Mini Review

HORMONES 2017, 16(3):266-270

Ketogenic diet and testosterone increase: Is the increased
cholesterol intake responsible? To what extent and under
what circumstances can there be benefits?
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DIETARY CHOLESTEROL FROM
THE KETOGENIC DIET: IS IT ANEW
SOURCE OF INCREASED TESTOSTERONE?

The new study by Jacob Wilson et al demonstrated
that a nutritional intervention based on the ketogenic
diet (KD) in resistance-trained athletes of college age
showed an increase of total testosterone compared
to individuals who followed a Western diet (WD)
protocol with the same resistance training. The total
testosterone increase in the KD group was ~570 ng/dL
to ~690 ng/dL after 12 weeks of intervention, while
there was no change in free testosterone.! The ques-
tion is whether this concerned an impactful biological
increase, while also of importance is determination
of what factor elevated total testosterone in these
individuals.

In Wilson’s study, both the KD and the WD groups
followed an isocaloric diet, meaning that the differ-
ential was related to the increase of total lipids and
dietary cholesterol and the decrease in dietary fiber:
as expected, total carbohydrates in the KD group also
decreased.! However, with regard to these nutrients
dietary cholesterol was not calculated, despite the
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fact that cholesterol is known to be physiologically a
matrix in the formation of androgens, and especially
testosterone.’

The dietary cholesterol in Wilson’s KD subjects
was greater than that of the WD group.! In paral-
lel, given that the total lipid intake in the KD was
approximately 220 g per day, and within this total
110 g was of saturated fat,' dietary cholesterol was
also higher than traditional daily recommendations
(<300 mg/d for healthy individuals).?

Furthermore, while it is normal to have increased
intake of dietary cholesterol through the ingestion of
the food rich in fat used in the KD, Wilson et al did
not quantify dietary cholesterol in their study. Mean-
while, another recent study* quantified daily dietary
cholesterol intake in a KD protocol in which there
was a similar nutritional ratio to that of Wilson et al
and the value obtained was ~495 mg, thus providing
better insight.'* Moreover, in the study by Volek et al,
the cholesterol intake with a KD was 8444351 mg/d,
thus there were those whose intake of cholesterol was
more than 1000 mg/d.’

DOES THE DECREASE IN FIBER
INTAKE POTENTIATE THE INCREASE
OF TESTOSTERONE THROUGH

THE KETOGENIC DIET?

Besides dietary cholesterol, of considerable im-
portance in this context is dietary fiber. It is known
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that dietary fibers, especially the soluble type, act
in the enterohepatic cycle thereby increasing the
fecal excretion of cholesterol, a factor that must be
considered.®

With this in mind, in the study by Wilson et al the
KD group ingested fewer dietary fibers than did the
WD group (~18 g vs 35 g/d).! On the other hand, a
large classical study reported that after adjustments of
factors with potential for confusion (e.g., age, sex, body
weight, body mass index and alcohol intake), there
was no difference in total testosterone in individuals
with high fiber intake compared to individuals who
followed a typical omnivorous diet.” The individu-
als whose fiber intake was high were vegans. In this
group, daily dietary questionnaires over a period of
4 days determined that an average of 57 g/d of di-
etary fiber was achieved, whereas the daily dietary
fiber intake among omnivorous individuals averaged
35 g7, this value being equal to that of the WD group
of Wilson’s study.!

Thus, based on the classic study’ it may be as-
certained that the fact that the dietary fiber intake
in Wilson’s KD group was lower than that of the
group following a traditional diet was not the factor
differential which brought about the increase in total
testosterone.! Although in the classic study no differ-
ence was detected in testosterone levels between the
vegan group and the WD group, the KD may involve
a higher cholesterol intake than the WD. It is therefore
possible that the cholesterol intake of those following
a WD is not enough to increase testosterone and, in
fact, it would appear necessary to ingest an amount of
cholesterol compatible to that of the KD to increase
testosterone.'

BODY COMPOSITION: DOES INCREASE
OF TESTOSTERONE THROUGH

THE KETOGENIC DIET ACCOUNT

FOR BODY COMPOSITION CHANGES?

Although there is evidence that testosterone reduces
body fat loss,® there is no confirmation to date that
the increase of total testosterone through a KD is a
powerful factor in attaining this goal. This is because
the main factor contributing to body fat loss through a
KD is the caloric deficit and, in parallel, the decrease
of insulinemia and mitochondrial modulation.’

Several studies have shown that following a KD
results in loss of body weight, including fat mass,
as well as reduction in body water.”!* However,
the latter diet programs are characterized by a
high caloric deficit, for example, ~1200 kcal/day,’
hence, it cannot to be affirmed that the loss of body
fat occurs because of the increase in endogenous
testosterone.

Wilson et al demonstrated that the isocaloric KD
did not decrease lean mass, strength and potency of
upper and lower limbs as compared with the WD.
Meanwhile, the increase of testosterone in the KD
group was probably not the chief factor in maintain-
ing muscle mass. Instead, it was the strict supervision
exerted of the subjects’ physical exercise program and
the quality and quantity of a diet in which calories
and proteins were not restricted.!

The increase of testosterone achieved through the
KD does not constitute a method of an anabolic-like
but doping-free muscular effect, since the traditional
protocol to achieve ketosis is limited to protein intake.
In fact, the protein intake in the KD is counterproduc-
tive in achieving a perfect anabolic metabolism, given
that current recommendations for athletes encourage
almost double the proportion of protein intake com-
pared to that of the ketogenic diet.'*"

CAN THE KETOGENIC DIET
LEAD TO ATHEROSCLEROSIS?
DOES IT IMPACT DYSLIPIDEMIA?

There is a paucity of reports in the literature re-
garding the atherogenic effects induced by the KD.
First, there is no long-term intervention, covering
for example several years, and no study thus far has
analyzed atheroma plaques in the context of a KD.
Secondly, most of the KD intervention studies show
a favorable or neutral effect on modulation of lipid
profile.”!!:16

A hypocaloric KD in overweight individuals may
decrease LDL, total cholesterol and triglycerides while
increasing HDL (+~5 mg/dL).!%!! A study published
in the Annals of Internal Medicine showed a remark-
able decrease of ~105 mg/dL of serum triglycerides
in obese subjects undergoing 6 months of the KD,
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an effect equivalent to that of fibrates.! However,
in the study by Urbain et al there was an increase in
LDL (+12 mg/dL) and total cholesterol (+9 mg/dL)
in healthy subjects undergoing a 6-week normoca-
loric KD, though this did not exceed the reference
range. Moreover, HDL and serum triglycerides did
not change.*

It is thus clear that with regard to the tradi-
tional lipid profile (i.e., total cholesterol, HDL,
LDL and triglycerides), the main problem with
the KD would appear to be its effect on serum
cholesterol.* A hypocaloric KD is associated with
an improvement of lipid profile, this most probably
attributable to loss of body fat and carbohydrate
restriction. However, when the KD is normocaloric
it does not appear to alter the lipid profile to any
significant degree, since lipid levels did not exceed
the reference range.”!

The increase in cholesterol intake exerts a mini-
mal effect on serum cholesterol;'”'* therefore, the
KD should not be considered a factor significantly
affecting the lipid profile. However, it is conceivable
that the KD, which is by definition hypercaloric, may
negatively affect the lipid profile: interventions in
this field are necessary in order to verify this fact.
In these cases it is important to assess the levels of
LDL for its atherogenic potential, i.e. to examine the
types of emerging LDL molecules regarding their
size and density following a KD diet.

Furthermore, given that atherosclerosis is a process
induced by an antioxidant imbalance, the KD can be
of the antioxidant type. For example, there is a type
of Mediterranean KD which is mainly composed of
omega-9 chiefly due to the consumption of olive
oil, omega-3 derived from fish, various sources of
vegetables and eggs:*!” there is a consensus that all
these foods have antioxidant and anti-inflammatory
potentials.>!*?! Therefore, if individuals follow a KD
with good dietary sources such as those mentioned
above, it may even confer cardiovascular protection
even with high cholesterol intake. It is important to
stress that the KD modulates the antioxidant genes
and mitochondrial metabolism through ketone bodies
as signaling metabolites.?

STATINS CAN NEGATE THE POSSIBLE
INCREASE OF TESTOSTERONE THROUGH
THE KETOGENIC DIET (Figure 1)

Statins (HMG-CoA reductase inhibitors) could
potentially decrease testosterone levels by reducing
the availability of cholesterol for androgen synthe-
sis. There is a high prevalence of hypogonadism in
men with type 2 diabetes and in such patients KD
planning may be beneficial for the improvement of
glucose metabolism. By contrast, type 2 diabetes is
a disease closely related to dyslipidemia, the treat-
ment of which often leads to the use of statins.?**
Therefore, the use of statins in a KD program could
be counterproductive since reducing cholesterol can
increase testosterone.

In a study carried out by Stanworth et al, type 2
diabetic subjects (n = 147) undergoing statin therapy
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Figure 1. In general, it is expected to consume between 500-
100 mg/d of cholesterol through the ketogenic diet, and may
vary beyond this range. Probably after gastrointestinal tract
way this cholesterol amount provides more substrate for an-
drogen formation, thus reflecting on a serum increase of total
testosterone. Statins can this increase in testosterone by inhibit-
ing the cholesterol pathway. HMG-CoA: 3-Hydroxy-3-methyl-
glutaryl-coenzyme A.
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were seen to have lower total testosterone compared
with non-statin users (n = 167) (343 vs. 386 ng/dL of
total testosterone, p = 0.006).>* A sub-analysis showed
that atorvastatin was associated with reduced total
testosterone compared with non-statin users (329 vs.
386 ng/dL; p = 0.006), while there was an apparent
dose-response effect with the lowest levels of total
testosterone reported in men treated with 20 mg of
atorvastatin compared with the non-statin users (277
ng/dL vs. 386 ng/dL; p = 0.017). Therefore, based
on the use of 20 mg of atorvastatin as an example,
there is a decrease of around 109 ng/dL of total
testosterone through use of this drug, this indicat-
ing that it may negate the potential increase of total
testosterone in the KD program.?*

Among 4,166 men, those who used statins were
reported to have significantly lower total testosterone
levels as compared to non-users, with adjustment
according to age, body mass index, cardiovascular
disease, diabetes mellitus, hypertension and estradiol
levels. The use of several types of statins (simvastatin,
pravastatin, fluvastatin, atorvastatin and rosuvastatin)
for a period of 1 to 6 months was sufficient to lower
total testosterone levels.” In a meta-analysis studying
5 homogeneous trials of 501 men, statins lowered
testosterone by 19ng/dL (95% confidence interval,
-0.14 to -1.18) mainly in middle-aged subjects with
hypercholesterolemia.?

THE KETOGENIC DIET IN TYPE 2 DIABETES
AND METABOLIC SYNDROME

Of interest, along with considering a KD as a
support in increasing levels of testosterone, the same
diet could be valuable in the treatment of metabolic
syndrome and type 2 diabetes mellitus.?® For optimal
planning of a KD, Paoli et al recommended a fasting
blood glucose range of 65-80mg/dL and 80-120 mg/dL
for a Western type of diet; in relation to insulinemia,
they cite a range between 6-9.4 mU/L for the KD
and 6-23 mU/L in a typically WD.!®

In the context of this new development, the potential
of the KD to increase testosterone may be a thera-
peutic adjunct for the treatment of other conditions,
as for instance for patients with type 2 diabetics who
exhibit less testosterone than healthy individuals.?’

Thus, the KD may be a complement to the therapy
of this disease for a certain period of time and may
provide some increase of testosterone in parallel to
the glycemic control needed in these individuals.

WHAT IS MISSING?

All things considered, Wilson’s study indirectly
provides a solid basis for further research into planning
a dietary method for boosting testosterone production
in men with less than appropriate testosterone levels.!

To ascertain whether the possible increase in
testosterone through the KD is derived from the
general eating plan of this diet (i.e. high intake of
total and saturated fats and cholesterol, and low
in carbohydrates), or if it stems uniquely from the
increased cholesterol intake, a controlled interven-
tion is necessary based on adjusting for each dietary
factor, especially the amount of total fat.

In addition, further studies should determine spe-
cifically which KD foods provide dietary cholesterol,
for example, whether a majority portion comes from
egg yolk or from particular types of animal fats, since
certain foods, though high in cholesterol, may sup-
ply excellent nutrients for the body (e.g., egg yolk
itself),'® while others do not.

Other pertinent questions include to what extent
are there benefits if indeed increasing dietary cho-
lesterol intake increases total testosterone, which
populations would benefit, precisely what dosage
would be safe and effective and, lastly, whether a
specific food source and period of treatment need
to be determined.

Interventions are moreover required that include
analysis of serum pregnenolone and (dehydroepian-
drosterone) DHEA to ascertain the exact impact of
KD dietary cholesterol on the testosterone produc-
tion pathway.

The next step would be to analyze the KD, or else
set up a diet plan incorporating a similar amount of
cholesterol to that of the KD, for subjects suffering
from male hypogonadism, as well to as to analyze
testosterone production accompanying this diet in
women, along with resultant libido levels in both
genders.
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