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Abstract

The number of older adults over 65 years of age is expected to increase to almost 100 million 

in the US by 2050, more than double the current figure of 46 million. Advanced age is 

associated with increased frailty among older Americans and often leads to increased disability, 

hospitalization, institutionalization, and, eventually, mortality. In search of means to improve 

age-related risks for adverse health outcomes, the question of restoring diminishing sex hormones 

has gathered much interest and has led to the practice of sex hormone replacement therapies in 

older men. Recent data suggest that androgen prescription rates in the US for men older than 60 

years of age quadrupled from the years 2001 to 2011. While prescription sales of testosterone 

have increased from $150 million in 2000 to $1.8 billion in 2011, a significant portion of men 

prescribed testosterone replacement therapy did not meet the laboratory criteria for hypogonadism. 

While some clinical trials reported an association between testosterone insufficiency in older 

men and increased risk of death, the exact effects and consequences of testosterone replacement 

therapy, specifically in older men, remain unclear. This review is aimed at discussing the possible 

benefits and complications of testosterone replacement therapy in older men over 60 years of age.

1 Introduction

Recent advancements in medicine and technology have allowed for an impressive lifespan 

extension in industrialized nations [1-3]. In the US alone, the number of older adults over 65 

years of age is expected to double from 46 million to nearly 100 million by 2050. In fact, 

by 2030, older adults are projected to outnumber children for the first time in the US history 

[4].

The fact that libido and sexual performance may decline with advancing age is widely 

accepted, and has been so at least since the Golden Age of Athens, about 25 centuries ago; 

Aristophanes’ comedies include several pertinent remarks [5]. In addition, the Bible also 

contains multiple reports of patriarchs fathering children in very old age.

Sexual functioning has been associated with the gonads since antiquity. In Historia 
Animalium, Aristotle observed, “If castration occurred in roosters after their growth was 
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completed … the comb would turn yellow, they would cease to crow and no longer desire 

sexual intercourse”.

For centuries, people believed that gonadal failure was responsible for many of the 

symptoms of old age. In 1889, renowned French physiologist Brown-Sequard prepared a 

dog testicle extract and injected it into himself. He reported that these injections improved 

his vigor and capacity for work. However, it is now clear that these aqueous extracts 

contained minimal amounts of testosterone, a steroid that is not soluble in water. Today, 

although it is clear that the aging process cannot be attributed to a simple lack of sex 

steroids, the general public perceives impotence and/or reduced libido in men as a definite 

sign of aging, regardless of whether the problem is due to hormonal changes.

Furthermore, advanced age is associated with increased frailty among older Americans 

and often leads to increased disability, hospitalization, institutionalization, and, eventually, 

mortality [6]. In search of means to improve age-related risks for adverse health outcomes, 

the question of restoring diminishing sex hormones has garnered much interest and has led 

to the practice of sex hormone replacement therapies in older adults. In previous years, the 

prevalence in women older than 65 years of age lead to a significant body of research being 

conducted, with large-scale studies reporting the benefits and health risk factors related to 

estrogen replacement therapy. According to the latest data from the US Census Bureau, 

the ratio of men to women over 65 years of age has changed dramatically over the past 2 

decades, from 67 older men per 100 older women in 1990, to current rates of 79 older men 

per 100 older women, and projected to be 82 older men per 100 older women by 2030 [4]. 

As early epidemiological studies suggested that declining function in older men is related to 

levels of bioavailable testosterone [7, 8], an intervention to improve the health span of older 

men was proposed in the form of testosterone replacement therapy.

Testosterone is a vital sex hormone, circulating levels of which are regulated by the 

hypothalamic-pituitary-gonadal axis. Every 90 min, the hypothalamic pulse generator 

secretes gonadotropin-releasing hormone into the hypothalamic-pituitary system, with 

subsequent release of luteinizing hormone into systemic circulation. Finally, luteinizing 

hormone reaches the testes and stimulates the production of testosterone from Leydig cells 

[9]. Physiologically, only approximately 2% of total testosterone circulates in the free form, 

while the remaining 98% is tightly bound to sex hormone binding globulin or albumin 

[10]; however, albumin binding is not very strong and most of that fraction of testosterone 

is eventually bioavailable, which can then be measured and reported as the bioavailable 

testosterone fraction.

Serum testosterone levels display both circadian and ultradian rhythms. While circadian 

rhythm of serum testosterone peaks during the early morning hours, the actual serum levels 

fluctuate approximately every 90 min, representing a burst-like secretory pattern [9]. In 

young, healthy men (20–30 years of age), the normal levels of serum testosterone (400–700 

ng/dL) are controlled by the feedforward and feedback components of the hypothalamic­

pituitary-gonadal axis, and are maintained within the normal range of 300–800 ng/dL. 

Serum testosterone levels decline gradually with age at an approximate rate of 1% per year 

after the third decade of life. Since the biological effects of testosterone are mainly related 
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to free or weakly bound testosterone, the decline of bioavailable testosterone with age is 

even more drastic since aging is associated with an increase in sex hormone binding globulin 

[11]. In some older men, serum concentrations of testosterone decline to such an extent as 

to be classified as hypogonadal. The mechanisms responsible for an age-dependent decrease 

in serum testosterone levels include age-related increased sensitivity of the hypothalamic­

pituitary system to the negative feedback mechanism of testosterone [12]. The age-related 

decrease in serum testosterone levels also correlates with the decline in Leydig cell numbers 

in testes [13] and decreased Leydig cell secretion of testosterone in response to stimulation 

with human chorionic gonadotropin [14].

In the US, the trend for androgen prescribing in men over 60 years of age has dramatically 

increased, from 1.32% of men receiving testosterone in 2001 to 3.75% of men in 2011 [15]. 

A recent market analysis reports that prescription sales of testosterone have increased from 

US$150 million in 2000 to US$1.8 billion in 2011 worldwide, with US and Canada driving 

the growth in sales numbers [16]. Interestingly, a significant portion of men prescribed 

testosterone replacement therapy did not meet laboratory criteria for hypogonadism, 

according to a market analysis [16]. Meanwhile, the prevalence of hypogonadism, defined 

by early morning serum testosterone levels below 280 ng/dL, in older men over 65 years of 

age is approximately 16–18% [17, 18].

The increase in interest towards testosterone replacement therapy has further stimulated 

pharmaceutical industry for the development of a variety of testosterone formulations; 

therefore, it is expected that testosterone sales will continue to grow in the nearest future. In 

addition, recent results from a population-based study of 794 men aged 50–91 years reported 

that testosterone insufficiency in older men is associated with an increased risk of death 

over the following 20 years, independent of multiple risk factors and several pre-existing 

health conditions [19]. However, the effect and consequences of long-term testosterone 

replacement therapy, specifically in older men, remain significantly understudied.

In this review, we aimed to discuss the possible benefits and complications of testosterone 

replacement therapy in healthy, older men over 60 years of age without chronic diseases. 

Clinical trials discussed in this review were selected based on a duration of testosterone 

replacement therapy of no less than 6 months, with several follow-up time points, and 

which reported statistically significant increases in testosterone levels upon the initiation of 

treatment and throughout the timeframe of the clinical trial.

2 Testosterone Effects on Lean Muscle Mass

Testosterone has been reported to produce a substantial anabolic effect in young and middle­

aged men with hypogonadism [20]. However, very limited data are available on the effects 

of prolonged testosterone replacement therapy on lean body mass in healthy older adults.

In the study by Srinivas-Shankar et al., 138 older community-dwelling intermediate-frail and 

frail men over 65 years of age received testosterone treatment in the form of a transdermal 

patch at a dose of 50 mg/day for 6 months [21]. Although the study screened subjects and 

excluded those with major cardiovascular and other risk factors, the health of the recruited 
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subjects was not described. The authors reported a significant increase in lean body mass 

in the treated group and suggested that testosterone therapy may prevent loss of muscle 

strength [21]. These findings were in line with an earlier 3-year study by Snyder and 

colleagues that demonstrated a significant increase in lean mass and a decrease in fat mass in 

54 men with baseline levels of serum testosterone below 350 ng/dL treated with 144 mg/day 

testosterone delivered in the form of a scrotal patch [22]. Subjects included in this study 

were screened for medications that affected bone and prostate cancer, but not cardiovascular 

risks, however the general health of study participants was not reported [22]. Later, another 

3-year study in healthy older men with total testosterone levels below 350 ng/dL and no 

cardiovascular risk factors also showed that 46 subjects treated with injectable testosterone 

enathane at a dose of 200 mg every 2 weeks presented a significant increase in lean body 

mass and decrease in fat mass [23]. Finally, the latest 3-year clinical trial by Storer and 

colleagues also confirmed the effects of testosterone replacement therapy, using 7.5 g of 1% 

testosterone gel, on lean body mass in 135 community-dwelling older men over 60 years 

of age with baseline total testosterone levels of 100–400 ng/dL and free testosterone of <50 

pg/mL [24]. In this study, subjects with moderate to severe cardiovascular disease (history 

of heart failure and myocardial infarction) were excluded, however subjects with several 

cardiovascular risk factors were enrolled, including those with arterial hypertension to 160 

mmHg systolic blood pressure (42% of subjects), diabetes (15% of subjects), and mild to 

moderate cardiovascular disease (15% of the studied population).

3 Testosterone Effects on Muscle Strength and Function

Following very limited data on the effects of testosterone replacement therapy in older 

adults, substantial discrepancy in the effects of testosterone on physical function and muscle 

strength has also been observed.

For example. in the same study by Srinivas-Shankar et al., where muscle mass was increased 

by testosterone treatment, the authors failed to demonstrate an improvement in muscle 

strength and physical function measured using the 6-min walking test, Tinetti Balance and 

Tinetti Gait Tests, and others [21]. Another study that used a similar 6-month testosterone 

replacement therapy protocol in 165 subjects over 65 years of age with serum testosterone 

levels 100–350 ng/dL (free testosterone below 50 pg/mL) showed that testosterone therapy 

significantly improved leg and chest muscle strength and stair-climbing power. However, 

walking speed, a key determinant of mobility, did not change significantly between the 

groups [25]. In addition, although subjects with cardiovascular risks such as unstable angina 

and uncontrolled hypertension, as well as diseases such as heart failure or myocardial 

infarction, were excluded, the study did not provide information on the health of the enrolled 

subjects. The latest 3-year Testosterone’s Effects on Atherosclerosis Progression in Aging 

(TEAAM) clinical trial has reported that testosterone replacement therapy in the form of 

1% testosterone gel in older men over 65 years of age with low to low-normal 100–350 

ng/dL serum levels of total testosterone significantly improved both loaded and unloaded 

stair-climbing performance. Interestingly, gait speed remained unchanged in these older 

adults (publication pending).
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The beneficial effects of testosterone therapy have also been found in longer-duration studies 

with 12-month replacement therapy. Results from testosterone trials (TTrials) that included 

193 and 197 older men with serum testosterone levels below 275 ng/dL who received 

testosterone treatment in the form of 1% testosterone gel daily or placebo, respectively, for 

a duration of 12 months reported modest improvement in the 6-min walking test. Although 

subjects reported a consistent improvement in walking ability, it is important to emphasize 

that results were based on self-reported data and therefore require additional testing [26]. 

In addition, although subjects with severe cardiovascular disease such as heart failure and 

myocardial infarction were excluded, no data on the health of the enrolled subjects were 

provided.

Finally, while earlier 3-year studies on the effects of testosterone in older men with low to 

low-normal levels of testosterone failed to show an increase in muscle strength measured 

by the strength of knee extension and flexion [22], more recent 3-year trials reported a 

significant increase in muscle performance. In particular, Storer et al. showed that 135 

subjects with low to low-normal testosterone levels significantly outperformed those in 

the placebo-treated group in unloaded and loaded stair-climbing power tests, as well as in 

muscle strength measured during chest-press and leg power tests [24]. Page and colleagues 

also reported that testosterone treatment in 46 older men significantly improved performance 

in the timed functional test, and increased hand-grip strength [23].

4 Testosterone Effects on Bone

The effects of testosterone replacement therapy on bone mineral density have also been 

controversial. For example, the earlier study by Snyder et al. evaluated the effect of 

testosterone treatment, in the form of a patch, in 54 older men with total serum testosterone 

levels below 350 ng/dL over a period of 3 years. Although the authors did not see the 

effect of mineral bone density measured in the lumbar spine in the treated group, they 

have reported that the effect of treatment was dependent on the baseline serum levels of 

testosterone, with the greatest effect observed in those subjects with low baseline serum 

testosterone levels [22].

On the contrary, the later 3-year study by Amory et al. in older men over 65 years 

of age with total testosterone levels below 350 ng/dL showed that 50 men treated with 

testosterone had significantly increased bone mineral density at the lumbar spine [27]. In this 

study, subjects with medications affecting bone, as well as those with severe illness, were 

excluded, and no information on the health status of the enrolled population was provided. 

Furthermore, the latest study by Snyder et al., reported that 12-months’ treatment with 5 

g/day of 1% testosterone gel in 110 men over 65 years of age and serum testosterone 

levels below 275 ng/dL resulted in a significant increase in volumetric bone mineral density, 

measured using dual energy X-Ray absorptiometry at baseline and 12 months [28]. In 

that study, subjects with medications known to affect bone, except for calcium and over­

the-counter vitamin D, were excluded. The health report of study participants included 

only a diagnosis of diabetes (approximately 40% in the treatment group) and prior habits 

of smoking and alcohol consumption. No other information on the health of the study 

participants was provided.
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5 Testosterone Effects on Sexual Function and Mood

Testosterone as a sex hormone plays an important role in sexual function, and 1-year 

replacement therapy in hypogonadal young men with a mean age of 55 years has been 

shown to significantly improve sex drive and energy [29]. While Brock et al. did not 

exclude any subjects with cardiovascular pathology, no data on the health of subjects 

were provided [29]. Similarly, 1-year replacement therapy with 5 g/day of 1% testosterone 

gel in 234 older men with low libido and average serum testosterone levels below 275 

ng/dL has also significantly improved 10 of 12 measures of sexual activity assessed using 

the Psychosexual Daily Questionnaire [30, 31]. The population selection in this trial was 

solely based on a reported low libido and a score of <20 on the Derogatis Interview for 

Sexual Function–Sexual Desire Domain. Furthermore, the exclusion criteria consisted of 

high cardiovascular risks, such as recent myocardial infarction, stroke, unstable angina, 

and heart failure. Interestingly, subjects with arterial hypertension to 160 mmHg systolic 

blood pressure were included in this study. Additionally, the 3-year study that enrolled 156 

subjects, with serum testosterone levels of 100–400 ng/dL, for replacement therapy failed 

to confirm the beneficial effect of testosterone on overall sexual function or health-related 

quality of life [32]. In that study, over 45% of participants had hypertension, 14% had 

diabetes, 40% were obese, 80% suffered from hyperlipidemia, and 24% of subjects had prior 

coronary artery disease.

6 Testosterone Effects on Mood and Cognitive Function

While there is a limited body of knowledge on the effects of testosterone on mood in 

human subjects, several limited studies have suggested that low levels of testosterone in 

young men may be associated with depressive disorders. Considering that the prevalence of 

major depressive disorders increases with age, many practitioners assumed the connection 

between low testosterone and depressive syndromes; however, multiple cross-sectional and 

longitudinal clinical studies failed to prove the existence of such a connection [33]. In line 

with other studies, the 1-year treatment of older men with low testosterone levels has also 

failed to demonstrate a definitive effect of testosterone on mood and showed only modest 

benefit with respect to mood and depressive symptoms [31].

Similarly, a connection between age-related cognitive decline and testosterone levels has 

also been proposed. Epidemiological studies, including the Baltimore Longitudinal Study 

on Aging, demonstrated that higher free testosterone levels are associated with better 

performance in some, but not all, cognitive domains [34]. Furthermore, studies of chemical 

castration in men with prostate cancer have also suggested that low serum testosterone may 

be associated with cognitive decline [35]. In addition, low levels of testosterone have been 

associated with mild cognitive impairment and Alzheimer’s disease in older adults [36].

Earlier limited clinical trials with testosterone treatment in older men yielded controversial 

results, with one trial reporting that biweekly injections of testosterone for 12 months in 

17 men over 50 years of age had no effect on memory across several domains of cognition 

[37], while another study reported an improvement in two of five cognitive tests in 24 men 

treated for 12 months [38]. Neither study reported the health status of subjects, except for 
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exclusion criteria that consisted of heart failure and low performance on cognitive tests such 

as the Mini-Mental State Examination. However, a recent 3-year clinical trial in older men 

over 60 years of age with low to normal-low testosterone levels reported no improvement 

in 155 subjects who were prescribed replacement therapy [39]. In this study, subjects with 

normal cognitive performance, as well as those without heart failure, history of myocardial 

infarction, and untreated arterial hypertension, were enrolled.

7 Testosterone Effects on the Cardiovascular System

Earlier studies have suggested a potential beneficial effect of testosterone replacement 

therapy in older men, on the cardiovascular system. Specifically, Page et al. showed that 

3-year testosterone therapy in 46 older men was accompanied with a significant decrease 

in total cholesterol, low-density lipoprotein, without affecting high-density lipoprotein [23]. 

Furthermore, several clinical trials and meta-analyses have not demonstrated any significant 

adverse cardiovascular outcomes in older men treated with testosterone [40-42]. However, 

most of the studies were small, included patients of different ages, and were of different 

treatment duration. Among other potentially beneficial effects of testosterone replacement 

therapy on cardiac function, the findings from two randomized clinical trials reported 

that testosterone replacement attenuated the age-related increase in QTc interval during 

electrocardiography [43]. The study included a number of subjects with hypertension, 

diabetes, obesity, hyperlipidemia, and a history of coronary artery disease. Therefore, the 

clinical implications of these findings require further investigation.

When evaluating the effects of testosterone on the progression of atherosclerosis, a 3-year 

clinical trial in older men with serum testosterone levels at recruitment of 100–400 ng/dL 

showed that testosterone treatment had no effect on the rates of change in common carotid 

artery intima-media thickness, or coronary calcium [32]. Although this study has not 

demonstrated any adverse cardiovascular events, it was not sufficiently powered to evaluate 

the cardiovascular safety of testosterone use in older men.

In contrast, a clinical trial that included older men over 65 years of age with serum 

testosterone levels below 350 ng/dL and mobility limitations was stopped early due to 

the increased incidence of cardiovascular events in the treated group. Of 106 subjects 

who were enrolled into the testosterone arm of the study, 23 treated subjects reported 

cardiovascular-related adverse events [44]. In that study, both control and treatment groups 

had a high prevalence of hypertension, obesity, diabetes, hyperlipidemia, and pre-existing 

cardiovascular disease. A greater proportion of men in the testosterone group than in the 

placebo group reported that they had received a diagnosis of hyperlipidemia or were taking 

a statin. Furthermore, Finkle et al. reported an increased risk of non-fatal myocardial 

infarction in older men during the first 90 days following the initial prescription of 

testosterone, with a subsequent decline in baseline risk in the 91–180 days after treatment, 

using a large healthcare database [45]. In this cohort study, only subjects with a history of 

myocardial infarction were excluded and no data on the health status of subjects evaluated 

were provided. In another retrospective national cohort study, testosterone replacement 

also increased the risk of death, myocardial infarction, and stroke in older men with a 

pre-existing cardiac condition and those who underwent cardiac angiography [46]. In that 
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study, no health information of study participants was presented, except for those who were 

excluded from analysis due to a prior myocardial infarction event or cancer.

Overall, due to a current lack of long-term safety studies on testosterone therapy, 

testosterone replacement therapy in older men should be used with caution.

8 Testosterone Effects on Prostate Tissue

Current knowledge dictates that the presence of testosterone is crucial for the development 

of prostatic hyperplasia, and chemical or surgical castration has been reported to result in 

reduced prostate volume [47]. Multiple earlier clinical studies failed to show complications 

associated with benign prostatic hyperplasia during testosterone supplementation in older 

men with low to normal-low baseline testosterone levels [37, 38, 48, 49]. However, a 

recent large clinical trial was still not powered enough to determine whether testosterone 

replacement therapy may impose a risk of developing prostate cancer in older men. 

Testosterone treatment over a 3-year period significantly increased the serum levels of 

prostate-specific antigen in older men with low to normal-low pretreatment levels of serum 

testosterone [32], but no excess cases of prostate cancer were detected. Inconsistency in 

the clinical trial literature, which is limited by a small number of publications and a 

sample size not powered enough to evaluate the risks of prostate cancer in older men with 

testosterone replacement therapy, indicate only very large clinical trials involving several 

thousand patient-years of treatment can provide an answer.

9 Testosterone Effects on Polycythemia

Testosterone is known to induce erythropoiesis. It is reported that during puberty, 

hemoglobin levels increase by approximately 20%, in parallel with changes in testosterone 

levels, and hemoglobin levels in adult men are higher than in women. In older men, 

testosterone levels are also associated with mild anemia [50]. Recent clinical trials report 

that testosterone replacement therapy in older men with low to normal-low baseline 

testosterone levels result in increased hemoglobin and hematocrit levels [32]

Although an increase in hematocrit and hemoglobin levels is generally considered 

beneficial in patients with anemia, elevation above normal levels may result in undesired 

consequences, such as increased blood viscosity, which, in the elderly, may impose 

significant risks for the development of coronary and cerebrovascular events. Therefore, 

hematocrit and hemoglobin levels should be closely monitored in older men receiving 

testosterone replacement therapy.

10 Conclusions

Increasing rates of testosterone prescriptions in men over the past decade have warranted 

evaluation of the multi-organ effects of testosterone replacement therapy. While the effects 

of testosterone in younger men have been well-described, the effects of testosterone 

replacement therapy in older men over 60 years of age remain significantly understudied. 

Current knowledge obtained from recent clinical trials in older men over the age of 60 years, 

and with a duration of therapy no shorter than 6 months, is reported in Table 1.
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To date, clinical trials reported some benefits of testosterone replacement therapy in older 

men, including improved bone density and bone strength, improved body composition, 

such as an increase in lean body mass and a decrease in fat mass, as well as a modest 

but significant improvement in physical function. Testosterone treatment has also been 

reported to improve hemoglobin concentrations, which also seemed to improve the anemia 

irrespective of etiology. Testosterone treatment has also improved sexual function and mood 

in older men. In contrast to some benefits in mood, testosterone treatment had little to no 

effects on cognition in older men without age-associated cognitive impairment.

It is important to mention that the majority of clinical trials of testosterone replacement 

therapy in older men that reported beneficial effects did not provide data on cardiovascular 

risk factors such as blood pressure, coagulation factors, and inflammatory markers. 

Therefore, the effect of testosterone treatment in these trials cannot be clearly described. 

Meanwhile, comorbidities such as obesity and diabetes mellitus were relatively high in 

testosterone clinical trials. Considering that previous studies suggested an association 

between metabolic syndrome and testosterone levels, obesity and diabetes may contribute 

to the androgen deficiency-like symptoms and reduced testosterone concentrations in older 

men, and therefore should be carefully considered as a target prior to administration of 

testosterone [51-53].

One of the TTrials performed in frail older men, as well as those with limited mobility 

and pre-existing cardiovascular disease, have been reported to significantly increase the 

risks for the development of cardiovascular events that led to premature termination of the 

clinical trial [44]. Therefore, it appears that testosterone effects in older men may be heavily 

dependent on pre-existing comorbidities and risk factors.

Overall, it appears that testosterone treatment has a variety of effects, with modest 

improvements in a relatively healthy population with low levels of serum testosterone, and 

with some potentially adverse effects in the population of older men with pre-existing 

cardiovascular diseases. Almost all large trials involved only 1 year or less of actual 

replacement; the larger, longer trials also raise the possibility of gradually declining 

compliance and/or effectiveness of treatment. The need for a large-scale clinical trial is 

further underscored by the results from another large-scale clinical trial on the effects 

of hormone replacement therapy in women that has revealed the misleading results from 

other earlier conducted epidemiological studies [54]. The study suggested that hormone 

replacement therapy was associated with increased morbidity and a greater likelihood of 

cardiovascular events, but not increased mortality, in opposition to what was suggested with 

earlier smaller clinical trials.

We believe that, at the present time, the decision to treat or not should be highly 

individualized and the patient should have a good understanding of the potential benefits and 

risks as best as can be assessed in their particular case. In general, it is good practice, at the 

present time, to avoid treating patients with significant cardiovascular and cerebrovascular 

disease history, hypercoagulable states, prostate cancer, and overtly symptomatic benign 

prostatic hypertrophy.
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Key Points

Testosterone replacement is likely beneficial in healthy older subjects with significant 

hypogonadism.

Testosterone replacement in individuals with borderline low or low-normal testosterone 

levels is yet to be proven effective and may not outweigh the risks.

Testosterone should NOT be used in individuals with significant cardiovascular diseases 

and prostate cancer. Extreme caution may be needed in cases of benign prostatic 

hyperplasia.

The long-term effectiveness of testosterone treatment (beyond 2 years) is questionable 

based on the few controlled long-term treatment studies.
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