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Abstract

Background: Premature Ovarian Insufficiency (POI) results in a premature and profound deficiency of not only oestrogen 
but also androgens. While oestrogen replacement is standard, the role of androgen replacement remains underexplored. 
Existing research focuses predominantly on sexual function, overlooking the potential long-term impacts on cognitive 
function and cardiovascular health. This paper presents the rationale and a detailed protocol for a rigorous randomized 
controlled trial (RCT) designed to address this gap.

Materials and methods: This proposed 24-month, double-blind, placebo-controlled RCT will enroll 150 women diagnosed 
with POI, stratified by aetiology (spontaneous vs. iatrogenic). Participants will be randomized into three parallel arms: (1) 
Standard hormone replacement therapy (HRT) + placebo; (2) Standard HRT + transdermal testosterone (300 mcg/day); 
(3) Standard HRT + oral DHEA (50 mg/day). The primary outcomes are cognitive function (assessed by the CNS Vital Signs 
battery and self-reported Cognitive Failures Questionnaire) and cardiovascular health (assessed using carotid intima-media 
thickness, flow-mediated dilation, and 24-hour ambulatory blood pressure monitoring). Secondary outcomes include mus-
cle mass (DXA scan) and quality of life.

Results: This paper does not present results but rather the scientific rationale and a detailed methodological framework 
for a definitive trial. We hypothesize that androgen supplementation, in addition to standard HRT, will significantly better 
preserve cognitive function and yield more favorable cardiovascular parameters, with potentially differential effects.

Conclusion:  There is a critical need for high-quality evidence on the long-term, non-sexual health benefits of androgen 
therapy in POI. This proposed trial provides a rigorous, feasible, and ethically sound model to answer this important clinical 
question, potentially shifting the paradigm of POI management from symptom control to comprehensive, long-term preven-
tative health.
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Androgens; Hormone Replacement Therapy.
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Introduction

Premature Ovarian Insufficiency (POI), defined as the loss of 
ovarian function before the age of 40, affects approximately 
1% of women in the general population.1 It is a condition of 
profound physiological consequence, extending far beyond 

infertility and the acute vasomotor symptoms of oestrogen 
deficiency.2 Women with POI face a significantly increased risk 
of long-term health morbidities, including a two-fold higher 
risk of cardiovascular disease (CVD) and an increased risk of 
cognitive decline and dementia.3-5 The iatrogenic form, result-
ing from bilateral oophorectomy or gonadotoxic therapies, 
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is becoming increasingly prevalent due to improved cancer  
survivorship, further amplifying the public health importance 
of this condition.6

Current standard of care for POI is hormone replacement 
therapy (HRT), which effectively mitigates oestrogen-
deficiency symptoms and confers benefits for bone mineral 
density.7,8 However, the ovarian hormonal deficit in POI is 
not limited to oestrogen. The ovaries, along with the adrenal 
glands, are significant sources of androgens, including 
testosterone and its precursor, dehydroepiandrosterone 
(DHEA).9 Women with POI have demonstrably lower 
circulating levels of these androgens compared to age-
matched regularly menstruating women.10 This state of 
hypoandrogenism is clinically relevant, as androgen receptors 
are widely distributed throughout the body, including the 
brain, vascular endothelium, and musculoskeletal system.11

The vast majority of research on androgen therapy in 
women, including those with POI, has focused on sexual 
dysfunction. Systematic reviews and guidelines acknowledge 
some benefit for libido but conclude that evidence for 
other outcomes is limited and insufficient to recommend 
routine use.12,13 The ESHRE guideline on POI states that 
women should be informed that androgen treatment is only 
supported by limited data and that long-term health effects 
are not clear.14 This narrow focus represents a significant 
missed opportunity. Androgens, particularly testosterone 
and DHEA, play crucial physiological roles that suggest a 
potential for benefit far beyond sexual function.

DHEA and its sulfate (DHEA-S) are the most abundant 
circulating steroids in humans and act as neurosteroids. They 
have been shown to exert neuroprotective effects, modulate 
neuronal excitability, and correlate with better cognitive 
function, particularly executive function and working 
memory, in aging women.15,16 Testosterone, which can be 
derived from DHEA, directly supports endothelial function 
by increasing nitric oxide bioavailability and reducing pro-
inflammatory and pro-thrombotic factors like plasminogen 
activator inhibitor-1 (PAI-1).17,18 Furthermore, androgens are 
potent anabolic hormones that preserve lean body mass and 
reduce adiposity, thereby mitigating cardiometabolic risk 
factors.19,20 

Given the accelerated aging trajectory of women with POI, 
they represent a unique and ideal population in which to 
study the potential disease-modifying effects of androgen 
replacement. We hypothesize that the hypoandrogenic 
state in POI contributes directly to the increased risks of 
cardiovascular events and cognitive impairment. Therefore, 
restoring androgen levels to a physiological range, in addition 
to standard estrogen-progestin therapy, may provide  

long-term protective benefits. This paper aims to: (1) 
articulate a compelling scientific rationale for investigating 
the effects of testosterone and DHEA supplementation on 
cognitive and cardiovascular outcomes in POI, and (2) present 
a comprehensive, methodologically rigorous protocol for a 
randomized controlled trial designed to test this hypothesis.

Rationale for a Focus on Cognitive and Cardiovascular 
Outcomes

The Case for Cognitive Function

“Brain fog,” or the subjective experience of cognitive dulling, 
memory lapses, and difficulty concentrating, is a commonly 
reported but often under-appreciated symptom by women 
with POI. Beyond subjective complaints, objective evidence 
suggests an increased risk of long-term cognitive decline. A 
large cohort study found that early menopause (including 
surgical) was associated with a faster rate of cognitive decline 
in later life.5 The biological plausibility for this is anchored in 
the role of androgens as neurosteroids. DHEA and its sulfate 
ester, DHEA-S, are synthesised de novo in the brain and are 
known to be allosteric modulators of key neurotransmitter 
receptors, including gamma-aminobutyric acid (GABA) and 
N-methyl-D-aspartate (NMDA) receptors.21 Through these 
interactions, DHEA can enhance neuronal excitability and 
has been associated with memory-enhancing effects.21 
Furthermore, androgens offer neuroprotection by reducing 
the toxic effects of glucocorticoids, which are often elevated 
under chronic stress.22 Cross-sectional studies have shown 
a positive correlation between DHEA-S levels and global 
cognition, particularly executive function, in women.15,23 The 
chronic hypoandrogenism in POI may therefore deprive the 
brain of these crucial protective and modulatory signals, 
accelerating age-related cognitive vulnerability. A trial 
specifically measuring both objective neuropsychological 
performance and validated subjective cognitive function 
scales is urgently needed.

The Case for Cardiovascular Health

Cardiovascular disease is the leading cause of death in women, 
and POI is an independent, non-modifiable risk factor.3,24 The 
endothelium is a key target for sex steroids. While estrogen’s 
cardioprotective effects are well-documented, androgens 
also play a vital, and often misunderstood, role. Testosterone 
has a direct vasodilatory effect on the endothelium, mediated 
through the endothelial nitric oxide synthase (eNOS) pathway, 
leading to improved flow-mediated dilation.17  DHEA has also 
been shown to improve endothelial function by reducing 
PAI-1, a key inhibitor of fibrinolysis, thereby creating a 
more favorable thrombotic profile.18 Androgen deficiency is 
linked to increased central adiposity, insulin resistance, and 
an atherogenic lipid profile.20 In men with hypogonadism, 
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testosterone replacement improves these parameters.25  
Given that women with POI exhibit similar metabolic 
disturbances, it is plausible that androgen replacement could 
mitigate these cardiovascular risk factors. A trial incorporating 
direct measures of vascular health, such as carotid intima-
media thickness (CIMT) and flow-mediated dilation (FMD), 
which are validated surrogates for future cardiovascular 
events, would provide powerful evidence of benefit. 26 

Androgens and Sarcopenia: A Mediating Factor

The loss of muscle mass (sarcopenia) and gain of fat mass 
are hallmarks of aging and are exacerbated by oestrogen  
deficiency. Androgens are potent regulators of body composi-
tion. Testosterone directly stimulates muscle protein synthe-
sis and satellite cell proliferation.19 In women with POI, this 
anabolic drive is diminished. The resulting reduction in lean 
body mass and increase in fat mass contribute to a higher 
risk of metabolic syndrome, insulin resistance, and physical 
frailty. Therefore, assessing changes in body composition via 
dual-energy X-ray absorptiometry (DXA) is a critical second-
ary outcome that will help elucidate the mechanisms linking 
androgen therapy to improved cardiometabolic health.27 

Proposed Trial Protocol

This section outlines a protocol designed to meet the highest 
standards of clinical trial rigor, in accordance with CONSORT 
guidelines.

Trial Design

A 24-month, single-center, randomized, double-blind, place-
bo-controlled, three-arm parallel-group superiority trial.

Participants

Women aged 18-39 years with a confirmed diagnosis of POI 
(at least 4 months of oligo/amenorrhea and FSH levels >40 
IU/L on two occasions >4 weeks apart) will be recruited from 
the Department of Obstetrics & Gynaecology, Fatima Memo-
rial Hospital, Lahore, and through community outreach.

Inclusion Criteria:

1. Diagnosis of spontaneous or iatrogenic POI.

2. �Receiving a stable dose of standard HRT (e.g., 
transdermal estradiol 50-100 mcg/day + cyclic micronized 
progesterone) for at least three months before enrollment.

3. Willing and able to provide written informed consent.

Exclusion Criteria:

1. �Contraindication to androgen therapy (e.g., androgen-sen-
sitive malignancy, pregnancy, breastfeeding, severe acne, 
or hirsutism).

2. �Current use of testosterone, DHEA, or other androgenic 
compounds.

3. �History of thromboembolic disease, uncontrolled hyper-
tension, or diabetes.

4. �Untreated thyroid or adrenal disease.

5. �BMI > 35 kg/m².

6. �Current use of medications known to interfere with sex 
steroid metabolism (e.g., systemic corticosteroids, an-
ti-epileptics).

7. �Diagnosis of major depressive disorder, generalized anx-
iety disorder, or other psychiatric conditions that would 
confound cognitive assessments.

8. �Inability to comply with the study protocol or attend  
follow-up visits.

Randomization and Blinding

Eligible participants will be randomized in a 1:1:1 ratio using 
a computer-generated random sequence with variable block 
sizes, stratified by POI etiology (spontaneous vs. iatrogenic). 
An independent pharmacy will prepare sequentially 
numbered, identical-appearing containers for each arm to 
ensure allocation concealment. Participants, investigators, 
outcome assessors, and statisticians will be blinded to group 
assignment.

Interventions

All participants will continue their baseline stable dose of 
standard HRT throughout the trial.

• �Arm 1 (Control):  Standard HRT + placebo capsule (for 
DHEA) daily + placebo gel (for testosterone) daily.

• �Arm 2 (Testosterone):  Standard HRT + placebo capsule 
daily + transdermal testosterone gel 300 mcg (e.g., 1% 
Testogel® 0.3 ml) applied daily to the thigh or abdomen.

• �Arm 3 (DHEA): Standard HRT + oral micronized DHEA 50 
mg capsule daily + placebo gel daily.

The doses chosen (300 mcg testosterone and 50 mg DHEA) 
are physiological replacement doses commonly used in 
studies of women. They are expected to restore androgen 
levels to the normal premenopausal range without significant 
androgenic side effects.12, 28

Outcomes

Primary Outcomes

Cognitive Function: Assessed at baseline, 12, and 24 months.

• �Objective:  The CNS Vital Signs (CNSVS) computerized 
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battery is a validated and reliable tool for assessing 
neurocognitive status. It will generate scores for composite 
memory, executive function, processing speed, and 
psychomotor speed.

• �Subjective:  The Cognitive Failures Questionnaire (CFQ), 
a 25-item self-report measure of lapses in perception, 
memory, and motor function in everyday life.

Cardiovascular Health:  Assessed at baseline, 12, and 24 
months.

• �Vascular Structure:  Carotid Intima-Media Thickness 
(CIMT) measured by high-resolution B-mode ultrasound. 
An increase in CIMT is a validated surrogate marker for 
atherosclerosis progression.

• �Vascular Function: Brachial Artery Flow-Mediated Dilation 
(FMD) measured by ultrasound. FMD is a measure of 
endothelial-dependent vasodilation, reflecting vascular 
health.

• �Blood Pressure:  24-hour ambulatory blood pressure 
monitoring (ABPM) to assess mean systolic and diastolic 
pressures and nocturnal dipping patterns.

Secondary Outcomes

1. �Body Composition:  Assessed by Dual-Energy X-ray 
Absorptiometry (DXA) at baseline and 24 months to 
measure total and regional lean body mass, fat mass, and 
bone mineral density.

2. �Quality of Life: Assessed using the POI-specific Quality of 
Life (POI-QOL) questionnaire and the Short Form-36 (SF-
36) at baseline, 12, and 24 months.

3. �Metabolic and Inflammatory Markers:  Fasting glucose, 
insulin, HOMA-IR, lipid profile (total cholesterol, LDL-C, 
HDL-C, triglycerides), high-sensitivity C-reactive protein 
(hs-CRP), and PAI-1 levels at baseline, 12, and 24 months.

4. �Safety and Tolerability: Monitoring of serum androgens 
(testosterone, DHEA-S, androstenedione), incidence of 
androgenic adverse events (acne, hirsutism, alopecia), 
liver function tests, and lipid profile.

Sample Size Calculation

Based on pilot data for FMD, we anticipate a mean difference 
of 2.0% (SD 3.5%) between an active treatment arm and 
placebo. To detect this difference with 90% power and a two-
sided alpha of 0.025 (to adjust for two primary comparisons 
vs. control), a sample size of 42 participants per group is 
required. Accounting for a 20% dropout rate over 24 months, 
we aim to recruit 50 participants per arm, for a total of 150 
participants.

Statistical Analysis

All primary analyses will be conducted on an intention-to-
treat basis. Baseline characteristics will be summarized using 
descriptive statistics. Linear mixed-effects models will be 
used to compare changes in continuous outcomes (e.g., CIMT, 
CNSVS scores) from baseline at 12 and 24 months across the 
three treatment groups. This model accounts for repeated 
measures and missing data. The primary comparison will be 
between each active treatment arm and the placebo arm. 
Adjustments will be made for stratification variables and 
potential confounders. Sensitivity analyses will include per-
protocol analyses.

Ethical Considerations

This proposed trial will be conducted in accordance with the 
Declaration of Helsinki and Good Clinical Practice guidelines. 
Before initiation, the protocol must receive approval from the 
Institutional Review Board (IRB) Hospital (approval number 
required). All participants will provide written informed 
consent after a detailed explanation of the study, its potential 
risks (including androgenic side effects), and benefits. A Data 
Safety Monitoring Board (DSMB) will be convened to review 
unblinded safety data at regular intervals.

Discussion

The management of POI is currently focused on symptom 
relief and fertility, yet the condition confers serious long-
term health risks that are not adequately addressed by 
standard HRT alone.4 This paper argues for a paradigm shift, 
proposing that the hypoandrogenism of POI is a modifiable 
risk factor for cardiovascular disease and cognitive decline. 
The proposed RCT is designed to provide the robust, high-
quality evidence needed to inform clinical practice.

The unique strength of this protocol lies in its focus 
on hard surrogate endpoints for cardiovascular and cognitive 
health, rather than just symptom relief. By measuring 
CIMT and FMD, we can assess the impact on the actual 
disease process of atherosclerosis.26 By using a validated 
neuropsychological battery, we move beyond vague reports 
of “brain fog” to objective quantification of cognitive 
function.29 This approach directly addresses the major 
evidence gaps highlighted in recent systematic reviews.13,30 

The comparison between testosterone and DHEA is another 
key feature. While testosterone is a direct androgen receptor 
agonist, DHEA acts as a prohormone, capable of conversion 
to both androgens and estrogens in peripheral tissues.11 This 
tissue-specific conversion might offer a unique advantage, 
providing androgen effects where needed while minimizing 
systemic side effects. For example, the conversion of DHEA 
to estradiol in the brain could contribute to its neuroprotec-
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tive effects, whereas testosterone’s direct action might be 
more potent on muscle.27 The results of this trial could help 
guide personalized therapy.

We acknowledge potential challenges. Adherence to topical 
gel therapy over 24 months can be variable, which we will 
address through regular counselling and accountability logs. 
The risk of androgenic side effects, while low at physiological 
doses, requires careful monitoring and a pre-defined man-
agement protocol.12 The COVID-19 pandemic has highlighted 
the feasibility of remote monitoring, and we will incorporate 
strategies like telemedicine visits to enhance retention.

Conclusion

Women with POI face a lifetime of increased risk for two of 
the most significant diseases of aging: cardiovascular disease 
and dementia. The current standard of care, while essential, 
may be insufficient to mitigate these risks. Androgen 
replacement represents a promising but under-researched 
therapeutic strategy. This comprehensive, methodologically 
rigorous trial protocol provides a practical and ethical 
pathway to definitively test whether testosterone or DHEA 
supplementation can preserve cognitive function and protect 
the cardiovascular health of these young women. The results 
of such a trial have the potential to transform the long-
term management of POI, shifting the goal from short-term 
symptom control to the preservation of long-term health.
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