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of genotype, health, socioeconomics, and sexual function

Anne Skakkebaek, MD, PhD"%3, Philip J. Moore, MS? Simon Chang, MD">®, Jens Fedder, MD, PhD’
and Claus H. Gravholt, MD, DMSc'-2

Purpose: Klinefelter syndrome (KS) is associated with lower
socioeconomic status and greater morbidity. However, relatively
little is known about the quality of life for men with KS, or how KS
and other factors combine to determine it.

Methods: A total of 132 men with KS were recruited in
clinics, and 313 matched controls were identified by Statistics
Denmark. Demographics, socioeconomic status, health problems
and behaviors, sexual function, medical follow-up, and mental
and physical quality of life (MQoL and PQoL, respectively) were
assessed for all participants through surveys.

Results: Men with KS reported significantly lower education
attainment levels, income, physical activity, and both PQoL
and MQoL, as well as more illness, medication, and sexual
dysfunction. KS status was associated directly with lower PQoL,

INTRODUCTION

Klinefelter syndrome (KS), also known as 47,XXY, is the most
frequent sex chromosome disorder, with a prevalence of 1 in
660 males.! Epidemiological studies demonstrate that KS is
associated with lower socioeconomic status, including lower
levels of education and employment, lower income, and fewer
partnerships.> Men with KS are also at greater risk of
psychiatric disorders such as depression, anxiety, attention
deficit/hyperactivity disorder, and autism,>~> and they are
more likely to experience sexual problems.® Moreover, men
with KS experience more morbidity and earlier mortality due
to diabetes, cardiovascular disease, infectious diseases, and
diseases of the digestive and respiratory system.>”® In
summary, men diagnosed with KS suffer from a wide variety
of both physical and psychological conditions throughout
their lives, which may significantly impact their overall quality
of life (QoL).

However, relatively little attention has been paid to QoL
in men with KS, or the factors that may determine it. In
two studies to date, boys and men with KS were found to have
a lower QoL than non-KS males in population-based
samples.”!® KS phenotype severity was also negatively
associated with QoL among boys.” In a third study, KS status

as well as indirectly through reduced income, physical activity,
and sexual function, and increased body mass index. KS status
and younger age were associated directly with lower MQoL,
as well as indirectly through reduced income, physical activity,
and partner status (for KS status), or through partner status
(for age).

Conclusion: KS status is associated with lower PQoL and MQoL
through both direct and indirect paths. These results suggest the
need for more comprehensive research and clinical approaches to
addressing quality of life for men with KS.
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was correlated with lower psychosocial well-being, which
was associated with lower levels of employment and social
support, and greater disease severity.!! While these results
are consistent with a link between KS and QoL-related
measures, a number of factors limit more definitive conclu-
sions about the associations between KS, QoL, and potential
intervening variables. First, KS correlates may differ across
studies as a function of population, setting, and timeframe, as
well as research design, protocols and measures, indicating
the need for a simultaneous assessment of these variables
within a single study to enable more direct, valid, and reliable
comparisons. Second, in addition to KS, many demographic,
physical and psychosocial factors are related to QoL,
indicating the need to distinguish between these overlapping
influences. Finally, many of these QoL predictors—including
KS—are also related to each other, indicating the need to
identify significant and independent relationships in the path
(if there is one) between KS and QoL.

To address these issues, in this study, we assessed
demographic factors, socioeconomic status, health outcomes,
and QoL among 132 men with KS and 313 matched controls.
In addition to descriptive and bivariate analyses, structural
equation modeling (SEM) was used to identify independent
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predictors of physical and mental QoL (PQoL and MQoL,
respectively)—both within and between men with KS and
controls—and to determine how these factors combine to
predict both QoL outcomes. Finally, path analyses were
conducted to identify direct and indirect links between KS
status, QoL, and the other study variables.

MATERIALS AND METHODS

Procedure

Men with KS were identified from endocrine, genetics, and
fertility clinics throughout Denmark. Surveys were sent to 225
adult males with karyotypically verified KS. For each of the
men with KS, Statistics Denmark identified five non-KS
control men who were matched on age, zip code and
education level from the general population. Three weeks
after the first survey was sent, a reminder was sent to the
nonresponders. Requirements for inclusion were a response
time of less than 4 months and a minimum of 80% of
questions answered. Of the 132 men with KS included in the
study, 104 (79%) responded after the first contact, whereas 28
(21%) responded after the reminder. Of the 313 controls in
this study, 237 (76%) responded after the first contact, and 28
(24%) responded after the reminder. The study was approved
by the Danish Data Protection Agency and registered at
ClinicalTrials.gov (NCT01690013).

KS participants

Among the participants with KS, 124 men had the 47,XXY
karyotype and 7 had 46,XY and 47,XXY; for 1 man there was
no information regarding mosaicism. The age at KS diagnosis
ranged from prenatal to 52 years, with a mean of 26.5 years.
Ninety-five (72%) of the participants with KS reported
currently receiving testosterone treatment, and seven (5%)
reported having received treatment in the past. The age at
testosterone treatment initiation ranged from 10 to 55 years,
and the duration of treatment ranged from less than one year
to more than 40 years.

Measures

Demographics

In addition to age, demographic measures included height
and weight, from which body mass indices (BMIs) were
calculated. Participants also indicated when they had left their
parents’ home, whether they lived alone (rather than with a
partner), and whether they had fathered any children.

Socioeconomic status

Participants indicated their level of education (primary
school, high school, some college, completed college, or
vocational training), employment status (employed, unem-
ployed, or retired), hours worked per week, as well as when
they worked (i.e., during the day or night), and income.

Health behaviors
Participants’ health-related behaviors included alcohol use
(number of drinks per week), cigarette smoking (daily,
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sometimes, former smoker, or never smoked), physical
activity (physically active or not), and daily medicine intake
(yes or no).

Psychological strain

For each of 15 important stages of life (e.g., starting school, or
working in a job),!? participants indicated the level of strain
they experienced (none, some, high, or not relevant) during
that period.

Health problems

Participants also indicated whether they currently suffered
from any of 26 of the most significant health problems among
KS males (e.g., hypogonadism, gynecomastia, diabetes, and
SO on).

Medical follow-up

Participants with KS indicated whether they had received any
medical follow-up for their KS-related health problems. Those
who did also indicated whether their follow-up care came
from a general practitioner, fertility clinic, endocrinologist, or
other doctor. Participants with KS also used a five-point
Likert scale from 1 (“not at all”) to 5 (“very much”) to indicate
how satisfied they were with their follow-up care.

Sexual function

Sexual function was assessed using the International Index of
Erectile Function Questionnaire (IIEF-15),!* which assesses
male erectile and sexual function over the past 4 weeks. The
IIEF-15 comprises five domains, including “erectile function”
(six items), “orgasmic function” (two items), “sexual desire”
(two items), “intercourse satisfaction” (three items) and
“overall satisfaction” (two items). Each item was rated on
a Likert scale from 1 (“very poor”) to 5 (“very good”), and
an overall sexual function score was computed for each
participant by summing their responses to all six items.
Cronbach’s alphas for these subscales ranged from 0.86
to 0.96.

QoL
To maximize the content validity of this study’s primary
outcome, QoL was assessed using two of the most prominent
and well-validated QoL instruments: the brief version of the
World Health Organization’s Quality of Life Assessment
(WHOQOL-BREF) and the RAND Corporation’s Short Form
Health Survey (SF-36).14

The WHOQOL-BREF is a 26-item assessment of indivi-
duals’ perceived QoL during the preceding 2 weeks.!> Twenty-
four of these items are divided across four domains: “physical
health” (seven items), “psychological health” (six items),
“social relationships” (three items), and “environmental
health” (eight items). The final two domains—general health
and overall QoL—are composed of one item each. Each item
was rated on a Likert scale from 1 (“very poor”) to 5 (“very
good”), and Cronbach’s alphas for the multi-item subscales
ranged from 0.62 to 0.84.
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The SF-36 comprises eight domains: “physical functioning”
(ten items), “role physical” (four items), “bodily pain” (two
items), “general health” (five items), “vitality” (four items),
“social functioning” (two items), “role emotional” (three
items), and “mental health” (five items). Two standardized
summary scores—the physical component summary and the
mental component summary—were calculated based on the
subscales. The physical component summary score was
calculated using the four subscales in the physical domain
(physical functioning, role physical, bodily pain, and general
health), and the mental component summary score was
calculated from the four subscales in the mental domain
(mental health, vitality, social functioning, and role emo-
tional). Response scales ranged from “yes/no” to six-point
Likert scales, and Cronbach’s alphas for the subscales ranged
from 0.73 to 0.92. Additional details regarding the measures
for this study can be found in the Supplementary Methods
online.

Analyses

After initial descriptive statistics and bivariate correlations
(Supplementary Table S5) were computed, three levels
of analyses were conducted on the study data. First,
separate group comparisons were conducted between KS
participants and controls for each of the study variables. Men
with KS receiving testosterone therapy were also compared
with those who were not. Second, SEM was conducted, from
which two latent QoL variables emerged—PQoL and MQoL
—and significant bivariate predictors of PQoL and MQoL
were included in respective SEM models to identify
independent, significant predictors of each QoL measure.
These two SEM models were conducted separately for both
KS and control participants. In the third set of analyses,
data from KS and control participants were combined to
conduct separate path analyses for PQoL and MQoL, again
using their respective bivariate predictors. Path analysis
identifies significant links between each pair of variables in
a model, controlling for the influence of all other model
factors, thus illuminating both direct and indirect “paths”
between independent measures, outcomes, and any mediating
variables.

A comparative fit index was used to evaluate goodness of fit
for these statistical models. Missing data were imputed with
maximum likelihood estimates. Continuous measures were
tested for normality, and non-normal data were analyzed
using the Mann-Whitney U test (as opposed to the Student’s
t-test), while categorical data were analyzed using Pearson’s
chi-squared test. Given the exploratory nature of this research
and the primary concern about type II error, we did not
include any adjustment for multiple comparisons. Data entry
was done in duplicate using epiDATA version 3.1 (EpiData
Association; Odense, Denmark), and statistical analyses were
conducted using SPSS and SPSS AMOS version 21.0 (SPSS;
Chicago, IL).
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RESULTS

KS versus controls
In summary, we found statistically significant differences between
KS and controls regarding height, weight, smoking habits,
partner status, parenthood, age when leaving parents’ home,
educational level, employment status, working hours per week,
working shifts, illness-related absences from work, income, and
daily medicine intake (Table 1), as well as psychological strain
(Supplementary Figure S1) and health problems (Supplemen-
tary Table S2). No significant differences were found between
KS and controls in age, BMI, or weekly alcohol consumption.

Significantly fewer men with KS than controls reported
engaging in physical activity or liking it during childhood or
adolescence, either in or out of school. Among participants
reporting no physical activity, men with KS were more likely to
indicate that it was due to a lack of motivation or compa-
nionship, feeling clumsy or fatigued, or their body simply not
working (Supplementary Table S1). Regarding sexual function,
significantly more men with KS than controls reported being
homosexual or bisexual, feeling less self-confidence as a man and
a sex partner, experiencing later sexual debut, orgasmic problems,
and lower intercourse satisfaction, as well as having more
testicular pain, erectile dysfunction, and delayed ejaculation
(Table 2). Among men with KS followed up by general
practitioners, 36.4% were dissatisfied with their clinical care,
compared with 12.4% of those followed up by endocrinologists,
and 45% of those not receiving any medical follow-up (Supple-
mentary Figure S2). Finally, KS men reported significantly lower
PQoL and MQoL than controls (Figure 1 and Supplementary
Table S3). However, there were no differences in either PQoL or
MQoL between men with KS receiving testosterone therapy and
men with KS who were not (Supplementary Table S4).

Structural equation models

PQolL

Among men with KS, greater PQoL was significantly—and
independently—associated with greater employment, higher
income, more physical activity, and less daily medication, but
not testosterone therapy. Together, these predictors accounted
for 37% of the variance in KS participants’ overall PQoL
(Figure 2a). Among controls, significant and independent
predictors of greater PQoL included more employment,
higher income, and more physical activity, as well as lower
BMI and less daily medication. These predictors combined to
explain 34% of control participants’ PQoL (Figure 2b).

MQolL

Among men with KS, only higher income and living with a
partner were significant independent predictors of (greater)
MQoL, accounting for 23% of the variance (Figure 2c). As
with PQoL, testosterone treatment did not significantly
predict KS participants’s MQoL. Among controls, greater
MQoL was significantly and independently predicted by older
age, more employment, living with a partner, and less daily
medication, which combined to explain 15% of control
participants’ MQoL (Figure 2d).
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Table 1 Clinical and socioeconomic characteristics of men with KS and controls

KS (n=132); median C(n=313); P value n
(range) or n (%) median (range) or n (%)

Age (years) 41.7 (19.0-76.5) 42.5(17.0-77.2) 0.20 KS: 132; C: 313
Height (cm) 185 (165-208) 180 (160-205) <0.001 KS: 129; C: 310
Weight (kg) 0 (55-180) 5 (55-131) <0.001 KS: 130; C: 308
BMI (kg/mz) 26.8 (14.2-45.0) 25.7 (16.2-39.6) 0.21 KS: 128; C: 308
Alcohol (units per week) 2 (0-25) 5 (0-50) 0.20 KS: 125; C: 302
Smoking 0.007 KS: 131; C: 307

Daily 38 (29.0) 6 (18.2)

Occasional 5(3.8) 5(8.1)

Former 24 (18.3) 0 (29.3)

Never 64 (48.9) 136 (44.3)
Marital status <0.001 KS: 130; C: 310

Lives alone 55 (42.3) 7 (18.4)

With partner 67 (51.5) 235 (75.8)

With parents 3(2.3) 0(3.2)

With other person 5 (3.8) 8(2.6)
Parenthood 52 (39.7) 225 (73.1) <0.001 KS: 131; C: 308
Age when leaving parents (years) 20 (12-50) 9 (3-32) 0.01 KS: 124; C: 294
Education level

Completed high school 20 (15.4) 91 (30.4) 0.001 KS: 130; C: 299

At least 1 year of higher education® 11 (8.5) 52 (17.0) 0.02 KS: 129; C: 305

No education 34 (26.4) 49 (16.1) 0.01 KS: 129; C: 305
Employment status

Employed or student 91 (71.1) 254 (82. 2) 0.01 KS: 128; C: 309

Unemployed 5(3.9) 0 (6.5 0.29 KS: 128; C: 309

Retired® 32 (25.0) 5(11. 3) <0.001 KS: 128; C:309
Working hours/week 37 (12-70) 9 (8-80) <0.001 KS: 91; C: 254
Working shifts (day/night) <0.001

Day 64 (78.0) 184 (79) KS: 82; C: 235

Evening 1(1.2) 5(2.1)

Night 9(11.0) 3(1.3)

Mixed 7 (8.5) 41 (17.4)

Other 1(1.2) 2 (0.9)
Absence from work due to illness in the past 36 months® 42 (51.2) 74 (31.5) 0.001 KS: 82; C: 235
Absence from work due to illness in the past 36 months 0.02 KS: 42; C: 74

> 1 year 8 (19.0) 3(4.1)

Between 3 months and 1 year 4 (9.5) 13 (17.6)

<3 months 30 (71.4) 58 (78.4)
Had a period of unemployment in the past 36 months® 31(38.8) 28 (11.9) <0.001 KS: 80; C: 235
Had a period of unemployment in the past 36 months 0.007 KS: 31; C: 28

> 1 year 13 (41.9) 2(7.1)

Between 3 months and 1 year 8 (25.8) 9 (32.1)

<3 months 10 (32.3) 17 (60.7)
Income (annual household income in DKK) <0.001 KS: 126; C: 308

<199.999 7 (21.4) 6 (11.7)

200.000-399.999 5 (43.7) 4 (24.0)

400.000-599.999 4 (27.0) 0 (26.0)

600.000-799.999 5 (4.0) 0 (26.0)

800.000-999.999 5(4.0) 5(8.1)

> 1.000.000 0 (0.0) 3(4.2)
Daily medicine intake® 5 (50.0) 108 (35.1) 0.003 KS: 130; C: 308
Physical activity 59 (45.7) 197 (63.5) <0.001 KS: 129; C: 310

BMI, body mass index; C, control; DDK, Danish kroner (1 US$ ~ 9.96 DDK); KS, Klinefelter syndrome.
Achieved an education from a business academy, university college, university, or adult and continuing higher education facility. ®Due to age, sickness, or voluntary
choice. “Including only employed cases (KS: n = 86; C: n = 237). “Excluding testosterone therapy among men with KS.
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Table 2 Sexual function of men with KS and controls

ORIGINAL RESEARCH ARTICLE

KS (n=132); C(n=313); P value n
median (range) or n (%) median (range) or n (%)
Sexual debut (years) 18 (10-45) 17.0 (12-50) 0.002  KS:123; C: 297
Number of sexual partners 0.70 KS: 108; C: 258
0 5 (4. 7 (.7)
1 17 (15.7) 36 (14.0)
2-5 40 (37.0) 86 (33.3)
6-15 28 (25.9) 77 (29.8)
>15 18 (16.7) 52 (20.2)
Frequency of intercourse/4 weeks 0.23 KS: 127; C: 296
0 36 (28.3) 77 (26.0)
1-4 48 (37.8) 91 (30.7)
5-10 33 (26.0) 88 (29.7)
>10 10 (7.9) 40 (13.5)
Sexuality <0.001 KS: 119; C: 285
Heterosexual 107 (89.9) 281 (98.6)
Bisexual 8 (6.7) 3(1.1)
Homosexual 43 1(0.4)
Self-confidence as a man and sex partner <0.001  KS:127; C: 298
Feel confident 80 (63.0) 270 (90.6)
Feel less confident 25 (19.7) 4 (1.3)
Uncertain 22 (17.3) 24 (8.1)
Premature ejaculation 0.218 KS: 125; C: 295
Never 44 (35.2) 104 (35.3)
Sometimes (<25% of sexual activity) 49 (39.2) 138 (46.8)
Often (25-75% of sexual activity) 17 (13.6) 33 (11.2)
Always/almost always (>75% of sexual activity) 15 (12.0) 20 (6.8)
Delayed ejaculation 0.002  KS: 124; C: 294
Never 70 (56.5) 211 (71.8)
Sometimes (<25% of sexual activity) 36 (29.0) 68 (23.1)
Often (25-75% of sexual activity) 9(7.3) 9 (3.1)
Always/almost always (>75% of sexual activity) 9(7.3) 6 (2.0)
Testicular pain <0.001  KS:124; C: 295
Never 95 (76.6) 273 (92.5)
Sometimes (<25% of sexual activity) 25 (20.2) 18 (6.1)
Often (25-75% of sexual activity) 3(2.4) 3(1.0)
Always/almost always (>75% of sexual activity) 1(0.8) 1(0.3)
IIEF-15
Erectile function 27 (1—30) 29 (1-30) 0.003  KS: 120; C: 291
Sexual desire 8 (2-10) 8 (2-10) 0.78 KS: 121; C: 285
Orgasmic function 9 (0-10) 10 (0-10) <0.001 KS: 127; C: 300
Intercourse satisfaction 10 (0-15) 11 (0-15) 0.006  KS: 125; C: 293
Overall satisfaction 8 (2-10) 8 (2-10) 0.14 KS: 110; C: 276
Total sexual function 61(5-75) 66(5-75) 0.008 KS:98; C: 254

C, control; International Index of Erectile Function Questionnaire (IIEF-15); KS, Klinefelter syndrome.

Data are derived from the IIEF-15.

Path analytic models

PQolL

In addition to its direct (negative) association with PQoL,
having KS was also linked to lower PQoL indirectly through
lower income and higher BMI (Figure 3a). KS status had
similarly negative direct and indirect links (again through
income and BMI) to physical activity, which was itself

GENETICS in MEDICINE | Volume 00 | Number | Month

associated positively with PQoL—both directly and indirectly
—through sexual function, which also mediated a separate
link between income and PQoL.

MQolL
As shown in Figure 3b, there were two empirical paths to
participants’ MQoL. The first path began with KS status,
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which was linked directly (and negatively) to MQoL,
and indirectly through living alone—which was negatively
associated with MQoL and positively associated with income
—and lower income, which was positively related to MQoL.
Both KS status and income were linked indirectly to MQoL
through their associations with physical activity, which was
associated with greater MQoL. A second, simpler path to
MQoL began with age, which was related directly (and
positively) to MQoL, and indirectly through its positive link

WHOQOL-BREF |
Psysical health |
Psychological health |
Social relationships |
Environment health |

SF-36 |

Physical function | . . - KS

Role physical |

Bodily pain |

General health

Vitality |

Social functioning |
Role emotional

Memalneath ==

0 20 40 60 80 100 120

B Controls

Figure 1 Data regarding quality of life in men with Klinefelter
syndrome (KS) and controls. Data are derived from the World Health
Organization’s Quality of Life Assessment (WHOQOL-BREF) and RAND
Corporation’s Short Form Health Survey (SF-36) questionnaires. The X-axis
indicate the scores from subscales.
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to living with a partner. A third path comprised significant
effects of KS status and older age on higher levels of daily
medication.

DISCUSSION

In this study, having KS was strongly and consistently
associated with poorer QoL and other related factors, both
in bivariate and multivariate analyses. In addition to the
previous research on KS correlates cited earlier, these results
are consistent with the limited research on the link between
KS and QoL, including the inverse association found between
QoL and phenotype severity among boys and men with
KS,>!! and the finding that over three-quarters of KS men felt
that KS had had a severely negative impact on their life.'®
These results also mirror the lower QoL observed among
patients with chronic diseases such as diabetes and heart
disease!”!® (which are also associated with KS), suggesting
that lower QoL among KS males may be due, at least in part,
to comorbidity.>”1

Also concordant with previous research, employment and
income were negatively associated with KS status, and
positively linked with QoL (and each other), both within
and between the KS and control groups. This suggests that
while employment and income are relevant to the QoL of KS
and non-KS populations alike, they are particularly important
—but less available in the sense that more KS are unemployed
and are less skilled—to those with KS, as was found in

b

component
summary

0.61
Mental
023 0.78 4—@

0.23*

e 0.95 0.91

Psychological
health

Testosterone | -~ .06

treatment
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S Sl
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Figure 2 Structural equation models for quality of life in men with Klinefelter syndrome (a,b) and in controls (c,d). Physical quality of life
(PQoL; a,c) and mental quality of life (MQoL; b,d) are latent variables, and the single-headed arrows from the latent variables point to their respective
indicators. The single-headed arrows from the rectangular boxes (observed variables) to the latent variables represent the impact of each observed
variable on the latent variable. Circles E1, E2, and E3 represent errors. The overall goodness-of-fit parameters are displayed below each model. The
dashed arrows represent non-significant associations. The numbers beside each association are estimates of standardized regression coefficients. BMI,

body mass index; CFl, comparative fit index. *P < 0.05, **P < 0.01.
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Figure 3 Path models. Physical quality of life (PQoL; a) and mental quality of life (MQoL; b) with B standard coefficients. PQoL and MQoL are latent
variables. The rectangles represent observed variables. BMI, body mass index; KS, Klinefelter syndrome. *P < 0.05, **P < 0.01.

previous studies of QoL among other patients!”!820:21 and

healthy people.??> Many of the challenges and limitations that
accompany KS may also limit one’s ability to find or maintain
employment, as suggested by our finding that KS men were
significantly more likely than controls to be unemployed
or absent from work due to illness (although the latter may
be due in part to KS men working nightshifts, which can
also have negative health effects?®). It is also worth noting
that employment and income had independent effects on
QoL, illustrating the importance of both financial and
nonmaterial aspects of employment for physical and psycho-
logical well-being.

Physical activity was significantly lower among KS men and
positively linked to QoL, particularly for PQoL (which is to be
expected), and particularly among matched controls, which
may reflect the impact of greater physical activity on PQoL
and/or vice versa. These results are consistent with previous
studies among other patient groups,'”?* and in the general
population.?> Similarly, BMI was significantly higher among
KS participants, and negatively associated with PQoL, but
only among controls. Consistent with previous research in the
general population,® this finding may reflect lower PQoL
variability, or the smaller sample of KS men in this research.

Although unrelated to PQoL, living with a partner was
consistently associated with higher MQoL, especially among KS
participants, suggesting that men with KS may have a greater
need for social support, which is concordant with previous
associations between KS status and poorer social skills,2®
and previous links between social support and mental health
among men with KS!' and other patient groups.!”!® In
addition, the current path analyses indicate that living with a
partner partially explains the lower MQoL associated with KS
and the higher MQoL as both KS and non-KS men grow older.
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While overall sexual dysfunction was only marginally
associated with KS status in this research, men with KS
reported significantly more erectile dysfunction, decreased
orgasmic function and lower intercourse satisfaction, as well
as delayed ejaculation and testicular pain. These findings are
largely inconsistent with the majority of previous studies on
the link between KS and sexual dysfunction, which have not
found significant differences.®?”28 However, the external
validity of these studies may be limited, given the relatively
narrow scope of recruitment, as participants were recruited
through men seeking medical treatment for infertility or
sexual dysfunction,®?”-?8 while this research included matched
controls from the general population. Consistent with
previous research,®?° we found no significant differences in
the number of sexual partners or intercourse frequency
between men with KS and controls, indicating that despite
some problems, men with KS maintain active sex lives. In
addition, sexual function partially mediated the effects of both
income and physical activity on participants’ overall PQoL.
We found no QoL differences between KS men who had
received testosterone therapy and those who had not. While
these findings mirror other null results,®?” testosterone
treatment has been found to improve sexual motivation
and mood in both men with KS* and other hypogonadal
men.*132 These discrepancies may reflect differences in the
frequency and/or dosage of the testosterone therapies, or the
sexual dysfunction of KS men may have other causes
unrelated to testosterone level, such as dyslipidemia, diabetes,
hypertension, metabolic syndrome, and obesity, which are
also associated with erectile dysfunction®® and infertility.>*
Further studies correlating sexual function with serum levels
of sex hormones and the prevalence of diabetes may elucidate
answers to these questions.
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Surprising and somewhat alarming, over one-third (38%) of
KS men in this study reported receiving no medical follow-up
by a specialist, which made these patients significantly less
satisfied than those who were seen by a specialist. This may
have been due to general practitioners restricting their focus
to testosterone supplementation, while endocrinologists
may also address other aspects of KS, including comorbidity,
sexual function, psychosocial aspects, and QoL. These results
are consistent with those of Turriff et al.,*® who found that a
primary complaint of KS patients was health-care providers
who lacked knowledge about their condition. This suggests
that the treatment of men with KS may be improved by
addressing KS-related problems identified in this and other
research.

Strength and limitations

This research is the most comprehensive study of QoL among
men with KS to date, and the first to empirically and
simultaneously examine the ability of demographic, anthro-
pometric, socioeconomic, medical, and behavioral factors to
predict the PQoL and MQoL of KS men and matched
controls. In so doing, this research controlled for different
research settings, designs and measures in previous bivariate
studies of KS and QoL-related outcomes, while also identify-
ing independent significant predictors of both PQoL and
MQoL. Using path analysis, this study also identified direct
and indirect empirical pathways between KS, QoL, and their
respective mediators. In turn, these results provide not only
guidance for future research, but also potential targets for
intervention (i.e., mediators) to mitigate the deleterious
effects of KS.

The limitations of this study include the cross-sectional and
observational nature of the research design, which precludes
causal inferences about the relationships identified in these
analyses. Of course, the same is true for any research in which
predictors—including KS status and most other factors in this
study—cannot be randomly assigned. However, given the
nature of the analyses and some of the measures in this study,
we can make certain conclusions about the directionality of
many of the observed links. First, we know that neither KS
nor age were caused by any other factors being considered. In
addition, physical, social, and socioeconomic characteristics
tend to be stable over time and established early in life,
suggesting that they likely precede current measures of
behavior and psychological states. Finally, these analyses
controlled for a wide variety of potential confounds,
identifying a number of factors that did not explain the
current findings. Nonetheless, more definitive conclusions
about the directional and causal links would require future
longitudinal and experimental studies, which would be
valuable extensions of this research.

The current results may also be limited in their general-
izability; although the recruitment of men with KS was
conducted in many relevant clinics across Denmark, the
selection of these clinics was not random, and the final
response rates for KS men and matched controls were 59%
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and 28%, respectively. Although these response rates are
comparable to similar survey studies,® and the socioeco-
nomic status and health problems of respondents with KS in
this research were similar to the broader Danish KS
population,>”*” we found a higher prevalence of fatherhood
and a lower prevalence of retirement, suggesting that the KS
responders in this study may have had a more favorable
socioeconomic profile than the broader KS population in
Denmark.

This research was based largely on participant self-reports,
which are subject to potential biases, especially for measures
with positive or negative social connotations. Although this
should not impact linear relationships—assuming the biases
are consistent across participants—they may influence the
descriptive results, and may introduce confounding effects
into bivariate and multivariate analyses (but only if they are
associated with both linked variables). One way to assess and
control for these effects in future research would be to include
a social desirability measure,®® which could control for
people’s desire to be viewed in a positive light.

Although comprehensive, the current structural equation
models explained between 15 and 37% of the variance in
participants’ QoL. While significant, and similar to QoL
studies in other patient populations,'”* these results indicate
that the majority of QoL among KS men and controls was
determined by factors not considered in these analyses. These
additional determinants may come from different sources
(e.g., personality, experience, or physical setting), and they
illustrate the importance of continued research in this area.

In conclusion, the results of this research illustrate the
multifaceted nature of QoL and its predictors—including KS
—and the importance of identifying these relationships for
better understanding and more effective treatment of KS-
related problems. These findings also argue for additional
research and broader knowledge about how genetic, socio-
economic, medical, psychological, and behavioral factors
impact individuals’ QoL, and vice versa. In so doing, this
research and similar future studies may help to improve the
physical and psychological well-being of KS men and others,
as well as the conditions that may combine to determine these
important health outcomes. The current results are consistent
with previous suggestions that men with KS would benefit
from multidisciplinary clinical care,* which we also strongly
support.

SUPPLEMENTARY MATERIAL
Supplementary material is linked to the online version of the
paper at http:/Awww.nature.com/gim
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