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Abstract

Background: ketogenic diet refers to the diet plan that emphasizes foods that are high in fats, moderate proteins and
very low carbohydrates to consume more calories from fat rather than carbohydrates and is commonly used as a weight-
loss plan and in rare cases, as a treatment for some diseases.
Objective: The aim of this study was to evaluate or assess organ functions in the individuals following ketogenic diet.
Patients and methods: A total 31 samples were collected from individuals following ketogenic diet in male and femal

aged from 20 to 55, and a control group which composed of 10 healthy individuals without ketogenic diet, and the diet
duration was from 2 to 44 weeks. The sample were collected from Dec 2021 to Mar 2021 at Rozhalat emergency labo-
ratory. We have measured serum urea, creatinine and hepatic enzymes in those individuals. We measured it statistically
and regarded p-value for significance for less than 0.05.
Result: Our result showed that ketogenic diet reduced the estimated glomerular filtration rate (eGFR) and induced

Alanine transaminase(ALT) compared to control group (individual without ketogenic diet), moreover, there is no sta-
tistically difference in serum Aspartate transaminase(AST) and bilirubin compared to control group. The mean value of
eGFR, ALT, AST, and bilirubin in ketogenic group are (79.3 ± 5.7), (22.7 ± 3.6), (24.87 ± 3.73), (0.72 ± 0.05) respectively.
Conclusion: We have observed that ketogenic diet affects the kidney function, the function of other organs like liver

and induce hypercholesterolemia.

Keywords: Ketogenic diet, Kidney function, Liver, Lipid profile, Cholesterol

1. Introduction

K etogenic diet or keto diet is a very low-car-
bohydrate diet (less than 50 gm/day) with

moderate amount of protein [1]. Originally, the KD
consisted of a 4:1 ratio of fat-to-carbohydrate and
protein and fat considered to provide more than
90% the caloric intake [2]. This method has been
introduced for the first time in 1921 by Russel
Wilder as an epilepsy treatment [3].
This method has become incredibly popular

during the last ten years due to its high effectiveness
in weight loss in a very short period of time [2].
Besides losing weight benefits, studies showed that
KD correlated with decreasing the production of

pro-inflammatory cytokine and increasing the pro-
duction of adiponectin [4e6]. Reducing the pro-in-
flammatory cytokines in KD participants associated
with the reduction of risk of metabolic syndrome
and related diseases [7,8]. Moreover, increasing the
adiponectin hormone associated with protecting the
body from insulin resistance, diabetes type II, and
atherosclerosis [9]. Another main advantage of KD
is depriving cancer cells from glucose [10]. Accord-
ing to the Warburg effect theory, cancer cells use
glycolysis to produce ATP rather than oxidative
phosphorylation [11]. In addition, due to mito-
chondrial malfunction and down-regulation of ke-
tone consumption enzymes, certain types of cancer
cells are unable to metabolize ketone bodies [12].
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Thus, as cancer cells starve for energy while normal
cells can utilize ketone bodies, KD has been
considered as one of the effects adjuvant therapy for
cancer patients [11,13]. Additionally, researches
showed the advantage of combining KD with the
conventional cancer treatment such as chemo-
therapy and radiotherapy on neuroblastoma, renal
tumour, colorectal, and breast cancer [11,14e16].
On the other hand, KD side effects can be classified

into both sort-term and long-term side effects [2].
Short term side-effects emerging in the beginning of
KD described as keto flu as well, which includes
symptoms including dizziness, headaches, vomiting,
exhaustion, constipation, nausea, and a reduced ca-
pacity for exercise [17]. Contrastingly, hepatic stea-
tosis, renal stones, hypoproteinemia, and vitamin
deficiencies are long-term adverse effects [2].
Additionally, application of this diet plan is con-

traindicated in some medical and metabolic condi-
tions, including liver failure, pancreatitis, inborn
disorders of fat metabolism, primary carnitine
deficiency, carnitine palmitoyl transferase defi-
ciency, carnitine translocase deficiency, porphyria,
and pyruvate kinase deficiency [2].
As long as the genetics/race has a significant in-

fluence on the biomedical results such as LFT, kid-
ney function tests, and lipid profile, we want to see
the impact of the ketogenic diet on the Kurdish
population [18e20]. Thus, the aim of this study is to
shows the impact of ketogenic diet on the
biochemical tests in the Kurdish population by
monitoring the function of three most important
organs, kidneys, liver and heart. For that reason,
kidney function tests, lipid profile, and liver func-
tion tests, have been performed.

2. Methodology

2.1. Sample management

This study composed of 31 people who were
following a ketogenic diet for at least 2 weeks in
Erbil city center were examined to evaluate the ef-
fect of ketogenic diet on kidney, liver and heart
chemistry. Samples were collected between Dec
2020 to Mar 2021, and it composes of 15 males and
16 females aged from 20 to 55 (see Table 1). More-
over, the individuals participating in this study fol-
lowed a ketogenic diet for a period ranging from 2 to
24 weeks. For the purpose of comparison, serum
samples have been collected and harvested in in-
dividual without ketogenic diet. The control group
comprised 10 individual (5 males and 5 female). All
these information regarding their personal infor-
mation, weight, height and their health history has

been recorded before the sample collection.
Furthermore, volunteers participated in this study
follow the general KD plan which compose of
70e80% fat from total daily calories, 5e10% carbo-
hydrate, and 10e20% protein. For a 2000-calorie
diet, this translates to about 165 g' fat, 40 g' carbo-
hydrate, and 75 g’ protein [21].

2.2. Sample handling

Samples were collected in serum-separated tubes
and subsequently centrifuged after coagulation
occurred. After that, all these sample has been
transferred to the Rozhhalat Emergency Hospital to
measure the biochemical tests for both groups.

2.3. Chemical tests

Biochemical tests have been taken for all the
samples for comparing the impact of KD on the
function of kidneys, liver and heart. For that reason,
creatinine, urea, uric acid, triglycerides, cholesterol,
albumin, ALT, and AST, were measured by (MIRA
ONE-fully automated clinical chemistry analyzer
based in Rome, Italy).

3. Results and discussion

The study comprised of 31 individuals that follow
ketogenic diet for at least 2 weeks, 15 males and 16
females from different age ranged from 20 to 55
years (mean ¼ 33.16 years old). On the other hand,
10 individuals,5 males and 5 females, participated as
a volunteer in the control group, their age ranged
between 20 and 55 (Table 2).

3.1. Effect of ketogenic diet on kidney function

In order to assess the influence of KD on kidney
function, we conducted Kidney Function Tests
(KFT), measuring urea and creatinine levels in both
groups. We determined the level of serum creati-
nine in KD individuals and control group. More-
over, the result shows that there was a significant
difference in serum creatinine between the KD in-
dividuals and control group (1.14 ± 0.07) and

Table 1. The distribution of individuals with ketogenic diet and control
groups according to their gender.

Individual with
KD (n)

Control group (n)

Gender Male Female Male Female
Number 15 16 5 5
Percentage% 48.4 51.6 50 50
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(0.68 ± 0.04) respectively. Furthermore, comparing
both control and KD group, there was not a signif-
icant difference in serum urea, P-value >0.05
(Figure 1).
In order to evaluate the estimated glomerular

filtration rate, the creatinine value was used ac-
cording to an equation:
Estimated glomerular filtration rate (eGFR) is

calculated by the abbreviated MDRD equation: 186
x (Creatinine/88.4)-1.154 x (Age)-0.203 x (0.742 if fe-
male) x (1.210 if black).
The kidney function according to the eGFR (mL/

min/1.73 m2). There are five stages:
Stage 1 (eGFR of 90% or higher) indicates mild

kidney damage, but your kidneys are working well.
Stage 2 (eGFR between 60% and 89%) indicates an

increase in kidney damage from stage 1, but the
kidneys continue to function well.
Stage 3 (eGFR between 30% and 59%) means you

have decreased kidney function and may experience
symptoms.
Stage 4 (eGFR between 15% and 29%) is poor

kidney function, with moderate to severe kidney
damage.
Stage 5 (eGFR below 15%) is a sign of kidney

failure. It means less than 15% kidney function. This
stage is the most serious and can be life-threatening.
The patient will need or a kidney transplant.

The mean value of eGFR in KD group (79.3 ± 5.7)
was significantly lower than that of control group
(128.5 ± 12.6), P-value <0.001 (Figure 2).
We determined the level of serum uric acid in KD

group and control group. Moreover, there was a
significant difference in serum uric acid between
these two groups (6.4 ± 0.4) and (4.7 ± 0.3) respec-
tively, P-value ¼ 0.014 (Figure 3).
The serum albumin in KD individual was signifi-

cantly higher than in control group, (5.6 ± 0.05)
(4.1 ± 0.1) respectively, P-value <0.001 (Figure 3).

Table 2. The distribution of individuals with ketogenic diet and control groups according to their age.

Age (year) Number of individual
with KD (n)

Percentage% Number of individual
without KD (n)

Percentage%

20e29 15 48.4 2 20
30e39 7 22.6 3 30
40e49 7 22.6 4 40
50e59 2 6.4 1 10
Total 31 100 10 100

Figure 1. A) Serum level of creatinine (mg/dl) in control group and ketogenic diet subjects, (P*-value <0.05), B) Serum level of Urea (mg/dl) in control
group and ketogenic diet subjects, (P-value >0.05), (Ctrl) n ¼ 10 (KD) n ¼ 31.

Figure 2. The level of eGFR (mL/min/1.73 m2) in control group and
ketogenic diet subjects, (P*-value <0.05), (Ctrl) n ¼ 10 (KD) n ¼ 31.
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Figure 3. The level of (A) serum uric acid and (B) albumin (mg/dl) in control group and ketogenic diet subjects, (P*-value <0.05), (Ctrl) n ¼ 10 (KD)
n ¼ 31.

Figure 4. The level of serum (A) ALT, (B) AST and (C) TBili in control group and ketogenic diet subjects, (Ctrl) n ¼ 10 (KD) n ¼ 31.
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3.2. Effect of ketogenic diet on liver function

In order to assess the liver performance, we have
measured the serum hepatic enzyme ALT, AST and
total bilirubin Figure 4. The mean value of serum
ALT (22.7 ± 3.6) of individual with KD was higher
than in control group ALT (14.5 ± 1.1), P-value
<0.001. However, the serum levels of AST and total
bilirubin of KD were higher than in control group
but no significant difference were observed between
these two groups P-value > 0.05.

3.3. Effect of ketogenic diet on heart function

We determined the lipid profile include choles-
terol and triglyceride for expecting the effect of KD
on the heart related disease such as atherosclerosis.
The level of serum cholesterol in KD group was
significantly higher than that of control group
(220.1 ± 11.5) and (148.3 ± 12.4), P-value <0.001.
However, there was no significant difference in
serum Tg in between KD and control groups
(131.1 ± 10.3) and (105.9 ± 9.9) respectively, P-
value ¼ 0.160, as shown in Figure 5.
The adoption of various weight-loss techniques by

obese individuals without seeking medical guidance
has seen a significant surge, and a common hurdle
they face is sustaining these methods long enough
to achieve their goals [22]. Among these approaches,
the Ketogenic Diet (KD) has gained considerable
popularity over the past decade, largely attributed to
its short-term effectiveness [17]. While KD has
shown promise in managing conditions like dia-
betes, cancer, and cardiovascular disease [23e25], it
also comes with several drawbacks affecting various
organs in the body [2,26].
Our study sought to shed light on the impact of

KD on kidney, liver, and heart functions. The

kidneys, vital for several critical functions, are
particularly susceptible to the effects of KD since
they are responsible for eliminating urea and
creatinine from the body [27]. Our findings revealed
that over 50% of KD participants exhibited an esti-
mated glomerular filtration rate (eGFR) lower than
90 ml/min/1.73 m2 (Figure 2). This aligns with pre-
vious research highlighting the adverse effects of a
ketogenic diet on kidney health [25].
Following the kidneys, the liver is the second organ

affected, given its role in detoxification and
ammonia-to-urea conversion [28]. Increased protein
consumption associated with KD can lead to liver
strain and potentially contribute to various liver-
related disorders [29]. In our study, liver-related
biochemical tests indicated a detrimental impact of
KD. While we observed normal levels of AST, T-
Bilirubin, and one component of ALT, certain results
showed significantly higher levels than those in the
control group, raising concerns about future impli-
cations. Differences between our study and previous
research can be attributed to the use of rodents in
their experiments and a larger sample size [30].
Furthermore, a fat-based diet as the primary en-

ergy source increases the risk of conditions like
atherosclerosis [31]. To examine the effect of KD on
serum lipid concentrations, we measured triglycer-
ide and total cholesterol levels, revealing a clear
association between KD and hyperlipidemia
(Figure 5).
Our findings suggest that high consumption of

animal products, such as tallow and meat, is linked
to elevated cholesterol levels and normal triglycer-
ide levels. To mitigate the adverse effects of the diet
on LDL cholesterol, one potential strategy is
substituting saturated fats from animal sources with
polyunsaturated fats found in foods like avocados,
almonds, seeds, coconut oil, and olive oil [31].

Figure 5. The level of serum (A) total cholesterol and (B) triglyceride (mg/dl) in control group and ketogenic diet subjects, (Ctrl) n ¼ 10 (KD) n ¼ 31.
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4. Conclusions

The ketogenic diet is a high-fat, moderate-protein,
very low-carbohydrate diet that can induce weight
loss and improvement in glycemic control, but
poses a risk of reducing glomerular filtration rate,
inducing hyperlipidemia, and elevation of liver en-
zymes. Like any other restrictive dietary plan, the
ketogenic diet is often difficult to maintain long-
term. Cycling in and out of ketosis reduces its
metabolic effects. Patients on a ketogenic diet
should be monitored with frequent laboratory
testing of blood ketones, lipids, and liver enzymes.
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