
INTRODUCTION

Hypogonadism is characterized by low serum testos-
terone (T) levels associated with clinical symptoms such 
as fatigue, decreased muscle mass, decreased libido, de-

pressed mood, and sexual dysfunction [1,2]. This condi-
tion exhibits a prevalence of 6%–12% in men between 
the ages of 40 and 70 years, escalating to 15%–30% 
among individuals who are either obese or diagnosed 
with diabetes [3]. Testosterone therapy (TTh) has been 
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made accessible through a broad range of delivery sys-
tems, including intramuscular injections, topical solu-
tions, transdermal patches, and subcutaneous pellets. 
Each of these comes with their unique advantages and 
drawbacks [4].

Previously, oral T formulations were not available 
within the United States due to concerns about low 
bioavailability and hepatotoxicity risks associated 
with first-pass metabolism. However, following FDA 
approval in 2019, oral testosterone undecanoate (TU) 
emerged on the scene and has demonstrated its capa-
bility to restore serum T to normal levels [5]. This was 
made possible, in part, through a self-emulsifying drug 
delivery system that circumvents first-pass metabolism 
[4,6-8]. Oral TU has displayed efficacy and safety in 
phase III clinical trials, with significant improvements 
in sexual function, body fat reduction, and increases 
in lean mass and bone density over a 12-month period. 
While a modest increase in systolic blood pressure (SBP) 
was observed, the side effect profile resembled that of 
other forms of TTh, without evidence of liver toxicity 
[5,8,9]. Despite the demonstration of efficacy and safety 
of oral TU, data on patient satisfaction in comparison 
to other TTh forms are lacking. Hence, we designed a 
clinical trial to assess patient satisfaction in men who 
transition to oral TU from other TTh formulations, 
hypothesizing comparable satisfaction levels to other 
forms of TTh.

MATERIALS AND METHODS

This single-arm clinical trial was conducted at 
the University of  Miami from June 2021 to April 
2023 (IRB No. 20200971, ClinicalTrials.gov Identifier 
NCT04983940). Informed consent was obtained by all 
enrolled subjects.

1. Patient population
In this study, we enrolled men aged 18 to 75 years 

previously diagnosed with hypogonadism and treated 
with various forms of TTh. Hypogonadism was identi-
fied if the T level was less than 350 ng/dL, accompa-
nied by at least one symptom such as fatigue, low libi-
do, depressed mood, and/or erectile dysfunction, in line 
with the guidelines from multiple international asso-
ciations, including the International Society for Sexual 
Medicine [10]. To ensure the reliability of our study, we 
insisted that patients completed an adequate washout 

period after stopping their prior TTh (4 weeks for gels 
and injection-based therapies and 16 weeks for subcu-
taneous pellets). We deemed a single T measurement 
during the washout period sufficient for inclusion in 
the trial. Exclusion criteria included body mass index 
>40 kg/m2; SBP >150 mmHg or diastolic blood pressure 
(DBP) >90 mmHg; abnormal results for prostate exam 
or prostate-specific antigen (PSA); hemoglobin >16 g/
dL; hematocrit (HCT) <35% or >50%; history of stroke 
or myocardial infarction in the past 5 years; untreated, 
severe obstructive sleep apnea; history of seizures; or 
history of breast or prostate cancer.

2. Intervention and data collection
Patients initially completed the 9-item Treatment 

Satisfaction Questionnaire for Medication (TSQM-
9) and the quantitative androgen deficiency in ag-
ing males (qADAM) questionnaire to record their 
experiences with previous TTh. After completion of 
the washout period, patients were started on oral TU 
(Jatenzo®) 237 mg twice daily (BID, morning and eve-
ning) with food. Serum total T, estradiol (E2), HCT, and 
PSA were measured after completion of the washout 
period and at each subsequent follow-up visit. At the 
1-month follow-up visit, the oral TU dosage was ti-
trated based on total serum T in accordance with FDA 
prescribing guidelines [11]. The 3-month and 6-month 
follow-up visits included a physical examination, repeat 
laboratory studies, and completion of the TSQM-9 and 
qADAM questionnaire with regards to their experience 
with oral TU. Throughout the study, patients were 
required to remain off all forms of TTh except for the 
study medication. Therapeutic T range was defined as 
≥350 ng/dL. Patients with polycythemia (HCT >52%) at 
3- or 6-month follow-up were referred for therapeutic 
phlebotomy.

3. Outcomes
The primary outcomes were 3- and 6-month changes 

in patient satisfaction, as measured by the TSQM-9 
(score range 0–100); and in hypogonadal symptom con-
trol, as measured by the qADAM questionnaire (score 
range 10–50) [12,13]. The secondary outcomes were 3- 
and 6-month changes in serum total T, E2, HCT, and 
PSA. As oral TU carries a black box warning for blood 
pressure increases, we also monitored SBP and DBP at 
each visit.
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4. Statistical analysis
We used descriptive statistics to succinctly sum-

marize demographic and baseline characteristics of 
the sample. Outcome measures at the 3- and 6-month 
evaluations were presented as means with a 95% con-
fidence interval (CI). To decipher mean changes over 
time, we executed longitudinal data analyses using a 
linear mixed model. We assumed that any missing data 
are missing at random. When the overall changes were 
significant, we performed pairwise comparisons using 
Bonferroni correction. Statistical significance was con-
sidered at a p-value of less than 0.05. All our analyses 
were performed in SAS 9.4.

RESULTS

A total of 41 men were enrolled, all of whom received 
the intended treatment. Twenty-seven men (65.8%) re-
turned to 3-month visit and 25 (61.0%) to 6-month visit 
(Fig. 1). Trial recruitment and follow-up proceeded from 
June 2021 to April 2023. The trial intended to evaluate 
40 patients at 6 months, but it was ended due to lim-
ited funding from the trial sponsor. Men completing at 
least one follow-up evaluation were analyzed for base-
line characteristics, primary and secondary outcomes. 
The mean age was 49 years, and mean baseline T and 
HCT were 200.3 (standard deviation [SD]: 60.4) and 44.9 
(SD: 3.8), respectively (Table 1). Of the patients enrolled 
in the study, 14 (34.1%) were previously on intramus-

cular T cypionate, 4 (9.8%) on topical gels, 5 (12.2%) on 
intranasal gels, 15 (36.6%) on subcutaneous pellets, and 
3 (7.3%) on intramuscular T undecanoate. Twelve out 
of 30 (40.0%) patients required up titration from 237 
mg BID to 316 mg BID at 1-month follow-up.

1. Primary outcomes
Patient satisfaction with oral TU as measured by the 

TSQM-9 was significantly higher at 3 and 6 months 
relative to baseline. From longitudinal analyses, over-
all time effect was significant in all three domains of 
the TSQM-9 (p<0.05). Effectiveness scores increased 
from an estimated mean of 63.0 (95% CI: 51.2–74.7) at 
baseline to 78.2 (95% CI: 71.1–85.3, p=0.025) at 3 months 
and 78.1 (95% CI: 70.8–85.5, p=0.028) at 6 months. Con-
venience scores increased from an estimated mean 
of 62.4 (95% CI: 50.4–74.4) at baseline to 84.5 (95% CI: 
77.5–91.5, p=0.002) at 3 months and 86.6 (95% CI: 79.9–
93.2, p=0.001) at 6 months. Global Satisfaction scores 
increased from an estimated mean of 66.7 (95% CI: 
55.0–78.3) at baseline to 83.3 (95% CI: 77.1–89.4, p=0.015) 
at 3 months and 83.0 (95% CI: 74.9–91.1, p=0.026) at 6 
months. Finally, there was no significant change in 
hypogonadal symptom control as measured by the qA-
DAM questionnaire (p=0.060) (Table 2, Fig. 2).

2. Secondary outcomes
With oral TU treatment, overall time effect sup-

porting improvement of outcome was significant for 

43 Screened

41 Enrolled

3 Months
27 Completed

3 Months
3 Missed F/U

6 Months
25 Completed

5 Lost to F/U

Screen failures
1 No Hx of TTh use
1 Hx of polycythemia

6 Lost to F/U
4 Dissatisfied
1 Adverse events

Fig. 1. Study process diagram. Hx: his-
tory, TTh: testosterone therapy, F/U: 
follow-up.
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serum total T (p<0.0001) and E2 (p=0.004). Serum total 
T increased from an estimated mean of 200.3 (95% CI: 
177.5–223.1) at baseline to 485.2 (95% CI: 399.5–571.0, 
p<0.0001) at 3 months and 649.2 (95% CI: 507.1–791.2, 
p<0.0001) at 6 months. Therapeutic T levels were at-
tained in 66.7% (18/27) of patients at 3 months and 

76.0% (19/25) of patients at 6 months. Serum E2 in-
creased from an estimated mean of  14.4 (95% CI: 
10.9–17.9) at baseline to 21.8 (95% CI: 17.3–26.2, p=0.008) 
at 3 months and 21.2 (95% CI: 15.8–26.6, p=0.040) at 6 
months (Fig. 3). During the trial, two patients were 
started on anastrozole, dosed at 0.25 to 1 mg twice per 
week. For both HCT and PSA, there were no signifi-
cant changes over time (overall time effect p=0.340 
for HCT and p=0.816 for PSA, Fig. 3). One patient had 
polycythemia at 3 months and was thus referred for 
therapeutic phlebotomy. There were no significant 
changes over time in mean SBP or DBP (Table 3).

3. Losses and adverse events
As illustrated in Fig. 1, among 41 enrolled patients, 

there were 11 patient dropouts before 3-month visit, 
including 6 lost to follow-up, 4 dissatisfied with treat-
ment, and 1 adverse event. Among 30 patients with 
baseline evaluation, 27 and 25 completed evaluations 
at 3 and 6 months, respectively. The one adverse event-
related dropout was due to worsening chronic kidney 
disease requiring transplant, which preceded the trial 
in onset. Other adverse events include 3 patients with 
hypertension, 2 with polycythemia, and 1 with new-
onset nocturia (Table 4).

DISCUSSION

The recent FDA approval of oral TTh capsules pres-
ents an exciting opportunity to treat hypogonadism in 
a manner that benefits from the ease of oral medica-
tion administration. Previous studies have found that 
treatment with oral TU has been associated with im-
provements in serum T, psychosexual function, bone 
density, and body composition [5,8,9]. Despite these 
documented improvements, there is a lack of data on 
patient-reported outcome measures, prompting the 
need for this prospective clinical trial assessing treat-
ment satisfaction in patients who switched to oral TU 
from other TTh formulations.

1. Primary outcomes
Patients treated with oral TU demonstrated signifi-

cantly increased scores in the Effectiveness, Conve-
nience, and Global Satisfaction domains of the TSQM-
9, indicating a positive perception of the treatment's 
effectiveness in alleviating symptoms and improving 
overall satisfaction. The observed improvements in 

Table 1. Baseline patient characteristics

Characteristic Total

Total patients 30 (100)
Age (y)

Mean (SD) 49 (11.5)
Median (P25, P75) 49.9 (43.5, 56.9)

Race
White 26 (86.7)
Black 2 (6.7)
Unknown 2 (6.7)

Hispanic ethnicity 23 (76.7)
BMI (kg/m2)

20–24.9 (healthy) 6 (20.0)
25–29.9 (overweight) 14 (46.7)
≥30 (obese) 10 (33.3)
Mean (SD) 28.5 (3.7)
Median (P25, P75) 28.5 (25.8, 32.1)

Not current smoker 29 (96.7)
CAD 1 (3.3)
HTN 15 (50.0)
HLD 8 (26.7)
DM 5 (16.7)
OSA 7 (23.3)
No. of comorbidities

0 12 (40.0)
1 7 (23.3)
2+ 11 (36.7)

Baseline T-level (ng/dL)
Mean (SD) 200.3 (60.4)
Median (P25, P75) 195.3 (150, 243)

Baseline HCT (%)
Mean (SD) 44.9 (3.8)
Median (P25, P75) 44.6 (42.1, 46.8)

Systolic blood pressure
Mean (SD) 126.8 (13.1)
Median (P25, P75) 125 (120, 137)

Diastolic blood pressure
Mean (SD) 77.6 (8.7)
Median (P25, P75) 76.5 (71, 83)

BMI: body mass index, CAD: coronary artery disease, HTN: hyperten-
sion, HLD: hyperlipidemia, DM: diabetes mellitus, OSA: obstructive 
sleep apnea, T: total testosterone, HCT: hematocrit, SD: standard de-
viation, P25, P25: 25th and 75th percentiles.
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these domains suggest that oral TU is effective in ad-
dressing the concerns and needs of the study popula-
tion. However, no significant change was observed 
in hypogonadal symptom control as measured by the 
qADAM questionnaire. This finding suggests that 
while patients reported increased satisfaction with oral 
TU, it may not have led to significant improvements 
in specific hypogonadal symptoms relative to previous 
TTh. These results highlight the multifaceted nature 
of patient satisfaction, wherein subjective perceptions 
of effectiveness and convenience play a crucial role 
but may not correlate with control of symptoms. The 
increased patient satisfaction observed in the present 
study is likely, in part, associated with the route of ad-
ministration [14]. Oral medications are easy to admin-
ister and often more convenient for patients to incor-
porate into their daily routines compared to parenteral 
routes of administration [15,16].

2. Secondary outcomes
The trial demonstrated a significant increase in 

serum total T levels at both the 3- and 6-month time 
points, indicating the effectiveness of oral TU in rais-
ing T levels in patients with hypogonadism. Addition-
ally, there were significant increases in serum E2 lev-
els, consistent with aromatization of circulating T [17]. 
No significant changes were observed in HCT levels 
or PSA levels during the treatment period, suggesting 
that oral TU did not significantly affect red blood cell 
count or prostate health. Mean HCT increased 0.8% 
over 6 months, but this change was not statistically 
significant. It should be noted that patients in the pres-
ent study may have had residually increased HCT at 
baseline secondary to previous TTh, thereby “masking” 
the full impact of oral TU on HCT levels. Nevertheless, 
these results contribute to a better understanding of 
the hormonal effects of oral TU treatment and provide 

Table 2. Patient satisfaction measured by TSQM-9 and qADAM

Baseline 3 months 6 months

TSQM-9 Effectiveness
Number 30 27 25
Observed mean (95% CI) 63.0 (51.7, 74.3) 78.0 (70.7, 85.3) 78.2 (70.6, 85.9)
Estimated mean (95% CI)a 63.0 (51.2, 74.7) 78.2 (71.1, 85.3) 78.1 (70.8, 85.5)
Est. mean diff. from baseline (95% CI) N/A 15.2 (3.5, 27.0) 15.1 (3.2, 27.1)
Adjusted p N/A 0.025 0.028

TSQM-9 Convenience
Number 30 27 25
Observed mean (95% CI) 62.4 (50.7, 74.1) 84.4 (77.1, 91.6) 86.9 (80.2, 93.6)
Estimated mean (95% CI)a 62.4 (50.4, 74.4) 84.5 (77.5, 91.5) 86.6 (79.9, 93.2)
Est. mean diff. from baseline (95% CI) N/A 22.1 (9.6, 34.6) 24.1 (11.8, 36.5)
Adjusted p N/A 0.002 0.001

TSQM-9 Global
Number 30 27 25
Observed mean (95% CI) 66.7 (55.3, 78.1) 83.1 (76.8, 89.3) 83.7 (75.5, 91.9)
Estimated mean (95% CI)a 66.7 (55.0, 78.3) 83.3 (77.1, 89.4) 83.0 (74.9, 91.1)
Est. mean diff. from baseline (95% CI) N/A 16.6 (4.7, 28.5) 16.3 (3.7, 29.0)
Adjusted p N/A 0.015 0.026

qADAM
Number 30 27 25
Observed mean (95% CI) 36.6 (35.7, 37.5) 34.4 (32.9, 36.0) 35.5 (33.5, 37.6)
Estimated mean (95% CI) 36.6 (35.7, 37.5) 34.4 (32.8, 36.0) 35.5 (33.5, 37.6)
Est. mean diff. from baseline (95% CI) N/A -2.2 (-4.0, -0.4) -1.1 (-3.3, 1.2)

TSQM-9: the 9-item Treatment Satisfaction Questionnaire for Medication (score: 0–100 [best] for each domain, qADAM: quantitative androgen 
deficiency in aging males; score 10–50 [best], Estimated mean: from a linear mixed model assessing time effect. 95% CI: 95% confidence interval, 
Adjusted p: Bonferroni adjusted p-value for multiple comparisons versus baseline, N/A: not applicable.
aOverall time effect was significant at p<0.05 for TSQM-9 Effectiveness (p=0.030), TSQM-9 Convenience (p=0.001), and TSQM-9 Global Satisfac-
tion (p=0.021). Overall time effect was not significant for qADAM (p=0.060).
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reassurance regarding its safety profile. With attention 
to oral TU’s black box warning, enrolled patients devel-
oped new-onset hypertension at a rate comparable to 
that of a previous trial [9]. However, the overall mean 
SBP and DBP experienced no significant changes.

3. Losses
The patient dropouts may have potential implica-

tions for practical use of oral TU. The high rate of loss 
to follow-up, amounting to 26.8% (11/41) of patients, is 
likely specific to this single center study population, as 
higher follow-up rates were achieved in a 2-year mul-
ticenter study [9]. A total of 4 patients (9.8%) dropped 
out due to dissatisfaction—lack of symptom relief—
with oral TU. Of these patients, 1 was previously on 
short-acting intramuscular injections, 1 on intranasal 
gel, and 2 on subcutaneous pellets. These findings sug-
gest that alternative forms of TTh may offer advan-

tages in terms of patient adherence and satisfaction [4]. 
Oral TU is dosed frequently (BID), which may lead to 
decreased compliance with missed scheduled doses. Yet 
other patients may be adherent with BID dosing, but 
have inadequate co-intake with food, resulting in poor 
absorption, another possible reason for lack of symptom 
relief with oral TU [7,18]. It is crucial for healthcare 
providers to consider these factors when making treat-
ment decisions and discussing the practical use of TTh 
options with patients, accounting for individual prefer-
ences, lifestyle, and the potential impact on treatment 
outcomes [19]. Regarding adverse events, only one led to 
dropout, namely chronic kidney disease requiring kid-
ney transplantation, which preceded the trial in onset 
and is thus not attributable to the study treatment.

4. Strengths and limitations
The study demonstrates several strengths, including 
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high medication adherence, adequate follow-up rates, 
diverse patient backgrounds, positive primary out-
comes, significant improvement in hormone levels, and 
minimal adverse events. Despite some dropouts before 

the 3-month visit, a substantial number of patients 
(65.8%) returned for the 3-month visit, and a majority 
(61.0%) completed the 6-month visit. These follow-up 
rates suggest good retention and cooperation from the 
patients. The results demonstrate that patient satisfac-
tion with oral TU, as measured by the TSQM-9, sig-
nificantly increased at both the 3-month and 6-month 
marks compared to baseline. The improvements were 
observed across all three domains of the TSQM-9 (Ef-
fectiveness, Convenience, and Global Satisfaction). 
These findings highlight the favorable impact of oral 

Table 3. Testosterone, HCT, Estradiol, PSA, and blood pressure outcomes

Baseline 3 months 6 months

Testosterone
Number 30 27 24
Observed mean (95% CI) 200.3 (177.7, 222.9) 486.8 (398.9, 574.7) 649.3 (504.0, 794.7)
Estimated mean (95% CI)a 200.3 (177.5, 223.1) 485.2 (399.5, 571.0) 649.2 (507.1, 791.2)
Estimated mean difference from baseline (95% CI) N/A 284.9 (203.1, 366.8) 448.9 (311.4, 586.4)

 Adjusted p N/A <0.0001 <0.0001
HCT

Number 30 27 24
Observed mean (95% CI) 44.9 (43.5, 46.4) 45.0 (43.6, 46.5) 45.2 (43.9, 46.5)
Estimated mean (95% CI) 44.9 (43.5, 46.4) 45.0 (43.6, 46.3) 45.7 (44.4, 47.1)
Estimated mean difference from baseline (95% CI) N/A 0.1 (-1.1, 1.2) 0.8 (-0.4, 2.0)

Estradiol
Number 23 21 17
Observed mean (95% CI) 14.4 (11.0, 17.8) 21.6 (16.9, 26.3) 21.2 (15.8, 26.7)
Estimated mean (95% CI)a 14.4 (10.9, 17.9) 21.8 (17.3, 26.2) 21.2 (15.8, 26.6)
Estimated mean difference from baseline (95% CI) N/A 7.4 (2.8, 12.0) 6.8 (1.5, 12.2)

 Adjusted p N/A 0.008 0.040
PSA

Number 23 21 17
Observed mean (95% CI) 1.06 (0.71, 1.41) 1.14 (0.80, 1.49) 0.95 (0.53, 1.37)
Estimated mean (95% CI) 1.06 (0.71, 1.41) 1.10 (0.77, 1.43) 1.04 (0.69, 1.39)
Estimated mean difference from baseline (95% CI) N/A 0.04 (-0.15, 0.23) -0.02 (-0.23, 0.18)

Systolic blood pressure
Number 30 23 22
Observed mean (95% CI) 126.8 (121.9, 131.7) 127.8 (121.7, 133.9) 125.5 (120.1, 130.8)
Estimated mean (95% CI) 126.8 (122.0, 131.6) 127.7 (122.0, 133.3) 125.1 (120.2, 129.9)
Estimated mean difference from baseline (95% CI) N/A 0.9 (-4.0, 5.7) -1.8 (-6.3, 2.8)

Diastolic blood pressure
Number 30 23 22
Observed mean (95% CI) 77.6 (74.4, 80.9) 75.3 (71.2, 79.5) 76.4 (72.4, 80.4)
Estimated mean (95% CI) 77.6 (74.4, 80.8) 76.4 (72.4, 80.3) 76.2 (72.8, 79.7)
Estimated mean difference from baseline (95% CI) N/A -1.3 (-4.2, 1.6) -1.4 (-4.1, 1.3)

HCT: hematocrit; PSA: prostate-specific antigen, Estimated mean: from a linear mixed model assessing time effect, 95% CI: 95% confidence inter-
val, Adjusted p: Bonferroni adjusted p-value for multiple comparisons versus baseline, N/A: not applicable.
aOverall time effect was significant at p<0.05 for Testosterone (p<0.0001) and Estradiol (p=0.004). Overall time effect was not significant for HCT 
(p=0.340), PSA (p=0.816), systolic blood pressure (p=0.575), and diastolic blood pressure (p=0.505).

Table 4. Adverse events during treatment period

Adverse event Number (%)

Hypertension
Polycythemia
Nocturia
Chronic kidney disease

3 (7.3)
2 (4.8)
1 (2.4)
1 (2.4)
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TU on patient-reported outcomes. The study revealed 
a substantial increase in serum total T levels after 
treatment with oral TU. The improvements were ob-
served at both the 3-month and 6-month assessments, 
with most patients (66.7% at 3 months and 76.0% at 6 
months) achieving therapeutic T levels. These results 
emphasize the efficacy of oral TU in restoring T levels 
in hypogonadal men.

This study is not without its limitations. Firstly, this 
is an open-label trial with no comparison group. With-
out a control group receiving an alternative treatment 
or a placebo, it is likely that the observed patient satis-
faction scores are influenced by other factors, such as 
the consumption of TTh at no cost [19]. Future studies 
may seek to investigate the effect of the cost of TTh 
on patient satisfaction. In addition, men in this trial 
may have been inherently dissatisfied with their prior 
form of TTh therapy, leading to their willingness to 
enroll and higher satisfaction with a new formulation. 

The trial suffers from a small sample size at a single 
center, which can compromise the generalizability and 
statistical power of the findings. The TSQM-9 is a Lik-
ert scale-based questionnaire that is subject to response 
bias and lacking validation in this specific study popu-
lation, which may diminish the reliability and validity 
of the collected data. As men completed blood draw 
appointments independently at external laboratories, 
we were unable to control for the timing of T measure-
ments. Men were instructed to complete blood draws at 
set intervals from their last dose (4–6 hours post dose). 
But adherence to this timing was not enforced, nor was 
medication adherence enforced via collection of medi-
cation bottle or other methods. Finally, there is a possi-
bility of overestimating patient satisfaction scores due 
to patient dropouts. At least 4 (9.8%) patients discontin-
ued the trial due to dissatisfaction with the treatment, 
and their exclusion from the analysis may lead to an 
inflated perception of patient satisfaction.
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CONCLUSIONS

To our knowledge, this is the first prospective clini-
cal trial evaluating patient satisfaction with oral TU. 
Patients switching from other TTh formulations to a 
6-month course of oral TU experienced increased mea-
sures of effectiveness, convenience, and global satisfac-
tion relative to previous TTh. Hypogonadal symptom 
control with oral TU was like patients’ previous TTh, 
with an increase in serum total T to therapeutic levels 
in >75% of patients. Despite its frequent dosing and 
high cost, oral TU has been shown to be a safe, effec-
tive, and convenient TTh modality.
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