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Abstract

Objective—Obesity-associated reduction in testosterone is based on the effect of high estradiol 

from an increase in aromatase activity present in the abundant adipose tissue. The resulting 

hyperestrogenemia suppresses the hypothalamic-pituitary-gonadal unit resulting in low 

testosterone production. Although weight loss has been found to be effective in reducing estradiol 

and raising testosterone levels in studies of younger men, its effect in frail obese older men is 

understudied. Thus, objective of this study was to determine the effect of lifestyle intervention on 

hormone levels in frail obese older men.

Design—Randomized controlled study of lifestyle intervention in frail, obese older men (≥65 yo) 

for 52 weeks.

Setting—University hospital.

Methods—Forty frail, obese elder men were randomized, for a 52-week (12 months) study, to 

any of the following treatment groups: (1) control group, (2) diet-induced weight loss group (diet 

group), (3) ET group (exercise group), and (4) diet-induced weight loss and ET group (diet–

exercise group). The objective was to achieve a ~10 % weight loss at 6 months and maintain this 

weight for an additional 6 months. Physical function was assessed by the modified physical 

performance testing (modified PPT). Estradiol was measured by radioimmunoassay, testosterone 

by automated immunoassay, and sex hormone-binding globulin by enzyme-linked immunoassay.

Results—After 12 months of intervention, diet alone resulted in a weight loss of −10.1 ± 1.9 kg 

(8.5%) in the diet alone group and −9.1 ± 0.9 kg (9.2%) in the diet-exercise group. This resulted in 

a significant decrease (both p<0.05) in total estradiol compared to baseline among subjects in the 

diet (−2.5 ± 1.3 pg/ml) and diet-exercise group (−2.2 ± 4.0 pg/ml). Free estradiol also significantly 
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decreased (both p <0.05) in both diet (−0.39 ± 0.14 pmol/nmol) and diet-exercise (−0.52 ± 0.12 

pmol/nmol). Total testosterone significantly increased (p<0.05) among the diet (71.0 ± 21.0 ng/dl) 

and diet-exercise (49.9 ± 15.5 pg/ml) resulting in values of 287.0 ± 28.1 ng/dl in the diet and 317.6 

± 33.1 ng/dl in the diet-exercise group. However, because there was a significant increase in sex 

hormone-binding globulin in both diet and diet-exercise, free testosterone index and the changes in 

free testosterone index were not significant compared to baseline. Regardless of changes in 

hormonal levels, patients in the diet, exercise, and diet-exercise groups experienced significant 

improvement in the modified PPT from baseline.

Conclusion—Weight loss from lifestyle intervention resulted in significant decrease in total and 

free estradiol in frail obese older men, but this did not result in clinically important increase in 

total testosterone nor a significant increase in free testosterone. Thus, alternative forms of 

treatment in addition to lifestyle intervention may be necessary to improve the hormonal profile 

among these patients. However, whether further improvement in hormonal profile would result in 

better physical performance than what can be achieved by lifestyle alone in these subjects, remains 

uncertain.
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INTRODUCTION

Obesity is an increasing problem worldwide and is one of the major contributors to 

burgeoning health care cost in the US (1). Obesity is associated with a host of complications 

mostly impacting mortality such as the metabolic syndrome, diabetes mellitus (and its 

complications), hypertension, heart attacks and strokes (2). As a result, the primary focus of 

medical care in these patients is the prevention and treatment of most of the above 

conditions, yet a great majority of these patients also have obesity-associated problems that 

may affect quality of life such as osteoarthritis, frailty which impacts independence (2;3), 

and hypogonadism (4;5).

The mechanism for obesity-associated hypogonadism is based on the increase in aromatase 

activity in the expanded adipose tissue volume resulting in increased conversion of androgen 

precursors to estrogens leading to hyperstrogenemia (6;7). In turn the high levels of estrogen 

suppress the hypothalamic pituitary unit resulting in lower levels of gonadotropins, hence 

less production of testosterone from the testes (5;8). Given that the main mechanism of low 

testosterone production is not because of testicular failure but the presence of excess adipose 

tissues (5;8;9), it follows that reduction in fat mass should be the primary approach of 

improving the hormonal status of these men (10).

Several studies have shown an improvement in hormonal profile by weight loss from 

lifestyle intervention in obese men (10-14). Weight loss interventions in these studies vary 

from study to study with some using very low calorie diet only while others combined with 

exercise and most with no pre-specified target weight loss resulting in great success in 

certain studies compared to others (10). However, most of these studies were done in 

relatively healthier younger men. Very little is known as to whether weight loss would also 
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result in improvement in hormonal profile in frail elderly obese who may have limited 

capacity to exercise. Therefore, the objective of this study was to evaluate the effect of 

supervised lifestyle intervention on the hormonal levels of frail obese older men 

participating in a lifestyle intervention study (15). This study was designed to promote 10% 

of loss of body weight in the first six months and weight maintenance in the succeeding six 

months.

METHODS

Study population

This study was a secondary analysis of data on the male participants from a previous study 

on the effect of lifestyle intervention on physical function in obese older adults (15). This 

study was done in accordance with the guidelines in the Declaration of Helsinki for the 

ethical treatment of human subjects. It was conducted at Washington University School of 

medicine and was approved by the Institutional Review Board. The participants were 

recruited through advertisements and written informed consent was obtained from each 

subject. Eligibility criteria included: 1) older age (≥65 years), 2) obese (BMI ≥ 30 kg/m2), 3) 

sedentary lifestyle (regular exercise <1 h/wk or <2 x/wk for the last 6 months), 4) stable 

body weight (±2 kg) over the past year, and 5) on stable medications for 6 months before 

enrollment. In addition, all participants were required to have mild-moderate frailty 

determined by meeting at least two operational criteria: modified physical performance test 

(PPT) score of 18–32, peak oxygen consumption (VO2peak) of 11–18 ml ml/kg, or difficulty 

in performing two instrumental activities of daily living (ADL) or one basic ADL (3). The 

effects of diet, exercise and combination of diet and exercise (diet-exercise) on measures of 

frailty and physical function, body composition and bone mineral density, and cognition and 

quality of life on these subjects were reported previously (15-18). The present study reports 

the effects of diet, exercise and diet-exercise on the changes in serum hormone levels among 

male participants in the study.

Study design

The participants were randomized, for a 52-week study, to any of the following treatment 

groups: (1) control group, (2) diet-induced weight loss group (diet group), (3) ET group 

(exercise group), and (4) diet-induced weight loss and ET group (diet–exercise group). 

Details regarding the intervention strategies have been described previously (15). Briefly, 

subjects in the control group were advised to continue their usual dietary or activity habits. 

The diet group was recommended a diet that would provide an energy deficit of 500 to 750 

kcal/day from their daily energy requirement and asked to meet weekly as a group for 

adjustments of calorie intake and behavioral therapy with a dietitian. Their food diaries were 

reviewed and new goals were set based on diary reports. The objective was to achieve a 

~10 % weight loss at 6 months and maintain this weight for an additional 6 months. The 

subjects in the exercise group were asked to maintain a weight-stable diet while participating 

in a multicomponent ET program supervised by a physical therapist. Each session was 

approximately 90 min in duration: 15 min of flexibility exercises, 30 min of aerobic 

exercises, 30 min of progressive resistance training, and 15 min of balance exercises. 

Subjects in the diet–exercise group participated in both weight management and ET 
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programs described above. All subjects were provided supplements to ensure an intake of 

~1,500 mg of calcium/day and ~1,000 IU vitamin D/day.

Biochemical measurements—Blood samples were obtained in the morning after 

subjects fasted for at least 12-hours. Serum samples were extracted and stored at −80°C until 

analysis. Enzyme-linked immunosorbent assay kits were used to measure sex-hormone 

binding globulin (SHBG) (Alpco Diagnostics, Salem, NH). Radioimmunoassay kits were 

used to measure serum estradiol (Ultra-sensitive estradiol DSL-4800; Diagnostic Systems 

Laboratories Inc., Webster, Tex), while serum total testosterone was measured by automated 

immunoassay (VITROS® 5600, Raritan, NJ). The coefficient of variation for these assays 

were <10%. The free estradiol index was calculated as the molar ratio of total estradiol to 

SHBG (pmol/nmol) (19). The free testosterone index was calculated by using the formula 

previously described by Sowers et al. (20): Free testosterone index = 100 × testosterone 

(ng/dl)/28.84 × SHBG (20)

Statistical Analyses

The outcomes for this report were the changes in testosterone, estradiol and sex hormone 

binding globulin from baseline at months 6 and 12. Intention-to-treat analyses were 

performed with inclusion of all participants who provided any data after baseline. Baseline 

characteristics were compared using analyses of variance or Fisher's exact tests. A three-

factor, repeated measures analysis of variance, adjusting for baseline values, was used to 

determine the effects of diet and exercise on the outcome variables, as well as to determine 

any interaction between diet and exercise. Analyses testing for within-group changes also 

were performed using mixed-model repeated-measures analyses of variance. Pearson's 

correlation was used to examine relationships among changes in selected variables. Data are 

presented as mean ± SE. P≤0.05 was considered statistically significant. All data were 

analyzed using SAS software, version 9.3.

RESULTS

Our study population consisted of 40 frail obese older men with a mean age of 69.3 ± 4.1 

years old, mean BMI of 36.8 ± 4.6 kg/m2 and mean physical performance score of 27.9 

± 2.7. Table I shows the age, baseline BMI, weight, waist circumference and physical 

function of our study population and the changes at 6 months and 1 year. There were no 

significant differences in these baseline characteristics among the groups. Over the one year 

period, the diet intervention resulted in significant decreases in body weight and waist 

circumference whereas the exercise intervention had no effect. Thus, within the intervention 

groups, there were also significant decreases in body weight and waist circumference in the 

diet and diet-exercise groups but not in the exercise and control groups. On the other hand, 

both the diet intervention and the exercise intervention resulted in a significant increase in 

the physical performance test score without an interaction effect between diet and exercise. 

Therefore, within the intervention groups, there was also a significant increase in the PPT 

score in the diet, exercise, and diet-exercise groups but not in the control group.

Mean testosterone levels at baseline were below 300 ng/dl level set by the Endocrine Society 

as cut-off for diagnosis of hypogonadism in all the groups (21). Over the one year period, 
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the diet intervention resulted in a significant increase in testosterone level and a significant 

decrease in estradiol level, whereas exercise had no effect on these two hormones (Table 2 
and Figure 1). Accordingly, within the intervention groups, there was also a significant 

increase in testosterone level and a significant decrease in estradiol level in the diet and diet-

exercise groups but not in the exercise and control groups (Table 2). However, because the 

increases in testosterone levels were modest, the mean levels of testosterone in the diet and 

diet-exercise groups remained below the below 300 ng/dl (i.e. 287.0 ± 28.1 ng/dl) in the diet 

and in the low 300s in the diet-exercise group (i.e. 317.6 ± 33.1 ng/dl).

The diet intervention resulted in a significant increase in SHBG whereas the exercise 

intervention had no effect on SHBG (Table 2). Consequently, adjustment for the changes in 

SHBG showed that the diet intervention had no effect on the free testosterone index (Table 2 
and Figure 2) similar to the exercise intervention. By contrast, with adjustment for the 

changes in SHBG, the diet intervention significantly decreased levels of the free estradiol 

index (Figure 2) resulting in a significant decrease in free estradiol index in the diet and 

diet-exercise groups but not in the exercise and control groups.

Simple correlation analysis showed no significant correlation between the changes in 

testosterone or any of the hormones and the changes in PPT either at 6 and 1 year of 

intervention in either the entire group or limited to the active intervention groups alone (diet, 

exercise, and diet-exercise groups).

DISCUSSION

Our study showed that despite diet-induced weight loss of ~10% over a one year period, the 

increase in testosterone level was minimal in this population of frail, obese older men and 

not enough to raise it to the normal mid-eugonadal range and may even remain below the 

lower limit of normal (300 ng/dl) set by the Endocrine Society (21). In fact, after adjusting 

for changes in SHBG, there was no significant change in free testosterone index. However, 

diet-induced weight loss resulted in a significant decrease in estradiol and free estradiol 

index. The above findings suggest that weight loss by itself is not an effective method for 

producing clinically significant improvement in the androgen hormone profile of frail, obese 

older men.

The syndrome of obesity-associated hypogonadism has been recognized for sometime yet, 

the treatment of this condition remains controversial. Because hypogonadism in these 

patients is based on the concept that the high estrogen levels resulting from increase 

aromatase activity in the large adipose tissue volume results in suppression of gonadotropin 

production and consequently testosterone by the testis (8;11), reduction in adipose tissue 

volume appears to be the most appropriate approach. Nevertheless, testosterone replacement 

remains the standard of therapy for hypogonadism irrespective of body weight (21).

One of the very first studies investigating the effect of weight loss on the hormonal profiles 

of obese men was that of Stanik et.al. In a group of obese men prescribed a very low caloric 

diet (320 cal/day) for 8 weeks or until ideal body weight (12), these investigators were able 

to demonstrate a significant increase in both total and free T accompanied the significant 
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decrease in total and free estradiol after an average weight loss of 19.5 kg with a reduction in 

obesity from 54±4.2% to 27±3.8% above ideal body weight (12). However, the degree of 

caloric restriction in this study would be impossible to incorporate in long-term lifestyle 

changes. Another study among 11 otherwise “healthy” markedly obese men (100 to 305% 

above IBW), caloric restriction using individualized dietary protocol resulted in massive 

weight loss (53±36 kg, range: 26-130 kg) after a mean follow-up period of 17 months (11). 

There was a significant increase in FSH, increase in total and free T but the values at the end 

of the study were still lower than the normal control subjects. There was no change in LH 

and no change in total and free estradiol. The authors commented that despite the massive 

weight loss, these patients were still obese at the end of the study accounting for the failure 

to significantly reduce estradiol and completely reverse hypogonadotropic hypogonadism.

More studies followed (10;13;14;22-25) which documented a consistent but variable 

increase in T production associated with weight loss. The meta-analysis of 24 studies by 

Corona et.al (10) showed that both low-caloric diet and bariatric surgery were associated 

with significant increases in total and unbound testosterone but bariatric surgery was more 

effective than low-calorie diet. They also found that the increase in testosterone was greater 

among those who lost more weight, and in younger, and non-diabetic subjects who had 

greater degree of obesity at baseline. The degree of weight loss was also found to be 

associated with the reduction in estradiol and was overall the best determinant of 

testosterone increase from the multiple regression analysis (10). Thus, although lifestyle 

intervention is helpful in young non-diabetic obese patients, it may not be as effective in 

older subjects or in severely obese individuals who may still remain obese at the end of the 

intervention despite weight loss. In addition, the positive effect of weight loss on 

testosterone could be short-lived depending on how long the patients can adhere to the 

prescribed diet and exercise and keep their weight loss. In a previous study, weight loss by a 

very low-calorie diet was followed by weight regain in the maintenance phase (14). In this 

study, 28/58 had low T at baseline, which was reduced to 5/57 at the end of the weight loss 

phase. However, 12/58 had low T once again in the maintenance phase suggesting 

recurrence of hypogonadism with weight regain.

In our population of frail, obese elderly, weight loss was able to produce little or modest 

increase in testosterone levels and little or modest reduction in estradiol levels. Hence a 10% 

weight loss may not be enough to improve the hormonal profile of our obese men, yet a 

weight loss of over 10% may also be detrimental to this age group (26). Although weight 

loss is generally regarded as effective and safe in younger obese subjects, it remains a 

controversial issue in older subjects because it may exacerbate the age-related loss of bone 

and muscle mass (27). As both aging and increasing adiposity are associated with a decline 

in testosterone levels (28-31), the problem of obesity-associated hypogonadism could even 

be more common in men who are both elderly and obese. Furthermore, as both aging and 

obesity are also associated with loss of lean/muscle mass (3;32;33) it is possible that 

testosterone lack may aggravate this loss of muscle mass making the elderly obese 

hypogonadal men at the greatest risk for worse frailty. In our previous publication, we 

reported that there was improvement in the physical function in patients assigned to diet 

alone, exercise alone and diet-exercise (15). Similar findings were obtained in this study 

where analysis was confined to men alone. In the absence of clinically meaningful changes 
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in testosterone levels in this study, we assume that the positive effects of lifestyle 

intervention on physical function in our study is likely independent of changes in 

testosterone levels.

Our study has limitations. Given the limited sample size, and the type of subjects enrolled in 

this study (frail, obese older men), our results may not apply to the population of obese men 

in general. However, results from this study clarified the role of supervised weight loss from 

lifestyle intervention in improving testosterone levels in frail, obese older men. Furthermore, 

if testosterone therapy improves frailty as has been shown in a few studies (34), our results 

showed that regardless of the changes in testosterone in the select population of frail, obese 

older men improvement in physical function can be achieved by diet, exercise and diet-

exercise. However, whether the combination of lifestyle intervention with exogenous 

testosterone (to raise levels into the mid-eugonadal range) will result in better improvement 

in in physical function, remains uncertain and could be the direction of future studies.

In conclusion, because our results are based on a supervised lifestyle intervention with good 

compliance, we can infer that weight loss is not an effective method for raising testosterone 

levels in frail, obese older men. Although improvement in physical function was observed 

with lifestyle intervention in our subjects, this occurred in the absence of a clinically 

important increase in testosterone level. It is possible that restoration of the physiologic 

anabolic milieu by raising testosterone levels to the mid-eugonadal range could further 

improve physical function when added to lifestyle therapy. Although a multifactorial 

approach (e.g. diet-exercise in combination with testosterone replacement) seems to be an 

attractive strategy to maximize physical function in the obese elderly with low testosterone, 

the efficacy of this method remains uncertain. Moreover, the benefits of raising testosterone 

levels has to be balanced with the risks in older men. Given the emerging concerns on the 

safety of testosterone replacement raised by recent publications (35;36), and the theoretical 

possibility of increased conversion of exogenous testosterone to estrogen in the large adipose 

tissue volume in obese subjects, other treatment modalities may also need some 

consideration either alone or in combination with weight loss.
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Figure 1. 
Changes in testosterone, free testosterone index, estradiol, and free estradiol index according 

to the presence or absence of diet. Open circles (diet or diet-exercise group). Closed circles 

(exercise or control group). *Significant effect of diet; P <0.05. Values are mean ± SE.
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