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Validity of the AMS questionnaire for screening hypogonadism in men with type
2 diabetes: A cross-sectional study

Jaromir 0zana'?, Katarina Moravcova'?, Eliska Sovova', Marketa Sovova’, Libor Jelinek’, Radek Adamek’

Background. Hypogonadism is common among men with type 2 diabetes mellitus (T2DM), but diagnosis can be
confounded by overlapping symptoms from diabetic complications. The Aging Males’ Symptoms (AMS) questionnaire
is widely used for screening, yet its validity in this specific population remains unclear.

Objective. To evaluate the relationship between AMS scores and serum testosterone levels in men with T2DM, assess
diagnostic accuracy at various AMS cut-offs, and examine the influence of diabetic comorbidities on AMS scores.
Methods. We conducted a cross-sectional study in 158 men with T2DM. Participants completed the AMS questionnaire
and underwent morning testosterone measurement. Comorbidities such as neuropathy, nephropathy, and obstructive
sleep apnea were assessed. AMS diagnostic performance was evaluated using different cut-off values (=27, 30, 35, 40).
Results. AMS total score showed a modest inverse correlation with testosterone (p = —0.16, P=0.047), primarily driven
by the physical subscale. Neuropathy and nephropathy were associated with higher sexual subscale scores. An AMS
>27 cut-off had high sensitivity (91%) but poor specificity (21%) for testosterone <12 nmol/L.

Conclusion. AMS scores correlate weakly with testosterone levels in men with T2DM. Diabetic complications can
elevate AMS scores independently, suggesting the need for caution and possibly higher cut-offs when using AMS for
hypogonadism screening in this population.

SCREENING HYPOGONADISM IN TYPE 2 DIABETES

The Aging Males’ Symptoms (AMS)
questionnaire is a self-reported tool commonly
used to screen for symptoms of androgen
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deficiency. In men with type 2 diabetes, however, s
symptoms such as fatigue, low libido, or poor %l
sleep may also result from diabetes-related
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apnea. These overlapping symptoms can reduce
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AMS is useful in diabetic men, but comorbidities must be considered when interpreting scores.
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Higher AMS cut-offs may improve specificity and reduce overdiagnosis in men with type 2 diabetes.
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INTRODUCTION

Most validation studies of the Aging Males’ Symptoms
(AMYS) questionnaire have been conducted in general pop-
ulations of aging men, without special attention to those
with type 2 diabetes mellitus (T2DM) (ref.!). However,
men with T2DM represent a distinct subgroup, with a
higher prevalence of hypogonadism - often reported be-
tween 30% and 50% - than in the general population,
as well as common complications such as neuropathy,
nephropathy, and obesity?®. Hypogonadism in men is
characterized by low serum testosterone and a cluster of
clinical symptoms including fatigue, reduced libido, erec-
tile dysfunction, muscle weakness, and mood disturbanc-
es®®. While diagnosis traditionally requires biochemical
confirmation of low testosterone alongside these symp-
toms, the potential overlap between diabetic complica-
tions and androgen-deficiency manifestations can make
clinical evaluation challenging.

The AMS questionnaire was originally developed as
a self-reported tool to assess health-related quality of life
and aging-related symptoms in men’"". It has demonstrat-

ed favorable psychometric properties, including internal
consistency and sensitivity to changes following testos-
terone therapy''. Nonetheless, in populations with a high
burden of comorbidities, such as T2DM, the specificity
and overall validity of the AMS for detecting hypogonad-
ism have yet to be clarified. Most prior validation efforts
did not incorporate detailed assessments of diabetic com-
plications that could inflate AMS scores independently
of testosterone deficiency.

In this study, we aimed to investigate the relationship
between AMS scores and serum total testosterone levels
among men with T2DM, specifically addressing whether
established AMS cut-offs (e.g., >27) retain adequate di-
agnostic performance under the influence of neuropathy,
nephropathy, retinopathy, obstructive sleep apnea, hyper-
tension, dyslipidaemia, or hypovitaminosis D. By focusing
on this high-risk group and examining the impact of these
comorbidities, our work aims to clarify whether the AMS
questionnaire can reliably identify true hypogonadism in
men with T2DM or whether it may lead to excessive false-
positive findings due to overlapping symptomatology.

Symptoms and descriptions Never Rarely |Occasionally] Often Very Often
1. Loss of general sense of well-being (overall health status, subjec-
tive feelings) . . . . .
2. Joint and muscle pain (lower back, joints, hip pain, overall
backache) . u . O .
3. Excessive sweating (sudden, unexpected sweating, hot flushes
unrelated to stress) u u . O O
4. Sleep problems (difficulty falling asleep, waking up during the ] = 0 0 0
night, early waking with tiredness, poor sleep quality, insomnia)
5. Increased need for sleep, frequent tiredness O O O O O
6. Irritability (aggressive feelings, easily upset by small things,
moodiness) O O O O O
7. Nervousness (tension, restlessness, anxiety) | | [l | O
8. Anxiety (feelings of panic) O] O] Il Il [l
9. Physical exhaustion/lack of energy (overall decrease in perfor-
mance, reduced activity, less interest in active rest, diminished O] ] Il Il [l
efficiency, must force yourself to act)
10. Reduced muscle strength (feeling of weakness) O] ] |:| [l [l
11. Depressive moods (low mood, sadness, tearfulness, loss of ] = 0 0 0
enthusiasm, mood swings, feelings of worthlessness)
12. Feeling that the best times are over O O O O O
13. Burnout, feeling at your limit ] O O O O
14. Reduced body hair growth [l Ol O O L]
15. Reduced sexual performance/frequency of sexual intercourse O O O O O
16. Decreased number of morning erections O] ] Il Il [l
17. Reduced sexual desire/libido (reduced enjoyment of sex, low

. fesireflibido ( oy O O O O O
desire for sexual activity)

Fig. 1. AMS questionnaire.
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MATERIALS AND METHODS

Study design and population

This cross-sectional observational study included 158
men with T2DM, consecutively recruited from a diabe-
tes outpatient clinic. The inclusion criteria were male
sex, confirmed T2DM diagnosis, and age over 40 years.
Exclusion criteria comprised known hypogonadism un-
der current testosterone therapy, recent acute illness, or
any condition interfering with hormonal assessment!2.
All participants provided written informed consent, and
the protocol was approved by the local Ethics Committee
of University Hospital Olomouc, Czech Republic and
was supported by the Internal Grant Agency of Palacky
University, grant number IGA: LF_2021_31.

Clinical and laboratory assessment

Anthropometric measurements (weight, height,
BMI, waist circumference) were obtained. Morning fast-
ing blood samples (7:00-9:00 a.m.) were analysed for
total testosterone using standardized immunoassays'>!.
Routine parameters, including HbA 1c, fasting glucose,
and vitamin D levels, were also measured.

AMS questionnaire

Each participant completed the validated Czech ver-
sion of the Aging Males’” Symptoms (AMS) question-
naire (Fig. 1). This 17-item tool uses a 5-point Likert
scale covering three subscales: psychological (questions
6, 7, 8, 11, 13), physical/somatic (questions 1, 2, 3, 4, 5,
9, 10) and sexual (questions 12, 14, 15, 16, 17), yielding
total scores between 17 and 85 points, with higher scores
indicating more severe symptoms. A total AMS score >27
is commonly deemed “positive,” suggestive of possible
androgen deficiency'*!.

Definition of hypogonadism

Biochemical hypogonadism was defined using two cut-
off values for total testosterone: <12 nmol/L (suggesting
androgen deficiency) and <8 nmol/L (severe deficiency).
Patients were subsequently classified into three groups:
T <8, T8-12, T >12 (ref.6™011)

Assessment of comorbidities

Diabetes-related complications, including neuropathy,
nephropathy, retinopathy, cardiovascular disease, hyper-
tension, and dyslipidemia, were identified using standard
clinical criteria based on patient interviews and medical
records.

Obstructive sleep apnea: syndrome (OSAS) severity
was assessed by overnight monitoring of the apnea-hypo-
pnea index (AHI), the lowest oxygen saturation, and the
percentage of time with Oz saturation below 90%. Home
Sleep Apnea Testing (HSAT) is a validated alternative to
conventional polysomnography (PSG), which enables the
diagnosis of OSA outside the sleep laboratory, typically in
the patient’s home environment. We performed the home
testing using the SomnoCheck micro device (Weinmann/
Loewenstein, Germany).

Neuropathy: in addition to patient-reported symptoms,
each participant underwent a comprehensive neurological
evaluation comprising a 10-g monofilament test (protec-
tive sensation), a 128-Hz tuning fork (vibratory percep-
tion), and temperature plus sharp-dull discrimination
testing.

Nephropathy: defined by albuminuria (>30 mg/24 h)
or eGFR <60 mL/min/1.73 m? for at least three months.

Retinopathy: assessed via a dilated fundus examination
performed by an ophthalmologist.

Hypertension: systolic/diastolic blood pressure
>140/90 mmHg or current antihypertensive therapy.

Dyslipidemia: diagnosed and managed according to
European dyslipidemia guidelines or if patients were re-
ceiving lipid-lowering medication.

Statistical analysis

Descriptive statistics were generated for all variables.
Nonparametric Kruskal-Wallis and Mann-Whitney U tests
were used to compare AMS scores across testosterone
groups and comorbidity status. Spearman’s rank correla-
tion coefficients assessed associations between AMS (to-
tal/subscales) and clinical parameters. Logistic regression
was applied to examine the relationship between AMS
positivity (227, 30, 35, 40) and hypogonadism (T <12
or <8 nmol/L). Sensitivity, specificity, and positive and
negative predictive values were calculated. Analyses were
performed in Python (pandas, scipy, statsmodels), with
P<0.05 deemed significant.

RESULTS

Basic characteristics of the study population

A total of 158 men with T2DM participated. The
mean age was 63 years (range 42-82), with a median
T2DM duration of 10 years. The average BMI was 31.2
kg/m”2, with 89% classified as overweight/obese (BMI
>25). Mean HbAlc was 7.8%, and fasting glucose aver-
aged 8.4 mmol/L. Median serum total testosterone was
11.2 nmol/L (range 3.2-31.0). Overall, 48.1% (n=76) had
T <12 nmol/L, and 13.9% (n=22) had T <8 nmol/L. The
median AMS total score was 38 (IQR: 31-45), with 88%
(n=139) screening “positive” by the conventional >27 cut-
off (Table 1).

Comorbidities were frequent: 72% (n=114) had hyper-
tension, 91% (n=144) dyslipidemia, 42% (n=66) neuropa-

Table 1. Basic characteristic of the study population.

Variable Mean + SD Range
Age (years) 63.4+13.9 42-82
BMI (kg/m?2) 314 £6.7 19.6-52.0
Testosterone level (nmol/L) 11.2+5.7 0.5-43.3
HbAlc (NGSP %) 7.8+2.1 5.1-16.4
Total AMS score 40.0 £ 10.9 17.0-69.0
Duration of diabetes mellitus 9.9+8.0 0-42

(years)
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Table 2. Complications of the study population, AHI (apnoe/hypopnoe Index), OSA (obstructive sleep apnea).

Complication n (%) Complication n (%)

Neuropathy 66 (41.8%) Dyslipidemia 144 (91.1%)
Retinopathy 16 (9.8%) No OSA (AHI <5) 43 (27.4%)
Nephropathy 43 (27.2%) Mild OSA (AHI 5-15) 57 (36.3%)
Ischemic heart disease 28 (18.4%) Moderate OSA (AHI 15-30) 33 (20.7%)
Hypertension 114 (72.3%) Severe OSA (AHI >30) 25 (15.6%)

thy, 27% (n=43) nephropathy, 10% (n=16) retinopathy,
and 18% (n=28) had cardiovascular disease. The screening
for sleep apnea using the Apnea-Hypopnea Index (AHI)
revealed that 27.4% of patients were negative (AHI <5),
36.3% had mild sleep apnea (AHI 5-14.9), 20.7% had
moderate sleep apnea (AHI 15-29.9), and 15.6% were
affected by severe sleep apnea (AHI >30) (Table 2).

AMS score and testosterone levels

Serum testosterone showed a significant inverse cor-
relation with the total AMS score (Spearman’s p=—0.16;
P=0.047). Among three testosterone groups (<8, 8-12,
>12 nmol/L), AMS total scores differed significantly
(Kruskal-Wallis P=0.042) (Fig. 2). Post hoc tests indicated
that T <8 nmol/L patients exhibited higher AMS scores
than those with T >12 nmol/L, whereas the 8§-12 nmol/L
“gray zone” did not significantly differ from either group.

The physical subscale correlated most strongly with
testosterone (Spearman’s p=-0.19; P=0.025), with T
<8 nmol/L participants reporting significantly higher
physical-symptom scores compared to those with normal
testosterone (P=0.022). Sexual subscale differences were
not statistically significant (P=0.108), and psychological
subscale scores did not vary across testosterone groups
(P=0.556).

Influence of comorbidities on AMS scores

Diabetic neuropathy correlated with higher total AMS
scores (median 42 vs. 37, P=0.045), predominantly driv-
en by the sexual subscale (median 13 vs. 11, P=0.017).
Similarly, nephropathy was associated with elevated sex-
ual subscale scores (median 13.5 vs. 11, P=0.016). Other
comorbidities (hypertension, retinopathy, cardiovascular
disease) did not significantly influence total or subscale
AMS scores. These results suggest that diabetes-related
complications, particularly neuropathy and nephropathy,
may increase AMS scores independent of testosterone,
raising the risk of false-positive screening results.

AMS cut-off analysis and screening performance

Using testosterone thresholds <12 and <8 nmol/L,
AMS cut-offs of 27, 30, 35, and 40 were evaluated. At
AMS >27, sensitivity reached 91% for T <12 nmol/L,
whereas specificity was only 21% (PPV 52%, NPV 71%).
Adjusting the threshold to AMS >30 modestly reduced
sensitivity (84%) while improving specificity (28%).
Higher thresholds (AMS >35, >40) provided further spec-
ificity gains (41% and 62%, respectively) at the expense of
sensitivity (67% and 52%). The positive predictive value
for detecting T <8 nmol/L remained low (15-24%) across
all cut-offs, yet negative predictive values exceeded 90%.

Total AMS Score by Testosterone Group
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Table 3. Table summarizes the strength and direction of associations between total AMS score and its subscales (physical,
sexual, psychological) and selected variables. Statistically significant correlations (P<0.05) are indicated.

Variable 1 Variable 2 Spearman p P Significant Direction
(P<0.05)

AMS total Testosterone -0.16 0.047 Yes Negative
AMS total BMI -0.00 0.960 No Neutral
AMS total HbAlc 0.07 0.400 No Positive
AMS total AHI 0.03 0.750 No Positive
AMS total Age -0.12 0.28 No Negative
AMS total Duration of DM 0.15 0.18 No Positive
Physical subscale Testosterone -0.19 0.025 Yes Negative
Sexual subscale Neuropathy 0.17 0.017 Yes Positive
Sexual subscale Nephropathy 0.18 0.016 Yes Positive
Psychological subscale Testosterone -0.09 0.260 No Negative
Testosterone AHI/RDI -0.10 0.240 No Negative
Testosterone Vitamin D 0.12 0.140 No Positive
DISCUSSION medication effects. Although only total testosterone was

Our cross-sectional study in men with T2DM re-
vealed a modest but statistically significant inverse
relationship between AMS scores and serum testos-
terone levels. This link was pronounced in individuals
with testosterone <8 nmol/L; those in the §-12 nmol/L
range resembled the >12 nmol/L group. Notably, the
physical subscale best reflected androgen deficiency,
whereas the sexual subscale was less discriminative,
possibly due to confounding by diabetes complications.
These findings are consistent with previous studies, which
also reported that the correlation between AMS scores
and testosterone is strongest in men with overt hypogo-
nadism, and that symptom-based questionnaires tend to
lose discriminative power in the borderline range of tes-
tosterone (8-12 nmol/L) (ref.2®). Similarly, Rastrelli et al.
emphasized that comorbid conditions in men with T2DM
may blur the clinical picture, particularly in domains re-
lated to sexual function?.

Neuropathy and nephropathy specifically boosted
sexual subscale scores, illustrating how certain comor-
bidities can mimic or amplify androgen-deficiency symp-
toms. Although obstructive sleep apnea was evaluated via
AHI and oxygen saturation'®, we observed no conclusive
impact on AMS scores, despite a trend toward lower tes-
tosterone with more severe apnea.

The standard AMS >27 threshold delivered high sen-
sitivity (91%) for hypogonadism (T <12 nmol/L) but poor
specificity (21%). Slightly raising the cut-off to 30 or 35
improved specificity yet reduced sensitivity. These find-
ings mirror concerns about overdiagnosis in comorbid
populations®®!, where a balance between sensitivity and
specificity is needed to avoid unnecessary follow-up test-
ing. A simplified AMS variant showed promise in general
populations, but our data underline the importance of
population-specific validation, particularly for men with
T2DM (ref."7).

Limitations include the cross-sectional design, sin-
gle total testosterone measurement, and potential con-
founding from unmeasured factors such as depression or

measured, free or bioavailable testosterone may offer a
better reflection of androgen status in obese individuals'®.
However, the pragmatic scope of this study aligned with
current guidelines favoring total testosterone as an initial
screening®’. In clinical practice, borderline values (8-12
nmol/L) warrant confirmatory assessment, including
SHBG and free testosterone!*?°. Nonetheless, the chosen
approach, a single morning testosterone draw, aligns with
practical screening guidelines®. While the overall sample
size of 158 men provided sufficient statistical power to
address the primary study question, it was more limited
for secondary or exploratory subgroup analyses, such as
stratification by age, where statistical significance may
have been attenuated Additional prospective studies could
assess whether combining AMS scores with clinical/bio-
chemical markers enhances detection accuracy and cost-
effectiveness.

Beyond its diagnostic role, the AMS questionnaire also
offers practical advantages in routine care. It provides a
structured way to explore a broad spectrum of symptoms,
including sensitive areas such as sexual function, which
are often not spontaneously discussed during standard
diabetes follow-up visits. In this respect, the questionnaire
may serve as a useful communication aid, helping clini-
cians to identify concerns that might otherwise remain
unaddressed?'.

CONCLUSION

In men with T2DM, AMS scores correlate only mod-
erately with total testosterone, primarily in severe hypog-
onadism. Diabetic complications, especially neuropathy
and nephropathy, can inflate AMS scores, reducing speci-
ficity. Based on our analysis, the conventional cut-off of
>27 showed high sensitivity but very poor specificity,
leading to many false-positive results. A threshold of >30
provided the best balance between sensitivity and speci-
ficity in this cohort, and may therefore represent a more
pragmatic cut-off for clinical use in men with type 2 dia-
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betes. Future research should address whether integrating
AMS with other clinical and biochemical markers can re-
fine hypogonadism screening in this high-risk population.
Besides its diagnostic utility, the AMS questionnaire can
serve as a practical tool to open discussion on sensitive is-
sues, such as sexual dysfunction, that are often overlooked
in standard diabetes care.

Acknowledgement: This study was supported by the
Internal Grant Agency of Palacky University, grant num-
ber IGA:LF_2021_31.

Author contributions: JO: conceived and designed the stu-
dy, supervised the project, and drafted the manuscript;
KM, ES: recruitment of patients and clinical data collec-
tion; MS, LJ: performed clinical examinations and con-
tributed to data interpretation; RA: statistical analyses
and results interpretation. All authors critically revised
the manuscript, approved the final version, and agree to
be accountable for the accuracy and integrity of the work.
Conflict of interest statement: The authors state that there
are no conflicts of interest regarding the publication of
this article.

REFERENCES

1. Araujo AB, Esche GR, Kupelian V, O'Donnell AB, Travison TG, Williams
RE, Clark RV, McKinlay JB. Prevalence of Symptomatic Androgen
Deficiency in Men. J Clin Endocrinol Metab 2007;92(11):4241-7. doi:
10.1210/jc.2007-1245

2. Rastrelli G, Corona G, Maggi M. Both comorbidity burden and low
testosterone can explain symptoms and signs of testosterone de-
ficiency in men consulting for sexual dysfunction. Asian J Androl
2020;22(3):265-73. doi: 10.4103/aja.aja_61_19

3. Kelly DM, Jones TH. Testosterone and obesity. Obes Rev
2015;16(7):581-606. doi: 10.1111/0br.12282

4. Wittert G, Grossmann M. Obesity, type 2 diabetes, and testosterone
in ageing men. Rev Endocr Metab Disord 2022;23(6):1233-42. doi:
10.1007/s11154-022-09746-5

5. Molina-Vega M, Muhoz-Garach A, Damas-Fuentes M, Fernandez-
Garcia JC, Tinahones FJ. Secondary male hypogonadism: A
prevalent but overlooked comorbidity of obesity. Asian J Androl
2018;20(6):531-8. doi: 10.4103/aja.aja_44_18

6. Bhasin S, Brito JP, Cunningham GR, Hayes FJ, Hodis HN, Matsumoto
AM, Snyder PJ, Swerdloff RS, Wu FC, Yialamas MA. Testosterone
Therapy in Men With Hypogonadism: An Endocrine Society Clinical
Practice Guideline. J Clin Endocrinol Metab 2018;103(5):1715-44. doi:
10.1210/jc.2018-00229

7. Corona G, Goulis DG, Huhtaniemi |, Zitzmann M, Toppari J, Forti G,
Vanderschueren D, Wu FC. European Academy of Andrology (EAA)
guidelines on investigation, treatment and monitoring of func-
tional hypogonadism in males: Endorsing organization: European
Society of Endocrinology. Andrology 2020;8(5):970-87.doi: 10.1111/
andr.12770

8. Dhindsa S, Ghanim H, Batra M, Dandona P. Hypogonadotropic
Hypogonadism in Men With Diabesity. Diabetes Care
2018;41(7):1516-25. doi: 10.2337/dc17-2510

9. Ugwu ET, Ikem RT. Androgen deficiency in aging male questionnaire
for the clinical detection of testosterone deficiency in a population
of black Sub-Saharan African men with type 2 diabetes mellitus: is
it a reliable tool? Curr Diabetes Rev 2018;14(3):280-5. doi: 10.2174/
1573399812666161228152036

10. Heinemann LA, ZimmermannT, Vermeulen A, Thiel C, Hummel W. A
new‘aging males’symptoms’rating scale. Aging Male 1999;2:105-14.

11. Daig |, Heinemann LA, Kim S, Leungwattanakij S, Badia X, Myon E,
Moore C, Saad F, Potthoff P, Thai do M. The Aging Males' Symptoms
(AMS) scale: review of its methodological characteristics. Health
Qual Life Outcomes 2003;1:77. doi: 10.1186/1477-7525-1-77

12. Spratt DI, Bigos ST, Beitins I, Cox P, Longcope C, Orav J. Both hyper-
and hypogonadotropic hypogonadism occur transiently in acute
illness: bio- and immunoactive gonadotropins. J Clin Endocrinol
Metab 1992;75(6):1562-70. doi: 10.1210/jcem.75.6.1464665

13. Huhtaniemi IT, Tajar A, Lee DM, O’Neill TW, Finn JD, Bartfai G, Boonen
S, Casanueva FF, Giwercman A, Han TS, Kula K, Labrie F, Lean ME,
Pendleton N, Punab M, Silman AJ, Vanderschueren D, Forti G, Wu
FC; EMAS Group. Comparison of serum testosterone and estradiol
measurements in 3174 European men using platform immunoassay
and mass spectrometry; relevance for the diagnostics in aging men.
Eur J Endocrinol 2012;166(6):983-91. doi: 10.1530/EJE-11-1051

14. Brambilla DJ, Matsumoto AM, Araujo AB, McKinlay JB. The effect
of diurnal variation on clinical measurement of serum testoster-
one and other sex hormone levels in men. J Clin Endocrinol Metab
2009;94(3):907-13. doi: 10.1210/jc.2008-1902

15. Luboshitzky R, Lavie L, Shen-Orr Z, Lavie P. Pituitary-gonadal func-
tion in men with obstructive sleep apnea. The effect of continu-
ous positive airways pressure treatment. Neuro Endocrinol Lett
2003;24(6):463-7.

16. ZhouY,Tian R, Wang X, Sun J, Zhu L, An X The occurrence of hypog-
onadotropic hypogonadism in Chinese men with type 2 diabetes.
Clin Endocrinol (Oxf) 2022;96(6):776-84. doi: 10.1111/cen.14680

17. AkehiY, Tanabe M, Yano H, Takashi Y, Kawanami D, Nomiyama T,
Yanase T. A simple questionnaire for the detection of testoster-
one deficiency in men with late-onset hypogonadism. Endocr J
2022;69(11):1303-12. doi: 10.1507/endocrj.EJ22-0073

18. Rastrelli G, O'Neill TW, Ahern T, Bartfai G, Casanueva FF, Forti G,
Keevil B, Giwercman A, Han TS, Slowikowska-Hilczer J, Lean MEJ,
Pendleton N, Punab M, Antonio L, Tournoy J, Vanderschueren D,
Maggi M, Huhtaniemi IT, Wu FCW; EMAS study group. Symptomatic
androgen deficiency develops only when both total and free testos-
terone decline in obese men who may have incident biochemical
secondary hypogonadism: Prospective results from the EMAS. Clin
Endocrinol (Oxf) 2018;89(4):459-69. doi: 10.1111/cen.13756

19. Stérka L, Duskova M, Hill M. Hypogonadismus obéznich muzd. Vnit¥
Lék 2020;66(8):e24-e27. (In Czech)

20. Morris PD, Malkin CJ, Channer KS, Jones TH. A mathematical com-
parison of techniques to predict biologically available testosterone
in a cohort of 1072 men. Eur J Endocrinol 2004;151(2):241-9. doi:
10.1530/eje.0.1510241

21. Bijlsma-Rutte A, Braamse AMJ, van Oppen P, Snoek FJ, Enzlin P,
Leusink P, Nijpels G, Elders PJM. Screening for sexual dissatis-
faction among people with type 2 diabetes in primary care. J
Diabetes Complications 2017;31(11):1614-9. doi: 10.1016/j.jdiaco-
mp.2017.07.020



