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Effects of Erectile Dysfunction Drugs Use on T-Cells and Immune Markers on
Men Who Have Sex with Men

Jee Won Parka, Onyebuchi A. Araha, Otoniel Martinez-Mazab, Adrian S. Dobsc, Ken S. Hod, Frank J. Palellae,
Eric C. Seabergf and Roger Detelsa

aDepartment of Epidemiology, Fielding School of Public Health, University of California, Los Angeles, Los Angeles, CA, USA; bDavid
Geffen UCLA School of Medicine, University of California, Los Angeles, Los Angeles, CA, USA; cDepartment of Medicine, Johns Hopkins
University School of Medicine, Baltimore, MD, USA; dDepartment of Medicine, University of Pittsburgh, Pittsburgh, PA, USA; eDivision
of Infectious Diseases, Feinberg School of Medicine of Northwestern University, Chicago, IL, USA; fDepartment of Epidemiology, Johns
Hopkins Bloomberg School of Public Health, Baltimore, MD, USA

ABSTRACT
Objective: Examine prospective relationships between erectile dysfunction (ED) drugs and
CD4 and CD8 T-cells, and immune markers among men who have sex with men (MSM).
Methods: Data from Multicenter AIDS Cohort Study, an observational prospective cohort
study, with semiannual follow-ups conducted in four U.S. centers from 1998 onwards was
used. Marginal structural models using g-computation were fitted to estimate the mean dif-
ferences for the effects of self-reported ED drug use on CD4 and CD8 T-cell outcomes and
immune biomarkers.
Results: Total of 1,391 men with HIV (MWH) and 307 men without HIV (MWOH) was
included. Baseline mean CD4 cell count among MWH and MWOH was 499.9 and 966.7 cells/
lL, respectively. At baseline, 41.8% of MWH were virally suppressed. ED drug users reported
a mean of 44.4months of exposure to ED drugs. ED drug use was associated with increased
CD4 cell outcomes among MWH but not MWOH. Mean differences in CD4 cell counts after
1 year of ED drug use was 57.6 cells/lL and increased to 117.7 after 10 years among MWH.
CD8 counts were higher in ED drug users among MWH over 10 years than non-users; no
consistent differences were found among MWOH. ED drug use appeared to reduce immune
marker levels, such as IL-6 and increase markers, such as IL-10. We observed similar effects
of ED drug use on biomarker levels among MWOH.
Conclusion: Long-term use of ED drugs do not adversely affect immune function among
MWH or MWOH. Future studies on the relationships between different types of ED drugs
and effects on T-cell subtypes are warranted.
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Introduction

Erectile dysfunction (ED) drugs are commonly
used by men who have sex with men (MSM) for
erectile dysfunction treatment and recreational
purposes (Fisher et al., 2006; Harte & Meston,
2011; Kim et al., 2002). ED drugs were evaluated
for treatment of angina, ED, and pulmonary
arterial hypertension. As a selective and potent
inhibitor of phosphodiesterase type 5 (PDE-5),
which increases cyclic guanosine monophosphate
(cGMP) levels, ED drugs were found to be effect-
ive for treating ED by increasing blood flow to
the penis (Barnett & Machado, 2006). Treatment

with PDE-5 inhibitors has been shown to be
effective among individuals with pulmonary
arterial hypertension, but there is also some evi-
dence pointing to other conditions, such as cor-
onary arterial disease and hypertension by
relaxing vessel walls, resulting in increased blood
flow (Barnes et al., 2019; Chrysant, 2013; Kloner,
2004; Wada et al., 2016).

Despite the common use of ED drugs, their
effects on the human immune system remain
unclear. Few studies have examined the impact of
ED drug use on the immune system. A potential
mechanism by which ED drugs could affect
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immune cells and markers might be through con-
trol of cGMP levels by preventing cGMP degrad-
ation to GMP. Inhibition of cGMP degradation
could then act to regulate the activities of
immune cells (Kniotek & Boguska, 2017). In ani-
mal studies, the use of ED drugs, mainly those
containing sildenafil, showed immunomodulatory
effects in healthy mice (Karakhanova et al., 2013;
Szczypka & Obmi�nska-Mrukowicz, 2010). For
example, one study showed increased survival of
tumor-bearing mice when sildenafil was adminis-
tered (Serafini et al., 2006), while another study
reported the effects of sildenafil on healthy
human lymphocytes in vitro and demonstrated
beneficial immunomodulatory effects (Pifarre
et al., 2014).

Evidence is more limited regarding the poten-
tial immunomodulatory effects of ED drugs in
humans. Furthermore, no studies have examined
the longitudinal impact of ED drugs on the
immune system among MSM. The Multicenter
AIDS Cohort Study (MACS) has collected infor-
mation and data on immune markers of MSM
since 1983. Thus, the MACS presented an oppor-
tunity to do a retrospective long-term study on
immune markers and the use of erectile dysfunc-
tion drugs in men. Therefore, our study aimed
to: 1) estimate the longitudinal effects of ED drug
use on CD4 and CD8 cells; and 2) examine how
ED drug use changes the levels of immune bio-
markers among MSM.

Methods

Study population

Participants were from the MACS, an observa-
tional semiannual study of MSM with or without
HIV at four sites in the United States (Baltimore,
Chicago, Pittsburgh, and Los Angeles) (Detels
et al., 1992). Follow-up visits were scheduled
every six months covering events and medica-
tions used since their last visit. Participants who
had been active in the study beginning in 1998
were included since the FDA approved ED drugs
in 1998. Hence, the baseline time for men with
HIV (MWH) was defined as the first MACS visit
in 1998 while seropositive, or the first MACS
visit after HIV seroconversion. The baseline for

men without HIV (MWOH) was defined as the
first visit during or after 1998 while seronegative.

To examine immune markers, data were used
from ARRA1 (American Recovery and
Reinvestment Act, study 1), a sub-study of the
MACS. The purpose of the ARRA1 was to exam-
ine the levels of markers among all MACS HIV
seroconverters and highly-active antiretroviral
therapy (HAART) initiators during follow-up.
ARRA1 included serum samples from MACS in-
person visits that were most proximal to the time
of HIV seroconversion and visits most proximal
to HAART initiation (before and after) for all
HAART users. Samples from MWOH who were
of similar age and race were also included.

The MACS study was approved by the
Institutional Review Board (IRB) at the partici-
pating institutions at each study site, and all par-
ticipants provided their written informed consent
to participate in the study .

Measures

The exposure variable was a binary self-reported
ED drug use (yes/no) since the previous MACS
visit, which included sildenafil, tadalafil, and var-
denafil. The use of ED drugs was regardless of
the purpose, i.e., the binary ED drug use variable
informed whether the use was for the treatment
of ED or for recreational use.

Covariates included age, race/ethnicity, educa-
tion, smoking, alcohol consumption, obesity, and
study center attended. Other variables included
dichotomized (yes/no) self-reported use of mari-
juana, poppers, stimulants, testosterone, depres-
sion medication, and antiretroviral therapies
(ART) since the last visit. Health-related factors
included hepatitis C virus (HCV) infection, other
comorbidities (stroke, congestive heart problems,
prostate cancer/surgery, bladder cancer/surgery),
using ICD-9 codes, and log-transformed HIV
RNA (viral load). Number of men with whom
the participants engaged in unprotected insertive
anal intercourse (UIAI) since the last visit (�1/0)
and the number of male and female sex partners
(�2/0–1) were also included. Covariates were
selected based on prior studies and evidence of
host-factor influences on biomarker levels
(McKay et al., 2016; Wada et al., 2015).
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Outcome variables for the estimation of the
longitudinal effects of ED drug use on CD4 and
CD8 cells (first aim) included CD4 and CD8 cell
counts, CD4 percentages of total lymphocytes
(CD4%), and CD4:CD8 cell ratios, which were
measured from blood samples taken during visits.
CD4 and CD8 cell measures from the previous
visit were also included as time-varying covariates
in the analysis of CD4 and CD8 cell outcomes,
respectively. For the examination of how ED
drug use changes the levels of immune bio-
markers among MSM (second aim), 24 immune
markers classified into three categories (cytokines,
chemokines, and soluble receptors) were exam-
ined, one at a time, as the outcome variable.
Detailed information on the measurements of
immune markers has been described elsewhere
(Wada et al., 2015, 2016). Immune markers with
measures below the lower limit of detection
(LLD) were assigned a value equal to the mid-
point between the LLD and zero. All outcome
variables were log-transformed for analysis.

Statistical analysis

Participants in the study were divided into two
groups by HIV serostatus. Descriptive statistics
were used to compare participant baseline char-
acteristics by serostatus and ED drug use. The
mean number of visits at which ED drugs were
used during the previous visit was calculated for
each user. Given that the MACS is a longitudinal
study that included time-varying exposures, con-
founders, and outcomes, we used g-computation
to estimate the effects of ED drug use on levels
of immune cells and markers among MWH and
MWOH (Robins, 1986; Robins et al., 2000). This
longitudinal design is shown in the simplified
directed acyclic graph (DAG) in Supplemental
Figure 1. In such longitudinal settings, adjust-
ments for time-varying confounding variables
(Ltþ1, where t is the MACS visit) were necessary
to estimate the effects of subsequent exposures
(Atþ1) without blocking their indirect mediating
role on the path from previous exposure (At) to
the later outcome (Ytþ1), in which case they
should not be adjusted (Hernan et al., 2000;
Hern�an et al., 2001; Robins et al., 2000).
Using marginal structural models, such as

g-computation, we eliminated such time-varying
confounding and preserved the ability to discern
the causal mediating paths. The simplified DAG
after intervention on exposure at each time point
is shown in Supplemental Figure 2. Confounding
by the time-varying variables was eliminated,
while their mediating pathways from previous
exposure to the subsequent outcome remained.

To estimate the average effects of ED drug use
over time on subsequent outcomes, we used
Monte Carlo simulations with 1,000 repetitions
to execute the g-computation analyses and to
estimate the effects. This entailed simulating the
data scenario in the intervention DAG shown in
Supplemental Figure 2 from our observed data,
assuming the pre-intervention DAG in
Supplemental Figure 1. First, we obtained the dis-
tribution of the binary ED drug use at each visit
and used the observed distribution of ED drug to
randomly assign the binary exposure intervention
A (i.e., ED drug use) at each time t (i.e., MACS
visit) to estimate subsequent potential outcomes.
Second, we fitted flexible models of each of A’s
sequential consequences, namely the outcomes
Y’s (i.e., CD4, CD8, or immune markers) and the
set of time-varying covariates L’s, and obtained
the regression parameters. Product terms between
ED drug use and time-fixed variables, such as
age, race/ethnicity, and education were also
included in the model. Product terms between
ED drug use and other confounding variables
were evaluated but were found to be statistically
non-significant, and were therefore not included
in the model. Third, we used the regression
parameters from the second step and the simu-
lated binary A’s from the first step to generate
new time-varying covariates (L’s) and new
potential outcomes (Y’s) as our new potential
mediating and outcome variables devoid of time-
varying confounding by the new L’s. Fourth, we
used the simulated ED drug use (A’s) and out-
comes (Y’s) to estimate the causal mean differen-
ces for averaged effects of ED drug use vs. no ED
drug use at each time point on subsequent
outcomes (Y). Confidence limits were computed
by summarizing the results over the 1,000 repeti-
tions, using the 2.5th and 97.5th percentiles
as the lower and upper confidence limits.
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All analyses were performed using SAS 9.4 (SAS
Institute Inc., Cary, NC, USA).

Results

Baseline characteristics

Data were available for 1,636 men with a total of
36,095 observations. Some men in the study con-
tributed to both the MWH and MWOH groups,
so 1,391MWH with 29,343 observations and 307
MWOH with 6,752 observations were included in
the analyses. MWH had an average of 21.1 ± 11.3
study visits, and MWOH had 22.0 ± 9.7 visits (see
Supplemental Table 1). The mean number of vis-
its at which users reported ED drug use in the
previous 6months (visit) was 7.4, or a minimum
of 44.4months (7.4� 6months) of accumulated
reported exposure to ED drugs.

Table 1 shows the baseline characteristics of
the MACS participants. At baseline, 9.6% of
MWOH reported ED drug use, compared to
6.0% of MWH. The mean age of MWH was
42.5 ± 7.8 years, and MWOH was 44.8 ± 9.5 years,
with a higher mean age among ED drug users
compared to non-users. Mean CD4 at baseline

for MWH was higher among ED drug users
(553.0 ± 32.9 vs. 495.6 ± 8.1 cells/mL). Among
MWOH, mean CD4 counts were similar between
users and non-users (961.1 ± 300.2 vs.
967.3 ± 319.0 cells/mL). ED drug users had mean
CD4 cell percentages similar to non-users,
regardless of HIV serostatus. Mean CD8 counts
among MWH were higher among non-users,
while ED drug users among MWOH had higher
mean CD8 counts. Mean CD4:CD8 ratios were
close to 0.5 for MWH and 2.0 for MWOH.
Demographic characteristics of MWH and
MWOH in ARRA1 were similar to those
observed in the MACS (Table 2).

Immune cell outcomes

The causal mean differences comparing ED drug
users and non-users in the outcome fluctuated
for five time points [years 0 (baseline), 1, 2, 5,
and 10], but were consistently higher among ED
drug users. In Table 3, the mean CD4 count
among MWH was higher among ED drug users
at baseline than non-users (mean difference,
107.3 [95% CL: 73.3, 141.5]) and remained
higher, although with lesser differences for ED

Table 1. Descriptive Baseline Characteristics among MWH and MWOH in the MACS Who Reported ED Drug Use
Since Last Visit Compared to Those Who Did Not Report ED Drug Use Since Last Visit.

MWH ED drug use MWOH ED drug use

No (n¼ 1,230) Yes (n¼ 81) No (n¼ 273) Yes (n¼ 29)
N (%) N (%) N (%) N (%)

Age� 42.4 ± 7.69 43.5 ± 9.24 44.5 ± 9.39 47.7 ± 10.20
Non-white 509 (41.4) 42 (51.9) 125 (45.8) 13 (44.8)
Education (college or higher) 636 (51.7) 30 (37.0) 139 (50.9) 15 (51.7)
Smoker 461 (37.5) 36 (44.4) 122 (44.7) 14 (48.3)
Alcohol consumption
Binge/heavy 107 (8.7) 12 (14.8) 29 (10.6) 2 (6.9)
Low/moderate 262 (21.3) 18 (22.2) 72 (26.4) 7 (24.1)

Obesity/overweight (BMI > 25) 124 (10.1) 6 (7.4) 50 (18.3) 3 (10.3)
Marijuana 505 (41.1) 40 (49.4) 86 (31.5) 15 (51.7)
Poppers 320 (26.0) 29 (35.8) 58 (21.3) 8 (27.6)
Stimulants† 270 (22.0) 35 (43.2) 66 (24.2) 10 (34.5)
Depression medication 300 (24.4) 32 (39.5) 49 (18.0) 1 (3.5)
On testosterone 18 (1.5) 3 (3.7)
HAART 666 (54.2) 37 (45.7)
HCV infection 118 (9.6) 15 (18.5) 54 (19.8) 8 (27.6)
Pre-existing conditions‡ 72 (5.9) 3 (3.7) 14 (5.1) 3 (10.3)
Sex partners (�2 partners) 497 (40.4) 57 (70.4) 140 (51.3) 20 (69.0)
UIAI (�1 partner) 213 (17.3) 34 (42.0) 62 (22.7) 15 (51.7)
Viral load� 32609.7 ± 112124 43141.8 ± 119050
CD4 cell count� 495.6 ± 8.1 553.4 ± 32.9 967.3 ± 319.0 961.1 ± 300.2
CD4 %� 25.4 ± 11.2 27.8 ± 10.5 47.2 ± 8.58 47.7 ± 8.78
CD8 cell count� 1003.2 ± 489.0 997.2 ± 623.7 532.8 ± 340.5 578.1 ± 187.7
CD4:CD8 ratio� 0.56 ± 0.36 0.66 ± 0.40 1.92 ± 0.79 2.01 ± 0.97

BMI: body mass index; HAART: highly antiretroviral therapy; HCV: hepatitis C virus; UIAI: unprotected insertive anal intercourse.�Mean± s.d.
†Include cocaine, ecstasy, methamphetamine, and uppers.
‡Include stroke, coronary heart failure, prostate surgery/cancer, bladder surgery/cancer.
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drug use over time. Year 1 mean difference was
57.6 (95% CL: 17.8, 94.8); year 2, 56.4 (95% CL:
15.2, 98.3); and year 5, 28.0 (95% CL: �21.6,
85.0). However, the differences increased again to
117.7 (95% CL: 37.1, 197.4) after 10 years. Causal
mean difference for MWOH at baseline was

�43.7 (95% CL: �91.9, 3.0) but was higher for
non-users �55.9 (95% CL: �106.7, �4.6) after
10 years. When CD8 cell counts were the out-
come, the causal mean difference at baseline was
�23.1 (95% CL: �60.4, 12.4), but became positive
(95.3 [95% CL: 18.7, 169.5]) after ten years

Table 2. Descriptive Baseline Characteristics among MWH and MWOH in the ARRA1 Study Who Reported
ED Drug Use Since Last Visit Compared to Those Who Did Not Report ED Drug Use Since Last Visit.

MWH ED drug use MWOH ED drug use

No (n¼ 1,053) Yes (n¼ 95) No (n¼ 244) Yes (n¼ 42)
N (%) N (%) N (%) N (%)

Age� 43.3 ± 7.8 46.8 ± 8.3 47.0 ± 9.7 49.2 ± 9.2
Non-white 449 (42.6) 35 (36.8) 119 (48.8) 16 (38.1)
Education (college or higher) 527 (50.1) 48 (50.5) 124 (50.8) 24 (57.1)
Smoker 388 (36.9) 38 (40.0) 105 (43.0) 13 (31.0)
Alcohol consumption 73 (29.9) 13 (31.0)
Binge/heavy 86 (8.2) 8 (8.4)
Low/moderate 187 (17.8) 24 (25.3)

Obesity/overweight (BMI > 25) 112 (10.6) 7 (7.4) 50 (20.5) 9 (21.4)
Marijuana 394 (37.4) 42 (44.2) 65 (26.6) 12 (28.6)
Poppers 272 (25.8) 42 (44.2) 50 (20.5) 14 (33.3)
Stimulants† 211 (20.0) 32 (33.7) 56 (23.0) 10 (23.8)
Depression medication 250 (23.7) 34 (35.8) 40 (16.4) 10 (23.8)
On testosterone 47 (4.5) 11 (11.6)
HAART 601 (57.1) 43 (45.3)
HCV infection 104 (9.9) 13 (13.7) 50 (20.5) 9 (21.4)
Pre-existing conditions‡ 60 (5.7) 7 (7.4) 14 (5.7) 2 (4.8)
Sex partners (�2 partners) 425 (40.4) 60 (63.2) 107 (43.9) 31 (73.8)
UIAI (�1 partner) 213 (17.3) 34 (42.0) 66 (27.1) 18 (42.9)
Study site (center)
Baltimore 257 (24.4) 26 (27.4) 53 (21.7) 12 (28.6)
Chicago 262 (24.9) 26 (27.4) 55 (22.5) 12 (28.6)
Pittsburgh 216 (20.5) 15 (15.8) 87 (35.7) 13 (31.0)
Los Angeles 318 (30.2) 28 (29.5) 49 (20.1) 5 (11.9)

BMI: body mass index; HAART: highly active antiretroviral therapy; HCV: hepatitis C virus; UIAI: unprotected insertive anal
intercourse.�Mean± s.d.

†Include cocaine, ecstasy, methamphetamine, and uppers.
‡Include stroke, coronary heart failure, prostate surgery/cancer, bladder surgery/cancer.

Table 3. Causal Mean Differences and 95% Confidence Limits (CL) for the Effects of ED Drug Use on CD4
and CD8 Cell Outcomes among MWH and MWOH at 0, 1, 2, 5, and 10 Years of Follow-up.

Year

MWH MWOH

Mean difference 95% CL Mean difference 95% CL

CD4 count 0 107.3 73.3, 141.5 �43.7 �91.9, 3.0
1 57.6 17.8, 94.8 �57.7 �111.6, �4.3
2 56.4 15.2, 98.3 51.7 2.7, 100.9
5 28.0 �21.6, 85.0 �74.5 �132.6, �19.7
10 117.7 37.1, 197.4 �55.9 �106.7, �4.6

CD4 % 0 3.8 2.7, 4.9 0.0 �1.3, 1.3
1 3.3 1.8, 4.6 �0.6 �1.8, 0.6
2 4.1 2.6, 5.6 0.0 �1.1, 1.2
5 3.0 0.9, 4.9 �2.3 �3.6, �0.9
10 3.1 0.3, 5.7 �3.3 �4.7, �1.8

CD8 count 0 �23.1 �60.4, 12.4 �29.4 �69.2, 10.8
1 �7.2 �50.6, 34.2 �30.0 �68.1, 10.6
2 �60.0 �104.4, �15.5 22.3 �17.2, 61.0
5 16.3 �46.7, 76.1 �0.6 �45.6, 46.1
10 95.3 18.7, 169.5 47.0 �2.7, 105.1

CD4:CD8 ratio 0 0.1 0.1, 0.2 0.0 �0.1, 0.2
1 0.1 0.1, 0.2 0.0 �0.1, 0.2
2 0.2 0.1, 0.2 0.1 0.0, 0.2
5 0.1 0.0, 0.1 �0.1 �0.3, 0.0
10 0.1 0.0, 0.3 �0.4 �0.5, �0.2

Note: Causal mean differences were calculated using g-computation over 1,000 Monte Carlo simulations. Confidence limits
were calculated by summarizing over 1,000 simulations and reported the 2.5th and 97.5th percentiles.
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among MWH. Similar changes at ten years were
observed among MWOH (compared to MWH)
at baseline (�29.4 [95% CL: �69.2, 10.8]) and at
ten years (47.0 [95% CL: �2.7, 105.1]). Among
MWH, CD4 cell percentages were higher at base-
line among ED drug users compared to ED drug
non-users and remained higher over time.
Among MWOH, CD4 cell percentage differences
between ED drug users and non-users were not
apparent until later in the course of observation.
The average differences by ED drug use in
CD4:CD8 ratios remained constant over time
among MWH. In contrast, among MWOH, ED
drug non-users had higher ratios after their sev-
enth MACS visit than the users. Supplemental
Figure 3 illustrates the mean levels of CD4 and
CD8 cell outcomes among ED drug users and
non-users over time.

Immune biomarker outcomes

Tables 4 and 5 present the results for levels of
immune markers among MWH and MWOH in
ARRA1, respectively. The causal mean differences
for the levels of five inflammatory cytokines
(BAFF, IL-6, IL-8, IFN-c, and TNF-a) indicated
lower levels associated with ED drug use over
time, except for IL-1b levels, which were higher
after the third observation (Table 4a). Levels of
anti-inflammatory cytokines IL-2, IL-10, and IL-
12p70 were higher among ED drug users than
non-users over time. Mean levels of chemokines,
except CCL17, were lower with ED drug use over
time (Table 4b). Mean differences for CCL17
fluctuated. Mean levels of four soluble receptors
were slightly higher among ED drug users, but
sIL-2Ra and sTNF-R2 levels were higher among
non-users (Table 4c).

Among MWOH, mean levels of four pro-
inflammatory cytokines (IL-1b, IL-6, TNF-a,
GM-CSF) were lower among ED drug users than
non-users (Table 5a). Mean levels of other
pro-inflammatory markers (BAFF, IL-8, IFN-c)
were higher among ED drug users. Mean anti-
inflammatory biomarker levels of IL-2 and IL-10
were estimated to be higher among ED drug
users after the second observation. Mean levels
of five chemokines (CCL11, CCL2, CXCL13,
CXCL8, CXCL10) were higher among ED drug

users (Table 5b), and five soluble receptors (sIL-
2Ra, sIL-6R, sTNF-R2, sCD14, sCD27) were also
higher among ED drug users (Table 5c).
Supplemental Figure 4 illustrates the mean out-
come levels among ED drug users and non-users
over time.

Discussion

In this prospective study of men who participated
in the MACS, ED drug use was associated with
differences in levels of CD4 and CD8 T-cells over
time among both MWH and MWOH. In particu-
lar, accumulated ED drug use was associated with
increases over time in the number of CD4 cells
among MWH. CD8 cell counts were also higher
among MWH ED drug users with over ten years
of use than non-users, perhaps reflecting residual
inflammation in these men, whereas almost no
significant differences for ED drug use were
observed among MWOH. The CD4:CD8 cell
ratios generally remained stable over time, but
were higher among MWH ED drug users than
non-users. Overall, our findings suggest immuno-
modulatory effects of ED drug use on markers of
immune activation and inflammation among
MSM. Among MWH, mean levels of five pro-
inflammatory cytokines (BAFF, IL-6, IL-8, IFN-c,
TNF-a) were lower among ED drug users than
non-users. At the same time, levels of an anti-
inflammatory cytokine (IL-10) and two cytokines
associated with enhanced T-cell immunity (IL-2,
IL-12p70) were higher. Mean levels of most of
the chemokines and some of the soluble receptors
evaluated were also lower among ED drug users
than non-users. Levels of several important
markers changed in a favorable direction: IL-1b,
IL-6, and TNF-a levels decreased, while IL-10
increased. Similar findings were not observed
among MWOH.

Findings from this study are similar to those
reported previously for animal studies that
administered ED drugs, mainly sildenafil, on
CD4 and CD8 cells. One study reported signifi-
cantly higher naïve CD4 cells and lower central
memory CD8 cells when healthy male mice were
treated with sildenafil (Karakhanova et al., 2013);
meanwhile, another study showed increased CD8
cells (Szczypka & Obmi�nska-Mrukowicz, 2010).
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Table 4. Causal Mean Differences and 95% Confidence Limits (CL) for the Effects of ED Drug Use on Immune Biomarkers among
MWH Across 5 Study Visits.
a. Causal mean differences and 95% CLs for cytokines over 5 time points

Marker Time Mean difference 95% CL Marker Time Mean Difference 95% CL

BAFF 0 �0.08 �0.11, �0.05 IL-10 0 0.07 �0.01, 0.16
1 �0.10 �0.16, �0.03 1 0.02 �0.14, 0.19
2 �0.38 �0.50, �0.25 2 1.36 0.86, 1.88
3 �0.28 �0.41, �0.15 3 0.80 0.30, 1.35
4 0.26 �0.32, 0.86 4 0.72 �0.10, 1.50

IL-1b 0 0.03 �0.05, 0.11 IL-12p70 0 0.20 0.09, 0.31
1 �0.11 �0.30, 0.09 1 �0.19 �0.41, 0.02
2 0.09 �0.26, 0.44 2 3.18 2.47, 3.93
3 0.60 0.09, 1.09 3 2.77 1.89, 3.58
4 1.67 0.41, 2.99 4 2.27 0.38, 4.21

IL-2 0 �0.07 �0.14, 0.00 IFN-c 0 �0.06 �0.13, 0.01
1 �0.14 �0.32, 0.03 1 �0.21 �0.36, �0.07
2 1.62 1.22, 2.01 2 �0.70 �1.00, �0.42
3 0.90 0.49, 1.29 3 �0.35 �0.71, �0.02
4 0.96 �0.02, 1.97 4 0.12 �0.99, 1.19

IL-6 0 �0.06 �0.13, 0.01 TNF-a 0 �0.02 �0.06, 0.03
1 �0.70 �0.86, �0.54 1 �0.12 �0.21, �0.03
2 �1.98 �2.22, �1.75 2 �2.31 �2.48, �2.14
3 �1.15 �1.47, �0.83 3 �0.58 �0.73, �0.43
4 �0.91 �2.34, 0.59 4 �0.49 �0.77, �0.20

IL-8 0 0.02 �0.06, 0.10 GM-CSF 0 �0.06 �0.15, 0.04
1 �0.19 �0.39, 0.00 1 0.00 �0.19, 0.19
2 �1.20 �1.65, �0.75 2 0.63 0.16, 1.07
3 �0.83 �1.33, �0.38 3 0.05 �0.58, 0.64
4 �1.51 �2.40, �0.65 4 0.21 �2.14, 2.53

b. Causal mean differences and 95% CLs for chemokines over 5 time points
Eotaxin (CCL11) 0 �0.02 �0.06, 0.02 TARC (CCL17) 0 0.05 �0.01, 0.11

1 �0.03 �0.12, 0.05 1 �0.03 �0.17, 0.12
2 �0.42 �0.63, �0.20 2 �0.11 �0.39, 0.15
3 �0.27 �0.53, �0.03 3 0.27 �0.14, 0.67
4 0.28 �0.14, 0.73 4 �0.33 �1.04, 0.38

MCP-1 (CCL2) 0 �0.10 �0.14, �0.07 BLC/BCA1 (CXCL13) 0 0.00 �0.04, 0.05
1 �0.03 �0.11, 0.05 1 �0.04 �0.14, 0.06
2 �0.98 �1.19, �0.76 2 �0.34 �0.49, �0.18
3 �0.72 �0.95, �0.50 3 �0.12 �0.26, 0.02
4 �0.03 �0.79, 0.67 4 �0.47 �0.79, �0.17

MCP-4 (CCL13) 0 0.03 �0.01, 0.07 IL-8 (CXCL8) 0 �0.01 �0.09, 0.07
1 0.06 �0.02, 0.14 1 �0.22 �0.42, �0.03
2 0.14 �0.09, 0.38 2 �1.23 �1.70, �0.74
3 0.23 �0.03, 0.48 3 �0.93 �1.46, �0.38
4 0.30 �0.22, 0.81 4 �1.05 �1.99, �0.09

MIP-1b (CCL4) 0 �0.09 �0.15, �0.03 IP-10 (CXCL10) 0 0.07 0.01, 0.13
1 �0.08 �0.21, 0.05 1 �0.05 �0.18, 0.08
2 �2.51 �2.79, �2.23 2 �0.10 �0.33, 0.13
3 �1.38 �1.66, �1.09 3 �0.39 �0.70, �0.06
4 0.04 �0.45, 0.51 4 �0.45 �1.40, 0.52

c. Causal mean differences and 95% CLs for soluble receptors over 5 time points
sIL-2Ra 0 0.02 �0.01, 0.05 sCD14 0 0.05 0.02, 0.08

1 �0.02 �0.10, 0.05 1 �0.11 �0.16, �0.05
2 �0.33 �0.50, �0.17 2 0.79 0.72, 0.87
3 �0.19 �0.35, �0.04 3 0.32 0.21, 0.44
4 �0.33 �1.03, 0.38 4 0.84 �0.39, 2.08

sIL-6R 0 �0.15 �0.23, �0.06 sCD27 0 0.02 �0.02, 0.05
1 �0.86 �1.11, �0.61 1 �0.02 �0.09, 0.05
2 0.25 �0.24, 0.74 2 0.27 0.11, 0.43
3 0.34 �0.29, 1.00 3 0.09 �0.07, 0.24
4 �0.06 �0.70, 0.60 4 �0.14 �0.52, 0.24

sTNF-R2 0 �0.01 �0.04, 0.03 sGP130 (CD130) 0 0.05 0.03, 0.07
1 �0.02 �0.09, 0.05 1 0.21 0.16, 0.26
2 �0.03 �0.15, 0.10 2 0.52 0.42, 0.63
3 �0.15 �0.30, �0.02 3 0.33 0.24, 0.41
4 �0.22 �0.85, 0.42 4 �2.05 �3.08, �1.04

Note: Causal mean differences were calculated using g-computation over 1,000 Monte Carlo simulations. Confidence limits were calculated by summariz-
ing over 1,000 simulations and reported the 2.5th and 97.5th percentiles.
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An in vitro study of sildenafil-treated mice dem-
onstrated decreased adaptive immune responses
while regulatory T-cell functions were enhanced
(Pifarre et al., 2014). Further, two other studies
have also shown that tadalafil administration
enhanced systemic immunity by increasing CD4
and CD8 T-cell proliferation (Califano et al.,
2015; Weed et al., 2015). Thus, findings from
both animal studies and our present study show
that ED drug use has a potential impact on the
immune capacity, i.e., ED drug use may change
the levels of immune cells.

In our study, levels of CD8 cells were initially
slightly lower among ED drug users, regardless of
HIV serostatus, but after continuous ED drug
use, CD8 counts were higher compared to non-
users. Several factors may explain the observed
changes in levels of CD8, including concurrent
viral infections, residual inflammation associated
with low-level HIV replication, and HAART use
itself (Cao et al., 2016). Another possible explan-
ation may be a sildenafil-induced restoration of
CD8 cells, as previously demonstrated in tumor-
bearing mice, when administering sildenafil par-
tially restored T-cell receptors (Meyer et al., 2011;
Serafini et al., 2006).

Levels of IL-6 appeared to decline over time,
regardless of HIV serostatus. Higher IL-6 con-
centrations have been associated with untreated
HIV infection, disease progression, and mortality
(Deeks, 2011; Nixon & Landay, 2010; Siewe &
Landay, 2018). In a study of healthy mice, silde-
nafil reduced levels of serum IL-6 (Karakhanova
et al., 2013), and in patients with diabetes,
chronic use of PDE-5 inhibitors demonstrated
decreases in IL-6 by improving nitrous oxide
production (Aversa et al., 2008; Santi et al.,
2015). Levels of other important biomarkers,
such as IL-1b, TNF-a, and IFN-c, were also
reduced in animal studies in which ED drugs
were administered. In sildenafil-treated mice,
TNF-a and IFN-c were reduced, while another
study demonstrated the same results with
decreased IL-1b (Nunes et al., 2012, 2015;
Pifarre et al., 2014; Yildirim et al., 2010). The
estimated TNF-a levels were lower over time
among ED drug users in our study, and we saw
no differences until later among MWH in IL-1b
levels when comparing ED drug users and
non-users, which was also observed in other
studies (Karakhanova et al., 2013; Szczypka &
Obmi�nska-Mrukowicz, 2010).

Table 5. Causal Mean Differences and 95% Confidence Limits (CL) for the Effects of ED Drug Use on Immune Biomarkers among
MWOH Across 2 Study Visits.
a. Causal mean differences and 95% CLs for cytokines over 2 time points

Marker Time Mean difference 95% CL Marker Time Mean difference 95% CL

BAFF 0 �0.02 �0.06, 0.01 IL-10 0 �0.21 �0.42, 0.02
1 0.08 0.04, 0.11 1 0.70 0.47, 0.93

IL-1b 0 �0.09 �0.27, 0.08 IL-12p70 0 �0.26 �0.51, 0.01
1 �1.05 �1.29, �0.82 1 �0.40 �0.65, �0.14

IL-2 0 0.06 �0.10, 0.21 IFN-c 0 �0.22 �0.37, �0.07
1 0.07 �0.11, 0.24 1 0.86 0.79, 0.93

IL-6 0 �0.17 �0.30, �0.04 TNF-a 0 �0.17 �0.26, �0.07
1 �0.66 �0.84, �0.49 1 �0.13 �0.26, 0.00

IL-8 0 �0.08 �0.21, 0.07 GM-CSF 0 �0.24 �0.45, �0.05
1 1.54 1.35, 1.71 1 �0.43 �0.58, �0.28

b. Causal mean differences and 95% CLs for chemokines over 2 time points
Eotaxin (CCL11) 0 0.12 0.02, 0.23 TARC (CCL17) 0 �0.01 �0.11, 0.09

1 0.34 0.24, 0.45 1 �0.37 �0.43, �0.31
MCP-1 (CCL2) 0 0.10 0.04, 0.17 BLC/BCA1 (CXCL13) 0 0.08 �0.02, 0.18

1 0.11 0.06, 0.17 1 0.07 �0.05, 0.20
MCP-4 (CCL13) 0 �0.04 �0.10, 0.02 IL-8 (CXCL8) 0 0.02 �0.14, 0.16

1 �0.18 �0.23, �0.12 1 1.69 1.49, 1.89
MIP-1b (CCL4) 0 0.13 0.00, 0.26 IP-10 (CXCL10) 0 0.23 0.13, 0.34

1 �0.09 �0.25, 0.06 1 1.19 1.10, 1.28
c. Causal mean differences and 95% CLs for soluble receptors over 2 time points
sIL-2Ra 0 �0.03 �0.08, 0.03 sCD14 0 �0.03 �0.07, 0.01

1 0.38 0.33, 0.43 1 0.08 0.03, 0.12
sIL-6R 0 0.11 �0.07, 0.29 sCD27 0 �0.03 �0.10, 0.03

1 0.18 �0.02, 0.39 1 0.24 0.17, 0.31
sTNF-R2 0 �0.08 �0.14, �0.02 sGP130 (CD130) 0 �0.03 �0.05, 0.01

1 0.31 0.25, 0.37 1 �0.01 �0.04, 0.02

Note: Causal mean differences were calculated using g-computation over 1,000 Monte Carlo simulations. Confidence limits were calculated by summariz-
ing over 1,000 simulations and reported the 2.5th and 97.5th percentiles.
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Corroborative of our findings on the immune
markers, levels of anti-inflammatory markers,
such as IL-10, were observed to be higher in
studies evaluating ED drugs (Karakhanova et al.,
2013; Nunes et al., 2015). However, other studies
have shown conflicting results, or shown no
changes to IL-2 or IL-10 levels (Nunes et al.,
2012, 2015; Pifarre et al., 2014; Szczypka et al.,
2012). We observed that the levels of these two
cytokines were higher among ED drug users
regardless of HIV serostatus. IL-12p70 levels were
higher among MWH, but not MWOH. The
higher observed levels of anti-inflammatory (IL-
10) or T-cell-activating (IL-2, IL-12p70) cyto-
kines, regardless of HIV serostatus, among ED
drug users may suggest an increased immune
competence that is a consequence of ED drug
use. Thus, ED drugs may exert a favorable anti-
inflammatory response for conditions, such as
inflammatory arthritis or the acute inflammation
associated with SARS-CoV-2 infection.

Further, the potential anti-inflammatory effects
of ED drug use among MSM may have clinical
implications. As MWH grow older, they are
more in need of and likely to use ED drugs.
Consequently, over time, the prevalence of erect-
ile dysfunction and ED drug use in this popula-
tion are likely to increase. Our observation that
long-term use of ED drugs do not adversely
affect immune function among either MWH or
MWOH is reassuring.

Limitations and strengths

Our study is not without limitations. First, we
could not look directly at the frequency per
month of ED drug use because they were not
available, and analyses for different ED drugs and
reasons for use could not be undertaken since
that information was also unavailable. However,
the ED drug users reported 44.4months of
observed and accumulated exposure to the drugs.
It is unlikely that a serious adverse effect of ED
drug use would be missed with that level of scru-
tiny. Further, the frequency per use or dose per
use was unlikely to have varied among these
group of men in the MACS. In addition, pre-
scription data for ED drugs were not available
for each participant, so self-reported ED drug use

could not be confirmed. Nonetheless, future stud-
ies should use medical records for objective
measures of ED drug use and explore the impact
of varying frequencies and dosages of ED drugs
on immune cells and markers. Second, it could
be argued that ED drugs were more likely to be
used by healthier and more physically active men
with fewer adverse health conditions, although
the fact that they were using ED drugs would
suggest that they may have poorer health since
they were taking drugs to restore their ability to
erect their penis, i.e., some men might require
ED drugs to compensate for their lower physical
activity. However, to account for this, we
adjusted for the number of sex partners since
their previous visit, using a measure of frequency
of self-reported sexual intercourse, and medical
conditions, such as history of congestive heart
failure, stroke, bladder and prostate surgery, as
well as HCV infection. Third, sexual partner HIV
serostatus and use of pre-exposure prophylaxis
(PrEP) may have an impact on the outcome; i.e.,
immune cells and inflammatory markers.
However, data were not included in the analyses,
since they were not available for most of the
study period. Although PrEP was used by <20%
of the men at any time during follow up, the
availability of PrEP data occurred at a later time
period in our study. The influence of treatment
was not assessed since it was beyond the scope of
our study, however, we did adjust for viral load
and ART used at visit in our outcome models.
Finally, our analyses used marginal structural
models; thus, we made causal assumptions that
there were no uncontrolled confounding, selec-
tion bias, measurement error, model misspecifica-
tion, or violation of positivity whereby ED drug
use would have been deterministically given
(Hernan et al., 2000; Hernan & Robins, 2020).

Despite the aforementioned limitations, our
study has notable strengths. To our knowledge,
this is the first study that has examined the pro-
spective immunologic and inflammatory effects
of ED drug use over time among MSMs. Most of
the prior evidence has been from animal studies,
and there has been a lack of studies evaluating
the prospective use of ED drugs in humans and
MSMs. Another strength of this study included
using a well-studied, large cohort of MSM in the
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U.S. This study design allowed for the examin-
ation of the effects of ED drug use on immune
cells and markers over a 10-year time period, and
included socially sensitive data collected through
a standardized method. In addition, both MWH
and MWOH were included in the analyses.
Finally, marginal structural models produced esti-
mates (i.e., mean differences) with efficient stand-
ard errors and was able to deal with time-varying
exposure and confounding (Daniel et al., 2013;
Wang et al., 2017).

Conclusion

We believe our findings contribute to a growing
body of evidence demonstrating the positive
immunomodulatory effects of ED drugs, and that
long-term use of ED drugs is not associated with
detrimental effects on immune function among
MSM. Future studies should investigate the
impact of various ED drugs on diverse subtypes
of T-cells, other immune cells and immune mod-
ulators. Those studies would provide further
understanding of the effects of ED drug use on
immune function.
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APPENDIX: SUPPLEMENTARY MATERIALS* 
* Additional information on variables included in all outcome models of the g-computation for the 
estimation of mean differences in ED drug users and non-users can be obtained by contacting the author. 
 

 

Supplemental Table 1. Average number visits and days since last visit among study participants 
 Number of visits   Days between visits 
  N Mean SD   N* Mean SD 
Total† 1,636 22.1 10.8  36,095 201.8 156.7 
MWH 1,391 21.1 11.3  29,343 203.6 166.2 
MWOH 307 22.0 9.7   6,752 191.8 107.2 

* Total number of observations in the study. 
† MWH and MWOH do not add up to the total number since some MWOH seroconverted during the 
study period, contributing to both groups. 
  



 

 

 

 

 

 

Supplemental Figure 1. Simplified directed acyclic graph (DAG) showing the relationships between 
exposure (A), outcome (Y) and confounding (L) variables over time (t) 

Exposure (A) is the ED drug use and outcome (Y) is CD4 or CD8 cell outcomes, or immune biomarkers. 
Time-varying confounding variable (L) is the set of variables listed in Appendix Tables 1 and 2. Time, t, 
is the study visit for both MWH and MWOH in the MACS. The variable set Lt+1 is a causal intermediate 
between At to Yt+1 (where it should not be adjusted for) but confounds the effect of At+1 on Yt+1 (where it 
should be adjusted for).  
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Supplemental Figure 2. Simplified directed acyclic graph (DAG) after intervention on the exposure 
(A) at each time point (t) 

Time, t, is the study visits for both MWH and MWOH. Exposure, A, is the assigned ED drug use after 
intervention and outcome, Y, is the potential outcome. After randomizing on At and At+1 (assigning ED 
drugs), biasing paths from At and At+1 are removed, while causal intermediate paths are preserved. Each A 
is the exposure intervention. Consequences of any A (that is, variables L and Y at the end of the arrows 
emanating from any A) now represent potential outcomes. Solid arrows depict the causal pathways of 
interest.  
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Supplemental Figure 3. Mean CD4 cell counts, CD4%, CD8 cell counts and CD4:CD8 ratio over 
time comparing ED drug users and non-users among MWH and MWOH participants 

MWH is shown on the left and MWOH is on the right column. Horizontal axis represents MACS study 
visits (1-21), where visit 1 is the baseline and visit 21 represents 10 years of follow-up. Dashed lines 
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represent ED drug users and solid lines show non-users. Mean levels are computed from the potential 
outcomes using g-computation and variables shown in Appendix Table 1. 
  



a. Mean levels of immune biomarkers over time comparing ED drug users and non-users 
among MWH participants 

 

 

 

 

 

 

 

 

 

 

6

7

8

1 2 3 4

BAFF

-2

-1

0

1 2 3 4

IL-1β

-1

0

1

2

1 2 3 4

IL-2

-3

-1

1

1 2 3 4

IL-6

0

2

4

1 2 3 4

IL-8

0

2

4

1 2 3 4

IL-10

0

5

1 2 3 4

IL-12p70

-2

-1

0

1

1 2 3 4

IFN-γ

0

1

2

3

1 2 3 4

TNF-α

-1

-0.5

0

0.5

1 2 3 4

GM-CSF

6.5

7

7.5

8

1 2 3 4

CCL11

5

6

7

1 2 3 4

CCL2

6

7

1 2 3 4

CCL13

0

2

4

6

1 2 3 4

CCL4

5

5.5

6

1 2 3 4

CXCL13

6

7

1 2 3 4

CCL17

0

2

4

1 2 3 4

CXCL8

4

5

6

1 2 3 4

CXCL10

6.8

7

7.2

7.4

7.6

1 2 3 4
Observation

sIL-2Rα

9

10

11

1 2 3 4
Observation

sIL-6R

7.8

8

8.2

1 2 3 4
Observation

sTNF-R2

14

15

16

1 2 3 4
Observation

sCD14

9

10

1 2 3 4
Observation

sCD27

12

13

1 2 3 4
Observation

sGP130



b. Mean levels of immune biomarkers over time comparing ED drug users and non-users 
among MWOH participants 

 

 

Supplemental Figure 4:  
a. Mean levels of immune biomarkers over time comparing ED drug users and non-users 

among MWH participants 
Horizontal axis shows the ARRA1 study observations, where observation 1 is the baseline. Vertical axis 
represents log-transformed outcomes. Dashed lines represent ED drug users and solid lines show non-
users. Mean levels are computed by potential outcomes from g-computation using variables in Appendix 
Table 2. 
 

b. Mean levels of immune biomarkers over time comparing ED drug users and non-users 
among MWOH participants 

Horizontal axis shows the ARRA1 study observations. Vertical axis represents log-transformed outcomes. 
Dashed lines represent ED drug users and solid lines show non-users. Mean levels are computed by 
potential outcomes from g-computation using variables in Appendix Table 2. 
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