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Abstract

Background Intermittent fasting (IF) is a commonly used dietary practice that alternates between periods of unre-
stricted dietary consumption and abstinence from caloric intake. IF reduces caloric intake along with metabolic
switch from utilization of glucose to fatty acids and ketones and resulting in reduction in adiposity and subsequently
insulin resistance. Thus, it has been hypothesized that IF regimens can improve body composition in obese and over-
weight individuals.

Aim To assess the effect of IF on lipid biokinetics in obese and overweight patients with type 2 diabetes (T2D).

Patients and methods Thirty overweight or obese T2D patients were recruited from the diabetes outpatient clinics
at the Specialized Medical Hospital, Mansoura University. Patients were subjected to time restricted fasting for 16 h
(from dawn to sunset) during Ramadan. Anthropometric data were measured for participants before and 3 weeks
after Ramadan fasting. Fasting plasma glucose (FPG), HbA1c, lipid profile, leptin, beta hydroxybutyrate (3HB) and high
sensitive CRP levels were measured 1 week before and 3 weeks after Ramadan fasting.

Results 30 diabetic patients were recruited with a mean age of 54.3+7.2 years. 24 (80%) were females. Obesity

was diagnosed in 27 cases (90%). The median diabetes duration was 10 years. The study showed a statistically signifi-
cant decrease in post-fasting body weight (BW), Body mass index (BMI), waist circumference (WC) & hip circumfer-
ence (HC). There was a statistically significant decrease of post-fasting low density lipoprotein (LDL-C), Total choles-
terol (TC), and leptin. The study also showed a statistically significant increase of post-fasting high density lipoprotein
(HDL-C) and BHB. No significant change was found in post-fasting levels of HbA1c, FPG, triglycerides (TG) or high
sensitive CRP. Post-fasting leptin was positively correlated with post-fasting BW, BMI, WC, and HC. Post-fasting 3HB
was positively correlated with post-fasting TG, HbA1c, and LDL-C. Leptin levels change (pre vs post fasting) was posi-
tively correlated with the change in LDL-C levels.

Conclusion IF reduced leptin and increased 3-hydroxybutyrate levels. IF is an effective tool for losing weight and vis-
ceral fat and improving lipid profile in obese and overweight patients with T2D.
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Background

Intermittent fasting (IF) is a commonly used dietary
practice that alternates between periods of unrestricted
dietary consumption and abstinence from caloric intake
[36]. IF protocols can be divided into alternate day fast-
ing (ADF) patterns or time restricted eating (TRE), with
or without strict caloric restriction [18]. TRE comprises
alternating periods of fasting and food consumption for
example, the 16/8 diet. ADF involves non-restricted days
alternating with fasting days with no caloric intake [18].

During the fed state, glucose is the main fuel for the
body where it is oxidized for energy and fat is stored as
triglycerides (TGs) in adipose tissue. While with long-
standing fasting ketone bodies are the main energy
source for brain and other tissues when TGs from adi-
pose tissue are transformed to fatty acids and glycerol.
Then, fatty acids are oxidized to ketone bodies in the liver.
In IF, a person experiences the fed, post-absorptive, and
fasting phases. Insulin is the chief regulating hormone in
the fed state, where the body uses glucose as a fuel, while
in the fasting phase glucagon is the main hormone when
hepatic glycogen stores are utilized for energy. The onset
of liver glycogen stores depletion and fatty acids utiliza-
tion due to negative energy balance is the point at which
metabolic switch occurs. This typically occurs after 12 h
of fasting. The metabolic switch from using glucose to
ketones as the main energy source represents a trigger
for metabolic shift from fat synthesis and storage to fatty
acid oxidation and formation of ketones [5].

IF reduces caloric intake along with metabolic switch
from utilization of glucose to fatty acids and ketones and
resulting in reduction in adiposity and subsequently insu-
lin resistance. So, intermittent fasting has been assumed
to improve body weight and composition through this
metabolic switch [5].

IF potentiates autophagic capacity and activate nutri-
ent recycling resulting in maintaining organelle qual-
ity [29]. High-caloric diet and insulin resistance impair
this activation [47]. IF enhances autophagy through
increasing adiponectin levels, reducing advanced glyca-
tion end-product (AGE) levels, and improving meta-
bolic parameters [41]. Moreover, IF through autophagy
enhances beta-cell regeneration, since lysosomes are
essential for fasting-induced insulin granule degradation
and beta-cell homeostasis [17].

Although type 2 diabetes (T2D) is a disease of insu-
lin resistance, most of therapies depend on giving more
insulin to patients. Drugs like sulfonylureas and different
insulin preparations either work by increasing the endog-
enous or exogenous insulin. While these therapies act to
decrease hyperglycemia, they are not properly managing
insulin resistance, leading to the increase the require-
ment of medication over time [3]. Moreover, using
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intensive insulin therapy to attain tight glycemic control
in T2D patients leads to hyperinsulinemia and weight
gain over a 6 month period [25].

From this hypothesis, IF emerged as a non-medicinal
choice for T2D management through improving the
insulin sensitivity. IF plays this role by modulating three
hormones insulin, leptin and adiponectin [3].

Normally fasting decreases leptin and insulin levels
[13]. Obesity is associated with high plasma leptin con-
centration and leptin resistance [40]. The reduction of
leptin sensitivity in the brain results in excess triglycer-
ide storage in adipose tissue muscle, liver, and pancreas,
resulting in impaired insulin sensitivity and secretion
[45].

Leptin plays an important role in body weight control
through modulating signals to the hypothalamus and
other brain regions to increase energy expenditure and
suppress food intake [37]. Although that a minor increase
in leptin level can suppress the appetite and lead to
weight loss, in state of obesity the increased leptin level
has a low anorexic efficacy [38] Leptin resistance is more
likely develops from leptin receptor signaling defect or
reduction in leptin transport via the blood—brain barrier
[7,32].

Adiponectin has well-known insulin sensitizing action
through activation of AMP-activated protein kinase
phosphorylation and PPAR alpha and enhancing fatty
acid oxidation and glucose uptake [19]. Insulin decreases
adiponectin levels [39]. So, hyperinsulinemia associated
with obesity can impair and decrease circulating adi-
ponectin levels and leads to insulin resistance [15].

Aim
To assess the effect of IF on lipid biokinetics in obese and
overweight patients with T2D.

Subjects and methods

Thirty overweight or obese type 2 diabetic patients were
recruited from the diabetes outpatient clinics at the
Specialized Medical Hospital, Mansoura University. All
participants were aged > 18 years old. Exclusion criteria
included patients with type 1 DM, chronic kidney dis-
ease, congestive heart failure, recent ischemic attacks,
hepatic cell failure, SGLT2 (Sodium-glucose Cotrans-
porter-2) inhibitors users and pregnant females. Patients
were subjected to time restricted fasting for 16 h (from
dawn to sunset) during Ramadan.

Waist circumference (WC), hip circumference (HC)
& body mass index (BMI) were measured for all par-
ticipants just before and 3 weeks after Ramadan fast-
ing. Waist circumference was measured to the nearest
0.1 cm by passing the measuring tape through the mid-
point between the superior iliac crest and the lowest
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rib. Hip circumference was measured at the maximum
protuberance [27]. BMI was calculated using Quete-
let Index=body weight (kilograms) divided by height
squared (meters) [28].

Fasting plasma glucose, HbAlc, aspartate aminotrans-
ferase (AST), alanine transaminase (ALT), serum creati-
nine, lipid profile, leptin, beta hydroxybutyrate (BHB) and
high sensitive CRP levels were measured 1week before
and 3 weeks after the Ramadan fasting. 5 ml of venous
blood was aspirated from each participant; samples
were centrifuged to separate serum, and then divided
into 2 eppendorf for leptin, high sensitive CRP and beta
hydroxy butyric acid. The samples were freezed in -70c
deep freezer till assay.

Leptin was assayed using leptin Sandwich ELISA Kkits.
The microtiter wells are coated with a monoclonal anti-
body directed towards a unique antigenic site on a Lep-
tin molecule. An aliquot of patient sample containing
endogenous Leptin is incubated in the coated well with
a specific biotinylated Monoclonal anti-Leptin antibody.
A sandwich complex is formed. After incubation the
unbound material is washed off and a Streptavidin Per-
oxidase Enzyme Complex is added for detection of the
bound Leptin. Having added the substrate solution, the
intensity of color developed is proportional to the con-
centration of Leptin in the patient sample.

Beta hydroxy butyric acid measured using Robionik
kinetic spectrophotometer (wave length: 340 nm). High
sensitive CRP was assayed using immunofluorescent
assay by Getein1100. After the sample has been applied
to the test strip, the fluorescence latex labelled antihu-
man CRP monoclonal antibody binds with the CRP in
the sample. The complex moves to the test card detection
zone by capillary action. Then marked antigen—antibody
complex is captured on the test line by anti-human CRP
monoclonal antibody. The fluorescence intensity of the
test line increases in proportion to the amount of CRP in
sample.

Statistical analysis

Data were entered and assessed by IBM-SPSS software
(IBM Corp. Released 2019. IBM SPSS Statistics for Win-
dows, Version 26.0. Armonk, NY: IBM Corp). Qualita-
tive data were expressed as absolute frequency (N) and
relative frequency (%). Quantitative data were assessed
for normality using Shapiro—Wilk’s test with data being
normally distributed if p>0.050. Normally distributed
quantitative data were represented as mean + standard
deviation while non-normally distributed data were rep-
resented as median (Q1-Q3). Paired-samples t-test was
used to compare normally distributed quantitative paired
data in a group. Effect size was calculated using G*Power
software (version 3.1.9.7). The direction and strength
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of association between two quantitative variables were
tested by Spearman’s correlation. For any of the used
tests, results were thought as statistically significant if p
value <0.050.

Sample size
Sample size was calculated by G*Power software, version
3.1.9.7 [20].

Based on previous studies [1, 14, 24], the authors
hypothesize that intermittent fasting has a statistically
significant effect on serum leptin in obese type 2 diabetic
patients with a medium effect size (dz=0.5). A sample
size of 30 data pairs achieves 84.8% power to reject the
null hypothesis of zero effect size when the population
effect size is 0.50 and the significance level («) is 0.050
using a one-sided paired t-test.

Results

This study included 30 diabetic patients with a mean age
of 54.3+7.2 years. 24 (80%) were females. Obesity was
diagnosed in 27 cases (90%), and the remaining 3 cases
(10%) were overweight. The clinical features and comor-
bidities of the studied group are shown in Table 1.

The study showed a statistically significant decrease in
post-fasting anthropometric measures as compared to
pre-fasting values with medium effect size (ES) (Table 2).
There was a statistically significant decrease of post-
fasting low density lipoprotein- cholesterol (LDL-C)
of medium ES, and of ALT, Total cholesterol (TC), and
leptin of small ES as compared to pre-fasting values. The
study also showed a statistically significant increase of
post-fasting high density lipoprotein- cholesterol (HDL-
C) of small ES and of PHB of large ES as compared to
pre-fasting values. No significant change was found in

Table 1 Baseline characteristics

Smokers 0 (0%)
Hypertension 10 (33.3%)
Diabetes duration (years) Median (Q1-Q3) 10 (4.75-20)
Anti-diabetic medications
Oral 21 (70%)
Insulin 9 (30%)
Statin therapy at enrollment 13 (43.3%)
Anti-platelet therapy at enrollment 6 (20%)
Total number of fasting days, Median (Q1-Q3) 30 (30- 36)
eGFR (ml/min) Mean +SD 775+178
Cardiovascular risk categories (ESC. 2019)
Very high risk 14 (46.7%)
High risk 16 (53.3%)

eGFR estimates glomerular filtration rate, ESC European society of cardiology
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Table 2 Clinical characteristics: pre and post fasting

Characteristic Pre-fasting Post-fasting t-value p-value Effect size
Body weight (kg) 98.7+£17.6 96.3£17.5 2.723 0.011 0497

BMI (kg/mz) 38.29£7.11 37.36+7.11 2.689 0.012 0.491

WC (cm) 12023+11.96 117+£12.81 2.763 0.010 0.504

HC (cm) 1299+13.12 127.03+1345 2.908 0.007 0.531

WHR 0.926+0.409 0.922+0.399 0.777 0.443 0.142

Bold values mentioned in these tables means that p value were < 0.050 (statistically significant results of the corresponding used tests)

Data is mean + SD. Test of significance is Paired-samples t-test. Effect size was calculated by using G*Power software (version 3.1.9.7): 0.2=small, 0.5 =medium, and

0.8 =large effect size

BMI Body mass index. WC waist circumference. HC hip circumference. WHR waist to hip ratio

Table 3 Laboratory parameters: pre and post-fasting levels

Characteristic Pre-fasting Post-fasting t-value p-value Effect size
FPG (mg/dl) 165.57+55.81 171.50+59.684 —0.59% 0.557 0.108
Serum creatinine (mg/dl) 0.893+£0.141 0.877+0.122 1.095 0.283 0.200
Hemoglobin Alc 7.823+1.33 759+1.24 1.296 0.205 0237
AST(IU/L) 23.933+£1546 21.3£7.06 1.089 0.285 0.199
ALT(IU/L) 246+10.46 21.2+596 2.706 0.011 0.494
AST/ALT ratio 0.961+0.233 1.004+0.159 —1.041 0.306 0.190
Total cholesterol (mg/dl) 187.03+46.015 178.67+39.69 2.28 0.030 0416
Triglycerides (mg/dl) 132.67+5897 123.36+34.09 0.970 0.340 0177
LDL-C (mg/dl) 117.02+32.60 108.73+£28.18 3639 0.001 0.644
HDL-C (mg/dl) 4546+6.89 47233+5.58 —2617 0.014 0478
Serum Leptin (ng/ml) 20.19+16.31 14.04+9.59 2.356 0.025 0.430
B hydroxybutyrate (mmol/L) 0.799+0.486 1.76£0.826 - 7415 <0.001 1.354
High sensitive CRP (mg/L) 15.61£26.20 16.26+26.82 —0.109 0914 0.020

Bold values mentioned in these tables means that p value were < 0.050 (statistically significant results of the corresponding used tests)

Data is mean + SD. Test of significance is Paired-samples t-test. FPG =fasting plasma glucose. Effect size was calculated by using G*Power software (version 3.1.9.7):

0.2=small, 0.5=medium, and 0.8 =large effect size

AST aspartate aminotransferase. ALT alanine transaminase. LDL-C low density lipoprotein-cholesterol. HDL-C high density lipoprotein-cholesterol. CRP C-reactive

protein

post-fasting levels of HbAlc, FPG, TGs or high sensitive
CRP as compared to pre-fasting values (Table 3).

Pre-fasting leptin was positively correlated with pre-
fasting body weight, BMI, WC, and HC. Pre-fasting
leptin was negatively correlated with prefasting AST. Pre-
fasting PHB was positively correlated with pre-fasting
TG (Table 4). Post-fasting leptin was positively correlated
with post-fasting body weight, BMI, WC, and HC. Post-
fasting PHB was positively correlated with post-fasting
TG, HbAlc, and LDL-C (Table 5). Leptin levels change
(pre vs post fasting) was positively correlated with the
change in LDL-C levels (Table 6).

Discussion

Obesity is associated with increased leptin production
[40]. Increased leptin level in obese subjects has a low
anorexic efficacy [38]. Leptin resistance is more likely

develops from leptin receptor signaling defect or reduc-
tion in leptin transport via the blood—brain barrier [7,
32]. IF has been found to decrease both visceral and trun-
cal adipose tissue. This results in improvement in leptin/
adiponectin ratio and leptin sensitivity with better appe-
tite control [16].

The current study showed statistically significant
decrease of leptin levels (p=0.025) post Ramadan IF
in obese and overweight patients with T2D. Multiple
meta-analyses previously reported the same results. In a
meta-analysis including 10 studies (conducted between
2003 and 2020) and studying the impact of Ramadan
fasting on leptin, a significant decrease in leptin levels
was achieved after fasting relative to the pre fasting lev-
els (weighted mean difference (WMD)= —2.28 ng/ml,
95% CI —3.72,—0.84 ng/ml). However, there was more
reduction in leptin levels in subjects with normal weight
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Table 4 Correlation of leptin and BHB with the clinico-
laboratory parameters in the pre-fasting state
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Table 5 Correlation of leptin and (HB with the clinico-
laboratory parameters in the post-fasting state

Characteristic Pre-fasting Characteristic Post-fasting
Leptin BHB Leptin BHB
r p-value p-value rs p-value rs p-value

Serum Leptin (ng/ml) - - —-0.19 0291 Serum Leptin (ng/ml) - - -031 0.09
B hydroxybutyrate (mmol/L) ~ —0.199 0.291 - - B hydroxybutyrate (mmol/L) ~ —0.315 0.090 - -
Age —0.080 0675 -004 0799 Age -0.09 0637 0054 0776
Diabetes duration (years) -0314 0.092 0139 0464 Diabetes duration (years) —-0.195 0.301 0213 0.258
Fasting duration (days) 0.142 0453 -027 0136 Fasting duration (days) 0.038 0.842 -0.19 0304
Body weight (kg) 0376 0.041 -023 0211 Body weight (kg) 0566 0.001 —-009 0603
BMI (kg/mz) 0569 0.001 -025 0,181 BMI (kg/mz) 0.583 0.001 -024 0193
Waist circumference (cm) 0391 0.033 —-0.26 0.160 Waist circumference (cm) 0426 0.019 0.110 0.562
Hip circumference (cm) 0431 0.017 -0.22 0230 Hip circumference (cm) 0477 0.008 —-0.00 0987
Waist/hip ratio —-0.060 0.753 -0.16 0368 Waist/hip ratio 0.137 0471 0.187 0322
FPG (mg/dl) -0.035 0856 -025 0.168 FPG (mg/dl) -0.045 0814 0.160 0.399
S. creatinine (mg/dl) 0.129 0498 0.023 0.904 S. creatinine (mg/dl) 0.062 0.746 0.085 0655
Hemoglobin Alc —0.006 0974 0011 0953 Hemoglobin Alc -0205 0278 0412  0.024
AST (IU/L) -0444 0.014 0.011 0955 AST (IU/L) -0.105 0580 0.075 0.692
ALT (IU/L) -0.183 0333 -003 0871 ALT(U/L) 0.080 0673 -003 0862
AST/ALT ratio -0.343 0063 0.003 0.989 AST/ALT ratio -0.209 0269 0.153 0420
S. cholesterol (mg/dl) 0.106 0.577 0.177 0349 S. cholesterol (mg/dl) 0.039 0.839 0.221 0.240
Triglycerides (mg/dl) 0.241  0.200 0.538 0.002 Triglycerides (mg/dl) 0.041 0829 0509  0.004
LDL — C (mg/dl) —-0.003 0986 0309 0.097 LDL-C (mg/dl) -0.208 0.269 0.397 0.030
HDL — C (mg/dl) 0124 0514 -024 0191 HDL-C (mg/dl) 0.110 0561 -035 0057
High sensitive CRP (mg/L) 0.032 0.866 0229 0.224 High sensitive CRP (mg/L) 0.127 0.502 0.223 0.235

Bold values mentioned in these tables means that p value were < 0.050
(statistically significant results of the corresponding used tests)

r, Spearman’s correlation coefficient. BM/ Body mass index. FPG fasting plasma
glucose. AST aspartate aminotransferase. ALT alanine transaminase. LDL-C low
density lipoprotein-cholesterol. HDL-C high density lipoprotein-cholesterol. CRP
C-reactive protein

(WMD= —-4.67 ng/ml, 95% CI-6.03,—3.31 ng/ml,
P <0.001) compared to that in overweight and obese sub-
jects (WMD = —3.43 ng/ml, 95% CI —5.69,—1.17 ng/ml,
P=0.003) [22]. Another meta-analysis included 12 stud-
ies investigating effect of fasting on leptin level revealed
significant decrease in leptin levels (WMD: — 3.690 ng/
ml, 95% CI — 5.190, -2.190, p<0.001) [30]. The same
results were also reported in the meta-nalysis conducted
by [14].

Obesity is associated with increased leptin produc-
tion [40]. Intermittent fasting reduces adiposity, espe-
cially visceral fat and truncal fat, mainly due to negative
energy balance [11]. Through this weight reduction and
fat loss, leptin levels may decrease with more appetite
control [3]. Leptin production is mainly controlled by
insulin-induced alterations in adipose tissue metabolism.
Changes occurred in leptin concentrations during fasting
may be due to changes of insulin levels caused by energy
restriction during fasting [33].

Bold values mentioned in these tables means that p value were < 0.050
(statistically significant results of the corresponding used tests)

r, Spearman’s correlation coefficient. BMI Body mass index. FPG fasting plasma
glucose. AST aspartate aminotransferase. ALT alanine transaminase. LDL-C low
density lipoprotein-cholesterol. HDL-C high density lipoprotein-cholesterol. CRP
C-reactive protein

However, an earlier study investigated the effect of
Ramadan fasting on leptin and metabolic syndrome com-
ponents in T2D patients and revealed significant increase
in leptin post Ramadan fasting [1]. This may be due to
alterations in sleeping habits which result in a complete
reversal of the sleep wake cycle. This sleep disturbance
and poor sleeping quality is thought to cause hypercorti-
solism. Additionally, the shift in feeding pattern to even-
ing time with an increase in overall caloric consumption
during non-fasting hours may increase post fasting leptin
levels [6].

The present study showed positive correlations
between leptin level and BMI, body weight, waist and hip
circumferences either in the pre or post fasting states. It
was in line with a previous study reporting that higher
levels of BMI were associated with increased leptin con-
centrations, which suggest that obese patients are devel-
oping leptin resistance as well [32]. Reduction of fat mass
is usually followed by lower leptin levels [10].
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Table 6 Correlation of leptin and BHB levels change (pre vs post
fasting) with the change in clinico-laboratory parameters

Characteristic Change
Leptin BHB
rs p-value rs p-value

Serum Leptin (ng/ml) - - 0.050 0.792
B hydroxybutyrate (mmol/L) 0.050 0.792 - -
Age 0.079 0677 -0201 0.287
Diabetes duration (years) —-0.210 0.266 —-0.227 0227
Fasting duration (days) 0.347 0.060 0.315 0.090
Body weight (kg) 0.120 0526 0170 0369
BMI (kg/mz) 0.153 0419 0.143 0451
Waist circumference (cm) 0.128 0.501 0.183 0334
Hip circumference (cm) 0.185 0.329 —0.008 0.967
Waist/hip ratio -0013 0944 0270 0.149
FPG (mg/dl) -0.352 0.056 0.100 0.598
S. creatinine (mg/dl) -0.028 0.883 0.106  0.578
Hemoglobin Alc -0.168 0374 —-0.126 0508
AST (IU/L) 0205 0277 0243 0.196
ALT (IU/L) 0334 0.071 -0.155 0415
AST/ALT ratio -0.120 0526 0251 0.181
S. cholesterol (mg/dl) 0.167 0376 -0044 0816
Triglycerides (mg/dl) 0012 0952 0.106 0976
LDL-C (mg/dl) 0385 0.035 -0216 0.252
HDL-C (mg/dl) -0.215 0.938 0.117 0537
High sensitive CRP (mg/L) —-0.244 0.19% 0.103 0.589

Bold values mentioned in these tables means that p value were < 0.050
(statistically significant results of the corresponding used tests)

r, Spearman’s correlation coefficient. BM/ Body mass index. FPG fasting plasma
glucose. AST aspartate aminotransferase. ALT alanine transaminase. LDL-C low
density lipoprotein-cholesterol. HDL-C high density lipoprotein-cholesterol. CRP
C-reactive protein

In consistent with our study, one study revealed that
leptin levels was positively correlated with BMI, Hip
circumference (p<0.0001). In contrast, there was no
significant correlation between leptin levels and waist
circumference in another 2 studies [1, 4].

Previous IF studies have revealed reduction in the lev-
els of inflammatory markers in obese patients and thus
improvement in insulin sensitivity and cardiovascu-
lar outcome (liu et al., 2019). High-Sensitivity CRP is a
marker of inflammation that predicts incident myocar-
dial infarction, stroke, peripheral arterial disease, and
sudden cardiac death [9]. Our study showed no signifi-
cant change in post-fasting hs-CRP levels as compared
to pre-fasting values. The same finding was previously
reported in type 2 diabetic patients after Ramadan fast-
ing [1], and following time restricted fasting in 2 more
studies [31, 52]. In contrast, in a study conducted on 25
obese participants prior, during and after Ramadan fast-
ing; there was significant increase in hs-CRP at the end
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of Ramadan (p<0.05), however, it returned to baseline
level six weeks later [43]. The increase in hs-CRP level
can be explained by low-grade stress through fasting and
an altered sleep—wake cycle [8]. However, another study
that compared effect of alternate day fasting with caloric
restriction revealed significant reduction in hs-CRP in
fasting group [44].

Our study failed to find any significant correlation
between leptin levels and hs-CRP. Recent data supported
the same results [1]. On the other side, previous several
studies have demonstrated that a direct correlation exists
between the concentrations of the two biomarkers [42,
50]. Leptin is produced by the adipose tissue, and adipo-
cytes are also an important source of circulating inflam-
matory cytokines, such as IL-6, which in turn promote
CRP synthesis [34]. However, leptin itself may be able to
stimulate CRP synthesis from the liver [51].

The present study revealed a statistically significant
increase in BHB levels post fasting (p <0.001). This find-
ing is coping with the study conducted on 19 healthy
female subjects followed the 5:2 diet, with a clear
increase in BHB level in blood, this finding was not found
in non-fasting days [12]. Moreover, the same finding was
reported in a study comparing blood BHB between three
groups; water only fast, fasting mimic diet (FMD) and
control groups level. A steady increase in PHB levels was
found in the water-only fast group [26].

This improvement in lipid profile shown in the current
study was in consistent with multiple earlier studies. One
study included 40 participants who fast 12 h for 3 days a
week for 6 weeks revealed significant reduction in total
cholesterol, LDL cholesterol and a significant increase
in HDL cholesterol levels with no significant effect on
TGs levels [2]. In a recent meta-analysis, IF effectively
reduced the total cholesterol by 0.32mmol/L, LDL by
0.22mmol/L and TGs by 0.04mmol/L [53]. Another
meta-analysis included 18 trials and comparing IF diet to
regular habitual diet revealed that total cholesterol and
TG levels after IF were also lower than that after a regular
diet (p=0.001, 0.05, respectively) [23]. On the other side,
one study reported transient significant increase in total,
LDL, and HDL cholesterols in the last week of Ramadan
and returned to baseline six weeks later [43].

Glucose utilization during fasting and the consumption
of ketones produced by fatty acid oxidation for energy
(that primarily supplies energy to the cells) may explain
the modification in lipid profile with IF. During fasting,
the exhaustion of glycogen stores in the liver triggers
gluconeogenesis, leading to decreased insulin concentra-
tions, and increased glucagon levels which in turn pro-
mote the lipolysis of TGs in adipose tissue [35].

Concerning diabetic control; there was no signifi-
cant change in fasting plasma glucose or HbAlc levels
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post fasting in the present study. This may be attributed
to altered sleeping durations and times, impaired sleep
quality that leads to hypercortisolemia and changes in
physical activities and shift of food intake to night-time
only with increase in caloric intake in non-fasting time
[6]. Our results were consistent with a recent meta-anal-
ysis (included 16 studies) reporting no difference in FPG
levels between participants after IF and non-intervention
diet groups [23]. In contrast, one study reported a sig-
nificant improvement in HbAlc with no significant effect
on FPG in T2D patients post fasting [1]. Another meta-
analysis showed a significant decrease in FPG level post
fasting but this meta-analysis included healthy and pre-
diabetes individuals [14].

Previous IF studies that conducted fasting with a rela-
tively high degree of caloric restriction resulted in clini-
cally significant reductions in body weight [11]. While
there was smaller weight reduction (< 5.0 kg) in IF studies
applying a time restricted fasting diet with small degree
of caloric restriction [49]. Moreover, studies that adjusted
the fasting time with no change in total calorie intake
showed no significant weight reduction [48].

In the current study, post fasting anthropometric
measures were improved. A recent study also found the
same significant decrease in body weight, BMI, waist cir-
cumference in IF group compared to control [2]. Further-
more, in a study compared effect of alternate day fasting
with caloric restriction; there was greater reduction in
body weight (p=0.02), BMI (p=0.01), waist circumfer-
ence (p=0.01), waist hip ratio (p=0.04) in fasting group
[44]. In a cross sectional study included 147 participants
who experienced intermittent fasting; revealed; 45.6% of
participants lost 1-3 kg, 33.3% lost 3-5 kg, 12.9% lost
5-10 kg; 2.7% lost 10—15 kg, whereas only 1.4% lost more
than 15 kg. Lastly, (4.1%) reported weight gain [46]. Three
more meta-analyses were in consistent with these results
[14, 23, 53]. In contrast, 2 previous studies reported a
non-significant decrease in BMI post fasting [1, 43].

The limitations of our study were the small sample size,
defect in details like pattern of food consumed, daily cal-
orie intake, physical activity, and sleep quality and habits
of the participants. Measurement of insulin level may add
more data in this study. All tested parameters were meas-
ured prior to and 3 weeks after the fasting period; thus,
it is uncertain whether these changes will persist over a
more prolonged period after Ramadan fasting.

Conclusion

IF is an effective regimen for weight loss and reduction
of visceral fat. It can improve lipid profile in obese and
overweight patients with T2D. IF can reduce leptin and
increase p-hydroxybutyrate levels.
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Future randomized controlled trials with longer fol-
low ups, more diet control and individuals with CVD
and T2D are needed to validate these findings. We look
forward to further evaluation of the effect of IF regimens
in improving mental and heart health, preventing high
risks for cancer, reversal of prediabetes, preventing or
delaying the conversion of prediabetes to diabetes. Fur-
ther researches are also needed to explore the outcomes
of adding SGLT 2 inhibitors to IF, as both can cause the
metabolic switch and increase the levels of ketone bodies.

Author contributions

Y.AM. and FK. performed the clinical part of this research and followed up the
cases during the study period Y.AM.and FK. wrote the main manuscript text
M.A. and AE. prepared the tables M.E. performed the laboratory part of this
research All authors reviewed the manuscript

Funding

Open access funding provided by The Science, Technology & Innovation
Funding Authority (STDF) in cooperation with The Egyptian Knowledge Bank
(EKB). The authors received no financial support.

Availability of data and materials
The data that support the findings of this study are available on request from
the corresponding author.

Declarations

Ethical approval and consent to participate

Informed consents to participate were obtained from all participants. Ethical
approval from Mansoura Medical Ethics Committee of Faculty of Medicine was
obtained (code MD.21.02.419). Consents to publish were also obtained.

Competing interests
The authors declared no competing interest.

Author details

"Internal Medicine Department, Faculty of Medicine, Mansoura University,
Mansoura, Egypt. 2Clinical pathology Department, Faculty of Medicine, Man-
soura University, Mansoura, Egypt.

Received: 15 October 2023 Accepted: 25 November 2023
Published online: 03 January 2024

References

1. Abdullah K, Al-Habori M, Al-Eryani E. Ramadan intermittent fasting affects
adipokines and leptin/adiponectin ratio in type 2 diabetes mellitus and
their first-degree relatives. Hindawi BioMed Res Int. 2020,2020:1.

2. Ahmed N, Farooq J, Siddigi HS, Meo SA, Kulsoom B, Laghari AH, Jamshed
H, Pasha F. Impact of intermittent fasting on lipid profile-a quasi-rand-
omized clinical trial. Front Nutr. 2021;7: 596787.

3. Albosta M, Bakke J. Intermittent fasting: is there a role in the treatment of
diabetes? A review of the literature and guide for primary care physicians.
Clinical diabetes and endocrinology. 2021;7(1):1-12.

4. Al-Rawi N, Madkour M, Jahrami H, Salahat D, Alhasan F, BaHammam A,
Al-Islam Faris ME. Effect of diurnal intermittent fasting during Ramadan
on ghrelin, leptin, melatonin, and cortisol levels among overweight and
obese subjects: a prospective observational study. PLoS ONE. 2020;15(8):
e0237922.

5. Antoni R, Johnston KL, Collins AL, Robertson MD. Intermittent v. continu-
ous energy restriction: differential effects on postprandial glucose and
lipid metabolism following matched weight loss in overweight/obese
participants. Br J Nutr. 2018;119(5):507-16.



Mohamed et al. Diabetology & Metabolic Syndrome

20.

21

22.

23.

24.

25.

26.

(2024) 16:4

Bahijri S, Borai A, Ajabnoor G, Abdul Khalig A, AlQassas |, Al-Shehri D,
Chrousos G. Relative metabolic stability, but disrupted circadian cortisol
secretion during the fasting month of Ramadan. PLoS One. 2013;8(4):
e60917.

Banks WA. Role of the blood-brain barrier in the evolution of feeding and
cognition. Ann NY Acad Sci. 2012;1264(1):13-9.

Barkia A, Mohamed K, Smaoui M, Zouari N, Hammami M, Nasri M. Change
of diet, plasma lipids, lipoproteins, and fatty acids during Ramadan: a
controversial association of the considered Ramadan model with athero-
sclerosis risk. J Health Popul Nutr. 2011,29(5):486.

Bassuk SS, Rifai N, Ridker PM. High-sensitivity C-reactive protein: clinical
importance. Curr Probl Cardiol. 2004,29(8):439-93.

Bouassida A, Chamari K, Zaouali M, FekiY, Zbidi A, Tabka Z. Review on
leptin and adiponectin responses and adaptations to acute and chronic
exercise. Br J Sports Med. 2010;44(9):620-30.

. Catenacci VA, Pan Z, Ostendorf D, Brannon S, Gozansky WS, Mattson MP,

Martin B, MacLean PS, Melanson EL, Troy Donahoo W. A randomized pilot
study comparing zero-calorie alternate-day fasting to daily caloric restric-
tion in adults with obesity. Obesity. 2016;24(9):1874-83.

Cerniuc C, Fischer T, Baumeister A, Bordewick Dell U. Impact of intermit-
tent fasting (5: 2) on ketone body production in healthy female subjects.
Erndhrungs Umschau. 2019;66(1):2-9.

Chan JL, Heist K, DePaoli AM, Veldhuis JD, Mantzoros CS. The role of falling
leptin levels in the neuroendocrine and metabolic adaptation to short-
term starvation in healthy men. J Clin Investig. 2003;111(9):1409-21.
ChoY, Hong N, Kim KW, Cho SJ, Lee M, Lee YH, Kang BS, Cha BS, Lee BW.
The effectiveness of intermittent fasting to reduce body mass index and
glucose metabolism: a systematic review and meta-analysis. J Clin Med.
2019;8(10):1645.

Combs TP, Wagner JA, Berger J, Doebber T, Wang WJ, Zhang BB, Tanen

M, Berg AH, O'Rahilly S, Savage DB, Chatterjee K. Induction of adipo-

cyte complement-related protein of 30 kilodaltons by PPARy ago-

nists: a potential mechanism of insulin sensitization. Endocrinology.
2002;143(3):998-1007.

De Cabo R, Mattson MP. Effects of intermittent fasting on health, aging,
and disease. N Engl J Med. 2019;381(26):2541-51.

DiNicolantonio JJ, McCarty M. Autophagy-induced degradation of
Notch1, achieved through intermittent fasting, may promote beta cell
neogenesis: implications for reversal of type 2 diabetes. Open Heart.
2019;6(1): €001028.

Dong TA, Sandesara PB, Dhindsa DS, Mehta A, Arneson LC, Dollar AL, Taub
PR, Sperling LS. Intermittent fasting: a heart healthy dietary pattern? Am J
Med. 2020;133(8):901-7.

Fasshauer M, Klein J, Kralisch S, Klier M, Lossner U, Bliher M, Paschke R.
Growth hormone is a positive regulator of adiponectin receptor 2 in 3T3-
L1 adipocytes. FEBS Lett. 2004;558(1-3):27-32.

Faul F, Erdfelder E, Lang A-G, Buchner A. G*Power 3: A flexible statistical
power analysis program for the social, behavioral, and biomedical sci-
ences. Behav Res Methods. 2007;39:175-91.

Faul F, Erdfelder E, Buchner A, Lang A-G. Statistical power analyses using
G*Power 3.1: tests for correlation and regression analyses. Behav Res
Methods. 2009;41:1149-60.

Gaeini Z, Mirmiran P, Bahadoran Z. Effects of Ramadan intermittent fast-
ing on leptin and adiponectin: a systematic review and meta-analysis.
Hormones. 2021;20(2):237-46.

Gu L, Fu R, Hong J, NiH, Yu K, Lou H. Effects of intermittent fasting in
human compared to a non-intervention diet and caloric restriction: a
meta-analysis of randomized controlled trials. Front Nutr. 2022. https://
doi.org/10.3389/fnut.2022.871682.

Harvie MN, Pegington M, Mattson MP, et al. The effects of intermittent

or continuous energy restriction on weight loss and metabolic disease
risk markers: a randomized trial in young overweight women. Int J Obes.
2011,35(5):714-27.

Henry RR, Gumbiner B, Ditzler T, Wallace P, Lyon R, Glauber HS. Intensive
conventional insulin therapy for type Il diabetes: metabolic effects during
a 6-mo outpatient trial. Diabetes Care. 1993;16(1):21-31.

Huang AW, Wei M, Caputo S, Wilson ML, Antoun J, Hsu WC. An intermit-
tent fasting mimicking nutrition bar extends physiologic ketosis in time
restricted eating: a randomized, controlled, parallel-arm study. Nutrients.
2021;13(5):1523.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Page 8 of 9

Katz EG, Stevens J, Truesdale KP, Cai J, Adair LS, North KE. Hip circumfer-
ence and incident metabolic risk factors in Chinese men and women:
the People’s Republic of China study. Metab Syndr Relat Disord.
2011,9(1):55-62.

Keys A, Fidanza F, Karvonen MJ, Kimura N, Taylor HL. Indices of relative
weight and obesity. J Chronic Dis. 1972;25(6-7):329-43.

Khedkar PH. Intermittent fasting—the new lifestyle? Acta Physiol.
2020,229(4): €13518.

Kord HV, Tinsley GM, Santos HO, Zand H, Nazary A, Fatahi S, Mokhtari Z,
Salehi-sahlabadi A, Tan SC, Rahmani J, Gaman MA, Sathian B, Sadeghi A,
Hatami B, Soltanieh S, Aghamiri S, Bawadi H, Hekmatdoost A, Hekmat-
doost A. The influence of fasting and energy-restricted diets on leptin
and adiponectin levels in humans: a systematic review and meta-analysis.
Clin Nutr. 2021;40(4):1811-21.

Kotarsky CJ, Johnson NR, Mahoney SJ, Mitchell SL, Schimek RL, Stastny
SN, Hackney KJ. Time-restricted eating and concurrent exercise training
reduces fat mass and increases lean mass in overweight and obese
adults. Physiol Rep. 2021;9(10): e14868.

Lopez-Jaramillo P, Gomez-Arbeldez D, Lopez-Lopez J, Lopez-Lépez C,
Martinez-Ortega J, GGmez-Rodriguez A, Triana-Cubillos S. The role of
leptin/adiponectin ratio in metabolic syndrome and diabetes. Horm Mol
Biol Clin Invest. 2014;18(1):37-45.

Mars M, de Graaf C, de Groot LC, Kok FJ. Decreases in fasting leptin and
insulin concentrations after acute energy restriction and subsequent
compensation in food intake. Am J Clin Nutr. 2005;81(3):570-7.

Martin SS, Qasim AN, Rader DJ, Reilly MP. C-reactive protein modifies the
association of plasma leptin with coronary calcium in asymptomatic
overweight individuals. Obesity. 2012,20(4):856-61.

Mattson MP, Moehl K, Ghena N, Schmaedick M, Cheng A. Intermittent
metabolic switching, neuroplasticity and brain health. Nat Rev Neurosci.
2018;19(2):81-94.

Mindikoglu AL, Abdulsada MM, Jain A, Choi JM, Jalal PK, Devaraj S, Mez-
zari MP, Petrosino JF, Opekun AR, Jung SY, Jung SY. Intermittent fasting
from dawn to sunset for 30 consecutive days is associated with anti-
cancer proteomic signature and upregulates key regulatory proteins of
glucose and lipid metabolism, circadian clock, DNA repair, cytoskeleton
remodeling, immune system and cognitive function in healthy subjects. J
Proteomics. 2020;217: 103645.

Minokoshi Y, Toda C, Okamoto S. Regulatory role of leptin in glucose

and lipid metabolism in skeletal muscle. Indian J Endocrinol Metabol.
2012;16(Suppl 3):5562-8.

Morioka T, Mori K, Motoyama K, Emoto M. Ectopic fat accumulation and
glucose homeostasis: role of leptin in glucose and lipid metabolism and
mass maintenance in skeletal muscle. In Musculoskeletal Disease Associ-
ated with Diabetes Mellitus (pp. 201-213). 2016; Springer, Tokyo.
Motoshima H, Wu X, Sinha MK, Hardy VE, Rosato EL, Barbot DJ, Rosato
FE, Goldstein BJ. Differential regulation of adiponectin secretion from
cultured human omental and subcutaneous adipocytes: effects of insulin
and rosiglitazone. J Clin Endocrinol Metab. 2002;87(12):5662-7.
Munzberg H, Myers MG Jr. Molecular and anatomical determinants of
central leptin resistance. Nat Neurosci. 2005;8(5):566-70.

Papamichou D, Panagiotakos DB, Itsiopoulos C. Dietary patterns and
management of type 2 diabetes: A systematic review of randomised
clinical trials. Nutr Metab Cardiovasc Dis. 2019;29(6):531-43.

Park JS, Cho MH, Nam JS, et al. Visceral adiposity and leptin are inde-
pendently associated with C-reactive protein in Korean type 2 diabetic
patients. Acta Diabetol. 2010;47:113-8.

Radhakishun N, Blokhuis C, van Vliet M, von Rosenstiel |, Weijer O,
Heymans M, Beijnen J, Brandjes D, Diamant M. Intermittent fasting
during Ramadan causes a transient increase in total, LDL, and HDL
cholesterols and hs-CRP in ethnic obese adolescents. Eur J Pediatr.
2014;173(8):1103-6.

Razavi R, Parvaresh A, Abbasi B, Yaghoobloo K, Hassanzadeh A, Moham-
madifard N, Clark CC, Safavi SM, Safavi SM. The alternate-day fasting diet
is a more effective approach than a calorie restriction diet on weight loss
and hs-CRP levels. Int J Vitamin Nutr Res. 2020. https://doi.org/10.1024/
0300-9831/a000623.

Saito K, Tobe T, Yoda M, Nakano Y, Choi-Miura NH, Tomita M. Regulation of
gelatin-binding protein 28 (GBP28) gene expression by C/EBP. Biol Pharm
Bull. 1999;22(11):1158-62.


https://doi.org/10.3389/fnut.2022.871682
https://doi.org/10.3389/fnut.2022.871682
https://doi.org/10.1024/0300-9831/a000623
https://doi.org/10.1024/0300-9831/a000623

Mohamed et al. Diabetology & Metabolic Syndrome

46.

47.

48.

49.

50.

51

52.

53.

(2024) 16:4

Shalabi H, Hassan IV, AS, AL-Zahrani FA, Alarbeidi AH, Mesawa M, Rizk

H, Aljubayri AA, Alarbeidi IV AH, Aljubayri IV, A. A. (2023). Intermittent
Fasting: Benefits, Side Effects, Quality of Life, and Knowledge of the Saudi
Population. Cureus, 15(2).

Stockman MC, Thomas D, Burke J, Apovian CM. Intermittent fasting: is the
wait worth the weight? Curr Obes Rep. 2018;7(2):172-85.

Sutton EF, Beyl R, Early KS, Cefalu WT, Ravussin E, Peterson CM. Early
time-restricted feeding improves insulin sensitivity, blood pressure, and
oxidative stress even without weight loss in men with prediabetes. Cell
Metab. 2018;27(6):1212-21.

Tinsley GM, Forsse JS, Butler NK, Paoli A, Bane AA, La Bounty PM, Morgan
GB, Grandjean PW. Time-restricted feeding in young men perform-

ing resistance training: a randomized controlled trial. Eur J Sport Sci.
2017;17(2):200-7.

Viikari LA, Huupponen RK, Viikari JSA, et al. Relationship between Leptin
and C-Reactive Protein in Young Finnish Adults. J Clin Endocrinol Metab.
2007;92:4753-8.

Weinhold B, Rither U. Interleukin-6-dependent and —independent regu-
lation of the human C-reactive protein gene. Biochem J. 1997,327:425-9.
Wilkinson MJ, Manoogian EN, Zadourian A, Lo H, Fakhouri S, Shoghi A,
Wang X, Fleischer JG, Navlakha S, Panda S, Taub PR. Ten-hour time-
restricted eating reduces weight, blood pressure, and atherogenic lipids
in patients with metabolic syndrome. Cell Metab. 2020;31(1):92-104.
Yuan X, Wang J, Yang S, Gao M, Cao L, Li X, Hong D, Tian S, Sun C. Effect
of intermittent fasting diet on glucose and lipid metabolism and insulin
resistance in patients with impaired glucose and lipid metabolism: a
systematic review and meta-analysis. Int J Endocrinol. 2022. https://doi.
0rg/10.1155/2022/6999907.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 9 of 9

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1155/2022/6999907
https://doi.org/10.1155/2022/6999907

	Effect of intermittent fasting on lipid biokinetics in obese and overweight patients with type 2 diabetes mellitus: prospective observational study
	Abstract 
	Background 
	Aim 
	Patients and methods 
	Results 
	Conclusion 

	Background
	Aim
	Subjects and methods
	Statistical analysis
	Sample size

	Results
	Discussion

	Conclusion
	References


