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Abstract 

Background In recent years, the prevalence of overweight and obesity has increased, leading to the development 
of various dietary interventions as potential treatments. Two popular diets are time‑restricted feeding and low‑carbo‑
hydrate diets, but there is limited research on the effects of combining them. This study assessed the effects of pairing 
an eight‑hour time‑restricted feeding window with a moderate‑carbohydrate diet and compared to a paired eight‑
hour time‑restricted feeding window with a regular diet.

Results The study involved 52 obese women divided into three groups: the first group followed an 8 h time‑
restricted feeding with a moderate low‑carbohydrate diet (8‑hTRF+mLCD), the second group followed an 8 h time‑
restricted feeding with a regular diet (8‑hTRF), and the third group was the control group. Both 8 h TRF+mLCD and 8 h 
TRF groups had a decrease in TG levels compared to the control group. The HDL levels in both TRF groups were 
significantly higher than the control group, while LDL levels remained statistically insignificant in both TRF groups.

Conclusions This suggests that an 8 h TRF with or without mLCD can effectively treat obesity without a change 
in physical activity, and combining it with a low‑carbohydrate diet gives better and more rapid results.

Keywords Time restricted feeding, Intermittent fasting, Body weight, Body composition (fat mass, fat‑free mass, 
visceral fat, fat mass), Moderate low‑carbohydrate diet

Background
Obesity is a significant public health concern that has 
been linked to a variety of issues, including type 2 dia-
betes, heart disease, stroke, and other health problems 
(Cohen  and  LeRoith 2012; Gaggini et  al. 2013). The 
World Health Organization (WHO) established BMI cat-
egories in 1993, and the results were published in 1995 
as underweight (15 to 19.9 kg/m2), normal weight (20 to 
24.9 kg/m2), overweight (25 to 29.9 kg/m2), and obese 
(≥ 30 kg/m2) (WHO 1995). Female gender is a significant 

risk factor for obesity, with twice the likelihood of being 
overweight or obese compared to males. Women also 
face higher risks of obesity-related comorbidities and 
have a twofold higher mortality risk than overweight men 
(Kapoor et  al. 2021). Abdominal fat and overall adipos-
ity should be considered when assessing weight because 
they are strongly associated with an increased risk of 
health problems. Waist circumference has been shown to 
be a reliable indicator of metabolic disorders. Structured 
dietary interventions are essential for preventing and 
managing cardiometabolic disorders. Clinical practice 
guidelines often recommend reducing total calorie intake 
and losing more than 5% of body weight (Kim et al. 2021; 
Shim et al. 2020).

The use of intermittent fasting (IF) as a weight 
loss strategy for overweight or obese individu-
als is supported by evidence of moderate to high 
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quality demonstrating positive associations between 
IF and anthropometric and cardiometabolic outcomes 
(Patikorn et  al. 2021). Time-restricted feeding (TRF) 
can be an effective weight loss strategy for those who 
are overweight or obese because it has been associated 
with an increase in insulin sensitivity and a decrease in 
body weight, total cholesterol, triglycerides, glucose, 
insulin, interleukin-6, and tumor necrosis factor con-
centrations, even if there is no loss of weight (Schroder 
et al. 2021). In the Cienfuegos et al. (2020) study, eight-
week TRF fasting regimens of four and six hours effec-
tively reduced body weight by 3% and also resulted in 
decreased levels of oxidative stress and insulin resist-
ance, which is positive for preventing cardio metabolic 
diseases. Schroder et al. (2021) found that TRF is effec-
tive in inducing weight loss and altering body compo-
sition, but did not observe any significant changes in 
metabolic and cardiovascular biomarkers. These pre-
liminary findings suggest that TRF may be able to alter 
a number of risk factors for metabolic illnesses (Sutton 
et al. 2018).

Intermittent fasting with low-carbohydrate diet are 
gaining popularity among the general population and 
individuals with cardio metabolic disorders like obesity, 
diabetes, and hypertension, but there is a lack of expert 
guidance available (Choi et al. 2022). Intermittent Fasting 
(IF) has been shown to result in significant weight loss 
(5–10% of baseline body weight) within a short period 
of time (8–12 weeks) (Hatori et  al. 2012). Dyslipidemia 
is defined by low levels of high-density lipoprotein (HDL) 
cholesterol and high levels of circulating LDL cholesterol 
and triglycerides (Pencina et  al. 2009). After 8 weeks of 
8-h TRF, there were noticeable decreases in fasting blood 
sugar, insulin, and insulin resistance (Ludwig  2020). 
Although some studies have reported a decrease in tri-
glycerides and LDL cholesterol values, many studies have 
found that controls did not differ in comparison to any 
lipid measure (Moro et al. 2016;  Wilkinson et al. 2020). 
Cienfuegos et al. (2020) reported that a 4- and 6-h TRF 
may be a promising weight loss strategy that can lead to 
gradual drops in body weight over eight weeks while also 
improving certain cardiometabolic health aspects.

Time-Restricted Eating (TRE) is an appealing weight 
loss approach as it does not require meticulous calorie 
tracking or specialized diets. Brown et al. (2016) revealed 
that weight loss has a significant impact on cardiac risk 
factors, with lowered levels of triglycerides, total choles-
terol, and LDL in patients who lost 5–10% of their body 
weight. The production of less insulin due to reduced 
carbohydrate intake in LCD during negative energy bal-
ance promotes fat oxidation and lipolysis (Gower  and 
Goss 2015; Hjorth et al. 2017).

Ebbeling et  al. (2022) also found that low-carb diets 
have potential benefits for reducing diabetes and cardio-
vascular disease in the context of widespread obesity and 
insulin resistance. In a feeding study, Yanai and Yoshida 
(2019) demonstrated that restricting carbohydrates 
improved insulin-resistant dyslipoproteinemia without 
negatively affecting total cholesterol, LDL- cholesterol, 
LDL-P size, or markers of chronic inflammation. Sasak-
abe et al. (2011) found that patients with type 2 diabetes 
may benefit from losing preferred visceral adipose tis-
sue through a mild low-carbohydrate diet. Low carbo-
hydrate diets can be defined by either a proportion of 
daily macronutrient intake or the total daily carbohydrate 
load, as indicated by previous studies (Oh et al. 2023). A 
moderately low-carbohydrate diet (mLCD) or low-carbo-
hydrate diet (LCD) can help overweight or obese people 
lose weight better than commonly recommended diets 
(Choi et  al. 2022). He et  al. (2022) reported that both 
LCD and 8  h TRE can effectively reduce body weight 
and subcutaneous fat. However, TRE was found to be 
more effective than LCD in reducing visceral adiposity 
and improving cardiometabolic outcomes. When TRE 
was combined with LCD, it resulted in a greater overall 
weight loss. This study compares moderate-carbohydrate 
and regular diets in time restricted dieting, following 
He et  al. (2022). It replicates their trial in Saudi Arabia, 
where obesity is a major issue and soft drinks and fast 
foods (e.g., burgers, sausage, pizza, or Arabic shawarma) 
cause it (Alsulami et al. 2023). Considering the preceding 
observations, this study aimed to compare an 8 h time-
restricted diet with a moderate-carbohydrate diet to an 
8-h time-restricted diet with a regular diet.

Materials and methods
During an 8-week trial, the impact of time-restricted eat-
ing on body weight and cardiometabolic risk factors was 
investigated in overweight females. The study compared 
a time-restricted feeding program with one that included 
both time-restricted feeding and a low-carbohydrate diet. 
The experimental protocol was authorized by the King 
Saud University for Research Ethics Committee, and all 
participants provided written informed consent before 
taking part in the study.

Subject selection
Between January 2022 and March 2022, individuals resid-
ing in Riyadh city were recruited as participants through 
social media advertisements. A total of 100 women with 
obesity (BMI > 30 kg/m2) between the ages of 20 to 45 
provided consent and were assessed for eligibility. Fol-
lowing this, they were divided into three groups (Fig. 1), 
but 8 participants withdrew during the study as indicated 
in Fig. 1. The three groups were categorized as follows:
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Group 1 (n = 22) underwent time-restricted eat-
ing (TRE) along with a low carbohydrate diet, Group 2 
(n = 22) followed TRE with their regular diet,

Group 3 (n = 20) served as the control group.

The inclusion criteria
Eligible participants for the trial were women aged 22–45 
with obesity (BMI > 30 kg/m2) and a stable weight for 
three months prior to the trial.

The exclusion criteria
Exclusion criteria for the study included women with a 
history of chronic diseases, pregnancy or nursing, medi-
cation use, irregular menstrual cycles, and the use of 
birth control tablets.

Study design and intervention
This study examined the effects of time-restricted eat-
ing (8  h TRF), a form of intermittent fasting (IF), and 
its combination with a moderately low carbohydrate 
diet to decrease calorie intake. The term “low carbo-
hydrate” has been defined in studies as either the total 
daily carbohydrate load or a percentage of daily macro-
nutrient intake. For instance, low-carb is defined as 
less than 26% carbohydrates or fewer than 130 gm/day; 
extremely low-carb is less than 10% carbohydrates or 
20 to 50 gm/day; and moderately low-carbohydrate is 
26–44% (135–180g). IF (time-restricted eating 8–16) 
has been investigated in previous studies by Moro et al. 
(2020), Gabel et  al. (2019), and Schroder et  al. (2021). 
The timing of the diet was determined based on each 
person’s preferences for food intake during an eight-
hour period, which included sleep time. During the 
fasting period, participants were allowed to consume 
plenty of water and energy-free beverages such as 

black tea and coffee. Throughout the study, participants 
maintained their regular physical exercise routines.

Dietary intervention
Group 1: TRF with low carb diet
The participants in this group followed two rules for 
8 weeks. First, they ate a moderate carbohydrate diet 
(mLCD) that had 35–40% of calories from carbs. This 
meant that they avoided foods with added sugars and 
refined carbs, and only ate four servings of carbs per 
day. Second, they fasted for 16 h every day, from 4 p.m. 
to 8 a.m., and only ate during the remaining 8 h (see 
Fig. 2). This is called time-restricted feeding (TRF).

Group 2: TRF with regular diet
The participants in this group also followed the time-
restricted feeding (TRF) method for 8 weeks, but they 
did not change their usual diets. They ate whatever they 
normally ate, but only within an 8-h window from 8 
a.m. to 4 p.m. every day (see Fig.  2). They did not eat 
anything that had calories for the rest of the day, from 
4 p.m. to 8 a.m. the next day (see Fig. 2). They received 
daily reminders through instant messages about when 
to start and stop eating. They also used an app to track 
their fasting hours, shared their experiences with each 
other, and joined a WhatsApp group for support.

Group 3: control group
The participants in this group did not follow any special 
rules for 8 weeks. They ate and lived as they normally 
did, without changing their diets or lifestyles. They 
were the comparison group for the study.

Fig. 1 Study flow chart
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Anthropometric measurements and body composition 
analysis
All anthropometric measurements were taken twice dur-
ing the study, once in the baseline week and once in the 
eighth week at the end of the study. The subjects’ height 
was measured once during the baseline week using a 
wall-mounted stadiometer to the nearest 0.1 cm. Body 
weight was measured twice during the experiment using 
a balance beam scale to the nearest 0.25 kg, while wear-
ing light clothing and no shoes. The unit of measurement 
for body weight was kg/m2. The waist circumference 
(WC) and hip circumference (HC) were measured using 
a non-stretchable measuring tape (Seca, Hamburg, Ger-
many) to the nearest 1.0 cm to calculate the waist-to-hip 
ratio (WHR). Body composition, including fat mass, lean 
mass, and visceral fat mass, was determined using bioel-
ectrical impedance analysis (BIA).

Blood sample collection
During the study, blood samples were collected twice 
from the subjects—once during the baseline week before 
the experiment started, and again at the end of the eighth 
week. The samples were taken between 9 am and 12 
pm from subjects who had not eaten for more than 8 h 
to ensure consistency. The cardiometabolic risk factors 
were measured, including lipid profiles such as triglyc-
erides, total cholesterol, LDL-cholesterol, and HDL-cho-
lesterol. Blood glucose, insulin, and HOMA-IR were also 
measured.

Ethical approval and statistical analysis
This study was conducted according to the guidelines 
laid down in the Declaration of Helsinki and all proce-
dures involving human participants were approved by 
the institutional review board at King Saud University 
approved the study procedures via expedited review (IRB 
No. E-17–2263). Written informed consent was obtained 

from all participants. The study ensured that anthro-
pometric measurements across the three groups (8-h 
TRE + moderate low carbohydrate diet, 8-h TRE + nor-
mal diet, and Control) were comparable by conducting 
a one-way ANOVA test. Paired samples t-tests were also 
conducted for each group to compare the baseline and 
change in anthropometric parameters, blood glucose 
levels, and blood lipids. The change in the 8-h TRE base-
line and the percentage of this change were calculated for 
each group. Statistical significance was set at a p < 0.05, 
and graphs were generated to illustrate the results.

Results
In this study, we looked at the impact of intermittent 
fasting, also known as time-restricted eating, on cardiac 
risk factors in obese women. This study compared 8  h 
TRF + mLCD with 8-h TRF with a conventional diet in 
Saudi obese women to assess weight loss and cardiomet-
abolic risk factors.

Participants
A total of 64 people were randomly assigned to three 
groups: TRF + LCD (group 1; n = 22), TRF (group 2; 
n = 22), and control (group 3; n = 20). When 12 partici-
pants dropped out of the trial, 52 participants remained 
(Fig.  1). This trial involved an 8-week intervention. 18 
people finished the trial. 16 finished the control, 18 com-
pleted the 8-h TRF + LCD, and 18 completed the 8-h 
TRF. Participants’ baseline characteristics are shown in 
Table 1. In this trial, individuals were free to select one of 
the two intervention groups.

Adherence
The fasting tracking application was employed in our 
study, which affected the individuals’ commitment to 
fasting, as the Gabel et al. (2018) study demonstrated the 
usefulness of mobile applications to stick to fasting. The 

24222018161412108642
Clock Time h

Maintain their usual diet

8h TRF+LCD group

8h TRF group

control group

16h fast
Feeding period- Reduce carbohydrates up to 40%

Feeding period-regular diet

Fasting Period Fasting Period

Fasting PeriodFasting Period

Fig. 2 Time restricted feeding interventions
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two groups’ adherence, as shown in Fig.  3, was high at 
97%.

Anthropometry baseline characteristics
Table  2 includes information on body weight (kg), BMI 
(kg/m2), fat mass (kg) as determined using Brozek for-
mula’s anthropometric equation (Brozek et  al. 1963), 
fat-free mass (kg) as determined using Brozek formula’s 
anthropometric equation (Brozek et  al. 1963), VF, waist 
and hip circumferences (cm), and WHR. There were no 
statistically significant differences between the clinical 

and demographic traits of the participants in the three 
groups, according to the one-way analysis of variance 
(ANOVA) test (p > 0.05, Table 1). This demonstrated that 
the three groups (TRE + low carb diet, TRE + regular diet, 
and Control) were all the same for the measured clinical 
and demographic traits.

TRF + LCD, TRF reduce body weight in obese women
In obese women, TRE with or without mLCD decreased 
body weight. After an 8-week intervention, all groups 
showed a significant decrease in body weight when 

Table 1 Baseline characteristics

Items TRF ± LCD group (n = 18) TRF group (n = 18) Control group (n = 16) P value

Age (years 34.06 ± 6.24 33.89 ± 6.92 34.19 ± 6.27 0.991

Height (cm) 160.44 ± 8.17 158 ± 6 161.38 ± 7.46 0.376

Weight (Kg) 90.65 ± 13.8 87.39 ± 13.1 87.19 ± 13.48 0.695

BMI (kg/m2) 35.2 ± 4.61 34.94 ± 5.16 33.38 ± 3.91 0.472

Fat Mas(Kg) 52.42 ± 5.8 51.22 ± 5.88 53.63 ± 6.41 0.513

Fat Free mass (Kg) 40.41 ± 10.65 35.5 ± 8.83 33.81 ± 10.62 0.144

Visceral fat 10.11 ± 2.47 9.78 ± 2.29 9.75 ± 1.53 0.859

Waist circumference (cm) 97.33 ± 10.82 96.5 ± 10.17 94.25 ± 12.1 0.706

Hip circumference (cm) 124.78 ± 10.63 124.78 ± 11.05 122.75 ± 8.22 0.801

Waist‑to‑hip ratio (WHR) 0.78 ± 0.07 0.77 ± 0.04 0.77 ± 0.09 0.828

Fig. 3 Adherence to the time restricted feeding window
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compared to baseline (Fig. 4A), and TRF + mLCD treat-
ment resulted in an even greater decrease in body weight 
when compared to TRF. As demonstrated in Table  2, 
TRF + mLCD caused a greater decrease in body weight 
than TRF (from 87.3913.1 to 84.8912.7, -2.9% P 0.001).

TRF + LCD, TRF reduce body composition in obese women
One of the main causes of the cardiometabolic risk 
linked to being overweight or obese is body fat. 
Table  2, Fig.  4F, G, and C  show that all groups sig-
nificantly reduced waist circumference, hip cir-
cumference, and body fat mass as compared to 
baseline. While there was a considerable decline 
(40.4110.65 to 38.2810.17,  − 5.3% P = 0.004), the TRF 
group maintained the free fat mass Fig.  3D, Table  2 

(35.58.83 to 35.338.51,  − 0.5% p = 0.269). How-
ever, compared to TRF, Fig.  3H (from 0.770.04 to 
0.760.05,  − 1.3% p = 0.149), only TRF + mLCD caused 
a more pronounced decrease in WHR (from 0.78.07 to 
0.76.07,  − 2.6% P0.001).

As compared to TRF alone (34.94.5.16 to 33.42.5.11, 
-4.4% P0.001), we discovered that TRE plus LCD 
reduced BMI mean SD more significantly (35.2.4.61 to 
33.72.5.2,  − 4.2% p 0.001). Metabolic function depends 
on the visceral fat region (VF). As a result, we used 
bioelectrical impedance analysis to further analyze 
the alteration. Although though both groups’ VF lev-
els were significantly lower after eight weeks of inter-
vention (see Table  2), TRF + mLCD showed a greater 
decline (10.11 2.47 to 8.83 2.09,  − 12.7% p 0.001) than 
TRF (9.78 2.29 to 9.28 2.24,  − 5.1% p 0.001).

Fig. 4 Comparison between the three groups at baseline and after the end of the program, Key: time‑restricted feeding (TRF), low‑carbohydrate 
diet (LCD)
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TRF + LCD, TRF reduce Glucoregulatory parameters in obese 
women
The effects of TRF + mLCD and TRE on glycemic con-
trol were compared next. Body composition TRE with 
or without LCD significantly increased FBG and HOMA 
IR, which is consistent with studies on body weight 
(Table 2, Fig. 4L and K). FBG TRF + mLCD (96.399.57 to 
91.58.18, 5.1% P 0.001), TRF (96.377.69 to 90.07, 6.6% P 
0.001). TRF (3.391.53 to 2.461.93,  − 27.4%, p = 0.032) and 
HOMA IR TRF + mLCD (6.1812.76 to 4.9412.53,  − 20.1% 
P 0.001). In contrast, TRF + mLCD significantly reduced 
fasting insulin relative to baseline (14.02 6.37 to 10.18 
5.4, -27.4%, P0.001 mmol/L), and TRF (13.54 5.2 to 11.56 
7.83,  − 14.6%, p = 0.178 mmol/L).

TRF + LCD, TRF in lipid profile factors in obese women
Figure  4L, M, and Table  2 show that TRF recorded a 
lesser decline in plasma cholesterol levels following an 
8-week intervention (179.9430.54 to 17,822.86,  − 1.1% 
P + 0.802), whereas TRF + mLCD reported a bigger 
decline (180.0622.8 to 184.2825.29, 2.3%, P = 0.001). 
TRF + mLCD; HDL (50.339.37 to 50.786.9, 0.9% P0.001), 
TG (86.4437.75 to 79.6129.6,  − 7.9% P = 0.001), and TG 
(104.6157.57 to 83.1738.64,  − 20.5%, p = 0.004). LDL lev-
els were unaffected by TRE with or without LCD, accord-
ing to Table 2 and Fig. 4.

Discussion
To our knowledge, this marks the inaugural clinical trial 
directly comparing the efficacy of two dietary strate-
gies: an 8-h time-restricted feeding (TRF) regimen and a 
moderately low-carbohydrate diet (mLCD), which neces-
sitates a 16-h fasting period followed by an 8-h eating 
window. We aimed to assess their impact on weight loss 
and the reduction of cardiometabolic risk factors. Previ-
ous research has highlighted the popularity and feasibil-
ity of the 8-h TRF approach, as demonstrated by Gabel 
et al. (2018) and Lowe et al. (2020), who reported favora-
ble outcomes in obese populations regarding weight loss 
and cardiometabolic health. Conversely, low-carbohy-
drate diets have shown promise in enhancing fat loss and 
insulin sensitivity, crucial factors in cardiometabolic well-
being, as emphasized by De Cabo and Mattson (2019). 
Additionally, conventional diets have proven effective in 
promoting weight loss and improved body composition, 
albeit to a lesser extent than low-carb diets, as noted by 
De Cabo and Mattson (2019).

Our study’s innovation lies in harmonizing feeding 
times with light–dark cycles, a feature highlighted by 
Moro et  al. (2020), which may offer metabolic advan-
tages. Our primary discovery underscores the value of 
combining straightforward and safe dietary approaches 
for enhanced efficacy. We observed that the fusion of 

TRF with an mLCD yielded superior outcomes in the 
battle against obesity, with carbohydrate consumption 
limited to 30–40% or approximately 180 g during the 8-h 
eating window. The potential effects of combining car-
bohydrate restriction with TRF during fasting remain 
uncertain.

Our hypothesis posited that the TRF + mLCD group 
would achieve more substantial weight loss, greater 
reductions in cardiometabolic risk factors, and improved 
glycemic control compared to the TRF group and the 
control group. Our investigation corroborated that both 
TRF and LCD were effective in reducing body weight 
and improving metabolic markers. However, the com-
bination of TRF and mLCD demonstrated superior 
results within the same time frame. In a 12-month study 
by Bazzano et al. (2014), the LCD group (consuming 40 
g/d of carbohydrates) achieved an average weight loss of 
3.5 kg. Sasakabe et  al. (2011) found significant correla-
tions between visceral adipose tissue, triglycerides, fast-
ing blood glucose, and high-density lipoprotein levels in 
women following a moderate carbohydrate diet (approxi-
mately 38% carbohydrate) for six months. Conversely, 
He et al. (2022) reported that TRE outperformed LCD in 
reducing visceral and cardiometabolic obesity, boasting 
higher adherence rates.

Drawing from multiple studies, we opted for an eight-
hour fasting window for TRF, as longer fasting periods 
yielded more substantial improvements. Gill et al. (2015) 
observed a 3.6% weight loss over 16 weeks with a 10-h 
TRF window, and Gabel et  al. (2018) achieved similar 
results over 12 weeks. Li et  al. (2021) even recorded an 
average weight loss of 1.3 kg (equivalent to 1.7% of body 
weight) within a mere five weeks with less frequent eat-
ing confined to an 8-h window. In contrast, limiting 
food intake to a 4- or 6-h window proved challenging, 
with Cienfuegos et  al. (2020) detecting no significant 
differences in weight loss between these narrow win-
dows over an eight-week period. Our study documented 
a modest yet significant reduction in body weight (5% 
kg; 2.5%) among obese women over eight weeks, with 
the TRF + mLCD group achieving the most substantial 
decrease.

In a study by He et  al. (2022), the combination of an 
LCD and TRF led to clinically significant weight loss, 
amounting to a 5.8% reduction from baseline over three 
months. Notably, He et  al. adhered to a low-carb diet, 
with carbohydrate intake falling below 130 g, a level akin 
to the one recommended in our study, which ranged 
from approximately 180 to 200 g.

Circadian rhythms play a pivotal role in regulating vari-
ous physiological processes, including metabolism. The 
timing of food intake can significantly influence these 
rhythms. Research has indicated that early versus late 
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feeding can impact the internal circadian clock, as dem-
onstrated by Vollmers et  al. (2009) and Pavlovski et  al. 
(2018). Moro et  al. (2020) found that aligning feeding 
schedules with the light–dark cycle yielded improve-
ments in lipid metabolism and glucose levels. Time-
restricted feeding (TRE) has also exhibited beneficial 
effects on glycemic control and lipid profiles, as shown 
by Jamshed et al. (2019). Gill et al. (2015) revealed that a 
substantial portion of daily calorie intake occurs after 6 
pm, potentially disrupting circadian rhythms and meta-
bolic health.

He et  al. (2022) demonstrated that both early and 
late TRE meal windows, whether coupled with a low-
carb diet or not, yielded similar positive effects on body 
weight, abdominal fat, glucose metabolism, and other 
health parameters. However, no significant differences in 
fat-free mass were noted among the groups, suggesting 
that nutrient timing may exert negligible effects on body 
composition (Moro 2016).

TRF, a form of TRE characterized by daily fasting for 
a specified duration, has shown potential for supporting 
cardiometabolic health in addition to promoting weight 
loss (Jamshed et al. 2019). Early TRF has been associated 
with increased morning β-hydroxybutyrate levels com-
pared to control conditions, suggesting that even brief 
daily fasting may enhance the production of circulating 
ketones, potentially preserving lean mass (Jamshed et al. 
2019). Furthermore, fasting can induce ketosis, reduce 
body fat, and enhance insulin sensitivity, as highlighted 
by De et al. (2019).

Recent research indicates that both daily calorie 
restriction (CR) and intermittent fasting have comparable 
effects in reducing insulin resistance (Gabel et al., 2019). 
Time-restricted feeding (TRF) has also been linked to 
notable reductions in fasting glucose, insulin levels, and 
insulin resistance, as shown by Moro et  al. (2016), Sut-
ton et al. (2018), and Chaix et al. (2021). Additionally, a 
combination of TRF and a low-calorie diet (LCD) has 
been found to significantly decrease fasting glucose and 
insulin levels, as reported by He et al. (2012). Fasting may 
improve glucose regulation through metabolic switches, 
leading to the production of ketone bodies by hepato-
cytes. These ketones enhance insulin sensitivity and 
reduce fat accumulation, consistent with findings by De 
Cabo and Mattson (2019) and Poggiogalle et  al. (2018). 
These outcomes align with the research by Sutton et al. 
(2018), which demonstrated that five weeks of early TRF 
resulted in decreased insulin levels and improved insulin 
sensitivity during a morning oral glucose tolerance test.

Nonetheless, our study distinguished itself by revealing 
that TRF, with or without LCD, exerted more significant 
effects on glycemic control indicators than the study con-
ducted by He et al. (2022), even though insulin levels did 

not exhibit significant reductions in the TRF group. The 
difference in carbohydrate intake between the two stud-
ies may have influenced the rate at which TRF impacted 
insulin levels. While the TRF+mLCD group experienced 
a substantial reduction in total cholesterol, both groups 
exhibited only a trend toward decreased LDL levels. Con-
versely, He et al. (2022) reported a negative effect on LDL 
when combining LCD with TRF after three months. In 
Suton et  al.’s investigation, a 10  h TRF window did not 
impact triglyceride levels, whereas an 8  h TRF, with or 
without LCD, significantly reduced triglyceride levels, 
mirroring the results in He et  al.’s study and our own. 
Additionally, Choi’s research (2022) uncovered that an 
mLCD diet improved the lipid profile, characterized by 
lower triglycerides and higher high-density lipoprotein 
cholesterol levels. Similar to our study and Gabel et al.’s 
(2018) findings over a 12-week period, Moro et al. (2016) 
did not observe significant changes in the lipid profile 
with TRF. It should be noted that our study participants 
had normolipidemia. Overall, research has yielded both 
congruent and divergent outcomes in this field.

The significance of this study is that it demonstrates 
the effectiveness of an 8 h time-restricted feeding (TRF) 
in improving lipid profile and reducing body weight in 
obese women, regardless of the carbohydrate content 
of their diet. This means that TRF can be a simple and 
effective dietary intervention for obesity management, as 
it does not require counting calories or restricting food 
choices. Furthermore, the study shows that combining 
TRF with a moderate low-carbohydrate diet (mLCD) can 
enhance the benefits of TRF, as it leads to greater weight 
loss and lower triglyceride levels than TRF alone. This 
suggests that mLCD can synergize with TRF to optimize 
metabolic health and prevent obesity-related complica-
tions. Therefore, the study provides valuable insights into 
the potential of TRF and mLCD as complementary strat-
egies for obesity treatment.

This study has some limitations that should be con-
sidered when interpreting the results. First, the sample 
size was relatively small due to the research timelines 
and deadlines. Second, this study allowed participants 
to choose their preferred intervention so as to increase 
their motivation and adherence to the study, and also 
never expected any significant differences between the 
two intervention groups in terms of baseline character-
istics or outcomes. However, this might have introduced 
some selection bias and reduced the internal validity of 
the study. Third, since this study only worked on women 
based on the data about women and obesity, there may 
be some differences between women and men in how 
they respond to intermittent fasting, depending on their 
hormonal status, body composition, and metabolic pro-
file. For example, women may experience more adverse 



Page 10 of 11Al‑jammaz et al. Bulletin of the National Research Centre          (2023) 47:146 

effects such as menstrual irregularities, mood changes, 
and binge eating during intermittent fasting. Men may 
experience more benefits such as increased testosterone 
levels, muscle mass, and fat oxidation during intermit-
tent fasting. Fourth, the intervention duration was only 
eight weeks, which may not be long enough to capture 
the long-term effects of TRE and LCD on weight main-
tenance and cardiometabolic health. Third, we did not 
measure other potential confounding factors such as 
physical activity, energy intake, sleep quality, or stress 
levels, which may have influenced the outcomes. There-
fore, future studies should address these limitations by 
using larger, using a randomized controlled trial design 
to eliminate this potential confounding factor, individu-
alized approaches may be needed to optimize the out-
comes of intermittent fasting for women and men with 
chronic diseases, longer intervention periods, and more 
comprehensive assessments of lifestyle factors.

Conclusions
This study provides valuable insights into the potential 
for informing dietary recommendations, promoting met-
abolic health, and offering personalized nutrition strate-
gies within the context of time-restricted eating. Despite 
the discussed limitations of the study, including its sam-
ple size, the results indicate the possibility of achieving 
reduced body weight, improved lipid profiles, glycemic 
states, and reduced abdominal visceral obesity through 
time-restricted eating (TRF) with or without a moderate-
carbohydrate diet (mLCD). Notably, the combination of 
TRF and mLCD showed even more significant improve-
ments within the same timeframe, emphasizing the 
importance of combining simple and safe regimens for 
enhanced efficacy. The findings of this study suggest that 
restricting carbohydrate intake to 30–40% or approxi-
mately 180 g during an 8-h eating window can lead to 
superior outcomes in the fight against obesity. Addition-
ally, the study underscores the impact of nutrient timing 
and the importance of aligning eating patterns with the 
natural cycle of light and darkness for enhanced meta-
bolic benefits. However, it is worth noting that further 
research with larger sample sizes should be considered to 
provide more generalized recommendations.

Abbreviations
LDL‑P  Low‑density lipoprotein particle
mLCD  Moderately low‑carbohydrate diet
TRF  Time‑restricted feeding schedule
TRE  Time restricted eating
IF  Intermittent fasting
HDL  High‑density lipoprotein

Acknowledgements
Authors would like to thank all participants in this study

Author contributions
MHA, AA, NAA, MHA all have contributed equally on conceptualization, inves‑
tigation, methodology, writing – review & editing of the manuscript. The final 
version of the manuscript was reviewed and approved by all authors.

Funding
Not applicable.

Data availability
Not Applicable.

Declarations

Ethics approval and consent to participate
This study was conducted according to the guidelines laid down in the 
Declaration of Helsinki and all procedures involving human participants were 
approved by the institutional review board at King Saud University approved 
the study procedures via expedited review (IRB No. E‑17–2263). Written 
informed consent was obtained from all participants.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 26 July 2023   Accepted: 25 September 2023

References
Alsulami S, Baig M, Ahmad T, Althagafi N, Hazzazi E, Alsayed R et al (2023) 

Obesity prevalence, physical activity, and dietary practices among adults 
in Saudi Arabia. Front Public Health 11:1124051

Bazzano LA, Hu T, Reynolds K, Yao L, Bunol C, Liu Y et al (2014) Effects of 
low‑carbohydrate and low‑fat diets: a randomized trial. Ann Intern Med 
161(5):309–318

Brown JD, Buscemi J, Milsom V, Malcolm R, O’Neil PM (2016) Effects on cardio‑
vascular risk factors of weight losses limited to 5–10%. Transl Behav Med 
6(3):339–346

Brozek J, Grande F, Anderson T, Keys A (1963) Densitometric analysis of body 
composition: revision of some quantitative assumptions. Ann N Y Acad 
Sci 26(110):113–140

Chaix A, Deota S, Bhardwaj R, Lin T, Panda S (2021) Sex‑ and age‑dependent 
outcomes of 9‑hour time‑restricted feeding of a Western high‑fat high‑
sucrose diet in C57BL/6J mice. Cell Rep 36(7):109543

Choi JH, Cho YJ, Kim HJ, Ko SH, Chon S, Kang JH et al (2022) Effect of carbohy‑
drate‑restricted diets and intermittent fasting on obesity, type 2 diabetes 
mellitus, and hypertension management: consensus statement of the 
Korean Society for the Study of Obesity, Korean Diabetes Association, and 
Korean Society of Hypertension. Clin Hypert 28(1):1–21

Cienfuegos S, Gabel K, Kalam F, Ezpeleta M, Wiseman E, Pavlou V et al (2020) 
Effects of 4‑ and 6‑h time‑restricted feeding on weight and cardiometa‑
bolic health: a randomized controlled trial in adults with obesity. Cell 
Metab 32(3):366–378

Cohen DH, LeRoith D (2012) Obesity, type 2 diabetes, and cancer: the insulin 
and IGF connection. Endocr Relat Cancer 19(5):F27–F45

De Cabo R, Mattson MP (2019) Effects of intermittent fasting on health, aging, 
and disease. N Engl J Med 381(26):2541–2551

Ebbeling CB, Knapp A, Johnson A, Wong JM, Greco KF, Ma C et al (2022) Effects 
of a low‑carbohydrate diet on insulin‑resistant dyslipoproteinemia—a 
randomized controlled feeding trial. Am J Clin Nutr 115(1):154–162

Gabel K, Hoddy KK, Haggerty N, Song J, Kroeger CM, Trepanowski JF et al 
(2018) Effects of 8‑hour time‑restricted feeding on body weight and 
metabolic disease risk factors in obese adults: a pilot study. Nutrit Healthy 
Aging 4(4):345–353



Page 11 of 11Al‑jammaz et al. Bulletin of the National Research Centre          (2023) 47:146  

Gabel K, Hoddy KK, Burgess HJ, Varady KA (2019) Effect of 8‑h time‑restricted 
feeding on sleep quality and duration in adults with obesity. Appl Physiol 
Nutr Metab 44(8):903–906

Gaggini M, Morelli M, Buzzigoli E, DeFronzo RA, Bugianesi E, Gastaldelli A 
(2013) Non‑alcoholic fatty liver disease (NAFLD) and its connection 
with insulin resistance, dyslipidemia, atherosclerosis and coronary heart 
disease. Nutrients 5(5):1544–1560

Gower BA, Goss AM (2015) A lower‑carbohydrate, higher‑fat diet reduces 
abdominal and intermuscular fat and increases insulin sensitivity in adults 
at risk of type 2 diabetes. J Nutr 145(1):177S‑183S

Hatori M, Vollmers C, Zarrinpar A, DiTacchio L, Bushong EA, Gill S et al (2012) 
Time‑restricted feeding without reducing caloric intake prevents meta‑
bolic diseases in mice fed a high‑fat diet. Cell Metab 15(6):848–860

He M, Wang J, Liang Q, Li M, Guo H, Wang Y et al (2022) Time‑restricted eating 
with or without low‑carbohydrate diet reduces visceral fat and improves 
metabolic syndrome: a randomized trial. Cell Reports Med 3(10):100777

Hjorth MF, Ritz C, Blaak EE, Saris WH, Langin D, Poulsen SK et al (2017) 
Pretreatment fasting plasma glucose and insulin modify dietary weight 
loss success: results from 3 randomized clinical trials. Am J Clin Nutr 
106(2):499–505

Jamshed H, Beyl RA, Della Manna DL, Yang ES, Ravussin E, Peterson CM (2019) 
Early time‑restricted feeding improves 24‑hour glucose levels and 
affects markers of the circadian clock, aging, and autophagy in humans. 
Nutrients 11(6):1234

Kapoor N, Arora S, Kalra S (2021) Gender disparities in people living with 
obesity ‑ An uncharted territory. J Mid‑Life Health 12(2):103

Kim BY, Kang SM, Kang JH, Kang SY, Kim KK, Kim KB et al (2021) 2020 Korean 
Society for the Study of Obesity guidelines for the management of obe‑
sity in Korea. J Obesity Metabol Syndr 30(2):81–92

Li C, Xing C, Zhang J, Zhao H, Shi W, He B (2021) Eight‑hour time‑restricted 
feeding improves endocrine and metabolic profiles in women with 
anovulatory polycystic ovary syndrome. J Transl Med 19(1):1–9

Lowe DA, Wu N, Rohdin‑Bibby L, Moore AH, Kelly N, Liu YE et al (2020) Effects 
of time‑restricted eating on weight loss and other metabolic parameters 
in women and men with overweight and obesity: the TREAT randomized 
clinical trial. JAMA Intern Med 180(11):1491–1499

Ludwig DS (2020) The ketogenic diet: evidence for optimism but high‑quality 
research needed. J Nutr 150(6):1354–1359

Moro T, Tinsley G, Bianco A, Marcolin G, Pacelli QF, Battaglia G, Palma A, Gentil 
P, Neri M, Paoli A (2016) Effects of eight weeks of time‑restricted feeding 
(16/8) on basal metabolism, maximal strength, body composition, inflam‑
mation, and cardiovascular risk factors in resistance‑trained males. J Transl 
Med 14(1):290

Moro T, Tinsley G, Longo G, Grigoletto D, Bianco A, Ferraris C, Guglielmetti M, 
Veneto A, Tagliabue A, Marcolin G, Paoli A (2020) Time‑restricted eating 
effects on performance, immune function, and body composition in elite 
cyclists: a randomized controlled trial. J Int Soc Sports Nutr 17(1):65

Oh R, Gilani B, Uppaluri KR (2023) Low‑carbohydrate diet. In StatPearls. Stat‑
Pearls Publishing

Patikorn C, Roubal K, Veettil SK, Chandran V, Pham T, Lee YY et al (2021) 
Intermittent fasting and obesity‑related health outcomes: an umbrella 
review of meta‑analyses of randomized clinical trials. JAMA Netw Open 
4(12):e2139558

Pavlovski I, Evans JA, Mistlberger RE (2018) Feeding time entrains the olfac‑
tory bulb circadian clock in anosmic PER2: LUC mice. Neuroscience 
393:175–184

Pencina MJ, D’Agostino RB, Larson MG, Massaro JM, Vasan RS (2009) Predicting 
the 30‑year risk of cardiovascular disease: the Framingham Heart Study. 
Circulation 119(24):3078–3084

Poggiogalle E, Jamshed H, Peterson CM (2018) Circadian regulation of glucose, 
lipid, and energy metabolism in humans. Metabolism 84:11–27

Sasakabe T, Haimoto H, Umegaki H, Wakai K (2011) Effects of a moderate low‑
carbohydrate diet on preferential abdominal fat loss and cardiovascular 
risk factors in patients with type 2 diabetes. Diabetes, Metabolic Syndr 
Obesity 4:167–174

Schroder JD, Falqueto H, Mânica A, Zanini D, de Oliveira T, de Sá CA et al (2021) 
Effects of time‑restricted feeding in weight loss, metabolic syndrome and 
cardiovascular risk in obese women. J Transl Med 19(1):1–11

Shim JS, Heo JE, Kim HC (2020) Factors associated with dietary adherence to 
the guidelines for prevention and treatment of hypertension among 
Korean adults with and without hypertension. Clin Hypertens 26:5

Sutton EF, Beyl R, Early KS, Cefalu WT, Ravussin E, Peterson CM (2018) Early 
time‑restricted feeding improves insulin sensitivity, blood pressure, and 
oxidative stress even without weight loss in men with prediabetes. Cell 
Metab 27(6):1212–1221.e3

Vollmers C, Gill S, DiTacchio L, Pulivarthy SR, Le HD, Panda S (2009) Time of 
feeding and the intrinsic circadian clock drive rhythms in hepatic gene 
expression. Proc Natl Acad Sci USA 106(50):21453–21458

Wilkinson MJ, Manoogian EN, Zadourian A, Lo H, Fakhouri S, Shoghi A et al 
(2020) Ten‑hour time‑restricted eating reduces weight, blood pressure, 
and atherogenic lipids in patients with metabolic syndrome. Cell Metab 
31(1):92–104

World Health Organization (WHO) (1995) Physical Status: The Use and 
Interpretation of Anthropometry: Report of a World Health Organiza‑
tion (WHO) Expert Committee. World Health Organization, Geneva, 
Switzerland

Yanai H, Yoshida H (2019) Beneficial effects of adiponectin on glucose and 
lipid metabolism and atherosclerotic progression: mechanisms and 
perspectives. Int J Mol Sci 20(5):1190

Yusuf S, Hawken S, Ôunpuu S, Dans T, Avezum A, Lanas F et al (2004) Effect of 
potentially modifiable risk factors associated with myocardial infarction 
in 52 countries (the INTERHEART study): case‑control study. The Lancet 
364(9438):937–952

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


	The modulation of carbohydrate intake and intermittent fasting in obese Saudi women: a pilot study
	Abstract 
	Background 
	Results 
	Conclusions 

	Background
	Materials and methods
	Subject selection
	The inclusion criteria
	The exclusion criteria
	Study design and intervention
	Dietary intervention
	Group 1: TRF with low carb diet
	Group 2: TRF with regular diet
	Group 3: control group
	Anthropometric measurements and body composition analysis
	Blood sample collection
	Ethical approval and statistical analysis


	Results
	Participants
	Adherence
	Anthropometry baseline characteristics
	TRF + LCD, TRF reduce body weight in obese women

	TRF + LCD, TRF reduce body composition in obese women
	TRF + LCD, TRF reduce Glucoregulatory parameters in obese women
	TRF + LCD, TRF in lipid profile factors in obese women

	Discussion
	Conclusions
	Acknowledgements
	References


