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Abstract

Objectives—To investigate the impact of sleep quality in hypogonadal symptoms and sexual
function in men working non-standard shifts.

Methods—Men treated at a single andrology clinic between July-October 2014 completed
questionnaires assessing sleep quality, hypogonadal symptoms (Androgen Deficiency in the Aging
Male — ADAM/gADAM), and sexual function (International Index of Erectile Function — IIEF).
Serum hormone levels were assessed at the time of survey completion.

Results—182 men were identified as working non-standard shifts (work that starts before 7am or
after 2pm, rotates, or regularly includes hours outside of the standard 7am to 6pm work day) with
a mean£SD age of 41.1+10.8 years. Of men working non-standard shifts, those with better sleep
quality had fewer hypogonadal symptoms and better sexual function. Multivariate regression
analysis revealed significant linear associations between sleep quality and gADAM score
(p=0.008), positive ADAM responses (p=0.003), and I1EF score (p=0.0004) were observed. When
comparing individual groups, men who were “very satisfied” (n=60) with sleep quality had higher
gADAM scores than men who were “somewhat dissatisfied” (p=0.02), and men who were “very
dissatisfied” had significantly lower I1EF scores than men who were “very satisfied” (p=0.001)
and “somewhat satisfied” (p=0.005). No associations between sleep quality and mean serum
testosterone (T), free T, estrogen, DHEA, FSH, and LH levels were observed.

Conclusions—Men who work non-standard shifts and have poor sleep quality are at increased
risk for hypogonadal symptoms and sexual dysfunction. These effects may be improved with a
shift in schedule or techniques to improve sleep quality.
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INTRODUCTION

Non-standard work shifts, defined as beginning before 7 a.m. or after 2 p.m., regularly
rotating between standard and non-standard formats, or as work hours regularly occurring
outside of a standard 7 a.m. to 6 p.m. workday, are increasingly prevalent in the developed
world®. Shift workers comprise 15-25% of the workforce and often have suboptimal sleep
quality, with 10-32% developing shift work disorder (SWD), a circadian rhythm disorder
characterized by insomnia and sleepiness in people who work during normal sleep periods,
typically at night2. Patients with SWD often suffer from decreased daytime alertness and
cognitive function,3 higher body mass indices (BMIs), lipid abnormalities, and higher rates
of hypertension and depression than non-shift workers® 4. Non-standard shift workers are
also prone to gastrointestinal symptoms, breast cancer, diabetes, and the metabolic
syndrome®: 6. The mechanisms underlying the sequelae of SWD are unclear, although
obesity,” inflammation,8 and autonomic,® metabolic,? and neural dysregulation can all
result from sleep impairment.11. 12

Hypogonadism is defined by the presence of low serum testosterone levels and clinical
symptoms including decreased libido, erectile dysfunction (ED), lethargy, concentration
difficulties, sleep disturbances, and loss of muscle mass.13-15 The incidence of
hypogonadism increases as a function of age, which is due in part to a progressive decline in
serum testosterone levels beginning at the age of 3016-18, and approximately 4 million
American men are currently affected9. Sexual dysfunction, including ED, is found in many
hypogonadal men, and is attributed in part to the significant role that testosterone plays in
normal sexual function.20

Non-standard shift workers have lower, more variable serum testosterone levels than
standard shift workers?L. Given the risk of endocrine dysregulation and other sequelag in
non-standard shift workers, it is possible that non-standard shift work could increase the risk
of hypogonadism and sexual dysfunction in men working these shifts. In this study, we
examine the relationship between sleep quality, hypogonadal symptoms and sexual
dysfunction in shift workers.

MATERIALS AND METHODS

Study Population

After Institutional Review Board approval, all men presenting to a single academic urology
clinic between July and October 2014 were asked to complete an electronic survey about
their work schedules, specifically regarding non-standard shift work. Only men working
non-standard shifts were asked to indicate the duration of having worked these shifts, and
were asked to indicate their satisfaction with sleep quality as “very satisfied,” “somewhat
satisfied,” “somewhat dissatisfied,” or “very dissatisfied.” Participants were also asked to
complete the validated Androgen Deficiency in the Aging Male (ADAM) and non-validated
quantitative ADAM (qJADAM) questionnaires?2, as well as the validated International Index
of Erectile Function (IIEF)23. The ADAM and gADAM are screening tools for
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hypogonadism; positive ADAM responses are summed to yield a numerical score, and
gADAM responses are also summed to yield a numerical score.

Medical comorbidities, serum testosterone (T), free T (FT), estradiol (E),
dehydroepiandrosterone (DHEA), luteinizing hormone (LH) and follicle stimulating
hormone (FSH) levels were obtained at the time of questionnaire completion. All laboratory
testing was performed by the Laboratory for Male Reproductive Research and Testing at
Baylor College of Medicine.

Statistical Analysis

Fisher’s exact test was used to compare comorbidities between men working standard and
non-standard shifts. Student’s t-test was used to compare mean IIEF, ADAM, and gADAM
scores of non-standard and standard shift workers. Multivariate regression and multivariate
analysis of variance (MANOVA) with Sidak post-hoc test were used to evaluate the
relationship between sleep quality and ADAM, gADAM, and IIEF scores, as well as serum
hormone levels. STATA 12 (StataCorp, College Station, TX) was used for all statistical
analyses, with significance considered at p<0.05.

RESULTS

Of men visiting the clinic between July-October 2014, 691 completed all questionnaires and
were included in the analysis. Of these men, 494 were identified as working standard shifts
with mean=SD age of 46.4+14.7 years, and 182 as working non-standard shifts with a mean
+SD age of 41.5+10.8 years (p<0.0001). Comorbidities did not differ significantly between
the groups except for a higher incidence of cancer in standard shift workers (p=0.008) (Table
1). Initial analysis of ADAM, gADAM and IIEF scores did not reveal significant differences
between men working standard shifts and those working non-standard shifts (Table 2).

When examining sleep quality, the 188 men working standard shifts rated their satisfaction
with sleep quality as “very satisfied” (n=60, 33%), “somewhat satisfied” (n=61, 34%),
“somewhat dissatisfied” (n=51, 28%), and “very dissatisfied” (n=10, 5%) (Table 2).
Multivariate regression analyses revealed that higher sleep quality was associated with fewer
hypogonadal symptoms and better sexual function. Multivariate regression analysis revealed
significant linear associations between sleep quality and hypogonadal symptoms as assessed
by ADAM (total positive responses 2.4 vs. 3.7 vs. 4.5 vs. 4.5, p=0.003) and gADAM (total
score 38.0 vs. 35.9 vs. 34.4 vs. 32.4, p=0.008), indicating that better sleep quality is
associated with fewer hypogonadal symptoms. When comparing gADAM and ADAM
scores among men with varying sleep qualities using Sidak post-hoc test following
MANOVA, those who endorsed being “somewhat dissatisfied” with their sleep quality
(n=51) had significantly lower gADAM and ADAM scores compared to those who were
“very satisfied” with their sleep quality (n=60) (p<0.05) (Figure 1A, B).

An inverse linear association was observed between sleep quality and sexual function
measured by IIEF (total score 59.4 vs. 56.5 vs. 51.5 vs. 38.0 for “Very Satisfied,” ‘Somewhat
Satisfied,” ‘Somewhat Dissatisfied,” or “Very Dissatisfied,” p=0.0004), directly linking sleep
quality with sexual function. When evaluating sexual function among men with different
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sleep qualities, those reporting “very satisfied” and “somewhat satisfied” sleep quality
(n=121) had significantly higher IIEF scores compared with those reporting “very
unsatisfactory” sleep quality (n=10) (p<0.05) (Figure 2A). All IIEF domains (erectile
function, orgasmic function, sexual desire, intercourse satisfaction, and overall satisfaction)
also demonstrated a direct relationship between sleep quality and sexual function (p<0.05
for each). Men who were “very satisfied” with their sleep had significantly higher scores
than men who were “very dissatisfied” with their sleep in every IIEF domain except for
sexual desire (Figure 2B).

Of the men working non-standard shifts, no association between sleep quality and mean+SD
serum T, FT, E, DHEA, FSH, and LH levels was observed (Table 3). Overall serum hormone
values were comparable between men working standard and non-standard shifts (Tables 3
and 4). Of men working standard shifts, 222 of 494 (44.9%) had a history of testosterone
therapy (TTh) or had taken medications that alter hormone levels such as clomiphene,
anastrozole, or HCG. Similarly, of men working non-standard shifts, 80 of 182 (44.0%) had
a history of therapy that could alter serum hormone levels at the time of survey completion.
No significant differences in hormone levels or survey responses were observed between
men with a history of use of the above medications and those without (Table 4). When
comparing men on and off medical therapy for hypogonadism, those on therapy had overall
higher serum testosterone levels, with corresponding differences in other hormone levels, as
expected (Table 4). Of men working non-standard shifts with no history of TTh or use of
other hormone-altering medications, there was no significant relationship between sleep
quality and hormonal levels (Table 5). Of note, sleep quality data were not available for men
working standard shifts, as a function of our questionnaire workflow, limiting our ability to
evaluate the link between sleep quality and hormone levels in this cohort of men.

DISCUSSION

Non-standard work shifts have been associated with numerous negative effects on the
endocrine system. Working non-standard shifts can lower 6-sulfatoxymelatonin and
melatonin levels, and may increase the risk of cancer?4. Non-standard shift work is also
associated with alterations in postprandial hormone levels including insulin, proinsulin, and
glucose-dependent insulinotropic polypeptide2®. In this study, we focus on the impact of
sleep on hypogonadal and sexual symptoms, often associated with alterations in the
hypothalamic-pituitary-gonadal (HPG) axis. Lower serum testosterone levels have been
observed in the setting of sleep restriction and fragmentation that corrupts diurnal GnRH
release, and thus testosterone production?6-28. Sleep fragmentation often results in the loss
of the first phase of REM sleep, when testosterone levels are highest during a sleep cycle,
and can explain the lower, more variable testosterone levels previously observed in non-
standard shift workers?1: 26. 29 |n our cohort, determination of the effects of non-standard
shift work on serum hormone levels was limited due to a significant proportion of men
already being on TTh.

When we compared hypogonadal and sexual symptoms assessed using ADAM, gADAM,
and IIEF questionnaires between standard and non-standard shift workers, no differences
between these groups as a whole were observed, although this could have been influenced
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by the significant number of men on TTh at the time of survey completion. However, when
we examined the relationship between sleep quality and hypogonadal symptoms and sexual
dysfunction in non-standard shift workers, we observed a significant inverse relationship
between sleep quality, hypogonadal symptoms and sexual dysfunction, with worse sleep
quality associated with more hypogonadal symptoms and sexual dysfunction, suggesting
that sleep quality may have a significant impact on these symptoms, independent of serum
hormone levels.

Among men working non-standard shifts, men with better sleep quality had fewer
hypogonadal symptoms and better sexual function than those with worse sleep quality.
Better sleep quality is associated with higher testosterone levels, and may translate into
fewer hypogonadal symptoms and less sexual dysfunction3. One study of 368 Swedish non-
standard shift workers showed that those who were dissatisfied with their work hours had
low testosterone levels®. In another study of 531 Chinese men, short sleep duration was
associated with lower testosterone and free testosterone levels, and lower masturbation rates,
suggestive of decreased libido3L. Our findings suggest that sleep quality increases the risk
for hypogonadal symptoms and sexual dysfunction, and that this is independent of serum
hormone levels.

The present study is limited by several factors. First, the men surveyed were visiting a
urology clinic because they were seeking treatment for infertility, prostate cancer, and
hypogonadism, among other conditions. Thus, while we were able to compare standard and
non-standard shift workers, a healthy normal male cohort was not available for comparison,
making the data susceptible to selection bias. Second, sleep quality data were lacking for
standard shift workers, limiting our ability to assess differences in sleep quality between
standard and non-standard shift workers. Men were also asked to self-report sleep quality, a
necessarily subjective measure which may have introduced bias into the study; a more
objective measure would have been formal study of REM and non-REM sleep. Third, not all
patients underwent testing for the serum hormones, and many men were already on
treatment for hypogonadism, limiting our ability to objectively evaluate the relationship
between serum hormones levels and sleep quality; this may have resulted in artificially
uniform distributions for serum hormone levels among the study subjects.

Nevertheless, this work does link sleep quality directly with hypogonadal symptoms and
sexual dysfunction, and suggests that sleep quality may more potently affect these
parameters than serum hormone levels.

Conclusions

Men who work non-standard shifts and have poor sleep quality are at increased risk for
hypogonadal symptoms and sexual dysfunction, as measured by ADAM, gADAM, and IIEF
questionnaires. The relationship between sleep quality and hypogonadal symptoms/sexual
dysfunction may be independent of testosterone. These effects may be improved with a shift
in schedule or techniques to improve sleep quality.
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Figure 1. Relationship Between Sleep Quality and Hypogonadal Symptoms
A) Relationship between total gADAM score and sleep quality; B) relationship between

ADAM score and sleep quality.
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B) Relationship between total IIEF score and sleep quality; B) relationship between sleep
quality and individual IIEF domain scores. NS = no statistical significance
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Table 1
Cohort Demographics
Non-Standard Shift Workers  Standard Shift Workers  p-value
n=182 n=494
Age (mean+SD) 415+10.8 46.4+14.7 0.00
Comorbidities (n(%))
Diabetes without neuropathy, retinopathy; or nephropathy 4 (2.2 %) 13 (2.63 %) 1.00
Diabetes with neuropathy, retinopathy, or nephropathy 2 (1.10 %) 7 (1.42 %) 1.00
Heart attack (M) 0 (0.00 %) 7 (1.42 %) 0.20
Congestive heart failure (CHF) 1 (0.55 %) 3(0.61 %) 1.00
Chronic obstructive pulmonary disease 0 (0.00 %) 2 (0.40 %) 1.00
Connective tissue dfsease 0 (0.00 %) 1(0.20 %) 1.00
Transient ischemic attack 1(0.55 %) 2 (0.40 %) 1.00
Stroke (with residual symptoms) 0 (0.00 %) 0 (0.00 %) 1.00
Peripheral vascular disease 0 (0.00 %) 0 (0.00 %) 1.00
Dementia 0 (0.00 %) 0 (0.00 %) 1.00
Chronic kidney disease 1(0.55 %) 2 (0.40 %) 1.00
Cancer (excluding leukemia/lymphoma or other blood cancers) 7 (3.85 %) 49 (9.92 %) 0.01
Leukemia/Lymphoma 3 (1.65 %) 3(0.61 %) 0.35
Deep venous thrombosis (DV'T) 1(0.55 %) 2 (0.40 %) 1.00
Liver disease 3 (1.65 %) 3(0.61 %) 0.35
Peptic ulcer disease 2 (1.10 %) 3(0.61 %) 0.62
AIDS (not HIV) 1 (0.55 %) 1 (0.20 %) 0.47
None 162 (89.0 %) 409 (82.80 %) 0.06
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Table 2

Questionnaire Scores

Non-Standard Shift  Standard Shift p-value

Workers Workers
n=182 n=494

IIEF Total Score (mean (SD)) 55.0 (16.6) 52.5(17.9) 0.10
Erectile dysfunction domain 25.6 (8.6) 24.4(9.4) 0.14
Orgasmic function domain 8.2(2.1) 79(2.2) 0.22
Sexual desire domain 71(2.4) 6.9 (2.5) 0.33
Intercourse domain 10.9(4.2) 9.9 (4.6) 0.01
Overall satisfaction domain 7.1(2.5) 7.0 (2.6) 0.68

ADAM Score 3.6 (3.0) 3.3(3.0) 0.28

GgADAM Score 36.0 (6.6) 36.7 (6.5) 0.17

Sleep Quality (n(%))

Very Satisfied 60 (33%) ND

Somewhat Satisfied 61 (34%) ND

Somewhat Dissatisfied 51 (28%) ND

Very Dissatisfied 10 (5%) ND

ND - No Data

1duosnuey Joyiny

1duosnuen Joyiny
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