adjudication.

Fig. 2  Forest plot of all included population worldwide
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Fig. 3  Subgroup analysis of all included studies worldwide stratified by age. a, Subgroup analysis of adult population included in all studies 
worldwide. b, Subgroup analysis of child population included in all studies worldwide
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Statistical analyses
This meta-analysis was conducted in accordance with 
Preferred Reporting Items for Systematic Review and 
Meta-Analyses (PRISMA) guidelines [7]. Both the 
Q-statistical test and I2 test were used to calculate 
between-study heterogeneity [8, 9]. In general, ran-
dom- and fixed-effects models were used to combine 
the data in the presence (p < 0.1, I2 > 40%) or absence of 
heterogeneity (p > 0.1, I2 < 40%). The results of I2 statis-
tic and Q statistic are often inconsistent in the actual 
calculation process. Because the number of studies in 
different subgroup analysis varies greatly, I2 statistic 
results will not change with the change of the number 
of studies, when in this situation, we used the I2 statis-
tic to determine whether the heterogeneity was signifi-
cant. Stata version 12.0 (StataCorp LP, College Station, 
TX, USA) was used to generate the forest and Egger’s 
plots.

Results
Number of eligible, included, and excluded studies
Using our search strategy, we searched six different data-
bases, including the four main English language data-
bases, PubMed, EMBASE, Cochrane and the Web of 
Science, and the two main Chinese language databases, 
CNKI and Wanfang. We then eliminated duplicate 
studies, and further eliminated abstracts, case reports, 
reviews, and other irrelevant studies that were not related 
to the content of this issue. Ultimately, 33 articles were 
included, of which 28 were in English and 5 in Chinese 
[10–42]. The literature identification process is illustrated 
in Fig. 1.

Characteristics of included studies
Forty-one study groups from 33 articles included 25,902 
male and 28,052 female participants. Detailed informa-
tion about each study is presented in Table 1. The studies 
were from five continents: 15 (45%) from Asia, 12 (36%) 
from Africa, 2 (6%) from North America, 1 (3%) from 
South America, and 3 (9%) from the Europe. Of these, 10 

Fig. 4  Subgroup analysis of population from Sub-Saharan Africa
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Fig. 5  Subgroup analysis of populations from Sub-Saharan Africa stratified by age. a, Subgroup analysis of adult population included in studies 
from sub-Saharan Africa. b, Subgroup analysis of child population included in studies from sub-Saharan Africa
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Fig. 6  Subgroup analysis of populations from other continents. a, Subgroup analysis of population from Asia. b, Subgroup analysis of population 
from Europe and America
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studies included only children and 20 studies included 
only adults. The ages of the participants in the remaining 
11 studies were unspecified.

Meta‑analysis results
For the total included population from all over the 
world, random-effects models analyses showed no sig-
nificant difference between gender and HHV-8 sero-
positivity (OR: 1.07, 95% CI: 0.99–1.15; Fig.  2), while 
the fixed-effects models showed that there was a sig-
nificant association between gender and HHV-8 sero-
positivity (OR: 1.07, 95% CI: 1.02–1.13; Appendix.1). 
Because of some degree of heterogeneity between 
studies (I2 = 44.8%, p = 0.001), we finally selected the 
random-effects model results as the final calculation. 
For the total included adult population, there was a sig-
nificant association between male gender and HHV-8 

seropositivity (OR: 1.08, 95% CI: 1.01–1.15; Fig.  3a); 
however, no such association was found in the child 
population (OR: 0.90, 95% CI: 0.79–1.01; Fig. 3b).

In the SSA region, For the total population 
(I2 = 58.2%, p = 0.002), the heterogeneity between stud-
ies was large enough so that we choose the random 
effect model for calculation. The results showed no sig-
nificant difference (OR: 1.11, 95% CI: 0.99–1.25, Fig. 4). 
While using a fixed-effect model, it was found that male 
gender was associated with HHV-8 seropositivity in the 
total population (OR 1.13, 95% CI 1.05–1.21; Appen-
dix.2). In the adult population subgroup (OR: 1.15, 95% 
CI: 1.05–1.26; Fig.  5a), but not in children (OR: 0.90, 
95% CI: 0.78–1.03; Fig. 5b).

For other continents in the world, the results also 
showed that no statistically significant difference was 
observed (Asian region, OR: 1.03, 95% CI: 0.92–1.16; 

Fig. 7  Publication bias for included studies worldwide. a, Publication bias for all included studies worldwide. b, Publication bias of adult population 
studies included worldwide. c, Publication bias of child population studies included worldwide
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Fig. 6a; European and American population, OR: 1.01, 
95%CI: 0.87–1.17; Fig. 6b).

Sensitivity analysis and study bias
We removed the included studies individually to test the 
robustness and reliability of the results. The significance 
of the pooled ORs and 95% CIs did not change, indicat-
ing the stability of the results.

We used Egger’s test to calculate the publication bias of 
the included studies in each subgroup analysis, and these 
results are shown in Figs. 7, 8, and 9. All the p-values of 
Egger’s test were > 0.1, indicating that there was no pub-
lication bias between the included studies in all group 
analyses. Including the total population from all over the 
world (p = 0.504, Fig. 7a); adult-only population from all 
over the world (p = 0.455, Fig. 7b); child-only population 
from all over the world (p = 0.489, Fig. 7c); total SSA pop-
ulation (p = 0.477, Fig.  8a); adult-only population from 
SSA (p = 0.939, Fig. 8b); child-only population from SSA 
(p = 0.730, Fig. 8c); Asian population (p = 0.531, Fig. 9a); 
and European and American population (p = 0.774, 
Fig. 9b).

Discussion
This is an updated meta-analysis based on the work of 
Begré et  al. [6]. To date, this meta-analysis is the most 
comprehensive. Our results suggested that HHV-8 infec-
tion is slightly more common in men than in women 
among the adult SSA population as well as the adult 
population from all over the world. However, in children 
across all populations, not just SSA, there were no results 
suggesting that boys were more likely to be infected with 
HHV-8 than girls. These results suggest that the male 
gender vulnerability of HHV-8 infection may not be 
related to genetic background, but to living habits and 
environmental factors in the region. The importance 
of the results from the fixed-effects model analysis of 
all included populations in SSA and all over the world 
should not be overlooked; we believe that when the qual-
ity of research is sufficiently standardized and the num-
ber of quantity researchers is large enough, we can apply 
the fixed-effects model and may conclude that there is a 
statistical difference.

The higher incidence of KS in men than in women 
may be attributed to a combination of immune system 

Fig. 8  Publication bias for included studies in Sub-Saharan Africa. a, Publication bias for all included studies in SSA. b, Publication bias of adult 
population studies included in SSA. c. Publication bias of child population studies included in SSA
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differences; hormonal, viral and genetic factors; and 
high-risk behaviors. Understanding these factors is cru-
cial to developing better strategies for the prevention, 
early detection, and treatment of KS. The sero-epide-
miologic distribution of HHV-8 may play a role in the 
pathogenesis of KS. It is probably not a coincidence that 
the results for the SSA adult population were consist-
ent with those for all included adult population world-
wide. However, this remains unclear because, clinically, 
far more male cases than female cases of KS have been 

encountered. Yet our results showed that men have only 
a weak predisposition to HHV-8 infection compared with 
women, since none of the ORs were very large. The statis-
tical differences observed in our study were only slightly 
significant. Therefore, the higher number of men affected 
by KS compared to women is likely multifactorial, involv-
ing a combination of biological, behavioral, and social 
factors. The extent to which infection with the Kaposi’s 
sarcoma-associated herpesvirus contributes to this 
phenomenon requires further research. There may be 

Fig. 9  Publication bias for included studies in other continents. a, Publication bias for all included studies in Asia. b, Publication bias for all included 
studies in Europe and Americas
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additional patterns underlying these results that remain 
to be understood.

This study has several limitations. Firstly, the male gen-
der predominance in KS may have multifactorial causes. 
This study only examines this issue from the perspective 
of HHV-8 infection. Other contributing factors could 
include variances in immune system responses between 
men and women, hormonal influences, genetic predis-
positions, and gender-related behaviors. However, their 
exact impacts and roles remain unclear. Secondly, this 
study only included papers published in English and 
Chinese, excluding those published in other languages, 
which may introduce selection bias. Moreover, variations 
in technical methods, reagent manufacturers, age deter-
mination criteria for children in subgroup analyses, and 
the stringency of study population screening across dif-
ferent investigations could also introduce biases, thereby 
affecting the final outcomes. Thirdly, while we aimed to 
include all relevant studies on the global seroprevalence 
of HHV-8, the number of studies included was relatively 
limited. Further research with larger sample sizes and 
more comprehensive analyses is warranted.

Conclusion
Adult populations from Sub-Saharan Africa (SSA), simi-
lar to adult populations worldwide, are more likely to test 
positive for HHV-8 seropositivity than women. However, 
no significant differences were observed among children 
from the same regions. These sero-epidemiological pat-
terns of KSHV may help explain the higher prevalence of 
Kaposi’s Sarcoma (KS) in men compared to women.
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