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Abstract

Purpose Metabolic syndrome is a risk factor for several diseases. The relationship between metabolic syndrome and
hypogonadism is well known. Our objetive is to assess whether a low carbohydrate diet can increase total serum
testosterone and improve erectile function in hypogonadal men with metabolic syndrome.

Methods An open label randomized clinical trial was conducted comparing a low carbohydrate diet and controls,
during three months, in hypogonadal men with metabolic syndrome. Anthropometric measurements were evaluated
as well as total serum testosterone levels, and symptoms of hypogonadism, using the ADAM and AMS scores, and
sexual function using IIEF-5 score.

Results Eighteen men were evaluated. Anthropometric measures were improved only in low carbohydrate diet
group. The intervention group also had a statistically increase in IIEF-5 score and a significant reduction in AMS and
ADAM scores (p <0.001). The increase in serum total testosterone levels was statistically significant in the low carbohy-
drate group compared to the control group as well as calculated free testosterone (p <0.001).

Conclusions Low carbohydrate diet may increase serum levels of testosterone and improve erectile function in
hypogonadal men with metabolic syndrome. However, larger studies are necessary to strongly prove the effective-
ness of low carbohydrate diet in treating male hypogonadism.
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Introduction

Metabolic syndrome has been widely studied in recent
years, mainly due to its role as a risk factor for several
diseases. Overweight or obesity, which is one component
of metabolic syndrome, has a high prevalence and is con-
sidered a public health problem. Brazilian data show that
the obesity rate in individuals aged > 20 years more than
doubled (from 12.2 to 26.8%) between 2003 and 2019
and, during this period, male obesity rose from 9.6% to
22.8% [1]. The 2012 National Health and Nutrition Exam-
ination Survey estimated the prevalence of obesity in the
US population at 35% [2].

Testosterone deficiency, also called hypogonadism,
is also a prevalent condition, affecting around 5 million
Americans [3]. Hypogonadism is defined both biochemi-
cally and clinically: total serum testosterone<300 ng/
dL and clinical manifestations such as cognitive deficit,
decreased lean mass, lower bone mineral density, erec-
tile dysfunction, decreased libido, etc. [3]. Metabolic
syndrome, diabetes mellitus and hypogonadism can neg-
atively influence male health and some authors have even
proposed that hypogonadism should be included as a
criteria for metabolic syndrome [4, 5]. Some studies have
shown that low serum testosterone levels are associated
with increased insulin resistance, including an estimated
50% prevalence of hypogonadism in diabetic men [6].
Insulin resistance, in turn, is a risk factor for metabolic
syndrome and cardiovascular diseases [7].

Metabolic syndrome and all of its risk factors (eg, car-
diovascular disease, diabetes mellitus and obesity) are
associated with erectile dysfunction, raising the hypoth-
esis that correcting these factors could improve the
sexuality of men who suffer from this condition [8]. In
addition, some studies not only corroborated these find-
ings, but also demonstrated that a low-carbohydrate diet
was superior regarding weight loss and reducing systolic
blood pressure, increasing HDL and reducing triglyceride
levels, proving to be more effective in reducing estab-
lished cardiovascular risk factors [9, 10].

We found no studies reporting specific effects of a low-
carbohydrate diet on male hypogonadism. Therefore, we
performed a study to verify the effects of this type of diet
in men with metabolic syndrome, mainly focusing on
serum testosterone level and erectile function, due to the
possible correlation between them after an extensive lit-
erature review.

Methods

This open label randomized clinical trial was conducted
at the Hospital de Clinicas de Porto Alegre (HCPA), Bra-
zil, allocating participants to a low-carbohydrate diet
or to their usual diet as a control group. The Random
App from Apple Store was used for randomization. The
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participants, recruited through consecutive sampling,
included men > 18 years of age diagnosed with metabolic
syndrome and subnormal testosterone levels. The exclu-
sion criteria were cardiomyopathy, heart failure, previous
or current neoplastic disease, uncontrolled liver disease,
current treatment for erectile dysfunction, used drugs
known to interfere with testosterone levels, previous bar-
iatric surgery, using appetite-regulating drugs and food
allergies or intolerance. Periodic consultations were held
with researchers and a nutritionist for 3 months. The ini-
tial and final evaluations involved the entire team, while
monthly evaluations were only performed by the nutri-
tionist. At the first visit, inclusion and exclusion criteria
were investigated as well as the informed consent was
obtained from all participants of the study.

We used the U.S. National Cholesterol Education Pro-
gram’s Adult Treatment Program III (NCEP-ATP III)
[11] definition, which has been accepted by the First
Brazilian Guidelines on the Diagnosis and Treatment of
Metabolic Syndrome [12]. For a man being diagnosed
with metabolic syndrome he has to have three or more
of the following criteria: waist circumference>102 cm,
HDL-cholesterol <40 mg/dL, triglycerides>150 mg/
dL, fasting blood glucose>110 mg/dL or type 2 diabe-
tes or blood pressure systolic >130 mmHg and/or dias-
tolic > 85 mmHg or hypertensive.

Hypogonadism symptoms were assessed using the
Androgen Deficiency in the Aging Male (ADAM) ques-
tionnaire [13], while the Aging Male Symptoms (AMS)
scale [14] was used to assess hormone deficiency symp-
toms. Erectile function was assessed using the Interna-
tional Index of the Erectile Function-5 (IIEF-5) [15].

Anthropometric measurements were performed
according to World Health Organization norms [16]. All
measurements were performed by the same investiga-
tor. All laboratory tests were performed at the Hospital
de Clinicas de Porto Alegre. Participants with total serum
testosterone<300 ng/dL (chemiluminescence) and/or
calculated free testosterone levels<6.5 ng/dL, after two
consecutive measures, were considered hypogonadal
[17].

The control group was instructed to continue eating
normally but received guidance about healthy eating pat-
terns. The low-carbohydrate group was instructed by a
nutritionist, member of the study team, to reduce carbo-
hydrate intake and increase protein and fat intake [18].
Their diet could not contain more than 25-30% carbohy-
drates per day, aiming for 20-30 g carbohydrate per day.
The two diets have the same amount of calories.

Data analysis was performed using SPSS Statistics
(IBM, Armonk, NY, USA). Descriptive statistics (mean,
standard deviation, frequency) were used. Normal distri-
bution of the data was evaluated with Shapiro Wilks test.
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Student’s t test and Mann—Whitney U tests were used
for normally distributed and non-normally distributed
quantitative variables, respectively. In the comparison
of qualitative data, Chi-Square and McNemar tests were
used, respectively for dependent and independent sam-
ples. Pearson correlation analysis was used to examine
the relationships between parameters that show normal
distribution. P-values<0.05 were considered statistically
significant. Quantitative variables and analysis with Stu-
dent’s ¢-test were used to calculate the sample size. Using
data from the literature, a standard deviation of 150 ng/
dL for total serum testosterone, a detectable testosterone
difference of 100 ng/dL, a significance level of 5%, and a
power of 80% in a two-tailed test, 35 participants were
required in each group. Considering a 20% loss, 44 par-
ticipants were required per group, totaling 88 men. The
datasets used and analyzed during the current study are
available from the corresponding author on reasonable
request.

The study was approved by the Research Ethics Com-
mittee of the Hospital de Clinicas de Porto Alegre
(2017-0523). This study was carried out in accordance
with the Declaration of Helsinki and Brazilian regula-
tory guidelines and norms for research involving human
beings (National Health Council Resolutions 466/12 and
441/11). This study was registered at Plataforma Brasil
(CAAE 61,385,716.8.0000.5327) and clinicaltrials.gov
(NCT05019859, 25/08/2021).
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The groups were homogeneous regarding the most rel-
evant demographic data (Table 1). The mean age was 59.8
and 57 years in the control and low-carbohydrate groups,
respectively (p=0.46). The prevalence of both hyperten-
sion and diabetes was 57% in the sample, with no signifi-
cant difference between the groups (hypertension: 43% vs
64%, p=0.35; diabetes: 86% vs 43%, p=0.06). A total of
19% of the participants were smokers, with no significant
difference between the groups (29% vs 14%, p=0.43).
Regarding ethnicity, 71% self-reported as Caucasian, with
no significant difference between the groups (86% vs 64%,
p=0.3). Erectile dysfunction was reported by 62%, which
also did not differ between groups (86% vs 50%, p=0.11).

Erectile function differed significantly between the
groups, with a mean 2.4 points increase in the low-car-
bohydrate group at IIEF-5 questionnaire, which placed it
in the mild erectile dysfunction category, rather than the
mild-to-moderate category (15.5 points to 17.9 points,
p<0.01) (Table 2). The score also increased in the control
group, although not enough to change its category, which
remained mild-to-moderate (p =0.3) (Table 2).

Symptoms suggestive of hypogonadism significantly
improved in the low-carbohydrate group according
to AMS (p<0.01) and ADAM (p<0.01) scales. The
AMS scores reduced by a mean of 11 points in the

Table 2 AMS and IIEF-5 scores before and after the intervention

IIEF-5
Results Before After P-value
A total of 22 men were included, 4 of whom dropped out
after the first visit, 1 of the control group and 3 of the low ~ Control group (n=6) 12 14.2 0.3
carbohydrate one, due to personal problems. Thus 18  Low Carbohydrate group (n=12) 155 179 0.01
participants completed the study, ie, a 20% loss, which is AMS
common in clinical studies being 6 in the control group  ontrol group (n=6) 418 44.7 0.3
and 12 in the low carbohydrate group. Our study was Low Carbohydrate group (n=12) 459 348 <0.01
conducted from March 2018 to October 2020. AMS Aging Male Symptoms scale, /IEF-5 International Index of Erectile
Function—5

Table 1 General characteristics of population

Control group Low Carbohydrate group (n=12) P-value

(n=6)
Mean age (years) 59.8 57 0.46
White (%) 86 64 0.30
Smokers (%) 29 14 0.43
Diabetes mellitus (%) 86 43 0.06
Arterial hypertension (%) 43 64 0.34
Erectile dysfunction (%) 86 50 0.11
Weight (kg) 983 9.5 0.87
BMI (kg/cm2) 30.2 31.7 0.31
Total testosterone (ng/dL) 2177 229.1 0.63
Calculated free testosterone (ng/dL) 43 4.7 0.46
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low-carbohydrate diet group, changing its symptom
category from moderate to mild (Table 2). According to
the ADAM questionnaire, the percentage of men with
symptoms of hypogonadism in the low-carbohydrate
group decreased from 78.6% before the intervention
to 21.4% after the intervention, while in the control
group, this percentage decreased from 100% to 85.7%.
The difference in reduction between groups was sig-
nificant (p<0.01) (Table 3). If hypogonadism is con-
sidered by total testosterone serum level <300 ng/dL,
100% was hypogonadal at the beginning of the study.
However, the percentage of men who were eugonadal
(total testosterone > 300 ng/dL) at the end of interven-
tion period was 3 times higher in the low-carbohydrate
group (p=0.05) (Table3).

Blood pressure levels were considered separately as
systolic and diastolic. Systolic blood pressure was sig-
nificantly reduced in the low-carbohydrate group but
not in the control group (-9.07 mmHg vs—2.57 mmHg,
p=0.002). However, this difference did not occur in
diastolic blood pressure (-3.64 mmHg vs + 3.85 mmHg,
p=0.12). Regarding anthropometric measurements,
there was a significant weight reduction in both groups,

Table 3 Hypogonadism and symptoms of hypogonadism
prevalence using serum total testosterone level and ADAM score
before and after the intervention

Control Low

gourp Carbohydrate

(n=6) group
(n=12)

Before After Before After P-value

Total testosterone<300ng/ 100 833 100 50 0.05
dL (%)
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although it was greater in the low-carbohydrate group
(Table 4).

The total serum testosterone increase was greater
in the low-carbohydrate group than the control group
(481.6 ng/dL vs,+9.5 ng/dL; p=0.08). However, in the
same group assessment (before-and-after model), there
was a significant difference in the low-carbohydrate
group but not in the control group (Table 4). Calculated
free testosterone also differed in the low-carbohydrate
group, as same group assessment, with a mean increase
of 2 ng/dL (p=0.001), resulting in a mean value of 6.7 ng/
dL which is in the normal range. In the control group,
the calculated free testosterone level did not differ sig-
nificantly, with a mean increase of 0.45 ng/dL (p=0.58)
(Table 4).

Discussion

Our findings were consistent with the results found in
the literature as improving cardiovascular risk factors
and anthropometric measurements as BMI but showed
a possible improvement in sexual function and testoster-
one which was an unprecedented point related to a low-
carbohydrate diet effect.

An excellent review, looked at studies along 40 years,
found that men with metabolic syndrome and subnormal
testosterone level should be advised to implement life-
style measures such as weight loss and exercise, which, if
successful, raise testosterone and provide multiple health
benefits [19]. Another review of all well-conducted stud-
ies on low-carbohydrate diet, found reductions in weight
and triglycerides in every population [20]. Along the
same way, a meta-analysis compared a low-fat diet with
a low-carbohydrate diet, finding that the latter was more
effective at reducing weight and improving cholesterol
and triglyceride levels [21].

Symptoms of hypogonadism 100 857 786 214 <0.01 Male sexual health and different diets were
by ADAM score (%) . . .
reviewed and some 1mprovement was seen in men on

ADAM Androgen Deficiency in the Aging Male scale
Table 4 End points before and after the intervention

Control gourp Low Carbohydrate group

(n=6) (n=12)

Before After P-value Before After P-value
Weight (Kg) 98.3 973 0.04 96.5 919 0.002
Body Mass Index 30.2 29.7 0.07 317 300 0.01
Abdominal circumference (cm) * 113.3 110.5 0.06 1122 106.3 0.002
Hip circumference (cm) 105.7 105.2 0.41 1043 1023 0.21
Waist circumference (cm) ** 108 107.3 0.39 1064 102.8 0.10
Total testosterone (ng/dL) 217.7 2272 0.76 229.1 310.7 0.002
Calculated free testosterone (ng/dL) 43 48 0.58 47 6.7 0.001

Tape measure around person’s umbilical scar

*Tape measure around person’s middle (between the bottom of the ribs and the top of the hipbones)
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Mediterranean diet [22]. We also found a sexual improve-
ment in men after a low-carbohydrate diet, which is very
similar to the Mediterranean diet. In 2021, Machado FP
et al. [23] published a cohort study with 33 men assessing
the hormonal profile and sexual function before and after
bariatric surgery. Similar to our study, there was a signifi-
cant increase in total testosterone and calculated free tes-
tosterone as well as a significant improvement in sexual
function. However, unlike our study, these results were
obtained after an invasive intervention such as bariatric
surgery. Freedland SJ et al. [24] evaluated the effect of a
low carbohydrate diet on cardiovascular and metabolic
syndrome risk in men with prostate cancer. The authors
found that this diet improved all parameters of metabolic
syndrome, significantly reducing the chance of having it
(OR 0.95; 95% CI 0.91-0.99; p=0.023), corroborating the
results of our study.

However, our study has some limitations. Since it is a
diet, not all eligible patients agreed to participate. There
is a great resistance to healthier diets, such as a low-car-
bohydrate diet, precisely because it affects entrenched
eating habits. Nevertheless, the COVID-19 pandemic
was another important limiting factor of our study,
impeding the recruitment of new patients which led us
to terminate the study prematurely even with a small
sample size. The combination of these factors reduced
the power of our results and limited our conclusions but
it did not invalidate them and would encourage further
researches on this topic.

Conclusions

Our study demonstrated that a low-carbohydrate diet
could reduce weight, systolic blood pressure and anthro-
pometric measurements, especially abdominal circum-
ference. Furthermore, a period of three months on this
diet also raise the possibility of increasing serum levels
of total and calculated free testosterone and of improving
erectile function. However, larger studies should be done
to demonstrate the potencial effect of a low-carbohydrate
diet on serum testosterone level and erectile function in
hypogonadal men with metabolic syndrome.
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