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ABSTRACT

A keto diet is well-known for being a low carb diet in which the body produces ketones
in the liver to be used as energy. When something high in carbs is eaten, the body will
produce glucose and insulin. Glucose is the easiest molecule for the body to convert and
use as energy, so it will be chosen over any other energy source. The aim of this study is to
examine the effect of a ketogenic diet on type 2 diabetic patients and the effect it has on
testosterone, vitamin D3, HDL, LDL levels, in comparison to non-ketogenic diet subjects.
In the study, type 2 diabetic patients undergoing a keto diet were selected and serum
D3 levels and testosterone levels were examined and compared with control subjects.
The result show a significant increase in testosterone hormone in patients with diabetes
mellitus type 2 following a Ketogenic diet (mean+ Std. Error 427.4+2.52) as compared
with the control group (mean + Std. Error 422.2+0.24) and as compared with patients
with diabetes mellitus type 2 who are not following a Ketogenic diet (mean+ Std. Error
151.4+1.41). The results show no significant level in LDL level in patients with diabetes
mellitus type 2 following a Ketogenic diet (mean * Std. Error 78.53+0.17), as compared
to a control group (mean * Std. Error 75.0.3£0.14) and no significant level in HDL level
in patients with diabetes mellitus type 2 following a Ketogenic diet (mean+ Std. Error
46.3+1.55), as compared with a control group (mean + Std. Error 46.2+2.43), and with
patients with diabetes mellitus type 2 who are not following a Ketogenic diet (mean * Std.
Error 45.1+1.55). The results show a significant increase in vitamin D3 level in patient
with diabetes mellitus type 2 who are following a Ketogenic diet (mean * Std. Error
53.5+0.32), as compared with a control group (mean+ Std. Error 57+0.24), and with
patients with diabetes mellitus type 2 who are not following a Ketogenic diet (mean * Std.
Error 25.1+1.55). Herein, normal vitamin D3 levels in patients corresponds to normal
testosterone hormone levels. In conclusion, this study shows that in patients with diabetes
mellitus type 2, following a ketogenic diet has a positive effect on the patients’ health.
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INTRODUCTION

When someone eats something that has high carbohy-

drates content, the body will produce insulin and glucose.
Glucose is the easiest molecule for the body to convert and
use as energy, so it will be chosen over any other energy
source [1]. Insulin is produced to process the glucose in
the bloodstream. Since glucose is being used as a primary
energy, fats are not needed and are therefore stored [2].
Typically on a normal, higher carbohydrate diet, the body
will use glucose as the main form of energy. By lowering
the intake of carbs [3], less fat is stored.

Ketosis is an everyday process within the body, regardless
of the amount of carbs consumed, The body can adapt very

* Corresponding author
e-mail: haiderl.ligan@uokufa.edu.iq

well to processing different types of nutrients into the fuels
that it needs. Proteins, fats, and carbs can all be processed
for use [4]. Eating a low carb, high fat diet just ramps up
this process, which is a normal and safe chemical reaction
[5]. When carbohydrate-based foods or excess amounts of
protein are consumed, the body will break this down into
glucose. Glucose is needed in the creation of ATP, which
is a fuel that is needed for daily activity and bodily main-
tenance [6].

Vitamin D plays an important role in the metabolism of
calcium and phosphorus ions, Its primary activities involve
absorption of intestinal calcium and reabsorption of renal
calcium, and, additionally, it has an immediate impact on
chondrocyte and osteoblast differentiation — resulting in
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bone formation [7]. Vitamin D enters the body as two sorts,
as D2 or (ergocalciferol) and as D3 or (cholecalciferol). Both
D2 and D3 can be produced under ultraviolet B irradia-
tion (UV light). D2 is synthesized in plants from ergosterol,
however, D3 is generated by the cells of the epidermis from
7-dehydrocholesterol, after the subtraction of ring B from
the molecules of cholesterol. D3 is additionally obtained
from nutritional sources [8]. From accumulating evidence
from human studies, vitamin D, aside from its regulatory
effects on musculoskeletal health, plays a role in reproduc-
tion in both sexes [9]. The basis of the exchange between
vitamin D and reproduction lays on the existence of both
vitamin D receptors (VDR) and 1a-hydroxylase (CYP27B1)
enzyme in the reproductive organs [10]. In the males, VDR
are existent in the testis, epididymis, prostate, and seminal
vesicles [11]. In Sertoli cells, as ion channel dependent
secretory activity, vitamin D appears to stimulate calcium
intake through activitation of the nuclear receptors [12].

Testosterone is the main steroid hormone of sex in
the male and is synthesized by transformation of andro-
stenedione through 17B-hydroxysteroid dehydrogenase.
This hormone will then be converted by Sa-reductase into
dihydrotestosterone [13]. Testosterone is secreted by the
leydig cells under the influence of LH, and acts as negative
feedback factor on the hypothalamus, to decrease the
release of GnRH. Furthermore, it acts specifically on the
anterior pituitary gland, therefore, inhibiting the release
of LH hormone [14]. Testosterone is the fundamental steroid
hormone for spermatogenesis and for developing secondary
sexual characteristics [15]. The influences of Testosterone
are various, and wide; it acts on stimulating the development
of bone connective tissue and muscle cells, and on skin,
it acts to increase the size and secretion of the sebaceous
gland, and to stimulate development and growth of testicles,
prostate gland, seminal vesicles and penis. Testosterone has
plays a fundamental role in spermatogenesis [16].

MATERIALS AND METHODS

Subjects

Subjects were selected from the Endocrinology Depart-
ment at the Al-sader Teaching Hospital in Alnajaf Province,
Iraq.

Serum specimen was collected from male patients with
diabetes mellitus type 2 who are following the Ketogenic
diet (low carbohydrates diet) (n=30), patients with diabetes
mellitus type 2 who are not following the Ketogenic diet
(n=30) and normal patients (patients with non-Ketogenic
diet as a control) (n=30). Participants for this study had
an age range between 30-41 years. The total samples tested
are 90 samples. All subjects included in this study were con-
senting patients who gave both written and verbal approval.

ELISA

In the 90 samples, Vitamin D3 and testosterone Levels
were measured by utilizing the immunological method
(Enzyme-Linked-Imuno-Sorbent Assay) by applying an
ELISA reader (Huma Germany origin). All specimens and
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reagents were allowed to come to room temperature before
use. All reagents were mixed softly without foaming. Once
the procedure has started, all steps were completed without
interruption. All biochemical tests were conducted in the
laboratories of the Biology Department/faculty of Sciences/
University of Kufa. The ELISA kits used in this study was
testosterone (ab108666), vitamin D3 (ab213966) and Cho-
lesterol Assay Kit — HDL and LDL (ab65390) — abcam
Company USA in Origin.

RESULTS AND DISCUSSION

The result show a significant increase in testosterone
hormone in patients with diabetes mellitus type 2 follow-
ing the Ketogenic diet (mean + Std. Error 427.4+2.52),
as compared with the control group (mean + Std. Error
422.2+0.24), and as compared with patients with diabetes
mellitus type 2 who are not following the Ketogenic diet
(mean = Std. Error 151.44+1.41). Herein, it appears that
the cholesterol intake of those following the control is not
enough to increase testosterone and it would appear that
it is necessary to ingest an amount of cholesterol compat-
ible to that of the Ketogenic diet to increase testosterone
[17]. The results also show no significant level in LDL
level changes in patients with diabetes mellitus type 2 fol-
lowing the Ketogenic diet (mean + Std. Error 78.5340.17),
in comparison with the control group (mean+ Std. Error
75.0.3+0.14) and with patients with diabetes mellitus type
2 who are not following the Ketogenic diet (mean+ Std.
Error 75.8+0.44). Moreover, the results show no significant
level in HDL levels in patients with diabetes mellitus type
2 who are following the Ketogenic diet (mean + Std. Error
46.3+1.55), as compared with the control group (mean +
Std. Error 46.242.43) and as compared with patients with
diabetes mellitus type 2 who are not following the Ketogenic
diet (mean = Std. Error 45.1£1.55). This result is probably
attributable to loss of body fat and carbohydrate restriction.
However, while the Ketogenic diet is normocaloric, it does
not appear to alter the lipid profile to any significant degree,
since lipid levels did not exceed the reference range [18].
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Figure 1. The comparison of Testosterone level in the serum
between control Group and patients with diabetes mellitus type 2
who are following the Ketogenic diet (D.M. with KD) and patients
with diabetes mellitus type 2 who are not following the Ketogenic
diet (D.M. without KD)
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Figure 2. The comparison of LDL level in the serum between
control Group and patients with diabetes mellitus type 2 who are
following the Ketogenic diet (D.M. with KD) and patients with
diabetes mellitus type 2 who are not following the Ketogenic diet
(D.M. without KD)
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Figure 3. A comparison of HDL level in the serum between
control Group, patients with diabetes mellitus type 2 who are
following the Ketogenic diet (D.M. with KD) and patients with
diabetes mellitus type 2 who are not following the Ketogenic diet
(D.M. without KD)

The results show a significant increase in vitamin D3
level in patients with diabetes mellitus type 2 who are fol-
lowing the Ketogenic diet (mean + Std. Error 53.5+0.32),
in comparison with the control group (mean + Std. Error
57+0.24) and with patients with diabetes mellitus type 2
who are not following the Ketogenic diet (mean + Std. Error
25.1£1.55). Herein, probably for each kilogram of weight
loss, vitamin D concentration increased. These findings are
in contrast with previously published literature that sug-
gested a negative effect of Ketogenic diet on bone composi-
tion, because ketoacidosis generated by low-carbohydrate/
high-protein diets results in hypercalciuria [19].

Overall, there is a clear and precise relationship between
patients undergoing a ketogenic diet and those with a normal
diet. Blood parameters such as vitamin D3 levels appear
to increase in patients following the ketogenic diet and
who are type 2 diabetics. This shows a positive relation-
ship in that a low carbohydrates diet in type 2 diabetics
results in elevated vitamin D3 levels. Testosterone levels
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also increased in ketogenic diet diabetic patients. This can
explain the presence of a high protein and fats within the
body leading to increased levels of energy and muscle build

up.
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Figure 4. A comparison of vitamin D3 level in the serum between
control Group, patients with diabetes mellitus type 2 following
the Ketogenic diet (D.M. with KD) and patients with diabetes
mellitus type 2 who are not following the Ketogenic diet (D.M.
without KD)

CONCLUSIONS

From the result of this study, in patients with diabetes
mellitus type 2, the type of diet followed can have positive
effects on health vitamin D3 and testosterone levels. The
increase and normalization of these levels can be attributed
to high levels of protein in the subjects’ diet, and the lack
of carbohydrates. In general, a ketogenic diet can effect
vitamin D3 and testosterone levels in patients with type 2
diabetes mellitus as compared to control subjects.
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