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Effect of aerobic exercise and ketogenic diet on type Il
diabetic obese pre-menopausal women

Wptyw cwiczen aerobowych i diety ketogenicznej na otyte kobiety przed menopauzg z cukrzycg
typu 2

Hala M. Hanafy1(A.B.C.D.EF) Mohamed Hassan Mostafa?A.B.CD.EF) Nora M. Ramadan3(A.B.C.D.EF)

'Department of Women'’s Health, Faculty of Physical Therapy, Cairo University, Cairo, Egypt
2Department of Obstetrics and Gynecology, Faculty of Medicine, Cairo University, Cairo, Egypt
3Physical Therapy Department in Hosary Center, 6th of October City, Egypt

Abstract

Purpose. To investigate the effect of aerobic exercise and ketogenic diet on type 2 diabetic obese pre-menopausal
women.

Methods. Thirty premenopausal obese women diagnosed as having type2 diabetic mellitus. They were selected from
outpatient clinic of gynecology in t AL Kasr AL Ainy hospital Cairo University.. Their BMI was between 30 and 35 kg/m?
and their ages ranged from 45 to 48. They were divided into two groups equal in number, the study group (A) was
treated by aerobic exercise, ketogenic diet and oral hypoglycemic drugs prescribed by physician, while control group
(B) was treated by oral hypoglycemic drugs prescribed by physician. Blood glucose levels were evaluated by fasting
blood glucose test and body mass index was evaluated by weight and height scale before and after performing study for
4 weeks.

Results. The obtained results showed a statistically significant decrease in weight, BMI and fasting blood glucose level
post treatment in the study group compared with pre treatment (p < 0.001) while there was a significant decrease in
fasting blood glucose in the control group post treatment (p < 0.001) and no significant changes in weight and BMI of
the control group (p > 0.05). There was significant decrease in fasting blood glucose, weight and BMI of the study group
compared with that of the control group (p < 0.001).

Conclusion. Ketogenic diet and Aerobic exercise have a significant effect in decreasing Weight, BMI and Fasting blood
glucose level in Type-2 Diabetes Mellitus, obese pre-menopausal women.

Key words:
type Il diabetes mellitus, ketogenic diet, aerobic exercise, fasting blood glucose level

Streszczenie

Cel. Badanie wptywu ¢wiczen aerobowych i diety ketogenicznej na otyte kobiety przed menopauza z cukrzycg typu 2.
Metody. Trzydziesci otytych kobiet przed menopauzg, u ktérych zdiagnozowano cukrzyce typu 2. Kobiety zostaty
wybrane z przychodni ginekologicznej w szpitalu uniwersyteckim AL Kasr Al Ainy Uniwersytetu w Kairze. Ich BMI
wynosito od 30 do 35 kg/m?, a wiek od 45 do 48 lat. Pacjentki podzielono na dwie réwne liczebnie grupy, grupe badang
(A), u ktorej zastosowano ¢wiczenia aerobowe, diete ketogeniczng i doustne leki hipoglikemizujace przepisane przez
lekarza, oraz grupe kontrolng (B) leczong doustnymi lekami hipoglikemizujgcymi przepisanymi przez lekarza. Poziom
glukozy we krwi oceniano na czczo, a wskaznik masy ciata oceniano na skali wagi i wzrostu przed i po
przeprowadzeniu badania przez 4 tygodnie.

Wyniki. Uzyskane wyniki wykazaty statystycznie istotny spadek masy ciata, BMI i glikemii na czczo po leczeniu w
grupie badanej w poréwnaniu z wynikami przed leczeniem (p < 0,001), podczas gdy w grupie kontrolnej nie
zaobserwowano istotnych zmian. Stwierdzono istotne zmniejszenie masy ciata, BMI i glikemii na czczo w grupie
badanej w poréwnaniu z grupg kontrolng (p > 0,001).

Whniosek. Dieta ketogeniczna i ¢wiczenia aerobowe maja znaczgcy wplyw na zmniejszenie masy ciata, BMI i poziom
glukozy we krwi na czczo u otytych kobiet z cukrzyca typu 2 przed menopauza.

Stowa kluczowe
cukrzyca typu II, dieta ketogeniczna, ¢wiczenia aerobowe, poziom glukozy we krwi na czczo

160 www.fizjoterapiapolska.pl



Introduction

Diabetes mellitus (DM) is a metabolic disease characterized by
chronic hyperglycemia and impairment in lipid, carbohydrate
and protein metabolism caused by insulin production, action, or
both. Diabetes is caused by either a lack of insulin production
by the pancreas or a lack of insulin response by the body's cells.
Long-term damage, malfunction, and failure of many organs
are among the complications of diabetes mellitus [1].

The two most frequent categories of diabetes are Type 1 diabe-
tes and Type 2 diabetes. Gestational diabetes (hyperglycemia
that develops during pregnancy) and diabetes caused by less
common causes (genetic syndromes, acquired processes such
as pancreatitis, and illnesses such as cystic fibrosis, exposure to
certain viruses, drugs and unknown causes) are among the
other types of diabetes [2].

90-95 percent of all diabetes cases are T2DM, often known as
"noninsulin-dependent diabetes" or "adult-onset diabetes."
T2DM affects those who have relative (rather than absolute) in-
sulin insufficiency and peripheral insulin resistance [3].

The risk factor of T2DM increases with obesity, age and in-
sufficient physical activity. Women with a history of GDM,
those with dyslipidemia or hypertension and particular racial/
ethnic subgroups (African American, Hispanic/Latino, Asian
American and American Indian,) are more likely to develop
it. It is more often than type 1 diabetes linked to first-degree
relatives with a strong genetic susceptibility or a family hi-
story [3].

Hyperglycemia causes increased thirst, hunger, urination and
loss of weight in the short term. However, it can lead to
blindness, kidney problems, impotence, foot diseases, and
possibly amputation in the long term. It also raises the risk
of stroke, heart disorder and reduced blood circulation to lo-
wer limbs [4].

The most common signs of untreated diabetes are polyuria, po-
lydipsia, and polyphagia. Symptoms of type 1 diabetes might
arise quickly (weeks or months), whereas symptoms of type 2
diabetes occur much more slowly and can be subtle or absent.
Blurred vision, headaches, lethargy, poor wound healing, and
itchy skin are among the other symptoms [5].

The ketogenic diet is a strict dietary regimen consisting of
high-fat, low-carbohydrate and adequate protein that induces
ketosis by depleting the body's glucose reserves. Fat metabo-
lism produces two ketone bodies acetoacetate and beta-hydro-
xybutyrate, which serve as substrates for energy production in
liver hepatocytes. Acetoacetate and Beta-hydroxybutyrate as
acid anions can decrease blood pH (acidemia) if present in
high concentrations. Acetoacid, a third ketone formed by
spontaneous decarboxylation of acetoacetate, acetone, is neu-
tral and has no effect on blood pH [6].

Aerobic exercise increases insulin sensitivity, mitochondrial
density, blood vessel compliance and responsiveness, lung
function, immunological function, oxidative enzymes and
cardiac output [7].

Subjects and methods

Design

Pretest posttest randomized control trial. Data were collected
pre and post treatment from March to November 2020. Rese-
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arch Ethics Committee before study commencement (No.
P.T.REC/012/002468).

Participants

Thirty premenopausal obese women diagnosed as having type 2
diabetic mellitus. They were selected from outpatient clinic of
gynecology in at AL Kasr AL Ainy hospital Cairo University.
Their BMI was between 30 and 35 kg/m? and their ages ranged
from 45 to 48. Exclusion criteria included sever dyslipidemia,
renal stones, significant liver disease, sever gastro esophageal
reflux, cardiomyopathy, chronic metabolic acidosis and muscu-
loskeletal disorder.

Randomization

After signing the consent form, the patients were divided into
two equal groups at random. The odd numbers were assigned
to group (A) (experimental group) and the even numbers were
assigned to group (B) (control group) in a single blind rando-
mization (control group). There were no dropouts from the stu-
dy after randomization, Figure 1.

Interventions

Group (A) (experimental group) included 15 participants who
received oral hypoglycemic drugs plus ketogenic diet and aero-
bic exercise for 4 weeks. Group (B) (control group) included 15
participants who received oral hypoglycemic drugs for 4 weeks.

Oral hypoglycemic drugs
All participants in both groups (A & B) received oral hypogly-
cemic drugs prescribed by physician.

Ketogenic Diet

Ketogenic diets have very low carbohydrate content (20-50 g),
which mainly comes from non-starchy vegetables [8]. Each
participant in group (A) received ketogenic diet in which Car-
bohydrate intake was limited to below 10% of total dietary
consumption, with protein and fat accounting for 20% and
70% of the diet.

Aerobic exercise

Acrobic exercise should be at least moderate in intensity, corre-
sponding to 40-60% of maximum heart rate. Brisk walking is
a moderate-intensity exercise for most patients with T2DM [9].
All women in group (A) did 30 minutes of aerobic exercise on
the treadmill for 3 days per week for 4 weeks, including three
phases. The first phase is a warming-up phase consisted of five
minutes of low-intensity treadmill walking. The main phase
consisted of 20 minutes of moderate-intensity treadmill wal-
king. The final cooling phase consisted of five minutes of low-
intensity treadmill walking.

During the training session, the therapist stood near the patient
to observe and recognize symptoms of stopping the activity as
dexterity. The therapist kept asking each patient if she was
experiencing any discomfort, dizziness, or shortness of breath.
To minimize excessive loss of body fluids during the exercise
session, the therapist encouraged all women to drink lots of
water before and after the session. Each woman was told to
dress comfortably and in light, flat shoes.
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Figure 1. Flow chart of the study

Outcome measures

Weight-Height Scale (Healthy scale 160 kg)

It was used for measuring the body weight and height of each
patient in both groups (A&B) pre and post-treatment to calcu-
late the patient's body mass index (BMI).

Weight [kg]

Body Mass Index (BMI) = -
Height [m?]

Fasting blood glucose test

It was used for measuring blood glucose level of each patient
in both groups (A&B) pre and post-treatment.

Fasting is defined as consuming no calories for at least 8 ho-
urs. Diabetes mellitus is detected when FPG > 126 mg/dl
(7.0 mmol/1) [10].

Statistical analysis

The age difference between groups was compared using de-
scriptive statistics and an unpaired t-test. The Shapiro-Wilk
test was used to ensure that the data had a normal distribu-
tion. To ensure that the groups were homogeneous, Le-
vene's test for homogeneity of variances was used. To
assess within and between group effects on weight, BMI,
and fasting blood glucose, a mixed design MANOVA was
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used. Post-hoc tests using the Bonferroni correction were car-
ried out for subsequent multiple comparison. The level of si-
gnificance for all statistical tests was set at p < 0.05. The
statistical analysis for social studies (SPSS) version 25 for
Windows was used for all statistical analysis (IBM SPSS, Chi-
cago, IL, USA).

Results

Subject characteristics

The mean age = SD of study group was 46.26 = 1.33 years and
that of control group was 46.93 + 1.22 years. There was no signi-
ficance difference between groups in the mean age (p = 0.16).

Effect of treatment on weight, BMI and fasting blood glucose
Mixed MANOVA revealed that there was a significant interac-
tion of treatment and time (F (3, 26) = 223.93, p = 0.001).
There was a significant main effect of time (F (3, 26) = 564,7,
p = 0.001). There was a significant main effect of treatment
(F(3,26)=11.11,p=0.001).

‘Within group comparison

There was a significant decrease in weight, BMI and fasting blood
glucose post treatment in the study group compared with that pre-
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treatment (p > 0.001). The percent of decrease in weight, BMI and
fasting blood glucose was 6.86, 6.86 and 18.63% respectively.
There was no significant difference in weight and BMI of the control
group between pre and post treatment (p > 0.05) while there was a signi-
ficant decrease in fasting blood glucose by 5.13% post treatment in the
control group compared with that pre treatment (p > 0.001) (Table 1).
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Between groups comparison

There was no significant difference in all parameters between both
groups pre-treatment (p > 0.05). Comparison between the study
and control groups post treatment revealed a significant decrease
in weight, BMI and fasting blood glucose of the study group com-
pared with that of the control group (p > 0.001) (Table 1).

Table 1. Mean weight, BMI and fasting blood glucose pre and post treatment of the study and control groups

Study group

Mean * SD

Control group
Mean = SD

MD (95% ClI) p value*

Pre-treatment 82.5+5.44
Weight [kg] Post-treatment 76.84 £4.7
MD (95% CI) 5.66 (5.19: 6.12)
p=0.001
Pre-treatment 32.35+1.81
BMI [kg/m?] Post-treatment 30.13 +1.55
MD (95% CI) 2.22(2.04:2.39)
p=0.001
Pre-treatment 139.53 £7.28
Fasting blood glucose [mg/dl] Post-treatment 113.53 £6.77
MD (95% CI) 26 (24.7: 27.29)
p=0.001

83.38+4.82 ~0.88 (4.73:2.97) 0.64
83.06 + 4.88 ~6.22 (-9.8:-2.63) 0.001
0.32 (~0.14: 0.78)
p=0.17
3246+ 1.65 ~0.11 (~1.4:1.18) 0.86
3234+ 1.73 221 (-3.43: 0.97) 0.001
0.12 (~0.05: 0.29)
p=016
140.26 + 6.01 ~0.73 (-5.73:4.26) 0.76
139.4 + 6.29 ~25.87 (-30.75: —20.97) 0.001
0.86 (~0.42: 2.16)
p=018

*SD — Standard deviation; MD, Mean difference; CI— Confidence interval; p-value — Level of significance

Discussion

Type 2 Diabetes Mellitus is a multifactorial disorder caused by
a complex interaction between genetic predisposition and life-
style behaviors. It is characterized by insulin resistance, hyper-
glycemia, chronic inflammation and oxidative stress [11].

The majority of type 2 diabetes is obese or overweight. Insu-
lin resistance is a side effect of being overweight. Patients
who do not meet typical weight criteria for obesity or overwe-
ight may have a higher percentage of body fat distributed ma-
inly in the abdominal area [3].

Obese people are 3—7 times more likely than normal weight
adults to develop T2DM is 20 times more likely in those with
a BMI of 35 than in people with a BMI of 18.5-24.9 [12].

The result of the study agreed with those of Yancy et al. [13],
who reported that ketogenic diet resulted in a significant en-
hancement in glycemic control in obese diabetic patients. Me-
dication discontinued in seven patients and reduced in 10.

The result of the study agreed with those of Westman et al.
[14], who reported that the ketogenic diet, which is low in
carbohydrates, was found to be more beneficial than the low
glycemic diet in order to improve glycemic control. Obesity
and type-2 diabetes can be improved with lifestyle modifica-
tions involving low-carbohydrate diets, and they may play an
essential effect in reversing the present obesity problem.

The results of the study agreed with those of Hussain et
al. [15], who reported that the ketogenic diet outperformed
the traditional LCD in obese diabetic patients. Glycemic con-
trol appears to be improved by the ketogenic diet. Because
LCKD can significantly decrease blood glucose levels, diabe-
tic patients on a ketogenic diet should be closely monitored
by their physicians.
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The result of the study agreed with those of Choi et al. [16],
who reported that ketogenic diet was much more effective than
a low-fat based comparator diet in improving weight control
and metabolic parameters related to glycemic and lipid con-
trols in patients with overweight or obesity, especially those
with predisposing T2DM.

The result of the study agreed with those of Goday et al. [17], who
reported that the interventional weight reduction programme ba-
sed on the VLCK diet is more effective than a typical hypocaloric
diet in decreasing body weight and improving glycemic control in
T2DM patients, and it is also safe and well tolerated.

The result of the study agreed with those of Dashti et al. [18],
who reported that a low-carbohydrate ketogenic diet improved
glycemic and lipid management significantly. Fasting blood
glucose level reduced from 10.481 3.026 mmol/L to 4.874
0.556 mmol/L. Fasting serum triglycerides from 4.681 2.468
mmol/L to 1.006 0.205 mmol/L [18].

The result of the study agreed with those of Yuan et al. [19],
who reported that Ketogenic diet has a therapeutic effect on
glycemic and lipid management in T2DM patients and decre-
ase body weight. After KD intervention, fasting blood glucose
levels was lowered by an average of (1.29 mmol/L) and glyca-
ted hemoglobin A1C by 1.07. In concerns of lipid metabolism,
triglycerides lowered by 0.72 on average, total cholesterol by
0.33 and low-density lipoprotein by 0.05, high-density lipo-
protein increased by 0.14.In addition, patients' weight decre-
ased by 8.66 waist circumference by 9.17 and BMI by 3.13.
The result of the study disagreed with those of Grandl et
al. [20], who reported that the effects of short-term KD and
HFD feeding on glucose homeostasis in mice. Despite the fact
that KD-fed animals appear healthy when fasted, they have
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a lower glucose tolerance than HFD-fed animals. Rather than
reduced glucose clearance and tissue glucose absorption, this
impact is due to a blunted reduction of hepatic glucose syn-
thesis by insulin.

The results contradict those of Garbow et al. [21], who found that
Ketogenic diet-fed rats develop insulin resistance, hepatic steato-
sis, endoplasmic reticulum stress, cellular injury, and macrophage
accumulation, but that whole-body insulin responsiveness and
insulin-induced hepatic Akt phosphorylation are unaffected.

The results contradict those of Jornayvaz et al. [22], who fo-
und that a high-fat KD promotes hepatic insulin resistance in
mice, which they attributed to an increase in hepatic diacyl-
glycerol (DAG) concentration, which induces protein kinase
C (PKC) activation and impaired insulin signaling. A KD also
increases energy expenditure, which leads to loss of weight.
These findings may have important clinical implications, gi-
ven the widespread use of KD in the treatment of obesity and
the role of N-acylphosphatidylethanolamine (NAFLD) and
hepatic insulin resistance in the promotion of T2DM. Obese
patients on such diets may lose weight but develop NAFLD
and hepatic insulin resistance.
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The study was limited by the following factors: I didn't follow
up the cases. Amongst the limitations of the ketogenic diet we-
re the long term effects of consuming such large amounts of
fat, including a disruption of the lipid profile and increased in
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undertaking this diet. The sample size of study is a limitation.

Conclusion

It was concluded that, Ketogenic diet and Aerobic exercise is
effective in decreasing Weight, BMI and Fasting blood glucose
level in Type II Diabetes Mellitus obese pre-menopausal wo-
men. As a result, diabetic patients on the ketogenic diet should
be carefully monitored by their physicians. As it may causes
hypoglycemia.
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