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Abstract

Sexual health concerns are one of the most common late effects facing hematopoietic stem cell transplant (HSCT) survivors.
The current study tested whether self-reported depression and anxiety symptoms before transplant were associated with
embedded items assessing two specific areas of sexual health—sexual interest and sexual satisfaction—one year post-HSCT.
Of the 158 study participants, 41% were diagnosed with a plasma cell disorder (n=60) and most received autologous trans-
plantation (n=128; 81%). At post-HSCT, 21% of participants reported they were not at all satisfied with their sex life, and
22% were not at all interested in sex. Greater pre-HSCT depressive symptomology was significantly predictive of lower sexual
interest (f=—.27, p<.001) and satisfaction (f=-.39, p<.001) at post-HSCT. Similarly, greater pre-HSCT trait anxiety
was significantly predictive of lower sexual interest (p=—.19, p=.02) whereas higher levels of state and trait anxiety were
both predictive of lower satisfaction (=—-.22, p=.02 and f=-.29, p=.001, respectively). Participant sex significantly
moderated the relationship between state anxiety and sexual satisfaction (b=—.05, r=—-2.03, p=.04). Additional research
examining the factors that contribute to sexual health post-HCST is needed to inform and implement clinical interventions
to address these commonly overlooked survivorship concerns.
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Introduction

Hematopoietic stem cell transplant (HCST) is a well-estab-
lished treatment for malignant and non-malignant hemato-
logic conditions, with over 23,000 procedures performed in
the United States in 2018 alone (Auner et al., 2015; D'Souza
et al., 2020). Unfortunately, psychological distress remains a
common experience for many individuals who have had or
are preparing to undergo HCST (Amonoo et al., 2019). For
example, depressive symptoms are highly prevalent prior
to HSCT and remain a common experience for up to two
years after transplantation (El-Jawahri et al., 2017; Loberiza
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et al., 2002; Mosher et al., 2009). Additionally, patients with
depression have reported poorer quality of life and more
adverse outcomes following transplant (Costanzo et al.,
2013; Kelly et al., 2021; Loberiza et al., 2002). Another
common reaction is heightened anxiety in anticipation of
HSCT, as well as concerns related to fear of cancer recur-
rence or relapse (Amonoo et al., 2019; Prieto et al., 2005).
In a review by Mosher and colleagues, 5% to 40% of patients
experienced elevated levels of anxiety and/or depressive
symptoms before, during, and after HSCT (Mosher et al.,
2009), further illuminating the high distress rates within
HSCT populations.

In addition to mood and anxiety concerns, changes in
sexual function are common clinical complaints for patients
who have received HSCT. In fact, sexual difficulties are one
of the most commonly reported late effects of HSCT (Kelly
etal., 2021). A wide range of sexual health changes and con-
cerns are often present and can persist for years following
HSCT. These include decreased sexual interest (aka libido)
and sexual satisfaction, premature menopause with resulting
disruptions in sexual function, vulvovaginal changes, sexual/
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genital pain, and erectile and orgasmic/ejaculatory difficul-
ties (Li et al., 2015; McKenna et al., 2019; Phelan et al.,
2022; Thygesen et al., 2012; Tierney, 2004; Yi & Syrjala,
2009).

Thygesen and colleagues, in 2012, provided a compre-
hensive review of the literature on sexual health in HSCT
patient populations (Thygesen et al., 2012). In assessing a
16-year period, they found only 14 studies that examined
sexual health in HSCT to some degree. Among the papers
reviewed, sexual concerns were repeatedly identified and
a participant sex-by-time interaction observed in which
the sexual health problems of female patients increased
over time post-HSCT whereas male participants’ concerns
tended to remain more stable. This is in line with the known
progressive nature of vulvovaginal conditions associated
with HSCT (e.g., genitourinary syndrome of menopause
and related sexual pain) which tend to worsen when left
untreated (Crean-Tate et al., 2020; Sopfe et al., 2021). While
some survivors experienced a partial recovery in sexual
health within the first 2 years post-transplant, many were
likely to experience just-as-bad or worsened sexual health
challenges up to 10 years post-transplant (the furthest out-
come measured in any of the reviewed studies).

In an earlier longitudinal study exploring sexual func-
tion at pre-transplant and up to 3 years post-transplant,
Humphreys et al. (2007) found significantly decreased
sexual activity at 1- and 3-years post-transplant. For those
who were sexually active prior to transplant, both men and
women' reported decreased sexual interest. One-year follow-
ing transplant, men reported increased difficulty with erec-
tions (50%), but less sexual interest concerns (33%). Women
reported vulvovaginal dryness (78%), difficulty with orgasm
(72%), and sexual pain (61%), as well as decreased sexual
interest (72%), body image concerns (72%), and feeling less
attractive (78%) (Humphreys et al., 2007). Notably, both
men and women reported that their sexual health concerns
had either remained constant or improved somewhat 3 years
after transplant. Similarly, in a prospective study examining
sexual health for 5 years post-HSCT, men’s sexual function
demonstrated improvement by year 2, whereas women’s sex-
ual function did not show improvements by year 5 (Syrjala
et al., 2008). Notably, all transplant survivors were below

! Of note, these are presumed to be cisgender samples. Cisgender
men are individuals who were assigned male sex at birth and identify
as men, whereas cisgender women were assigned female sex at birth
and identify their gender as women. We have elected to retain lan-
guage used by the original publications being cited, while recogniz-
ing that many such studies do not actually assess gender, rather infer
gender based on sex assigned at birth. The inappropriate conflation
of anatomical sex and gender is a major limitation of the existing lit-
erature and state of the science. Johnson and colleagues provide an
excellent discussion of this longstanding barrier in health-focused
research.!” (Johnson, Greaves, & Repta, 2009).
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controls with regard to sexual activity and function (Syrjala
et al., 2008).

Psychological distress, in particular, is known to impact
sexual functioning and satisfaction (Humphreys et al.,
2007). In addition to outlining common sexual health con-
cerns in the transplant population, the study by Humphreys
et al. (2007) provided a critical contribution to the trans-
plant literature regarding sexual health and psychological
distress. Specifically, depression was found to be a signifi-
cant predictor of decreased sexual functioning at 3-years
post-transplant. The researchers argue for the treatment of
depression as an interventional target for improving sexual
health in transplant patients. Anxiety was not assessed in
the Humphreys et al. (2007) study, however, the broader
sexual health literature links both depression and anxiety
symptoms to sexual health, suggesting that each may play
a role for transplant survivors. This has yet to be formally
tested in the transplant population and, as such, the current
study included assessment of both depression and anxiety
symptomology.

Improved understanding of the relationship between psy-
chological distress and sexual health is essential given: (1)
the National Institutes of Health (NIH) Blood and Marrow
Transplant Late Effects Initiative that cited sexual health and
dysfunction as a primary concern in need of intervention
(Bevans et al., 2017), (2) sexual health being highlighted
as 1 of 6 research priorities by HSCT patients, caregivers,
and researchers (Burns et al., 2018), and (3) the American
Society of Clinical Oncology recommendation to more spe-
cifically measure both depression and anxiety (Smith et al.,
2018). The current study aimed to leverage existing data
with embedded sexual health items to explore the prospec-
tive association between pre-HSCT distress and two com-
monly noted sexual health concerns—interest and satisfac-
tion. We also aimed to determine whether demographic and
disease characteristics significantly moderate the relation-
ship between distress and sexual interest or satisfaction. It
was hypothesized that greater pre-HSCT distress would be
predictive of lower sexual interest and sexual satisfaction at
one-year post transplantation.

Method
Eligibility Criteria

Patients who received HSCT at Mayo Clinic, provided
informed consent, and completed both pre- and post-trans-
plant surveys were eligible to participate in the current study.
Study criteria included: (a) being at least 18 years old, (b)
absence of a current psychotic or neurological disorder that
may have precluded participation, as determined by pre-
transplant medical and psychological evaluation, (c) fluency
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in English, and (d) provision of written informed consent to
participate.

Study Procedures

As part of clinical care, all HSCT candidates underwent a
pre-transplant psychological evaluation in accordance with
Institutional guidelines. This included a semi-structured
interview and questionnaire-based assessment (e.g., BDI,
STAI described below). These clinical measures were
abstracted to obtain an assessment of pre-transplant psy-
chological distress for the current study. Additionally, all
HSCT candidates were invited to participate in a study of
health behaviors in association with transplant outcomes
1-year post-HSCT (e.g., sexual interest and satisfaction item
scores from the FACT-BMT, described below). The current
study is a secondary analysis of this outcome data, focused
on embedded sexual health questions.

Measures
Sexual Interest & Sexual Satisfaction

Participants’ satisfaction with sex (“I am satisfied with
my sex life””), as well as interest in sex (“I am interested
in sex”’) were obtained from the Functional Assessment of
Cancer Therapy—Bone Marrow Transplantation (FACT-
BMT) questionnaire post-HSCT (McQuellon et al., 1997).
This questionnaire broadly assesses four domains of health-
related quality of life in patients undergoing bone marrow
transplant, using 5-point Likert scale item scores (0 =not
at all, 4 =very much, item score range 0—4) that sum to a
total score with established reliability and validity in BMT
populations.

Depressed Mood Assessment

Depressed mood was measured via the Beck Depression
Inventory-II (Beck et al., 1996) at pre-HSCT (21 items, 0-3
Likert response scale). In a variety of populations, BDI-II
has demonstrated excellent internal consistency and good
test—retest reliability (Wang & Gorenstein, 2013).

Anxious Mood Assessment

Pre-HSCT anxious mood was measured via the State-Trait
Anxiety Inventory (STAI; 40 items, 0-3 Likert response
scale; Spielberger, 1983; Spielberger & Reheiser, 2003).
This measure has two subscales: state anxiety, which meas-
ures subjective feelings of current anxiety and arousal, and
trait anxiety, which measures the likelihood of experiencing
anxiety during a stressful event.

Disease and Treatment Data

Disease and transplant-related treatment data, including
transplant type (i.e., allogeneic, autologous) and perfor-
mance status (measured via ECOG) (Oken et al., 1982)
were obtained from the institution’s Transplant Center.

Statistical Plan

Analyses were conducted using IBM SPSS for Windows,
Version 28 (IBM Corp., Armonk, N.Y., USA). All par-
ticipant answers were included for analyses; no listwise
deletion was conducted for missing data. Primary analyses
included linear regressions of pre-HCST distress (BDI,
STAI) predicting FACT-BMT sexual interest and satisfac-
tion item scores 1 year post-HCST. Secondary analyses
tested for moderation effects by sociodemographic and
disease variables known to impact sexual health (e.g., per-
formance status) (Syrjala et al., 2021) utilizing PROCESS
macro for SPSS (Hayes, 2017).

Results

Individuals who completed at least one baseline psycho-
logical distress measure (i.e., BDI-II, STAI) and at least
one sexual health question at post-HSCT (i.e., sexual
satisfaction, sexual interest) were included in analyses
(n=158). Full demographic and disease characteristic data
are included in Table 1. Of the 158 participants, 41% were
diagnosed with a plasma cell disorder and most received
autologous transplantation. Participants primarily were
male and identified as non-Hispanic White, married or
partnered, and between 41 and 64 years of age. Approxi-
mately half of the participants were employed.

Pre- and post-transplant questionnaire responses includ-
ing sexual interest and satisfaction data are included in
Table 2. Overall, 21% of participants indicated they were
not at all satisfied with their sex life post-HSCT and 22%
were not at all interested in sex.

Primary Analyses

Depressive Symptoms

Pre-HSCT depressive symptomology was significantly
associated with sexual interest and sexual satisfaction
over time. Specifically, higher depression scores at pre-

HSCT, as measured by the BDI-II, predicted lower rates
of sexual interest (n=154, f=-0.27, p<0.001) and
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Table 1 Demographic and disease characteristics

Table 2 Pre- and post-transplant questionnaire response rates

Characteristic (n=158) n % Characteristic (n=158) n % Mean SD

Age I am satisfied with my sex life

19-40 years 19 12.0 Not at all 33 20.9

41-64 years 113 71.5 A little bit 12 7.6

> 65 years 26 16.5 Somewhat 29 18.4

Sex Quite a bit 31 19.6

Female 67 42.4 Very much 16 10.1

Male 91 57.6 Prefer not to answer/Missing 37 234

Race 1 am interested in sex

Asian 1 0.6 Not at all 34 21.5

Native American/Alaska Native 1 0.6 A little bit 27 17.1

White 152 96.2 Somewhat 43 27.2

Missing 1 0.6 Quite a bit 33 20.9

Education level Very much 19 12

High school/GED or less 42 26.6 Prefer not to answer/Missing 2 1.3

Some college/2-year degree 44 27.8 BDI-II 7.8 6.4

4-year degree 29 18.4 STAI-S 343 10.5

Post-graduate studies 36 22.8 STAI-T 31.1 9.3

Missing 7 44 . . .
BDI-II Beck Depression Inventory-II; STAI-S State-Trait Anxiety

Employment status Inventory—State Anxiety subscale; STAI-T State-Trait Anxiety Inven-

Employed 84 532 tory—Trait Anxiety subscale

Retired 30 19.0

Unemployed/Other 38 24.1

Missing 6 3.8 not significantly predict sexual interest (n=156, f=-0.11,

Relationship status p=0.18), but did significantly predict sexual satisfaction

Married or partnered 127 80.4 (n=121, p=-0.22, p=0.02) such that higher levels of state

Divorced, widowed, or single 30 19.0 anxiety indicated lower levels of satisfaction with one’s sex

Missing 1 0.6 life.

Diagnosis

Acute leukemia 12 7.6 Secondary Analyses

Amyloidosis 16 10.1

Non-Hodgkin lymphoma 36 228 Additional analysis demonstrated a significant negative

Plasma cell disorders 60 405 moderating effect of participant sex on the relationship

Other 30 19.0 between state anxiety and sexual satisfaction (b=-0.05,

Transplant type t=-2.03, p=0.04), such that male transplant patients with

Allogeneic 29 18.4 greater state anxiety reported the lowest levels of sexual sat-

Autologous 128 81.0 isfaction (see Fig. 1). No additional moderating effects were

Missing 1 0.6 found (i.e., age, relationship status, change in relationship

sexual satisfaction (n=119, p=-0.39, p <0.001) one-
year post-HSCT.

Anxious Symptoms

Pre-transplant STAI scores were associated with sexual
interest and satisfaction such that greater levels of both trait
and state anxiety predicted poorer sexual health. That is,
higher levels of trait anxiety significantly predicted lower
interest in sex (n=154, f=-0.19, p=0.02) and lower sexual
satisfaction (n=119, p=-0.29, p=0.001). State anxiety did

@ Springer

status within the past 12 months, transplant type, and per-
formance status) between state anxiety and sexual satisfac-
tion or sexual interest. Similarly, there were no significant
moderating effects of any of the demographic and disease
variables on trait anxiety nor depressive symptoms.

Discussion

Results confirm that psychological distress is a key pre-
dictor of sexual interest and sexual satisfaction for trans-
plant patients. Notably, while the associated literature to
date focuses on depression, we found that anxiety was also
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Fig.1 Effects of participant sex on the relationship between state
anxiety and sexual satisfaction

predictive of sexual interest and satisfaction up to 1-year
post-HSCT. Demographic, disease, and performance status
variables did not moderate most of these distress-sexual
health associations. The association of distress to sexual
interest and sexual satisfaction persists for HSCT patients
above and beyond sociodemographic factors traditionally
related to these sexual health variables in the initial year
post-transplantation. One exception was identified in which
participant sex significantly moderated the association
between state (but not trait) anxiety and sexual satisfaction
such that male transplant patients with greater state anxiety
reported the lowest levels of sexual satisfaction in the cur-
rent sample.

The association between general psychological distress
and sexual health has been extensively documented across
numerous populations (e.g., Carcedo et al., 2020; Coyle
et al., 2019; Field et al., 2016; Hartmann, 2007; Kalmbach
et al., 2015), is replicated by the current study, and uniquely
links anxiety to both sexual interest and satisfaction in a
post-HSCT sample. Given the known bidirectional rela-
tionship between mental health and sexual health variables,
interventions focused on reducing depression and anxiety
symptoms may very well be positively impactful for the sex-
ual health of some HSCT patients. There is strong evidence
of the effectiveness of mindfulness-based interventions, in
particular, for reducing both mental and sexual health con-
cerns. This suggests common underlying targets with regard
to improving attention and emotion regulation, interoceptive
awareness, cognitive flexibility, and perception of self that
require further investigation—especially in HSCT popula-
tions (Bossio et al., 2019; Gorman et al., 2021; Shen et al.,
2020).

Research has repeatedly demonstrated that sexual prob-
lems often do not improve over time without intervention;

indeed, they are very likely to worsen, or at least remain con-
sistently poor (Gilbert et al., 2016; Humphreys et al., 2007;
Lietal., 2015; Molassiotis, 1997; Ngrskov et al., 2015; Perz
et al., 2014; Schover et al., 2014; Smith et al., 2022; Thy-
gesen et al., 2012; Ussher et al., 2015; Utz & Jagasia, 2013;
Varela et al., 2013). Distress screening measures (e.g., BDI
and STAI) are required elements of comprehensive cancer
care (American College of Surgeons, 2020; Lazenby et al.,
2015) and thus have clinical utility in identifying patients at
risk for lower sexual satisfaction and interest, up to 1-year
post-HSCT in the current study. Additionally, sexual health
concerns are consistently linked to lower overall quality of
life ratings, circumventing optimal survivorship outcomes.
As early as 1997, Molassiotis noted that HSCT patients' sex-
ual health concerns persisted for as long as was measured—
in this case, > 6 years post-transplant. In contrast, other
significant psychosocial concerns (e.g., social adjustment,
grieving, life re-evaluation, feelings of despair and loss of
control, occupational adjustments) presented and largely
resolved within the same measurement period (Molassiotis,
1997). A decade later, Humphreys and colleagues published
similar findings (Humphreys et al., 2007). At their farthest
post-transplant measurement point (3 years), both men and
women reported significant and persistent sexual problems
that had continuously impacted their overall quality of life.
Concerns ranged from physical functioning difficulties
(e.g., erection, orgasm, and ejaculation problems) to those
more psychosocial or relational in nature (e.g., perceived
attractiveness/body image, sexual interest/libido). As in the
current study, such sexual health concerns were positively
associated with baseline levels of depression. Critically,
Humphreys and colleagues highlighted that half of patients
at all time points in their study reported no discussions with
any provider regarding their sexual health (Humphreys et al.,
2007).

Application and Future Directions

Ensuring patients’ sexual and psychological health needs
are addressed is critically important and this appears to be
especially true for HSCT populations. Results of the current
study highlight both depression and anxiety as predictive of
sexual health concerns up to 1-year post-HSCT, emphasiz-
ing the importance of not only treating distress, but assess-
ing possible sexual health concerns. Clinicians with limited
comfort or knowledge around the topic of sexual health are
strongly encouraged to consider additional training oppor-
tunities” in this area to best serve the needs of transplant
patients.

2 Relevant professional organizations include: the American Associa-
tion of Sexuality Educators, Counselors and Therapists (AASECT),
The International Society for Sexual Medicine (ISSM), The Interna-
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More intentional measurement of sexual problems in
HSCT patients is recommended to better understand the
reasons for subjective reports of poor sexual health. This
includes, for example, parsing out the various components of
sexual health-related concerns (e.g., physiological, psycho-
logical, relational, spiritual) and measuring each individu-
ally to establish where, exactly, the problems lie. Research-
ers and clinical scientists should also consider longitudinal
measurement of sexual health concerns, particularly in rela-
tion to symptom onset of illnesses most typically treated via
HSCT as well as treatment milestones. Collecting such data
with a matched control group would be of particular utility
in furthering scientific understanding.

Limitations

While use of secondary data allows for the study of sexual
health variables embedded within a larger study (i.e., mini-
mizing stigma and optimizing participation), it also limits
the complexity of available sexual health data. Though
self-assessment of sexual interest and satisfaction repre-
sent important outcomes, sexual health can be measured in
myriad ways beyond these two factors (e.g., clinical diagnos-
tics, sexual distress levels, physical sexual function). Such
forms of data collection, as well as some potentially relevant
clinical factors (e.g., menopause status), were unavailable
for this study, precluding a more robust and nuanced view of
HSCT patients’ experiences with sexual health. Future stud-
ies should include pre- and post-HSCT measures of depres-
sion, anxiety, and sexual health constructs. Finally, while
disease and overall performance status were not associated
with sexual interest and satisfaction,

several important treatment-related variables could not be
examined in the present study given the absence of resources
required to access extensive clinical data, including medica-
tions, more detailed treatment regimens, and complications
(e.g., GVHD), which can have direct effects on sexual func-
tioning and sexual health-related variables. Unfortunately,
the impact of such factors could not be measured within
the current study, limiting our overall view of participants’
sexual health.

Conclusion

The current study highlights the association between pre-
HSCT patient psychological distress and sexual concerns up
to 1-year post-HSCT, including anxiety as a risk factor for
lower sexual interest and satisfaction. To positively impact

Footnote 2 (continued)

tional Society for the Study of Women's Sexual Health (ISSWSH),
and The Scientific Network on Female Sexual Health and Cancer.
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transplant care and survivorship, healthcare providers are
duty-bound to discuss and normalize the potential sexual
health impacts of HSCT as a common and treatable problem
in the context of depression and anxiety. Existing protocols
for addressing depression and anxiety within HSCT patient
care should be updated to include assessment of sexual
health concerns.
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