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ABSTRACT

Objectives: Evidence on the association between
herpes simplex virus (HSV) and excessive adiposity,
such as obesity (body mass index >30 kg/m?) and
abdominal obesity (waist circumference (WC) >102 or
88 cm), has been inconsistent. We sought to examine
whether age—period—cohort (APC) effects could explain
for the observed heterogeneities.

Design: Population-based cross-sectional study.
Participants: Adults aged 20-49 years with available
serological data in the National Health and Nutrition
Examination Survey (NHANES) in 1999-2012.
Exposure measutres: Obesity and abdominal obesity.
Results: In men, excessive adiposity was generally
not associated with HSV1 or HSV2 (all p>0.05);
however, there were positive correlations between HSV
seroprevalence and excessive adiposity in certain age
and birth cohort groups. Based on APGC analysis,
abdominally obese men aged 30-40 years showed a
nearly 20% increase in risk for HSV1 seropositivity
(adjusted prevalence ratio (aPR)=1.18; 95% CI 1.10 to
1.27) as compared with abdominally non-obese men
of the same age; there was no such association in men
of other age groups. Also, men of a large WC who
were born before 1962 or after 1979 had a 28% higher
risk for HSV2 seropositivity than those of a normal WC
in the same birth cohorts (aPR=1.28, 95% Cl 1.17 to
1.54); yet the association did not hold for men in other
cohorts (aPR=0.86, 95% Cl 0.64 to 1.17). In women,
a large WC was correlated with a minimally increased
HSV1 seroprevalence (aPR=1.07, 95% Cl 1.01 to 1.13)
but not with HSV2 seropositivity (aPR=1.13; 95% ClI
0.99 to 1.28). Likewise, there were strong associations
between abdominal obesity and HSV2 seropositivity in
subgroups of women participating in the earliest
survey cycle (aPR=1.41, 95% Cl 1.12 to 1.78) but

not in other survey periods (aPR=0.94, 95% CI 0.85
to 1.03).

Conclusions: There was no consistent evidence for
strong associations between HSV seropositivity and
excessive adiposity in adults. APC analysis results
further cautioned the generalisability of previous
reports based on 1 or 2 cycles of survey data.

Strengths and limitations of this study

= The current study included data from both sexes
and across multiple survey cycles to provide
robust and unbiased estimates for the adiposity—
herpes simplex virus (HSV) associations in the
US adults aged 20—49 years.

= The application of age—period—cohort analysis
provided novel perspectives on explaining incon-
sistent findings in the literature.

= The current study could not establish the tem-
porality of the adiposity—HSV relationship, of
which the likelihood of reverse causation was
equally plausible.

INTRODUCTION
Herpes simplex virus type 1 (HSVI1) and type
2 (HSV2) are among the most widely spread
viral pathogens in the general population
worldwide. According to the recently
released global estimates for HSV2 infection
by WHO, more than 400 million people
aged 15-49years were seroprevalent for
HSV2 in 2012, corresponding to a global
prevalence estimate of 11.3%." Although an
updated estimate for HSV1 will not be avail-
able until late 2015,% an early review of epi-
demiological studies showed a worldwide
seroprevalence of HSV1 to be 40-60% or
higher in the non-high-risk population.®
Besides the common clinical manifesta-
tions of painful skin or mucosal lesions,
HSVI1 and HSV2 have been reportedly impli-
cated in the pathogenesis of atherosclerosis
since the 1970s."° Findings from early
chicken models and subsequent molecular
investigations have suggested that infections
by the herpesvirus family, including HSVI,
HSV2 and cytomegalovirus (CMV), may alter
cellular cholesterol metabolism, facilitating
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lipid accumulation in the endovascular cells.” ® However,
epidemiological findings for a direct link of HSV infec-
tion to cardiovascular outcomes,”'" asymptomatic athero-
sclerosis'* ' or dyslipidemia'* have been inconsistent.

With the increasing recognition of high body mass
index (BMI) and abdominal fatness as modifiable risk
factors for cardiovascular diseases,15 studies have sug-
gested a possible contribution of HSV to the obesity epi-
demic.'® 7 For example, Thjodleifsson et al'® showed
that HSV1 antibodies were not correlated with BMI
values in an European cohort of 985 adults while
Schooling et al'” have found that HSV1 seroprevalence
was positively associated with women’s hip-to-waist ratio
in a US-representative population. In face with accumu-
lating evidence indicating that excessive adiposity may
predispose individuals with obesity to certain infec-
tions'® or worse infection outcomes,19 20 investigators
have also hypothesised a reverse causal relationship
between excessive adiposity and HSV1'7 2! %2 and
HSv2.!! 21 23 2 Particularly, from recently published
findings based on the National Health and Nutrition
Examination Survey (NHANES) data, it appears that
HSV1 was probably associated with obesity in men®* and
with abdominal obesity in women'” whereas study find-
ings surrounding the role of HSV2 in excessive adiposity
have remained inconsistent.'' ' #* #*

These epidemiological observations, however, were not
systematically examined in adult men and women.
Therefore, in the current analysis, we aimed to determine
whether the association between excessive adiposity and
HSV1 or HSV2 differs by host sex. Additionally, we sought
to characterise any potential moderating effect of host
age, survey period or birth cohort on the HSV-obesity
associations using multicycle data from the NHANES.

MATERIALS AND METHODS

Study design and population

In each 2-year cycle, the continuous NHANES pro-
gramme collects health-related information from the
general, non-institutionalised US population since 1999.
Detailed descriptions about the survey design, question-
naires used during the household interview, examina-
tions performed on the mobile examination centre
(MEC) and biospecimens acquired can be fully accessed
online.* The National Center for Health Statistics
(NCHS) has received ethical approval from NCHS
Research Ethics Review Board prior to the survey.”®
Briefly, after obtaining informed consent, the study per-
sonnel interviewed and examined each adult participant
aged 20 or older in the household and at the MEC,
respectively. Individual sociodemographic characteristics,
self-reported medical history and health behaviours were
comprehensively documented during the interview
process.”> As the current study used publicly available,
de-identified public data sets, the Institutional Review
Boards of the affiliated institution has reviewed the ana-
lytics plan and waived the consenting requirement.

Data collection

Serological results of HSV-1 and HSV-2

Serum samples from the NHANES participants were
stored and shipped to the affiliated laboratory at Emory
University for serological tests.?’ Using enzymatic immu-
nodot assay, type-specific glycoproteins, gG-1 and gG-2,
were employed to detect human antibodies to HSV-1
and to HSV-2 in sample sera, respectively.28 In-house
positive and negative control sera were used for quality
control. There have been no changes to the laboratory
equipment or protocol since 1988. For the following
analysis, we included adults aged 20-49 who participated
in the NHANES in 1999-2012 and whose serological
results for HSV1 and HSV2 were available.

Participants’ covariates

We applied the WHO classification system to define over-
weight (BMI 25-29.9) and obesity (BMI>30 kg/m?);*’
the National Cholesterol Education Program’s Adult
Treatment Panel III report (ATP III, >88 cm for women
and >102 cm for men) to determine central (or abdom-
inal) obesity.” Other potential confounders considered
included participants’ race or ethnicity (non-Hispanic
white, non-Hispanic black, Mexican-American and
others); marital status (married, single or living with a
partner); having a college or higher degree; the annual
household income (family income >2.5 times of the
national poverty index at the survey year); health insur-
ance coverage; clinically diagnosed or treated diabetes
mellitus; smoking behaviour (lifetime smoking >100
pieces or not); recent alcohol use (12 or more drinks in
the previous 12 months); number of lifetime and recent
sexual partners (in the prior 12 months); reported age
at sex debut (<16 vs 16 years or older); self-reported fre-
quency of condom use (not always vs always); and
history of diagnosed genital herpes as well as other sexu-
ally transmitted infections such as gonorrhoea or
chlamydia.

Statistical analysis

In accordance with the analytic guideline published by
the NCHS,”" we applied sampling weights to account for
the multilevel, stratified probability sampling method as
well as the non-response rates in each survey cycle. To
obtain stable population-based prevalence estimates, we
evaluated for a potential period effect every two survey
cycles (or equivalently every 4 years), except for the
latest cycle (2011-2012). Accordingly, we grouped the
survey participants into one of the 4-year age groups,
with the oldest group of 48-49 years. Individuals were
also categorised by their birth years (4 years, except for
the 1991-92 cohort). We calculated and plotted
weighted seroprevalence rates of HSV1 and HSV2 for
each of these age groups, time periods and birth
cohorts for men and women, respectively. We also com-
pared seropositivity rates of HSV1 and HSV2 by selected
participant characteristics using design-based y* test and
univariate  Poisson  regression models. In the
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multivariable models, we retained covariates that were a
priori hypothesised to potentially confound the associ-
ation between adiposity and HSV or those showing sig-
nificant univariate associations.

In addition, we only included at most two of age (a),
period (p) and cohort (c) variables in separate multi-
variable models each time because of the colinear
nature among these three variables (C=p—a).32 To iden-
tify the potential modifying effect of age, calendar
period or birth year, we systemically examine the results
of stratified analysis by each of these three factors in
models that included age and period (AP models), or
age and cohort (AC models), or period and cohort indi-
cators (PC models) along with other important covari-
ates. We used svy commands in Stata V.13 for all
statistical analysis unless otherwise specified (Stata
Statistical Software: Release 13 [program], College
Station, TX, 2013), with a two-tailed significance level of
0.05. Results from negative binomial models were not
different from those obtained by specifying Poisson
distributions.

RESULTS

Among 15 063 adults aged 20-49 who completed the
MEC session between 1999 and 2012, 14 101 individuals
had serological data for HSV1 and HSV2 (93.6%). After
excluding adults with an abnormally low BMI value
(<18.5 kg/mQ), those who denied ever having sexual
activities, pregnant women as well as participants with
incomplete data in one or more covariates, we included
5227 men and 4441 women for the primary analysis (see
online supplementary figure SI).

For both HSV1 and HSV2, the overall increasing and
decreasing trend by age and cohort, separately, was statis-
tically significant (both p for trend <0.001, see online
supplementary table S1 and figure S2). The temporal
trend in HSV across the survey cycles was also apparent
(p for trend=0.007 for HSV1 and 0.017 for HSV2, see
online supplementary table S1), yet the secular change
was minimal for HSVI in women (p for trend=0.049)
and for HSV2 in men (p for trend=0.89). Age-associated
or cohort-associated variations in the prevalence of
obesity or abdominal obesity were similar to those in
HSV1 or HSV2 seropositivity in men and women (see
online supplementary figure S3). During the 14 years of
observation, prevalence of obesity or abdominal obesity
seemed unchanged in women (both p>0.05, see online
supplementary table S2) but increased substantially in
men (both p for trend <00.05, see online supplementary
table S2).

Table 1 shows seroprevalence estimates and compari-
son results of HSV1 and HSV2 among important sub-
groups of men and women, separately. Online
supplementary table S3 displays comparison results for
the overall study population. These univariate analysis
revealed that seroprevalence of HSV1 and HSV2 was
positively associated with abdominal obesity (p<0.001)

and obesity (p<0.001) in adult women but not in men
for HSV2 (p=0.89 for obesity; p=0.61 for abdominal
obesity, table 1). There was also a significant dose—
response relationship between HSV seropositivity rates
and women’s BMI values (p<0.001, table 1). In adult
men, such positive correlation with the degree of exces-
sive adiposity was apparent for HSV1 (p=0.003) but not
for HSV2 (p=0.93) seroprevalence (table 1).

Men and women shared a similar sociodemographic
risk profile for either HSVI or HSV2 seropositivity. Both
adult men and women were more likely to be positive
for HSV1 than their counterparts if they were
Mexican-American or other race/ethnicity (74.1% in
men, 77.4% in women), if they had a lower educational
attainment (61.4% in men, 64.6% in women), less
household income (63.1% in men, 66.4% in women) or
if they were not covered by any health insurance plan
(63.8% in men, 68.7% in women; table 1). These socio-
economic characteristics were similarly associated with a
higher rate of HSV2 seropositivity, except that
non-Hispanic blacks had the highest seroprevalence of
HSV2 (33.6% in men, 57.3% in women) among the
three racial or ethnic groups (table 1).

Meanwhile, there were sex-specific differences in car-
diovascular and sexual risk factors. For example, a self-
reported hypertension or diabetes history was associated
with seropositivity to HSV1 and HSV2 in women
whereas, in men, the former was irrelevant to HSV2
(p=0.49) and the latter not related to HSV1 (p=0.35,
table 1). Having five or more lifetime sex partners was
indicative of a nearly 10% difference in seroprevalence
of HSV1 in men (59.8% vs 50.9%, p<0.001) but was
irrelevant to women’s likelihood for HSV1 (60.9% vs
59.4%, p=0.40). Furthermore, men were twice more
likely to be positive for HSV2 if they reported five or
more different sex partners in the previous 12 months
(22.2% vs 11.6%, p<0.001); this finding was not observed
in women (p=0.14). These sex-specific distinctions in
risk factors for either adiposity or HSV justified the sub-
sequent separate modelling for men and women.

Age and period effects on HSV1-adiposity association

Table 2 displays the results of multivariable Poisson
regression models on HSV1 seroprevalence in men and
women, respectively. After adjusting for age, time period
and other sociodemographic as well as behavioural risk
factors, a high BMI (>30 kg/mQ) was not statistically
associated with HSV1 seropositivity in adult men
(adjusted prevalence ratio (aPR)=1.06, p=0.07) or
women (aPR=1.04, p=0.14; table 2).

In men aged 20-23 or 28-47 years, obesity was corre-
lated with a 13% higher HSV1 prevalence (aPR=1.13,
p<0.001) while in other age groups, there was no such
difference in HSVI seroprevalence by obesity status
(aPR=0.91, p=0.18; p for interaction <0.01, table 2).
Similarly, in women aged 32 years or older, BMI>30 kg/
m® was statistically associated with a higher HSV1
seroprevalence rate than non-obese women of the same
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Table 1 Weighted seroprevalence of HSV1 and HSV2 by selected characteristics in adult men (N=5227) and women
(N=4441) aged 20-49 years, NHANES 1999-2012

HSV1 HSV2
Men Women Men Women
Characteristics Percent pValue Percent pValue Percent pValue Percent p Value
Overall 56.9% 60.2% 12.2% 24.5%
Anthropometrics
Obesity (BMI>30 kg/m?)
No 55.0% 0.002 57.7% <0.001 12.1% 0.892 21.9% <0.001
Yes 61.2% 65.5% 12.3% 29.8%
Abdominal obesity (WC>88 or 102 cm)
No 54.8% 0.001 55.2% <0.001 12.0% 0.608 19.2% <0.001
Yes 60.8% 64.6% 12.5% 29.1%
BMI category (kg/m?)
18.5-24.9 53.8% 0.003 54.6% <0.001 12.1% 0.934 18.1% <0.001
25-29.9 55.9% 62.2% 12.2% 27.6%
30-34.9 61.3% 66.0% 12.7% 28.2%
>35 61.2% 65.0% 11.5% 31.3%
Demographics
Race
Non-Hispanic white 51.2% <0.001 54.0% <0.001 9.5% <0.001 19.0% <0.001
Non-Hispanic black 61.0% 68.1% 33.6% 57.3%
Mexican American and others  74.1% 77.4% 11.6% 23.7%
Education > college
No 61.4% <0.001 64.6% <0.001 13.7% <0.001 28.4% <0.001
Yes 45.1% 49.6% 8.1% 15.0%
Marital status
Married 59.7% 0.002 61.1% 0.093 11.1% 0.024 20.3% <0.001
Single or divorced 53.3% 57.9% 12.5% 30.4%
Living with a partner 53.9% 63.8% 16.5% 26.3%
Annual household income level
PIR<2.5 63.1% <0.001 66.4% <0.001 14.2% 0.001 29.4% <0.001
PIR>2.5 52.6% 55.2% 10.8% 20.5%
Coverage by health insurance
No 63.8% <0.001 68.7% <0.001 15.8% <0.001 27.9% 0.025
Yes 54.3% 58.1% 10.9% 23.6%
Risk factors
Hypertension history n=5195 n=4426 n=5195 n=4426
No 55.7% 0.006 58.9% <0.001 12.0% 0.489 23.2% 0.002
Yes 61.7% 68.0% 13.0% 31.3%
Diabetes history n=5192 n=4406 n=5192 n=4406
No 56.7% 0.352 59.5% <0.001 12.0% 0.028 241% 0.007
Yes 61.3% 80.0% 17.5% 36.0%
>12 drinks in past 12 months n=5224 n=4436 n=5224 n=4436
No 60.4% 0.146 65.6% <0.001 8.8% 0.009 24.0% 0.730
Yes 56.4% 58.4% 12.6% 24.7%
Lifetime smoking >100 pieces
No 53.9% <0.001 57.9% 0.004 9.7% <0.001 19.4% <0.001
Yes 59.9% 63.5% 14.7% 31.4%
Lifetime sex partners >5
No 50.9% <0.001 59.4% 0.401 5.7% <0.001 14.8% <0.001
Yes 59.8% 60.9% 15.4% 32.1%
Recent sex partners >5 in prior 12 months
No 56.8% 0.520 60.3% 0.506 11.6% <0.001 24.3% 0.139
Yes 59.3% 56.8% 22.2% 32.3%
Ever having genital herpes
No 57.0% 0.547 61.0% 0.002 10.8% <0.001 21.3% <0.001
Yes 53.5% 48.2% 74.4% 74.4%

Continued
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Table 1 Continued
HSV1 HSV2
Men Women Men Women
Characteristics Percent pValue Percent pValue Percent pValue Percent p Value
Sex debut before age 16 n=5222 n=4436 n=5222 n=4436
No 61.7% <0.001 63.9% 0.011 18.2% <0.001 33.0% <0.001
Yes 54.6% 58.8% 9.4% 21.1%
Using condom n=3561 n=2951 n=3561 n=2951
Not always 54.8% 0.732 59.5% 0.144 14.1% 0.397 28.2% 0.050
Always 55.8% 54.8% 12.6% 22.7%

BMI, body mass index; HSV, herpes simplex virus; PIR, poverty index ratio; WC, waist circumference.

age (aPR=1.10, p<0.01) whereas younger women (24—
31 years) had a comparable HSV1 prevalence regardless
of their BMI values (aPR=0.95, p=0.43; p for inter-
action=0.02, table 2). Similarly, there was statistical evi-
dence suggesting differential age (p for
interaction=0.001) and period effects (p for interaction
<0.001) on the association between abdominal obesity
and HSV1 seropositivity in men (WC>102 cm) and
women (WC>88 cm), respectively (table 2).

Cohort and period effects on HSV2-adiposity association

Overall, seropositivity of HSV2 was again not associated
with obesity or abdominal obesity in men or women
after adjusting for host age, birth years and other
important  covariates  (both  p>0.05, table 3).
Nevertheless, there were statistically significant cohort
(p for interaction=0.02) and period effects (p for

interaction=0.01) moderating the associations between
abdominal obesity and HSV2 seropositivity in men and
women, separately (table 3). Specifically, men with
abdominal obesity born in 1951-1962, 1967-1974 or
1979-1992 showed a 28% increase in HSV2 seropreva-
lence as compared with those without abdominal obesity
(aPR=1.28, p=0.01); there was no such relationship
between abdominal obesity and HSV2 in men belonging
to other birth cohorts (aPR=0.86, p=0.35; table 3).

As compared with women born in 1991-1992, women
who were born before 1990 and had a WC>88 cm
appeared to have a higher likelihood for HSV2 seroposi-
tivity than those with a smaller WC in the same cohorts
(aPR=1.24, p=0.001); such cohort effect was not statistic-
ally significant (p for interaction=0.28, table 3).
However, abdominal obesity was associated with a 41%
increase in HSV2 seroprevalence only for those who

Table 2 Results of multivariable-adjusted Poisson regression on seropositivity of HSV1 by obesity or abdominal obesity for

adult men and women, separately, NHANES 1999-2012

Obesity Abdominal obesity
N aPR* LL UL N aPR* LL UL
Men Men
Overall 5227 1.06 1.00 1.13 Overall 5227 1.05 0.99 1.12
Age (years) Age (years)
24-27 or 48-49t 976  0.91 0.78 1.05 24-27,40-43 or 48-49f 1723  0.98 089 1.07
Other age groups 4251 1.13 1.05 1.21 Other age groups 3504 1.18 1.10 1.27
Women Women
Overall 4441 1.04 0.99 1.10 Overall 4441 1.07 1.01 1.13
Age (years) Age (years)
24-27 or 28-31§ 1196 0.95 0.85 1.07 24-271 563 1.03 0.86 1.23
Others 3245 1.10 1.03 1.17 Other age groups 3878 1.12 1.06 1.19
Period Period
1999-2002, 2011—-12 1784  0.97 0.89 1.05 1999-2002** 1152 0.94 0.85 1.03
2003-2010t+ 2657 1.10 1.02 1.19 2003-2012 3289 1.13 1.06 1.22

*Adjusted for age, time period, race/ethnicity, college education, marital status, annual household income, health insurance coverage, history
of symptomatic genital herpes, cumulative smoking >100 pieces of cigarettes, number of lifetime sex partners >5.

1p Value for interaction <0.01.
}p Value for interaction=0.001.
§p Value for interaction=0.02.
lp Value for interaction=0.18.
**p Value for interaction <0.001.
1t1p Value for interaction=0.01.

aPR, adjusted prevalence ratio; HSV1, herpes simplex virus 1; LL, lower limit of 95% CIl; NHANES, National Health and Nutrition Examination

Survey; UL, upper limit of 95% CI.
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Table 3 Results of multivariable-adjusted Poisson regression on seropositivity of HSV2 by obesity or abdominal obesity for

adult men and women, separately, NHANES 1999-2012

Obesity Abdominal obesity
N aPR* LL UL N aPR* LL UL
Men Men
Overall 5227 0.96 0.81 1.13 Overall 5227 0.99 0.85 1.14
Cohort Cohort
1983-861 431 0.55 0.23 1.34 196366 or 1975-78% 1443 0.86 0.64 1.17
Other birth cohorts 4796 1.05 0.88 1.24 Other birth cohorts 3784 1.28 1.17 1.54
Women Women
Overall 4441 1.04 0.91 1.19 Overall 4441 1.13 0.99 1.28
Cohort Cohort
1959-62 or 1991-92§ 417 0.87 0.60 1.25 1991-921] 51 ** > >
Other birth cohorts 4024 1.15 1.00 1.32 1951-1990 4390 1.24 1.09 1.41
Period Period
2003-20061T1 1169 1.32 1.00 1.74 1999200211 1801 1.41 1.12 1.78
Other time periods 3272 1.02 0.88 1.18 2003-2012 2640 0.99 0.85 1.16

*Adjusted for time period, birth cohort, race/ethnicity, college education, marital status, annual household income, health insurance coverage,
history of symptomatic genital herpes, cumulative smoking >100 pieces of cigarettes, number of lifetime sex partners >5.

tp Value for interaction=0.06.

Fp Value for interaction=0.02.

§p Value for interaction=0.10.

flp Value for interaction=0.28.
**Non-convergence of the model.
1t1p Value for interaction=0.08.
F¥p Value for interaction=0.01.

aPR, adjusted prevalence ratio; HSV2, herpes simplex virus 2; LL, lower limit of 95% Cl; NHANES, National Health and Nutrition Examination

Survey; UL, upper limit of 95% CI.

enrolled in 1999-2002 (aPR=1.41, p<0.01) but not for
women in later survey cycles (aPR=0.99, p=0.92; table 3).

DISCUSSION

In the current study, we used multiyear US population-
based survey data and thoroughly examined the relation-
ship between obesity/abdominal obesity and seropreva-
lence of HSV1 and HSV2 in adult men and women,
respectively. We found that excessive adiposity was in
general not associated with seropositivity to HSV1 or
HSV2 after adjusting for age, socioeconomic and behav-
ioural factors in adult men and women. The only excep-
tion was a minimal, 7% increase in HSV1 prevalence in
abdominally obese women as compared with women
with a normal WC.

The finding about abdominal obesity was consistent
to some degree with an early report by Schooling et al'’
that HSV1 was associated with a high waist-to-hip ratio
for women but not for men in the NHANES III. The
general lack of associations between excessive adiposity
and HSV2 was also in accordance with early results from
NHANES.!7 23 24 However, results of the present analysis
on HSVI seroprevalence were in contrast to previous
findings about obesity in men based on single-cycle
NHANES data (2007-2008).%? Neither did our results
agree with prior findings regarding HSV1 and over-
weight (BMI>27 kg/mQ), BMI values'® nor fat mass as
measured by bioelectrical impedancem in two independ-
ent European populations (table 4).

Based on the results of multivariable-adjusted models
(including age and period, thus AP) for HSV1 seroposi-
tivity (table 2), we noticed, particularly for men, risk-
modifying effects by age on the adiposity-HSV1 relation-
ship, which was independent of common environmental
exposures during the same calendar periods. These
shared environmental factors may include obesogenic-
dietary choices and sedentary lifestyle that contribute to
the surging obesity epidemic (especially for men) as well
as improved sanitation and personal hygiene associated
with declining transmission risks for HSV1.” In separate,
sex-specific multivariable models for HSV1 that replaced
period with cohort indicators (ACadjusted models); we
also noted similar age-modifying effects on the adipos-
ity-HSV1 association that were independent of cohort
effects (for men, see online supplementary table S4). In
comparison, there was no similar age-modifying effect
on HSV2 seroprevalence for men or women.

Results of the current study suggested strong period
effects on the association of adiposity with HSV1 (table
2) and with HSV2 (table 3) in women. There was also
evidence for cohort effects on the visceral adiposity—
HSV2 relation in men (table 3). As there have been two
major changes in the sample design since the beginning
of the new-generation NHANES programme in 1999,
it may be argued that both the period and cohort effects
were biased observations due to the changing sam-
pling schemes. The first change administered was in
NHANES 2007-2010, in which all Hispanic, instead of
merely Mexican-American Hispanic, individuals were
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Table 4 Previous studies on the association between seropositivity of HSV1 or HSV2 and BMI, obesity or overweight using data from the NHANES

Age
range;
Authors Study mean Anthropometric Virus Hypothesis
(reference) Year population Sex (SD) measures type direction Results Note
Nagelkerke 2006 NHANES 979 Men, M: 34.4 Overweight HSV2 Obesity—infection Being obese or overweight ~ Not related in men
etaf® 1999-2000 1250 women (8.5), F: (BMI>25), obese was not associated with or women
33.6 (8.5) (BMI>30) HSV2 antibodies.
Wee etaf* 2008 NHANES 3329 Women 20-59 Obesity (BMI>30) HSV2 Obesity—infection Higher BMI was not Not related in
19992004 associated with HSV2 women
seropositivity after
adjustment.
Schooling 2011 NHANES Il 5670 Men, >17 SDs of abdominal HSVA1, Infection—obesity  ‘Childhood’ pathogens, HSV1 infection was
etal” 1988-1994 5836 women; obesity (WHR) and  HSV2 including HSV1 were associated with
4561 men, BMI positively associated with abdominal obesity in
5013 women WHR among women but not women.
men after adjustment.
Karjala 2012 NHANES 1536 Men 20-49 Obesity (BMI>30) HSV1 Obesity—infection Having a BMI classified as ~ Obesity may
et af? 2007-2008 the obese group (BMI 30— increase the risk for
39.9) was significantly HSV1 infection in
associated with HSV1 men.
infection before and after
adjustment.
Mendy 2013 NHANES 6674 Men, 20-49; BMI HSV1, Infection—~CVD BMI was significantly higher HSV2 was
etal 1999-2010 7741 women 34.3 HSV2 in HSV2 seropositive associated with

participants than in those
seronegative for HSV or
seropositive for HSV1
(unadjusted).

premature CVD but
not HSV1 in adults
(not stratified by
sex).

BMI, body mass index; CVD (self-reported) cardiovascular disease; F, females; HSV, herpes simplex virus; M, males; NHANES, National Health and Nutrition Examination Survey; WHR,

waist-to-hip ratio.
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oversampled. The second was in NHANES 2011-2014
during which cycles, Asians were oversampled along with
other oversampled subgroups of Hispanics as well as
non-Hispanic blacks, low-income whites and others who
have been oversampled since 1999.%!

In ad hoc sensitivity analysis that only included
non-Hispanic white and black participants, however, all
significant period and cohort effects on the adiposity—
HSV associations for women (see online supplementary
table Sb) and for men (see online supplementary table
S6) remained persistent; the only exception being the
obesity-HSV2 association for women, in which there
were no more observable period effects (see online
supplementary table S5). While the obesity epidemic in
the USA has been driven by period or cohort effects
remains debatable,” it is likely that the secular or
cohort differences in adiposity effects on HSV1 and
HSV2 seropositivity resulted from sex-specific temporal
trends in HSV, excessive adiposity or both. However,
results of the aforementioned sensitivity analysis on a
(relatively) less biased subpopulation cannot exclude the
possibility of period or cohort effects. Additional investi-
gations either on specific ethnic or racial populations or
using prospective data are needed to further confirm
these period-dependent and cohort-dependent associa-
tions between excessive adiposity and HSV.

Moreover, we have constructed age—period—cohort
models to verify the observed cohort effects. Under the
constraint-based estimation framework,32 we fitted the
2-year age, period and cohort data® using Poisson regres-
sion models as suggested by Carstensen via the ‘Epi’
packalge?’7 for RV.3.1.2 (R Core Team. R: A language and
environment for statistical computing [ program]. Vienna,
Austria: R Foundation for Statistical Computing, 2015). In
spite of few exceptions (see online supplementary figures
S4 and S5), the results of variance (or deviance) analysis
have consistently indicated a much greater contribution
of cohort membership than the survey cycle to the adi-
posity-HSV  relation. We have adopted models that
assumed no overall changes in the secular trend and
found that there were consistent, positive differences in
cohort effects comparing persons with obesity to those
without obesity (or abdominal obesity), particularly for
adult men (see online supplementary figure S6). On the
other hand, there were varying cohort effects on the
obesity-HSV1 association in women, showing a greater
influence of cohort effects on early, non-obese cohorts
(1952-1969) and then on recent, obese cohorts (see
online supplementary figure S5). Moreover, we noticed
differential cohort effects on the obesity-HSV2 relation-
ship for women in early versus recent birth cohorts (see
online supplementary figure S6).

Limitations

Considering the epidemiological evidence showing that
40-60% of US adolescents have seroconverted to HSV1
positivity by age 20 and the time lag towards the seem-
ingly most affected age groups (10-20years after

primary acquisition),” *® our subgroup findings may
support a hypothetic role of HSV1 in the current epi-
demics of excessive adiposity as seen in middle-aged
men and women (table 2). Nevertheless, residual con-
founding due to unmeasured individual characteristics
and behaviours that were simultaneously associated with
age and a risk for increased adiposity and HSV1 sero-
prevalence was equally likely to explain for the found
associations. Given the cross-sectional design, the specu-
lated causal relations need to be prospectively evaluated
in a cohort of infected and uninfected individuals
without excessive adiposity at enrolment.

To elucidate the possibility of biased period and cohort
effects, we reported results of sensitivity analysis that
excluded oversampled racial/ethnic groups. Yet, the ad
hoc subgroup analysis was not comprehensive in that we
did not thoroughly compare results in all possible sub-
groups, such as those with lower household income or
non-Hispanic black persons. The sample size was not suffi-
ciently large for testing all subgroup effects. It was likely
that period or cohort effects were also subgroup-
dependent. Regardless, neither the primary analysis nor
the ad hoc subgroup analysis was poised to identify cohort
or period effects in specific racial or ethnic subpopulations.

Although the current literature supports a possible
bidirectional association between HSV and excessive adi-
posity,7 8 17 the current study considered potential
period and cohort effects only in one direction of the
hypothesis (excessive adiposity causing detectable sero-
positivity). We have assumed that the duration of being
obese or centrally obese was irrelevant to its influence
on the seropositivity to HSV1 or HSV2. We have also
ignored the possibility that the adiposity—infection rela-
tion could be unequally affected by the duration of
being seropositive for HSVI or HSV2. Using age at sex
debut as a surrogate for the initial exposure for HSV2,
we did not find differences in HSV2 seroprevalence by
age at first sex; there were no comparable covariates to
approximate early exposure to HSV1.

In summary, based on the multiyear NHANES data,
we showed that there was no significant overall associ-
ation between excessive adiposity and HSV in adult men
or women aged 20-49 years. Although seemingly data-
driven in nature, there were substantial subgroup effects
varying by age, calendar time and birth cohort, suggest-
ing that early reports based on one or few survey cycles
might not be readily generalisable. Definitive evidence
requires prospective investigations to further elucidate
the potential bidirectional association between excessive
adiposity and HSV infection.
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