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Background: postmenopausal obesity leads to many serious health risks such
as cardiovascular disease, diabetes and psychological disorder.

Purpose: This study aimed to determine the effect of ketogenic diet and
exercise on lipid profile in obese postmenopausal women.

Subjects: Forty obese postmenopausal women participated in this study, aged
from 50-55 years, with body mass index (BMI) of 30-35 kg/m? were selected
from outpatient clinic of EI Mahalla General Hospital, EI Mahalla El Kobra city,
El Gharbia Governorate, Egypt. They received very low carbohydrate ketogenic
diet for 4 weeks and aerobic exercises in form of walking on the treadmill for
30 min, three times per week for 4 weeks.

Material and method: anthropometric measures (body weight, BMI and waist
and hip circumference), and lipid profile were assessed pre and post treatment
program.

Result: comparing pre and post treatment result, there was a significant
improvement in body weight, body mass index, waist hip ratio, total cholesterol,
triglyceride, low density lipoprotein cholesterol and high density lipoprotein
cholesterol after treatment program than pre-treatment values.

Conclusion: combined therapy of ketogenic diet and aerobic exercise is an
effective method in improving lipid profile and body weight in obese
postmenopausal women

Key words: Postmenopausal women, Obesity, Ketogenic diet, Aerobic exercise,
Lipid profile.

1.Introduction:

Menopause is a period in a woman's life when
maintaining her weight can be hard. During the
premenopausal transition, women gain an average
of 1-2 kg, while during the menopausal transition,
fat distribution and storage shifts from the
buttocks to the abdomen (1).

It has been reported that 70% of women of age
45-54 years are overweight or obese. As a result,
it's possible to infer that obesity is more common

in postmenopausal women than in premenopausal
women. (2).

The menopause transition (MT), along with
shifts in the hypothalamic-pituitary-ovarian axis,
may be an underappreciated contributor. A
number of hormonal shifts, such as decreased
oestrogen levels and increased levels of
circulating androgens, contribute to weight gain,
especially visceral fat. As a result, visceral fat
mass increases by 44 percent during menopause,
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while gynoid fat mass increases by around 32
percent (3).

In addition to hormonal differences, Lifestyle
factors such as lack of physical activity,
Westernized eating habits, and emotional eating
disorders linked to psychological distress should
be considered (4). As a result, a variety of lipid
metabolic disorders can lead to metabolic
syndromes like cardiovascular disease and type 2
diabetes. As a result, metabolic syndrome is three
times more common in postmenopausal women
than it was prior to menopause (5).

Obesity has a wide range of negative
consequences, including an increased risk of
premature mortality, a lower quality of life, and
chronic diseases. Obesity is a risk factor for
cancers such as endometrial and breast cancer in
women, and it also raises the risk of depression
due to negative body image (6).

After menopause, adipose tissue is the primary
source of sex hormones and an immunologically
and metabolically active endocrine organ that
produces inflammatory cytokines, adipokines,
and oxidative stress (7).

Obesity can be determined by different
methods, some of which are quite simple, while
others are complex or sophisticated. Methods of
assessment include the body mass index (BMI),
waist-to-hip ratio (WHR), waist circumference
(WC), waist-to-height ratio (WHtR), skin fold
calipers, dual energy x-ray absorptiometry
(DEXA), bioelectric impedance analysis (BIA),
computerized axial tomography scan (CAT scan),
magnetic resonance imaging (MRI), ultrasound,
and near -infrared interactome (8).

Weight loss by lifestyle changes, dietary
interventions, and enhanced physical activity, as
well as behavioural approaches, is the cornerstone
of therapeutic care (9).

Dietary treatments have been shown to reduce
body weight and body composition profile
parameters in premenopausal and postmenopausal
women more effectively than exercise alone,
according to studies. The addition of exercise to
dietary interventions improves the impact of
dietary interventions on body weight and
composition (10).

Obesity and type 2 diabetes can be treated
with a ketogenic diet as a first-line therapy. A
ketogenic diet can also help with a variety of other
chronic, often complicated, metabolic disorders,
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including neurodegenerative disease, cancer, type
1 diabetes, and steatohepatitis (11).

A previous 12-week study of a 90-minute
integrated exercise session consisting of a 10-
minute warm-up, 40 minutes of aerobic exercise,
30 minutes of resistance exercise, and a 10-minute
cool-down for middle-aged postmenopausal
women with abdominal obesity concluded an
improvement in percentage of body fat and health-
related activity, as well as an enhancement of
immune function and a decrease in visceral fat and
endotoxin concentrations (12).

Aerobic exercise practice improves adipocyte
lipolysis in vitro (13). In addition, aerobic exercise
training mitigates the effects of caloric restriction
on abdominal and gluteal adipocyte lipolysis in
postmenopausal women (14)

Obesity is a multifaceted, complex disorder
that results from the combination between
genotype and environment. However, physical,
behavioural, cultural, physiological, metabolic,
and genetic factors all play a role (15).

The regional fat distribution differs depending
on the gender. Female sex hormones are thought
to induce fat accumulation in women's buttocks,
thighs, and hips; this typical female fat storage
may be essential for normal reproductive function
(16). Fat migrates from the buttocks, hips, and
thighs to the belly as women enter menopause and

the oestrogen released by the ovaries
decreases(17).
A high-fat, polyunsaturated-fatty-acid-rich

diet (ketogenic diet) is beneficial in lowering body
weight and risk factors with chronic diseases (18).
The positive effects of a ketogenic diet after a long
period of use. It decreases body weight and BMI
by a considerable amount. Furthermore, it lowers
triglyceride and LDL cholesterol levels (19).

There has been little research done on the
effects of aerobic exercise training in women, who
have an elevated risk of cardiovascular disease
after menopause (20, 21) , and sedentary activity
has been suggested as a cardiovascular risk factor
(22).

2. Materials and Methods

This  research included forty obese
postmenopausal women who volunteered to take
part without any drop out. They were chosen from
El Mahalla General Hospital's Outpatient Clinic.
The aim of the study is to investigate the efficacy
of ketogenic diet and aerobic exercise on obese
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postmenopausal women. The duration of the study
was six months from beginning of April 2020 to
the end of September 2020.

Their age ranged from (50 to 55) years,
their body mass index (BMI) ranged from (30-
35) Kg/ m? . They all had hyperlipidemia
(Cholesterol above 240 pg/dl, Triglycerides above
150 pg/dl, HDL below 30 pg/dl, LDL above
150pg/dl). They all had natural menopause.

They all were medically stable. Participants
were excluded if they had diabetes, hypertension,
heart disease, kidney disease, liver disease, and
hyperthyroidism or hypothyroidism.

They were all in one group pre-test post-test
design. It consisted of forty obese postmenopausal
women who received aerobic exercise 30 minutes
per session, three times per week for 4 weeks and
ketogenic diet regimen for 4 weeks. All
participants were given a full explanation of the
assessment and treatment procedures. Before
participating in this study, each woman had to sign
an informed consent form. Ethical committee
acceptance was obtained from the institutional
review board at Faculty of Physical Therapy,
Cairo University before the study commencement
with number REC/012/002816.

Before and after the treatment programme
(one month), all of the patients were assessed for
measurements of body mass index (BMI), body
weight, waist and hip ratio (WHR), and
measurement of lipid profile (Serum Triglyceride,
HDL and LDL) after fasting for 12 hours.

2.1. Evaluative procedures:

All the participants were assessed before
starting and after the treatment program through:
2.1.1. History taking: A full history was taken
from each woman in the study before starting this
study and recorded in a data recording sheet.
2.1.2. Weight (body mass) and height
measurements: To determine BMI, each woman
in the study had her height and weight measured
before and after the interventional programme.
The participant stood perfectly still on the scale as
her weight and height were measured in kilograms
and meters, respectively. BMI was calculated by
the weight in kilograms divided by the height in
meters square according to the formula:
BMI=Weight (Kg) /Height (m) 2.

Also, body weight of each participant was
measured before and after intervention program.
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For measuring of abdominal muscle thickness:
The participants assumed a supported and relaxed
crook lying position. Ultrasound gel was freely
applied to the areas of imaging to validate good
sonic coupling between the transducer and skin.
Then ultrasonic probe was placed perpendicular
on intersection between umbilicus line level and
mid intercostal line perpendicularly on it. The
ultrasound image was captured at the end of
expiration. Measuring was done first on right side
then left side for the rectus abdominis and then for
external oblique muscles.

2.1.3. Waist to hip ratio: Waist circumference
and hip circumference were measured for each
woman in the study before and after interventional
program to calculate WHR. With the subject
standing and breathing normally, the waist
circumference (cm) was measured with a tape
measure at the point halfway between the costal
margin and iliac crest in the mid-axillary line. The
hip circumference (cm) was measured around the
greater trochanter at its widest point. The waist-
to-hip ratio was calculated as the waist
measurement divided by the hip measurement.
2.1.4. Measurement of lipid profile: After a
written consent and use of local antiseptic for the
skin, a fasting sample of venous blood (3mls) was
collected from each participant included in the
study before and after treatment program, from
the arm directly in a centrifuge tube for serum
preparation. Serum levels of total cholesterol
(TC), triglyceride (TG), low density (LDL), and
high density lipoproteins(HDL) were measured
by using reagents, ELISA Kits, and ELISA reader
(stat fax -2100).

2.2. Treatment procedures

All 'women were informed and instructed
about the treatment procedures to gain their
confidence and cooperation throughout the study
course. Each woman in this study received:
2.2.1. Ketogenic diet: In form of very low
carbohydrate ketogenic diet, classic 4:1 diet (ratio
of grams of fat to grams of protein plus
carbohydrate) according to the Johns Hopkins
protocol
2.2.2 Aerobic exercise (treadmill training): To
prevent unnecessary loss of body water during the
workout, both participants were encouraged to
drink plenty of water before and after the workout.
Comfortable clothing and flat, light shoes were
required of each woman. During exercise, the
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therapist position should be close to the patient to
monitor and identify signals that the exercise
should be stopped, such as dexterity, discomfort,
and fatigue (figure 1).

Treadmill training was for 30 minutes per
session, 3 sessions per week for 4 weeks. The
session was divided into 3 stages. Warming up
stages consisted of five minutes on the treadmill
at a low intensity 40% of maximum heart rate
(MHR), actual stages consisted of 20 minutes on
the treadmill with moderate intensity 60% of
(MHR), and finally cooling stages consisted of
five minutes on the treadmill with low intensity
40% of (MHR). Maximum heart rate was
calculated according to equation: MHR = 210 —
age (years).

A e
Fig. (1): Obese postmenopausal woman during
treadmill training

Statistical analysis:

Data was collected and statically analyzed using
descriptive statics (mean and stander deviation)
for comparing BMI, body weight, WHR, and lipid
profile before and after treatment program.
Analysis of variance (T-Test) was used to
determine the effect of ketogenic diet and aerobic
exercise on obese postmenopausal women with
level of significance (P<0.05).

3.Results
- General characteristics of the subjects:
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The mean £ SD age, weight, height and BMI of
the

study

group 100 84.12

were

52.17 50
+
1.59
years,
84.12
+ 20

6.88

76.85

60

Body weight (kg)

40

kg ’ Pre treatment
161.9

+ 5.97 cm and 32.09 £ 1.32 kg/m? respectively
(Table 1) (figure 2).

Post treatment

180 161.9

150

120

Mean

84.12

920
52.17
60
32.09
i .

0
Weight (kg) BMI (kg/m?)

Figure (2). Mean age, weight, height and BMI
of the study group.

Age (years) Height (cm)

Table 1. Descriptive statistics for the mean age,
weight, height and BMI of the study group.

Range Maximum  Minimum i +SD Items
Age
5 BB 50 5217+159  (years)
29 101 72 g412+688 Velght
(kg)h
Height
25 175 150 161.9 £5.97 (cln%)
BMI
4.88 35 30.12 32.09+1.32 (kg/m?)
X :Mean

SD: Standard Deviation

I- Comparison of body weight between pre and
post treatment:

The mean = SD body weight of the study
group before treatment was 84.12 + 6.88 kg while
after treatment was 76.85 * 6.06 kg. The mean
difference between before and after treatment
was 7.27 kg and the percent of change was
8.64%. There was a significant decrease in the
body weight after treatment compared with that
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of before treatment (p = 0.0001) (Table 2)
(figure 3).

Table 2. Comparison of body weight between pre
and post treatment of the study group:

Figure (3). Mean body weight pre and post
treatment of the study

I1- Comparison of BMI between pre and post
treatment:

The mean + SD BMI of the study group
before treatment was 32.09 + 1.32 kg/cm? while
after treatment was 29.39 = 1.68 kg/cm2. The
mean difference between before and after
treatment was 2.7 kg/cm? and the percent of
change was 8.41%. There was a significant
decrease in the BMI after treatment compared
with that of before treatment (p =0.0001). (Table
3) (figure 4).

Table 3. Comparison of BMI between pre and post
treatment of the study group:
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I11- Comparison of WHR between pre and
post treatment:
The mean + SD WHR of the study group
before treatment was 1.01 + 0.06 while after

Items Body MD % of t- p- Sig
weight change value value
(kg)
X sD

before 84.12 7.27 8.64 9.34 0.0001 S

treatment +6.88
after 76.85

treatment +6.06

X : Mean
S: Significant

MD: Mean difference SD: Standard deviation
p value: Probability value  tvalue : Paired t value

BMI MD % of t- p- Sig

(kg/cm?) change value value

X +SD
before
treatment 321-%9; 27 841 934 00001 S
After 29.39 +

treatment 1.68

X': Mean MD: Mean difference p value: Probability value

SD: Standard deviation  S: Significant  t value : Paired t value

40

32.09
29.39

30

20

BMI (kg/cm?)

10

Pre treatment Post treatment

Figure (4). Mean BMI pre and post treatment
of the study group.

treatment was 0.96 + 0.15. The mean difference

between before and after treatment was 0.05 and

the percent of change was 4.95%. There was a

significant decrease in the WHR after treatment
compared with that of before treatment (p =
0.0001). (Table 4) (Figure 5).

Table 4. Comparison of WHR between pre and post
treatment of the study group:

Items WHR MD  %of t- p- Sig
= change value value
X +SD g

before 1.01 0.05 4,95 2.36 0.02 S

treatment  +0.06

after 0.96

treatment  +0.15

}_(: Mean MD: Mean difference

SD: Standard deviation
S: Significant

p value: Probability value
t value : Paired t value

1.2

0.9

WHR

0.6

0.3

Pre treatment Post treatment

Figure (5). Mean WHR pre and post treatment
of the study group

IV- Comparison of TC between pre and post
treatment:
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The mean + SD TC of the study group before Pefore 22987 §73 1628 921 0000 S
treatment was 275.57 = 33.39 mg/dl while after aser 192,57

treatment was 222.55 + 24.02 mg/dl. The mean -treatment _ £267
difference between before and after treatment was X : Mean

MD: Mean difference p value: Probability value

53 02 mg/dl and the percent Of Change was 19 24% SD: Standard deviation tvalue : Paired t value S: Significant
There was a significant decrease in the TC after
treatment compared with that of before treatment
(p =0.0001). (Table 5) (figure 6).
300
229.87
Table 5. Comparison of TC between pre and post 192,57
treatment of the study group: % 200
TC MD % of t- p- Sig £
(mg/dl) change value value =
g
)_( +SD 100
before 275.57 53. 19.24 12.4 0.0001 S
treatment  +£33.39 02 5 0

Pre treatment Post treatment

After 222.55
treatment +24.02

Figure (7). Mean LDL pre and post treatment
of the study group

MD: Mean difference p value: Probability value

X : Mean

SD: Standard deviation tvalue : Paired t value S: Significant

VI- Comparison of HDL between pre and post
275.57 treatment:

The mean £ SD HDL of the study group
before treatment was 42.11 + 5.67 mg/dl while
after treatment was 46.72 £ 5.51 mg/dl. The mean
difference between before and after treatment was
-4.61 mg/dl and the percent of change was
10.95%. There was a significant increase in the
HDL after treatment compared with that of before
RR—— post restmen treatment (p = 0.0001). (Table 7) (figure 8).

300
222.55

TC (mg/dI)
8

100

Figure (6). Mean TC pre and post treatment
of the study group.

V- Comparison of LDL between pre and post
treatment:

The mean + SD LDL of the study group
before treatment was 229.87 + 23.73 mg/dl while
after treatment was 192.57 + 26.7 mg/dl. The
mean difference between before and after
treatment was 37.3 mg/dl and the percent of
change was 16.23%. There was a significant
decrease in the LDL after treatment compared
with that of before treatment (p = 0.0001). (Table
6) (figure 7).

Table 6. Comparison of LDL between pre and post
treatment of the study group:

LDL(mg/dl) MD % of t- p- Sig
- change value value

X +sD

Table 7. Comparison of HDL between pre and post
treatment of the study group:

Items HDL MD %  of t- p- Sig
(mgy/dl) change value value
X +sD
before 42.11 -4.61 10.95 -8.03 0.000
treatment +5.67 1
after 46.72
treatment 2553

X': Mean MD: Mean difference  p value: Probability value
SD: Standard deviation tvalue : Paired tvalue  S: Significant
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46.72

50 42,11

40

30

HDL (mg/dl)

20

10

Pre treatment Post treatment

Figure (8). Mean HDL pre and post treatment of
the study group

VI11- Comparison of TG between pre and post
treatment:

The mean £ SD TG of the study group
before treatment was 133.32 + 8.11 mg/dl while
after treatment was 121.72 + 8.81 mg/dl. The
mean difference between before and after
treatment was 11.6 mg/dl and the percent of
change was 8.7%. There was a significant
decrease in the TG after treatment compared with
that of before treatment (p = 0.0001). (Table 8)
(figure 9).

Table 8. Comparison of TG between pre and
post treatment of the study group:

Items TG MD % of t- p- Sig
(mg/dl) change value value
X
+SD

before 133.32 11.6 8.7 10.48 0.0001 S

treatment +8.11

after 121.72

treatment +8.81

X : Mean MD: Mean difference p value: Probability value

SD: Standard deviation  tvalue : Paired t value S: Significant
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133.32

150
121.72
120
S
? 9%
U]
=
60
30
0
Pre treatment Post treatment
Figure (9). Mean TG pre and post treatment of
the study group
4. Discussion:

Overweight and obesity are becoming more
common across the world, according to health
organizations (23).Which is concerning given
that obesity, especially abdominal obesity, is a
risk factor for heart disease and is highly
correlated to dyslipidemia and metabolic
syndrome (24). Therefor current study aimed to
investigate the effect of ketogenic diet and
exercise on obese postmenopausal women.

The present study was conducted on forty
obese postmenopausal women who were selected
randomly from outpatient clinic of EI Mahalla
General Hospital, Egypt and agreed to participate
in the study; their age ranged from 50 to 55 years
old with mean value of 52.17 + 1.59. They were
diagnosed with hyperlipidemia (Cholesterol
above 200 pg/dl, Triglycerides above 150 pg/dl,
HDL below 30 pg/dl, LDL above 150ug/dl); they
were not under any medical treatment.

For one month, each patient followed a very
low carbohydrate ketogenic diet and aerobic
activities that included 30 minutes of treadmill
walking divided into 3 stages. Warming-up stages
consisted of five minutes on the treadmill at a low
intensity (40 percent of MHR), actual stages
consisted of 20 minutes on the treadmill at a
moderate intensity (60-75 percent of MHR), and
cooling stages consisted of five minutes on the
treadmill at a low intensity (40 percent of MHR)
(40 percent of MHR). The frequency of exercise
will be three times per week for one month.
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Assessment of each patient was done through
assessing body weight by weight height scale,
body mass index by dividing body weight on
height per meter square, waist hip ratio by
dividing waist round measurement on hip round
measurement and lipid profile which consist of
total cholesterol, triglycerides, high density
lipoprotein and low density lipoprotein before and
after treatment program.

The results of this study revealed that after
treatment, body weight, BMI, waist hip ratio, total
cholesterol, triglyceride, and low density
lipoprotein cholesterol all decreased significantly,
while high density lipoprotein cholesterol
increased significantly.

The result of the present study came in
consentient with (25) who reported that a
ketogenic diet would help people lose weightand
reduce their risk of developing a number of
chronic diseases. Also, (26) concluded that a

These findings came in accordance with (31).
who  reported that use of ketogenic diet in 15
women there was a 14.3 percent decrease in body
weight (p = 0.008) and a decrease in fasting serum
insulin from 24.2 plU/ml to 12.2 wlU/ml from
baseline to 24 weeks (p < 0.005). In that study,
there was a 12.1% decrease in body weight (p =
0.006), and a reduction in insulin from 23.5
wlU/ml to 8.2 wlU/ml (p = 0.002).

The result of the present study came in
consentient with (32). who reported that Long-
term administration of a ketogenic diet
substantially decreases body weight and body
mass index. Additionally, it lowers triglycerides
and LDL cholesterol levels.

The results of the present study could be
explained by the results of (33) who reported
that if saturated fatty acids are replaced in the
diet, unsaturated fatty acids can reduce the risk of
chronic heart disease (CHD), as long as the
unsaturated fatty acids are not from trans-fatty
acids. Also, according to (34), a diet relatively
high in monounsaturated fatty acids oleic acid,
promoted a lipid profile associated with a
decrease in coronary heart disease (CHD).

This recommendation was found to increase
the risk of developing cardiovascular diseases
(CVD), by increasing plasma triacylglycerol,

lipoprotein-a, decrease HDL-C and LDL particle
size (35).
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low-carbohydrate diet  reduced  fasting
triglycerides, as well as the ratio of triglycerides
to high-density lipoprotein, and improved blood
sugar levels while also lowering body weight.

The result of the study in agreement with (27-
28-29), Have confirmed that The ketogenic diet is
a successful treatment for obesity. In addition to
the fact that an equivalent number of calories are
achieving fat loss than the traditional high
carbohydrate/low-fat diets. Low-carbohydrate
diets have also been shown to be more beneficial
than standard diets for more selective fat loss and
muscle preservation; additionally, some longer-
term studies have shown changes in body
composition on a higher protein diet despite
comparable weight loss (30).

A reevaluation of dietary saturated fatty acids
was done after these findings, showing the
effects it had on CVD (35).

The results of the present study could be
explained by the results of (36) who reported
After a single session of aerobic exercise,
findings showed an increase in blood HDL-C, as
well as a decrease in triglycerides and LDL-C,
with the results lasting up to 48 hours after the
exercise session was completed.

Also, according to (37), who found that a
decrease in atherogenic lipid profile was
associated with both exercise training and acute
physical activity.

(38)who stated that the progression of
cardiovascular disease (CVD) in women can be
slowed by doing moderately intensive exercise
for 30 minutes. A correlation has been noted
between physical activity and HDL-C.

The result of the present study came in
consentient with that there is a decrease of HDL-
C after menopause, (39), stated that even one
session of physical activity has the potential to
increase HDL-C in postmenopausal women.

Findings of this study agreed with (40), who
reported that the blood lipid profile was enhanced
by moderate or intensive aerobic exercise.

In agreement with the results of this study
(41), who investigated the effectiveness of
combined regular exercises and dietary
alterations on metabolic profile, and they found
that combined program (regular exercises and
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dietary alterations ) achieving a significant
improvement in oxidative damage, nitric oxide
availability and improved the overall lipid
metabolism .

These findings are confirmed by (42), who
found that exercise affect HDL-C structure, TC
efflux, and TC transmission to receptor. Findings
of this study agreed with (43), who demonstrated
that aerobic exercise raised HDL while lowering
LD L, TG, and TC levels.

5. Conclusion

So, it can be concluded that ketogenic diet
and aerobic exercise is an effective method in
improving body weight, body mass index, waist
hip ratio and lipid prof.

Conflict of Interests
The authors declare no conflict of interest.

Funding

Self-funding, the authors declared no financial
support received from any organization to
accomplish this research.

References

1. Chopra, S., Sharma, K.A., Ranjan, P.,
Malhotra, A., Vikram, N.K. and Kumari, A.
(2019) Weight. Management Module For
Perimenopausal Women: A Practical Guide
For Gynecologists. J. Mid-life Health. 10,
pp. 165-172.

2. Evans, E.M. and Racette, S.B. (2006)
Menopauseand Risk For Obesity: How
Important  Is  Physical  Activity?. J.
Women's Health. 15 (2), pp. 211-213.

3. Kozakowski, J., Gietka-czernel, M., Leszczy
"Nska, D. and Majos, A. (2017) Obesity in
Menopause—our  Negligence Or an
Unfortunate Inevitability?. Prz.
Menopauzalny. 46, pp. 368-370.

4. Proietto, J. (2017) Obesity and Weight
Management at Menopause. Australian
Family Physician. 46 (6), p. 368.

5. Ko, S.H. and Kim, H.S. (2020) Menopause-
associated Lipid Metabolic Disorders and
Foods Beneficial For Postmenopausal
Women. Nutrients. 12, p. 202.

6. Lumsden, M.A. and Hor, K. (2015) Impact
of Obesity on the Health of Women in
Midlife. The Obstetrician &
Gynaecologist. 17, pp. 201-208.

10.

11.

12.

13.

14.

15.

16.

17.

18

Exley, M.A., Hand, L., O’shea, D. and
Lynch, L. (2014) Interplay Between the
Immune System and Adipose Tissue in
Obesity. J Endocrinol. 223 (2), p. 41.
Uzogara, S.G. (2016) Assessment of Obesity,
Presumed and Proven Causes and Prevention
Strategies: A Review. Adv Obes Weight
Manag Control. 5 (1), p. 121.
Foster-schubert, K.E., Alfano Foster-
schubert, C.M., Duggan, C.R., Xiao, L.,
Campbell, K.L., Kong, A., McTiernan, A.
and , (2012) Effect of Diet and Exercise,
Alone Or Combined, on Weight and Body
Composition  in  Overweight-to-obese
Postmenopausal Women. Obesity. 20 (8),
pp. 1628-1638.

Cheng, C.C., Hsu, C.Y. and Liu, J.F. (2018)
Effects of Dietary and Exercise Intervention
on Weight Loss and Body Composition in
Obese  Postmenopausal ~ Women: A
Systematic Review and Meta-
analysis. Menopause. 25 (7), pp. 772-782.
Ludwig, D.S. (2020) The Ketogenic Diet:
Evidence For Optimism But High-quality
Research  Needed. The Journal of
Nutrition. 150 (6), pp. 1354-1359.

Park, S.M., Kwak, Y.S. and Ji, J.G. (2015)
The Effects of Combined Exercise on Health-
related Fitness, Endotoxin, and Immune
Function of Postmenopausal Women with
Abdominal Obesity. J Immunol Res., p. 8.
Karpe, F., Dickmann, J.R. and Frayn, K.N.
(2011) Fatty Acids, Obesity, and Insulin
Resistance: Time For a
Reevaluation. Diabetes . 60 (10), pp. 2441-
2449,

Wanderley, E.N and Ferreira, V.A. (2010)
Obesidade: Uma Perspectiva Plural. Ciéncia
& Saude Coletiva. 15 (1), pp. 185-194.
Bahathig, S. and Omar, A. (2010)
Relationship of Leptin Hormones with Body
Mass Index and Waist Circumference in
Saudi Female Population of the Makkah
Community. The Open Obesity Journal .
2 (2).

Simard, E.P., Ward, E.M., Siegel, R. and
Jemal, A. (2012). Cancers with increasing
incidence trends in the United States: 1999
through 2008. CA:. A Cancer Journal For
Clinicians.62 (2), pp. 118-128.

Willett, W. and Skerrett, P.J. (2017) Eat,
Drink, and Be Healthy:.: The Harvard

Please cite this article as follows: Hala M. Hanafy, Enas M. Kamar, Sara M. Ahmed, Hossam Eldin H. Kamel. Effect of Ketogenic Diet and
Exercise on Lipid Profile on Obese Postmenopausal women. EJPT. 2022; 11:10-20.




18.

19.

20.

21.

22.

23.

24,

25.

26.

Medical School Guide to Healthy
Eating. Simon and Schuster.

Feinman, R.D., Pogozelski, W.K., Astrup,
A., Bernstein, R.K., Fine, E.J., Westman,
E.C. and Nielsen, J.V. (2015) Dietary
Carbohydrate Restriction as the First
Approach in Diabetes Management critical
review and evidence base. Nutrition .31 (1),
pp. 1-13.

Paoli, A. (2014) Ketogenic Diet For Obesity:
Friend Or Foe?. International Journal of
Environmental Research and Public
Health . 11 (2), pp. 2092-2107.

Metcalfe, N.B. and Alonso-alvarez, C.
(2010) Oxidative Stress as a Life-history
Constraint: The Role of Reactive Oxygen
Species in Shaping Phenotypes From
Conception to Death. Functional
Ecology .24 (5), pp. 984-996.
Horst-sikorska, W. and Wawrzyniak, A.
(2011) The Role of Hormonal Therapy in
Osteoporosis. Endokrynologia Polska . 62
(2), pp. 19-22.

Warren, J.M., Ekelund, U., Besson, H.,
Mezzani, A., Geladas, N. and Vanhees, L.
(2010) Assessment of Physical Activity—a
Review of Methodologies with Reference to
Epidemiological Research: A Report of the
Exercise Physiology Section of the European
Association of Cardiovascular Prevention
and Rehabilitation. European Journal of
Cardiovascular Prevention &
Rehabilitation .17 (2), pp. 127-139.

Case, A. and Deaton, A. (2017) Mortality and
Morbidity in the 21st Century. Brookings
Papers on Economic Activity . 1, pp. 397-
476.

Liu, H.H. and Li, J.J. (2015) Aging and
Dyslipidemia: A Review of Potential
Mechanisms. Ageing Research Reviews .
19, pp. 43-52.

Manna, P. and Jain, S.K. (2015) Obesity,
Oxidative Stress, Adipose Tissue
Dysfunction, and the Associated Health
Risks: Causes and Therapeutic
Strategies. Metabolic  Syndrome  and
Related Disorders . 13 (10), pp. 423-444.
Lin, S.H., Cheng, P.C., Te Tu, S., Hsu, S.R.,
Cheng, Y.C. and Liu, Y.H. (2018) Effect of
Metformin Monotherapy on Serum Lipid
Profile in Statin-naive Individuals with

27.

28.

29.

30.

31.

32.

33.

34.

19

Newly Diagnosed Type 2 Diabetes Mellitus:
A Cohort Study. Peerj . 6, p. 4578.

Téth, C. and Clemens, Z. (2017) Treatment
of Rectal Cancer with the Paleolithic
Ketogenic Diet: A 24-months Follow-
up. Am J Med Case Reports. 5 (8), pp.
205-216.

Manikam, N.R., Pantoro, N.l., Komala, K.
and Sari, A.D. (2018). Comparing the
Efficacy of Ketogenic Diet with Low-fat Diet
For Weight Loss in Obesity Patients:
Evidenc-based Case Report. World
Nutrition Journal . 2 (1), pp. 7-14.
Bianchi, V.E., Herrera, P.E. and Laura, R.
(2019) Effect of Nutrition on
Neurodegenerative Diseases. a Systematic
Review. Nutritional Neuroscience ., pp.
1-25.

Dorenbos, E., Drummen, M., Adam, T.,
Rijks, J., Winkens, B., Martinez, J.A. and
Mackintosh, K. (2020) Effect of a High
Protein/low Glycaemic Index Diet on Insulin
Resistance in Adolescents with
Overweight/obesity—a Preview
Randomized Clinical Trial. Pediatric
Obesity. 16 (1), p. 1270.

Best, D., Avenell, A. and Bhattacharya, S.
(2017) How Effective Are Weight-loss
Interventions For Improving Fertility in
Women and Men Who Are Overweight Or
Obese? a Systematic Review and Meta-
analysis of  the Evidence. Human
Reproduction Update. 23 (6), pp. 681-705.
Schwingshackl, L., Chaimani, A., Hoffmann,
G., Schwedhelm, C. and Boeing, H. (2018) A
Network Meta-analysis on the Comparative
Efficacy of Different Dietary Approaches on
Glycaemic Control in Patients with Type 2
Diabetes Mellitus. European Journal of
Epidemiology . 33, pp. 157-170.

Willett, W., Rockstrom, J., Loken, B.,
Springmann, M., Lang, T., Vermeulen, S.
and Jonell, M. (2019) Food in the
Anthropocene: The Eat-lancet Commission
on Healthy Diets From Sustainable Food
Systems. The Lancet . 393 (10170), pp. 447-
492.

Tektonidis, T.G., Akesson, A., Gigante, B.,
Wolk, A. and Larsson, S.C. (2015) A
Mediter-ranean Diet and Risk of Myocardial
Infarction, Heart Failure and Stroke: A

Please cite this article as follows: Hala M. Hanafy, Enas M. Kamar, Sara M. Ahmed, Hossam Eldin H. Kamel. Effect of Ketogenic Diet and

Exercise on Lipid Profile on Obese Postmenopausal women. EJPT. 2022; 11:10-20.



35.

36.

37.

38.

39.

Population-based Cohort
Study. Atherosclerosis. 243, pp. 93-98.
Gilmore, L.A., Crouse, S.F., Carbuhn, A.,
Klooster, J., Calles, J.A., Meade, T. and
Smith, S.B. (2013) Exercise Attenuates the
Increase in Plasma Monounsaturated Fatty
Acids and High-density  Lipoprotein
Cholesterol But Not  High-density
Lipoprotein 2b Cholesterol Caused by High-
oleic Ground Beef in Women. Nutrition
Research . 33, pp. 1003-1011.

Ksigzek, M., Charmas, M., Klusiewicz, A.,
Zabielski, P., Dlugotecka, B., Chabowski, A.
and Baranowski, M. (2018) Endurance
Training Selectively Increases High-density
Lipoprotein-bound Sphingosine-1-phosphate
in the Plasma. Scandinavian Journal of
Medicine & Science in Sports . 28 (1), pp. 57-
64.

Crouse, M.S., McLean, K.J., Crosswhite,
M.R., Reynolds, L.P., Dahlen, C.R., Neville,
B.W. and Caton, J.S. (2016) Nutrient
Transporters in  Bovine Uteroplacental
Tissues on Days Sixteen to Fifty of
Gestation. Journal of Animal Science. 94
(11), pp. 4738-4747.

Hands, B.P., Parker, H., Larkin, D., Cantell,
M. and Rose, E. (2016) Male and Female
Differences in Health Benefits Derived From
Physical Activity: Implications For Exercise
Prescription. Journal of Women's Health,
Issues and Care . 5 (4), pp. 1-5.
Jaskolowski, J., Ritz, C., Sjodin, A., Astrup,
A., Szecsi, P.B., Stender, S. and Hjorth, M.F.

40.

41.

42.

43.

20

(2017) Weekday Variation in Triglyceride
Concentrations in 1.8 Million Blood
Samples. Journal of Lipid Research . 58 (6),
pp. 1204-1213.

Nystoriak, M.A. and Bhatnagar, A. (2018)
Cardiovascular Effects and Benefits of
Exercise. Frontiers  in  Cardiovascular
Medicine. 5, p. 135.

Del Pinto, R. and Ferri, C. (2018)
Inflammation-accelerated Senescence and
the Cardiovascular System: Mechanisms and
Perspectives. International ~ Journal  of
Molecular Sciences,. 19 (12), p. 3701.
Michos, E.D., McEvoy, JW. and
Blumenthal, R.S. (2019) Lipid Management
For the Prevention of Atherosclerotic
Cardiovascular ~ Disease. New  England
Journal of Medicine,. 381 (16), pp. 1557-
1567.

Wagganer, J.D., Robison, C.E., Ackerman,
T.A. and Davis, P.G. (2015) Effects of
Exercise Accumulation on Plasma Lipids and
Lipoproteins. Appl Physiol Nutr Metab . 40
(5), pp. 4 -447.

Please cite this article as follows: Hala M. Hanafy, Enas M. Kamar, Sara M. Ahmed, Hossam Eldin H. Kamel. Effect of Ketogenic Diet and

Exercise on Lipid Profile on Obese Postmenopausal women. EJPT. 2022; 11:10-20.



