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ARTICLE INFO ABSTRACT

Keywords: Kaposi Sarcoma (KS) is endemic in several countries in Southern and Eastern Africa, relatively rare worldwide
Kaposi sarcoma but a leading cancer among people living with HIV. KS has always been more common in adult males than
HIV . females. We assessed the prevalence of known cancer modifying factors (parity, hormonal contraceptive use in
Sex ratio females, sex-partners, smoking and alcohol consumption in both sexes), and their relationship to KS, and whether
Johannesburg cancer study . L. . i
South Africa any of these could account for the unequal KS sex ratios. We calculated logistic regression case-control adjusted
odds ratios (ORagj), and 95% confidence intervals (95%CI), between KS and each of the modifying factors, using
appropriate comparison controls. Controls were cancer types that had no known relationship to exposures of
interest (infection or alcohol or smoking or contraceptive use). The majority of the 1275 KS cases were HIV
positive (97%), vs. 15.7% in 10,309 controls. The risk of KS among those with HIV was high in males
(ORq4j=116.70;95%CI=71.35-190.88) and females (OR,¢j=93.91;95%CI=54.22-162.40). Among controls, the
prevalence of smoking and alcohol consumption was five and three times higher in males vs. females. We found a
positive association between KS and heavy vs. non-drinking (ORa4j=1.31;95%CI=1.03-1.67), and in current
heavy vs. never smokers (OR,qj=1.82;95%CI=1.07-3.10). These associations remained positive for alcohol
consumption (but with wider CIs) after stratification by sex, and restriction to HIV positive participants. We

Abbreviations: ARV, antiretroviral; CI, confidence intervals; ELISA, Enzyme-linked Immunoassay; hCG, human chorionic gonadotropin; HIV, human immuno-
deficiency virus; IARC, International Agency for Research on Cancer; ICD-O, International Classification of Diseases for Oncology; IQR, interquartile range; KS,
Kaposi’s sarcoma; KSHV, Kaposi’s sarcoma-associated herpesvirus; JCS, Johannesburg Cancer Study; ORadj, Adjusted odds ratios; OR, odds ratios; SSA, sub-Saharan
Africa; USA, United States of America.
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found no evidence of interactions of smoking and alcohol by sex. Smoking and alcohol consumption may provide
a possible explanation for the KS sex differences, given both exposures are more common in men, but con-
founding and bias cannot be fully ruled out. The role smoking and alcohol play in relation to viral loads of HIV/
KSHYV, differences in immunological responses or other genetic differences between males and females warrant

further studies.

1. Introduction

Kaposi Sarcoma (KS) is endemic in several countries in Southern and
Eastern Africa and relatively rare cancer worldwide, with approximately
34,000 cases and 15,000 deaths reported by GLOBOCAN in 2020. [1] KS
remains the most common cancer among people living with the human
immunodeficiency virus (HIV). [2,3] KS is classified as an AIDS-defining
cancer and the risk of developing KS is about 50-134 fold higher among
those individuals who are HIV positive in South Africa.[4,5] Regardless
of HIV positivity, throughout Africa, adult males have always been at
higher risk of KS than females. [6,7] In South Africa, between 1988 and
2017 the pathology-based National Cancer Registry reported that KS
incidence rates doubled in males and increased about seven-fold in fe-
males. This resulted in a decline of the sex ratio from 7:1 (males versus
females) in 1988-2:1 in 2017. [8-10] Even though the ratio has
declined, most likely as a result of the nature of the HIV epidemic in SA
which predominantly affects women, the KS sex disparities are still
evident.

Kaposi sarcoma-associated herpesvirus (KSHV) is considered a
necessary cause of KS. [11] Co-infection with HIV and KSHV greatly
increases the likelihood of developing KS, [12] which has resulted in a
large increase in KS incidence during the HIV/AIDS pandemic in SA. °In
Africa, the seroprevalence of KSHV varies from 20% to 80%. [4,8,
12-17] A recent meta-analysis of KSHV prevalence showed no differ-
ence in KSHV seroprevalence between boys and girls in SSA but found
KSHYV to be about 30% higher in adult males than females, which may
explain some of the sex differences observed. [7] In other studies con-
ducted in Uganda, males were twice as likely to have detectable KSHV in
blood compared to females, [18-20] however in South Africa, we
observed no Male: Female differences in adult KSHV seroprevalence.
[12] The more than two-fold KS sex differences suggest the importance
of further unknown cofactors other than KSHV in the development of KS.
[9].

There is a dearth of information on KS lifestyle risk factors that could
explain these sex differences. [21] The role of immunity and genomic
make-up is currently uncharted. Grulich and Kaldor in 1996, at the early
stages of the HIV epidemic, suggested sex hormones (e.g. during preg-
nancy) were not an important factor in KS pathogenesis. [22] Male
hormones (androgen and testosterone) have been reported to aid KSHV
infection and female pregnancy hormone human chorionic gonado-
tropin (hCG) inhibit the development of KS. [23-27] The role of
smoking as a risk factor for KS was suggested by Goedert in 2009 to be
protective in classical and epidemic KS in Sicily and the United States of
America (USA). [28-30] The role of alcohol as a risk factor for KS is
inconclusive. [21] These studies were, all however, small.

With some exceptions, smoking and drinking prevalences are higher
in men than in women. Males are more likely to be in the heavy drinking
and smoking categories as compared to females in South Africa. Peltzer
and colleagues reported 41.5% men compared to 17.1% women as
current alcohol users from the 2008 South African national population
survey, whereas for all ethnicities, hazardous/ harmful drinking in black
males and females were 15.5% and 10.0% respectively. [31] Results
from the South African Smoking and Death Notification Survey (2007,
aged 35-74) show black males had a smoking prevalence four times
(46.3%) higher than black females (11.1%). [32].

We used data from the Johannesburg Cancer Study (JCS) to assess
whether the lower incidence of KS in females (or higher incidence in
males) could be attributed to any of known cancer-associated lifestyle

factors such as parity, hormonal contraceptive use, lifetime sex partners,
urban/rural residence, education, smoking and alcohol consumption in
a black South African population.

2. Methods
2.1. Study setting and design

The JCS is an epidemiological study of over 25,000 cancer patients
established by the National Cancer Registry of South Africa in 1995, at
the early stages of the HIV epidemic. Data collection continued during
the antiretroviral (ARV) rollout in 2004 and ended in 2016. The study
aim of the JCS described in Chen et al., [33] was to investigate the
relative importance of known cancer risk factors in an African popula-
tion. This study utilizes an established case-control design for cancer
epidemiological studies, whereby cases are individuals with the cancer
of interest and controls are individuals with other cancers that are not
associated with the exposures under investigation. [4,12,34].

2.2. Study population

The JCS recruited in a consecutive fashion, cancer patients of any
type mainly from southern Gauteng province, attending the medical and
radiation oncology departments of the largest tertiary referral public
hospitals in Johannesburg (mainly Charlotte Maxeke Johannesburg
Academic hospital and associated referral centres). [33] Participants
were aged 18-74 years, black, resident of South Africa, with a new
(incident) diagnosis of cancer, who had given written or witnessed oral
informed consent. Trained nurse interviewers used a standard ques-
tionnaire to interview participants in their preferred language (usually
Zulu or Sotho). Participants were interviewed within six months of
diagnosis and before receiving radio- or chemotherapy.

The questionnaire covered questions on the leading, emerging and
suspected risk factors for cancer such as place of birth and residence,
education, ethnicity (home language of parents), method of cooking and
heating, smoking by type of tobacco and amounts smoked, snuff (sniffed
tobacco) use, alcohol consumption by type and amount consumed,
parity, use of oral and injectable contraceptives, number of sexual
partners, basic occupations, and self-reported use of ART (since 2005).
Interviewers collected peripheral blood samples for HIV testing and
other analyses. The serum was used for serological screening for HIV on
all samples and KSHV and Human papilloma virus (HPV) in selected
samples in previous studies. [4,12] HIV antibody testing was conducted
using the Vironostika (HIV Uniform II plus O) micro enzyme-linked
immunosorbent assay (ELISA). Cancer types were mostly (>90%)
ascertained by cytology/histology* and coded to their topography and
morphology using the International Classification of Diseases for
Oncology Version 3 (ICD-03).

2.3. Ethics
The University of Witwatersrand Human Research Ethics Committee

(Medical) approved the primary study and the current study (Clearance
certificate number: M191130).

2.4. Data management

Fig. 1 shows the participants used in case-control selection. Cases for
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this study were participants with a histologically confirmed diagnosis of
KS (N = 1275). Controls were women and men drawn from the rest (N =
19,161) of the participants diagnosed with cancer types that have no
known relationship to exposures of interest. We used the IARC 100th
Monograph series and Schottenfeld and Fraumeni’s Textbook (3rd and
4th editions), to assess cancer/exposure relationships to identify
appropriate control cancer types. [11,33,35-37] Control selection and
therefore sample size varied when assessing the effect of HIV (infec-
tion-related cancers excluded, N = 10,309 remained), smoking (smo-
king-related cancers excluded, N = 2170 remained), alcohol
consumption (alcohol-related cancers excluded, N = 3090 remained),
parity and hormonal contraceptive use (reproductive-related cancers
were excluded, N = 6870 remained) (Fig. 1). A detailed list of cancers
included in each control group and the sex distribution among cases and
controls (Supplementary Table S1 and Table S2). To test the robustness
of the smoking and alcohol-KS-ORs we performed a sensitivity analysis
recalculating these ORs by removing one cancer type at a time from each
of the control comparison groups. (Supplementary Fig. S1 and S2).

The explanatory variables included sex, age group at enrolment, year
of interview, place of birth (by province), ethnicity, place of residence
(urban/rural), education (none, secondary or tertiary) and number of
sexual partners (0-1, 2-5, 6 or more), weekly alcohol consumption
(none, light (1-7 drinks for females and 1-14 drinks for males), and
heavy (>8 drinks for females and >14 drinks for males). Cut-offs for
heavy drinking were set at 8 or more drinks per week for women, 15 or
more drinks per week for men according to the Centers for Disease
Control and Prevention alcohol factsheet. [38] A current smoker was
defined as someone who stopped smoking 5 years before interview to
minimize reverse causation, and we conservatively assumed 1 g of to-
bacco per unit of tobacco products (mainly cigarettes). In females only,
parity was classified as 0-2, 3 or more children born alive, and contra-
ceptive use was measured in relation to combinations of ever/never use
of injectable or oral contraceptives. Period of use of antiretroviral
therapy period (ART-period) was classified as pre-ART (1995-2004),
early ART (2005-2009) and late ART period (2010-2016).

Primary study sample
25,487 participants
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2.5. Statistical analysis

The descriptive summary of the socio-demographic characteristics of
cases and controls are shown in Table 1. To assess whether the high M:F
sex ratio was associated with any of the leading modifying factors, un-
conditional unmatched logistic regression models were fitted to calcu-
late their odds ratios (ORs) and 95% CI in relation to KS overall (Table 2)
and stratified by sex (Table 3). ORs were adjusted for important socio-
demographic variables (sex-where appropriate, age group, year of
interview, HIV status, number of sexual partners, education, place of
residence and ART period). For alcohol consumption and smoking we
assessed the effect of an interaction term between alcohol, smoking and
sex using unmatched logistic regression models (Supplementary
Table S5 and S6).

We performed a test for heterogeneity on categorical variables and a
score test for trend in the ORs on ordinal categorical variables (Tables 2
and 3). To adjust for confounding associated with HIV, smoking and
alcohol consumption analyses were also restricted to HIV positive cases
and controls. For each set of case-control comparisons, we used appro-
priate control comparison groups, conscious that the sample size in each
set of comparisons varied. The statistical analysis was done using STATA
software version 15.0 (Stata Corp, College Station, Texas).

3. Results

The majority of the 1275 individuals diagnosed with KS were male,
675 (53.0%) (Table 1). Most of the KS cases were HIV positive (95.6%
males and 96.7% females), with very little difference in HIV prevalence
across all the demographic and lifestyle groups studied. The highest
proportion of KS cases was between the ages of 25 and 34 years in fe-
males and 35-44 among males. The majority of the cases (95%) were
from urban places of residence and had secondary/tertiary education
level (72.4% males and 80% females). Males reported a median of six
sexual partners (IQR=4-10) and females a median of four partners
(IQR=3-5). Most males, (N = 430, 63.7%) vs females (N = 172, 28.7%)
were in the heavy alcohol consumption category.

Of the 675 male KS cases, 13.6% (N = 92) males vs 2.5% (N = 15) of

Excluded (n = 5.051)

Non cancer participants: 1.170
Born outside SA: 1.716

HIV status: 1,141

Total analysis sample
20,436 participants

Primary site unknown: 437
Misplaced cancers: 586
Missing date of interview:1

Excluded: Cancers related to
infections (n = 8.852)

NB: Used different controls.
excluded alcohol, smoking and
contraceptive related cancers.

!

I

| }

Participants with KS Infection unrelated Alcohol unrelated Smoking unrelated Contraceptive unrelated
(1,275) cancers (10,309) cancers (3.090) cancers (2,170) cancers (6.870)
] | ] ! !
{ ] . ]
Males Females Males Females Males Females Males Females Males Females
675 600 3,397 6,912 1.444 1,646 1,117 1,053 4,392 2,478

Fig. 1. Selection of study participants (cases and controls).
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Table 1
Socio-demographic characteristics of study participants (cases and controls).
Characteristics Cases Controls
(1275) (10,309%)
Males Females Males Females
Total Total Total Total
675 600 3397 (32.95) 6912
(52.94) (47.06) N (Col %) (67.05)
N (Col %) N (Col %) N (Col %)
HIV status
Negative 30 (4.44) 20(3.33) 3018 (88.84) 5674
(82.09)
Positive 645 580 379 (11.16) 1238
(95.56) (96.67) (17.91)
Age
Median [IQR] 38 33 57 [49-64] 52
[33-44] [29-40] [43-61]
Age group (years)
18-24 11 (1.63) 54 (9.00) 79 (2.33) 84 (1.22)
25-34 214 282 122 (3.59) 503 (7.28)
(31.70) (47.00)
35-44 292 169 324 (9.54) 1395
(43.26) (28.17) (20.18)
45-54 120 69 887 (26.11) 1921
(17.78) (11.50) (27.79)
55-64 30 (4.44) 24 (4.00) 1197 (35.24) 1864
(26.97)
65 + 8(1.19) 2(0.33) 788 (23.20) 1145
(16.57)
Period of interview
1995-1999 41 (6.07) 33 (5.50) 827 (24.35) 1057
(15.29)
2000-2004 121 113 673 (19.81) 1217
(17.93) (18.83) (17.61)
2005-2009 229 229 895 (26.35) 1848
(33.93) (38.17) (26.74)
2010-2016 284 225 1002 (29.50) 2790
(42.07) (37.50) (40.36)
Place of residence
Urban 647 564 3020 (88.90) 6187
(95.85) (94.00) (89.51)
Rural 26 (3.85) 34 (5.67) 362 (10.66) 697
(10.08)
Missing 2(0.30) 2(0.33) 15 (0.44) 28 (0.41)
Education
None 31 (4.59) 24 (4.00) 462 (13.60) 740
(10.71)
Primary 155 96 1330 (39.15) 2023
(22.96) (16.00) (29.27)
Secondary & Tertiary 489 480 1596 (46.98) 4130
(72.44) (80.00) (59.75)
Missing - - 9 (0.26) 19 (0.27)
Number of sexual
partners
Median [IQR] 6 [4-10] 4 [3-5] 5[3-9] 3 [2-5]
Number of sexual
partners (cat)
0-1 16 (2.37) 24 (4.00) 153 (4.50) 655 (9.48)
2-5 207 333 1319 (38.83) 3860
(30.67) (55.50) (55.84)
6 or more 265 115 1176 (34.62) 674 (9.75)
(39.26) (19.17)
Unknown 187 128 749 (22.05) 1723
(27.70) (21.33) (24.93)
Alcohol consumption”
Never 203 382 845 (58.55) 1368
(30.07) (63.67) (83.11)
Light > 0-7 or > 14 42 (6.22) 46 (7.67) 85 (5.88) 87 (5.29)
drinks/week
Heavy > 8 or > 15 430 172 514 (35.57) 191
drinks/week (63.70) (28.67) (11.60)
Smoking®
Never 206 483 393 (35.18) 891
(30.52) (80.50) (84.62)
Ex-smoker 69 20 (3.33) 273 (24.44) 71 (6.74)
(10.22)
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Table 1 (continued)

Characteristics Cases Controls
(1275) (10,309%)
Males Females Males Females
Total Total Total Total
675 600 3397 (32.95) 6912
(52.94) (47.06) N (Col %) (67.05)
N (Col %) N (Col %) N (Col %)
Current-light 1-14 g/ 308 82 348 (31.15) 83 (7.88)
day (45.63) (13.67)
Current-heavy > 15 g/ 92 15 (2.50) 103 (9.22) 6 (0.57)
day (13.63)
Missing - - - 2 (0.19)
Parity’
0-2 372 866
(62.00) (34.94)
3 or more 153 1436
(25.50) (57.95)
Unknown 75 176 (7.10)
(12.50)

Contraceptive use’
Never oral (oc) or 152 1318

injectable (ic) (25.33) (53.19)
Ever oc never ic 49 (8.17) 271
(10.94)
Ever ic never oc 309 543
(51.50) (21.91)
Ever ic and ever oc 88 332
(14.67) (13.40)
#Ever ic and/ or ever oc 446 1146
(74.33) (46.25)
Missing 2(0.33) 14 (0.56)
ART-period
Pre-ART 1995-2004 162 146 1500 (44.16) 2274
(24.00) (24.33) (32.90)
Early ART 2005-2009 229 229 895 (26.35) 1848
(33.93) (38.17) (26.74)
Late ART 2010-2016 284 225 1002 (29.50) 2790
(42.07) (37.50) (40.36)

Abbreviations: IQR, Interquartile range; oc, oral contraceptive; ic, injectable
contraceptive.
#Ever ic and /or ever oc: a sum of category (2-4), ever oc never ic, ever ic never
oc and ever ic and ever oc.
Total number of controls for the lifestyle exposures are different: for the de-
mographic variables, infection unrelated cancer controls were used. For alcohol
consumption, the controls comprised participants with cancers that were unre-
lated to infectious agents and alcohol. For smoking, the controls were not related
to infectious agents and smoking. Contraceptive use controls were cancers un-
related to infectious agents and hormonal contraceptives.

@ Infection unrelated controls= 10,309

b Alcohol unrelated controls= 3090

¢ Smoking unrelated controls= 2170

4 Contraceptive unrelated controls= 6870

the 600 females smoked 15 g or more of tobacco per day (current heavy
smokers). Most females, 372 (62.0%) reported giving birth to 0-2 chil-
dren. More than half of the females, 309 (51.5%) reported only using
injectable contraceptives and 49 (8.17%) reported only using oral con-
traceptives. Among the controls, HIV prevalence was 11.2% in males
and 17.9% in females. About three times as many males (35.6%) re-
ported heavy alcohol consumption (8-15 or more drinks a week) vs.
females (11.6%). About five times as many males (40%) reported cur-
rent smoking, vs. females (8%) (Table 1). Smoking and alcohol con-
sumption prevalences are higher in males than females in both cases and
controls. Socio-demographic characteristics of study participants by HIV
status were also tabulated (Supplementary Table S3).

KS risk was highest among persons who tested HIV positive, OR,g; of
115.42 (95% CI=79.76-167.01). We found no association between KS
and number of sexual partners (P trendg=0.40). Persons in the heavy
drinking category were more likely to develop KS with an OR,q;j of 1.31
(95% CI=1.03-1.67) compared to never drinking category (P
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Table 2

Unadjusted and adjusted ORs (95% CI) of developing KS.

Variables Unadjusted OR (95% CI) Adjusted OR (95% CI) using
using appropriate controls appropriate controls

HIV status

Negative 1.00 1.00

Positive 131.70 (98.77 — 175.60) 115.42 (79.76 — 167.01)

P-value < 0.001 < 0.001
(heterogeneity)

Place of residence

Urban 1.00 1.00

Rural 0.43 (0.33 - 0.56) 0.83 (0.54 - 1.28)

P-value < 0.001 0.181
(heterogeneity)

Education

None 1.00 1.00

Primary 1.64 (1.21 - 2.21) 0.86 (0.56 — 1.32)

Secondary & 3.70 (2.80 - 4.89) 0.86 (0.57 - 1.31)
Tertiary

P-value < 0.001 0.876
(heterogeneity)

Number of sexual partners

0-1 1.00 1.00

2-5 2.11 (1.51 - 2.93) 1.26 (0.77 - 2.08)

6 or more 4.15 (2.96 - 5.81) 1.32(0.79 - 2.21)

Unknown 2.57 (1.83 - 3.61) 1.24 (0.73 - 2.11)

P-yalue (trend)

< 0.001

Alcohol consumption®

Never

Light

Heavy

P-value (trend)

P-yalue (sex
contribution)

Alcohol consumption® (in HIV positives only)

Never

Light

Heavy

P-value (trend)

Smoking®

Never

Ex-smoker

Current-light
(1-149

Current-heavy
(>=15¢g)

P-value (trend)

P-value (sex
contribution)

1.00

1.94 (1.47 - 2.54)
3.23 (2.80-3.72)
< 0.001

1.00

1.38 (0.91 - 2.11)
1.86 (1.50 — 2.32)
< 0.001

1.00

0.48 (0.38 - 0.62)
1.69 (1.43 -1.99)
1.83(1.38 - 2.43)

< 0.001

Smoking® (in HIV positives only)

Never
Ex-smoker
Current-light
(1-14g)
Current-heavy
(>=15¢g)
P-yalue (trend)

1.00

0.79 (0.52 - 1.18)
1.70 (1.28 - 2.26)
2.47 (1.41 - 4.34)

< 0.001

Parity9 (females only)

0-2

3 or more
Unknown
P-value (trend)

1.00

0.25 (0.20 - 0.30)
1.00 (0.74 - 1.33)
0.9578

Contraceptive use? (females only)

Never oral or
injectable

Ever oc never ic

Ever ic never oc

Ever ic and ever oc

Ever ic and/ or ever
oc

P-value (trend)

ART-period

Pre-ART
1995-2004

Early ART
2005-2009

Late ART
2010-2016

P-value (trend)

1.00

1.57 (1.11 - 2.22)
4.93 (3.97 - 6.14)
2.30 (1.72 - 3.07)
3.37 (2.76 - 4.12)
< 0.001

1.00

2.05 (1.76 - 2.38)

1.64 (1.42-1.91)

< 0.001

0.402

1.00

1.33 (0.87 - 2.04)
1.31 (1.03 - 1.67)
< 0.001

< 0.001

1.00

1.32 (0.83 - 2.09)
1.35(1.04 -1.76)
< 0.001

1.00

1.00 (0.65 - 1.55)
1.41 (1.03 - 1.92)
1.82 (1.07 - 3.10)
< 0.001

0.013

1.00

1.11 (0.68 - 1.81)
1.26 (0.90 - 1.77)
1.84 (0.99 - 3.40)
0.087

1.00

0.80 (0.59 - 1.09)
0.83 (0.41 - 1.30)
0.4590

1.00

1.48 (0.89 - 2.47)
1.19 (0.86 - 1.64)
1.25(0.81 -1.94)
1.24 (0.91 - 1.68)
0.3575

1.00

1.15 (0.89 - 1.48)
0.83 (0.64 - 1.09)

0.175
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@ Demographic characteristics were compared to infection unrelated controls.
b Alcohol comparisons used alcohol unrelated controls

¢ Smoking comparisons used smoking unrelated controls

4 Contraceptive use and parity analysis for females only using reproductive
factor unrelated controls.

All ORs were adjusted for sex, HIV status, age group, year of interview, place of
birth, ethnicity, place of residence, education, number of sexual partners and
ART period.

rend<0.001). We found a strong statistical effect of sex in the overall
model (Table 2, P ya1ue<0.001).

3.1. Additional analyses

After restricting the analysis to persons who were HIV positive
(remaining N = 1225 KS, 1617 controls- i.e. losing approx. 80% of the
controls) the odds of developing KS remained unchanged (OR,¢j=1.35
(95%CI=1.04-1.76, P trend <0.001)) in the heavy drinking category
(Table 2). Those in the current heavy smoking category were more likely
to develop KS (OR,qj 1.82 (95% CI=1.07-3.10, P t1end<0.001) compared
to never smoking (Table 2). We found a strong statistical effect of sex in
the overall model (Table 2, P y4,e<0.013). Stratification of the data by
sex is shown in Table 3. We found no evidence of sex*smoking (P-value
0.7) or sex*alcohol interactions (P-value=0.8) (Supplementary Table S5
and S6). We also tested the robustness of the smoking and alcohol KS
associations by removing sex specific cancer controls from these ana-
lyses. We found no material differences in the ORs before and after
removal (results not shown).

HIV positive males were similarly likely to develop KS as compared
to HIV infected females (OR,qj=116.70; 95%CI=71.35-190.88 versus
OR,3j=93.91; 95%CI=54.22-162.40) (Table 3). The association be-
tween smoking and KS remained positive in males for both smoking (P
trend=0.034) and alcohol consumption (p-trend=0.01). In females,
elevated ORs were observed in the heavy drinking and smoking cate-
gories (OR=1.21 and 2.03) but the p-trend is no longer significant (P
trend=0.1, 0.6 respectively) perhaps because of reduced sample sizes.

4. Discussion

We attempted to identify potential lifestyle explanations for the well
described excess male to female sex ratio in KS. We found that as in
previous JCS study* being HIV positive increased significantly the risk of
KS development. In contrast to some previous studies (see below) we
found an association between increased smoking intensity and KS and
heavy alcohol consumption and KS particularly in males. Smoking and
alcohol consumption may provide a possible explanation for the KS sex
differences. We found no association between KS and parity or hormonal
contraceptive use, reconfirming the hypothesis stated by Grulich and
Kaldor. [22] In a study estimating the prevalence of KSHV in females, de
Sanjose and colleagues also reported that KSHV was not associated with
the number of children, or patterns of oral contraceptive use. [39]
Additional studies of the potential mechanisms for sex-related differ-
ences in KS are necessary to evaluate further the roles of sex-specific
factors such as parity and female sex hormones in KS pathogenesis. [40].

As regards smoking, we found an association between increasing
smoking intensity and KS, (Table 3). The association was evident in both
sexes and in males alone, with sample sizes in females becoming being
too low to draw clear inferences. The literature regarding the role of
smoking is mixed. An inverse association between cigarette smoking and
infection with KSHV or KS development has been reported in some
studies, but these results were not adjusted for education and other
confounding factors. [29,30,41] In one study in Uganda (N = 458 KS
cases) and another in Cameroon (N = 266 cases), smoking was posi-
tively associated with HIV-related-KS; both studies adjusted for educa-
tion and occupation associated with affluence. [42,43] Our study based
on over 1000 KS cases and after adjustment for a range of confounders



M. Motlhale et al.

Table 3

Unadjusted and adjusted OR (95%CI) of developing KS stratified by sex.
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Variables Unadjusted OR (95% CI) Adjusted OR (95%CI)
Males Females Males Females
HIV status”
Negative 1.00 1.00 1.00 1.00
Positive 171.21 (116.93 - 250.68) 132.91 (84.75 - 208.44) 116.70 (71.35 - 190.88) 93.91 (54.22 - 162.64)

P-value (heterogeneity)
Alcohol consumption”
Never

Light drinking

Heavy drinking

P-value (trend)

< 0.001

1.00

2.06 (1.38 - 3.07)
3.48 (2.85 - 4.25)
< 0.001

Alcohol consumption” (HIV positives)

Never

Light drinking
Heavy drinking
P-value (trend)
Smoking®
Never
Ex-smoker
Current-light
Current-heavy
P-value (trend)

Smoking® (HIV positives)

Never
Ex-smoker
Current-light
Current-heavy
P-value (trend)

1.00

1.00 (0.54 - 1.85)
1.84 (1.33 - 2.57)
< 0.001

1.00

0.48 (0.35 - 0.66)
1.69 (1.34-2.12)
1.70 (1.23 - 2.37)
< 0.001

1.00

0.73 (0.44 - 1.24)
1.73 (1.15-2.61)
2.14 (1.12-4.10)
< 0.001

< 0.001

1.00

1.89 (1.30 - 2.75)
3.22 (2.55 - 4.08)
< 0.001

1.00

1.73 (0.96 - 3.14)
1.48 (1.07 - 2.05)
0.012

1.00

0.52 (0.31 - 0.86)
1.82 (1.32 - 2.52)
4.61 (1.78 - 11.96)
< 0.001

1.00

0.68 (0.31 - 1.49)
1.17 (0.72 - 1.90)
2.81 (0.64 - 12.43)
0.283

< 0.001

1.00

1.29 (0.68 — 2.46)
1.46 (1.03 - 2.06)
0.070

1.00

1.08 (0.54 - 2.16)
1.52 (1.04 - 2.23)
0.034

1.00

0.87 (0.52 - 1.47)
1.51 (1.01 - 2.26)
1.83 (1.00 - 3.35)
0.010

1.00

1.19 (0.65 - 2.17)
1.48 (0.94 - 2.31)
1.98 (0.98 - 3.99)
0.077

< 0.001

1.00

1.41 (0.79 - 2.50)
1.21 (0.85-1.72)
0.148

1.00

1.63 (0.86 — 3.07)
1.21 (0.84 - 1.76)
0.100

1.00

1.49 (0.64 - 3.45)
1.21 (0.72 - 2.04)
2.03 (0.51 -8.12)
0.621

1.00

1.13 (0.46 - 2.76)
0.97 (0.57 - 1.65)
2.43 (0.52 - 11.26)
0.630

@ For males and females, demographic characteristics used infection unrelated controls and adjusted for HIV status, age group, year of interview place of birth,
ethnicity, place of residence, education, number of sexual partners and ART period.
® Alcohol using alcohol unrelated controls and adjusted for sex, age group, year of interview, education, HIV status, place of residence, number of sexual partners and

ART period.

¢ Smoking using smoking unrelated controls and adjusted for sex, age group, year of interview, education, HIV status, place of residence, number of sexual partners

and ART period.

including education, does support the hypothesis that smoking increases
the risk of developing KS, and also given male smoker rates are about
five times those of females, this could provide a possible explanation for
the KS sex differences. Larger sample size studies, meta- analyses or
cohort studies are needed to confirm this hypothesis as smoking makes a
partial contribution to the KS sex difference.

While the initial analysis of the association between KS and alcohol is
interesting, a crude 3-fold OR among those (in both sexes combined) in
the heavy drinking category was reduced to 1.31 after adjustment, so
significant confounding appears to be involved (Table 2). After strati-
fying by sex, those in the heavy drinking category (vs. non-drinking)
were associated with increased KS risk in males but the association
became weaker in females (Table 3). Restricting the analysis further to
HIV positive participants indicated that heavy alcohol consumption was
still associated with increased odds of KS in males and the effect being
less important in females (although this could be due to reduced sample
size). In this study, it seems plausible that alcohol consumption is
another possible explanation for the KS sex ratios, especially given
alcohol consumption is three times more prevalent in males. The rela-
tionship between KS and alcohol consumption is complex as the
behavioral patterns associated with alcohol consumption may influence
the probability of exposure to KSHV as stated by Mbulaiteye et al. [44]
In a case-control study of KS in HIV positive Ugandan patients, Ziegler
et al. and Nansseu et al. found no associated risk between alcohol con-
sumption and KS. [42,43] KSHV seropositivity was also not associated
with alcohol consumption in the study of Ugandan HIV-negative KS
patients.[44,45].

Other explanations for the KS sex differences include genetic make-
up along with unmeasured hormonal differences [46] and immune
system functions.[47] Androgens aid KSHV infection and this may be
why KS is more common in males than females. [27] Androgen receptor
(found in both males and females) expression in males is high and has

been identified as a KSHV entry factor and subsequently promotes KSHV
infection in cells. [23,48] In females, the pregnancy hormone, human
chorionic gonadotropin (hCG) has been reported to have shown anti-KS
properties and this results in the reduction of KS tumor growth and in-
hibition of growth of other angiogenic tumors. [26] This hormone has
also been shown to inhibit the growth of KS cell lines in vitro. [25]
However, to the extent that we could measure (parity, hormonal
contraception) we found no association between those factors in females
and KS risk.

5. Limitations

Our study must be considered in light of possible limitations inherent
in case-control studies and in this situation using people with a range of
other cancers as controls. Cancer incidence in the South African black
population is higher in females (National Cancer Registry data for 2017:
18,814 vs 13,116) and thus they are also more frequently represented in
the JCS (7,512 vs 4,072). [10] This unusual situation, dominated by
cancer of the cervix, distorts odds ratio calculations of M:F KS differ-
ences. In the analysis of risk factors, however, careful selection of con-
trols unrelated to exposures of interest allows for valid comparisons.
Population prevalence estimates for smoking and alcohol, or reproduc-
tive factors that are comparable with the 18-74-year-old black, urban
population comprising the JCS study which collected data over a
20-year period, situated in southern Gauteng province are sparse. With
that limitation in mind, national surveys>' show prevalences of alcohol
drinking of 35% in males and 10% in females with higher urban prev-
alences (in keeping with our observed prevalence of 41% and 17% in our
mainly urban controls). Similarly, national current smoking prevalence
in South African blacks is 50% in males and 12% in females, [32] in
keeping with our observed 56% and 8% prevalence in our controls, HIV
prevalence in Gauteng province is 14%, [39] again comparable to what
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is observed in our controls (11% in males 18% in females).

Recall of past exposures such as number of sexual partners, alcohol
consumption and smoking could be subject to recall or desirability bias.
JCS collected data from radiotherapy and oncology departments and
therefore, cases that were not referred to these departments (such as
surgery only or palliative care) were missed. There may be possible re-
sidual confounding of lifestyle factors and HIV. Since 97% of all KS
patients were HIV positive, there may be possible associations with high-
risk behaviors such as number of sexual partners, smoking and alcohol
drinking which are known to be associated with HIV, and the age pattern
(reproductive age group). We accounted for HIV confounding by
restricting the analysis for smoking and alcohol consumption to those
who were HIV positive. Despite these limitations, these data remain an
important source to understand sex disparities in KS among the adult
black South African population.

6. Strengths

Both cases and controls are people with incident cancers, thus
interviewer and recall bias is minimized (and is non-differential) by
interviewing cases and controls with diseases of similar severity.
Referral biases are also minimized because both cases and controls are
likely to be come from the same catchment areas and referred through
the same process and departments (as a precaution we adjust for Urban/
Rural residence). Over 95% of the cancers were histologically verified.
[4] Controls for this analysis were carefully selected, comprising cancer
types not known to be associated with the exposures of interest (infec-
tious agents, alcohol consumption smoking and hormonal contraceptive
use). Sensitivity analysis of the controls used (Supplement Fig. S1 and
S2) shows control selection was robust.

7. Conclusion

We have assessed, in a systematic fashion, whether selected lifestyles
that are known to cause cancer are associated with KS development and
whether these can explain the greater male to female KS ratio. In this
study, being HIV positive increased the risk of KS in both sexes by 100-
fold but the prevalence of HIV in controls was higher in females.
compared to males (18 vs 11%). Parity and hormonal contraception use
were not associated with KS among females. We found increased risks of
KS (in both sexes combined) in relation to smoking and alcohol, and
these risks remained positive after sex stratification and restriction to
HIV positive participants. While confounding and biases cannot be fully
ruled out, tobacco smoking and alcohol are therefore possibly respon-
sible for the uneven KS sex ratios, given drinking and smoking was three
to five times more common in males. While this is the largest case-
control study to investigate these factors, reductions in sample size by
restricting to HIV positives and by sex reduced our precision but the OR
estimates remained about the same. Further comparative research,
preferably from large cohort studies is needed to elucidate whether
smoking and alcohol act independently or whether they modify the role
of HIV and KSHV, the two viruses responsible for KS, especially their
viral loads, immunological responses and in identifying other genetic
differences in the way the two sexes respond to HIV/KSHV infection.
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