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Introduction: The prevalence of diet-related non-communicable diseases

has increased. A low-carbohydrate diet (LCDs) is one of the most popular

interventions. Several systematic reviews and meta-analyses of randomised

clinical trials (RCTs) and non-RCTs have linked LCDs to the management of

obesity, diabetes, cardiovascular disease, epilepsy, and cancer. However, there

has been limited appraisal of the strength and quality of this evidence.

Objective: To systematically appraise existing meta-analyses and systematic

reviews of RCTs and non-RCTs on the e�ects of LCDs on di�erent health

conditions. To understand their potential e�cacy, we summarised the studies’

findings and assessed the strength of the evidence.

Methods: A search was conducted using the PubMed database from inception

to October 2021 for systematic reviews and meta-analyses of RCTs and non-

RCTs investigating the association between LCDs and multiple health outcomes

in humans. The Academy of Nutrition and Dietetics Quality Criteria was used

for the quality assessment. In addition, the evolution of heterogeneity, strength

of the included studies, and e�ect sizes were extracted from each systematic

review and meta-analysis.

Results: Ten systematic reviews and meta-analyses were included. Of the

included reviews, 70% were of positive quality, 30% were neutral, and none

were negative. The majority of the studies included strength in each systematic

review, and the meta-analyses were of low to medium strength. The existing

literature indicates that LCDs may help promote weight reduction in adults who

are obese or overweight. This conclusion is supported by the findings of studies

included in the analysis, which were of low to moderate strength. Furthermore,

compelling data indicates a significant association between low-carbohydrate

diets (LCDs) and a reduction in haemoglobin A1c levels among those diagnosed

with type 2 diabetes mellitus. In contrast, there was a lack of evidence of this

correlation in type 1 diabetes mellitus patients or those with cardiovascular

diseases. Additionally, there was limited evidence regarding the e�ectiveness of

LCDs in epilepsy and adult cancer patients.

Conclusion: This review thoroughly examines the current body of information

on how LCDs a�ect various health outcomes. Studies have presented evidence

to support the idea that incorporating LCDs can positively influence weight

management and HbA1c levels. However, there is a lack of information regarding

the association between LCDs and individuals with Type 1 diabetes mellitus

and cardiovascular diseases. Additionally, there is limited empirical evidence to

substantiate the e�ectiveness of LCDs in the treatment of epilepsy and adult
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cancer patients. The long-term e�ects of LCDs on mortality and other chronic

diseases that account for di�erent carbohydrate subtypes is unclear. Further

longitudinal cohort studies are required to reach definitive conclusions.

KEYWORDS

low-carbohydrate diet, ketogenic diet, nutrition, health, umbrella review

1 Introduction

Dietary interventions may affect Non-Communicable Diseases
(NCDs), which are considered a global public health challenge (1).
NCDs are the leading cause of death worldwide, killing over 41
million people annually and accounting for 74 % of all deaths (2, 3).
Although the aetiology of NCDs remains unclear, unhealthy diet is
emerging as a major modifiable risk factor (4, 5). Thus, there has
been an increased interest in the roles of diets and different dietary
macronutrient distribution patterns in preventing and managing
the severity of NCDs.

Dietary carbohydrates (CHO) are essential macronutrients
that provide the body with energy and support its physiological
functions (6). Consequently, the recommended intake differs
according to age, body weight, physical activity and health
conditions. However, the Acceptable Macronutrient Distribution
Range for healthy adults is 45%−65% of the total calorie
requirement (7). The various low carbohydrate dietary approaches
all restrict the total consumption of carbohydrates to some
degree, yet there is a lack of definitive consensus regarding
the exact parameters that define low-carbohydrate diets (LCDs).
Nonetheless, most LCDs involve decreasing carbohydrate intake to
<45% of an individual’s total caloric intake.

The different terms used for LCDs often imply differences in
the distribution of macronutrients. For example, the Atkins, South
Beach, and Zone diets are characterised by <40% CHO, ∼30%
protein, and 30%−55% fat (8, 9). Additionally, the ketogenic diet
(KD) was the most restrictive diet among LCDs, which includes
5%−10% CHO, about 10% protein, and replaces the remaining
with dietary fat (9).

Several epidemiological studies have shown that high CHO
intake is potentially associated with an increased risk of many
diseases such as cancer, heart disease, diabetes, and metabolic
syndrome (10–14). However, numerous systematic and meta-
analysis reviews have shown that subsequent LCDs may lead to
some potential improvements in metabolic risk factors, such as
haemoglobin A1C (HbA1c) and lipid profile and may help in
weight loss (8, 15–22). Nonetheless, studies on the strength and

Abbreviations: BW, body weight; CHO, carbohydrates; CVDs, cardiovascular

diseases; FBG, fasting blood glucose; HbA1C, haemoglobin A1c; HDL, high-

density lipoprotein; KD, ketogenic diet; LCD, low carbohydrate Diet; LCKD,

low carbohydrate ketogenic diet; LDL, low-density lipoprotein; LFD, low fat

diet; N\A, Not available; NCDs, non-communicable diseases; PSA, prostate-

specific antigens; RCTs, randomised control trials; T1DM, type 1 diabetes

mellitus; T2DM, type 2 diabetes mellitus; TC, total cholesterol; TEI, total

energy intake; TG, triglycerides; WC, waist circumference.

quality of this evidence are limited (8, 15–22). To date, two recent
umbrella reviews have been published 2021-2023 have assessed the
quality of evidence (23, 24). The first review included 17 meta-
analyses of randomised control trials (RCTs) that assessed the
association between KD and health outcomes. They found that
the KD reduced triglyceride (TG) by MD, −18.36 mg/dl after 3
months and by MD, −24.10 mg/dl after 12 months compared with
regular diet and increased low-density lipoprotein (LDL) by MD,
6.35 mg/dl for 12 months compared with regular diet in adults
(23). In contrast, the KD decreased seizure frequency in children
and adolescents with epilepsy by RR, 5.11 for 3–16 months when
compared with regular diet (23).

The second review included 43 meta-analyses of observational
studies addressing the association between CHO and 23 health
outcomes categorised into five primary domains: (1) 11 types of
cancer, (2) all-cause and cause-specific mortality, (3) metabolic
diseases including T2DM and metabolic syndrome, (4) digestive
system conditions including ulcerative colitis, Crohn’s disease, and
inflammatory bowel disorders, and (5) other outcomes comprising
coronary heart disease, stroke, Parkinson’s disease, and bone
fracture (24). Based on a rigorous assessment of the quality
of evidence, the study found high-quality evidence associating
higher CHO intake with an increased incidence of metabolic
syndrome, and potential link of high mortality, as well as a
decreased likelihood of developing oesophageal cancer. However,
the evidence regarding the relationship between carbohydrate
intake and other health outcomes appears to be inconclusive
or lacking.

Previous efforts of published umbrella reviews have focused
on assessing either one type of LCDs (KD) or the included meta-
analyses of observational studies. Hence, the present umbrella
review aimed to systematically appraise existing meta-analyses and
systematic reviews of RCTs and non RCTs on the effects of LCDs
onmultiple health conditions to understand their potential efficacy,
summaries the studies’ findings, and assess the strength of evidence
to provide a comprehensive vision.

2 Materials and methods

2.1 Design

This umbrella review was conducted to synthesis and
investigate the quality of all existing published systematic reviews
and meta-analyses of RCTs and non-RCTs to assess the association
between LCDs and diverse health conditions. This review was
performed according to the 2020 PRISMA Statement and all items
of the PRISMA checklist were completed (25).
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2.2 Search strategy

Two independent investigators conducted a search using the
PubMed database from its inception to October 2021 to identify
systematic reviews and meta-analyses of RCTs and non-RCTs
that assessed evidence regarding the effects of LCDs on health.
The keywords used in this search strategy were: “carbohydrates,”
“carbohydrate,” “carb,” “fat,” “proteins,” “proteinous,” “protein,”
“ketogenic,” “keto,” and “atkins.” Search philtres were used to
identify systematic reviews, meta- analyses, and full- text articles.
All titles and abstracts were screened to remove duplicates and
select potentially eligible articles. Discrepancies were resolved
through discussion with a third investigator.

2.3 Study eligibility criteria

Articles were eligible for inclusion if they were systematic
reviews andmeta-analyses of RCTs and non RCTs including human
studies across all age groups, and articles that only aimed to
investigate the associations between LCDs and health outcomes,
with a restriction that the amount of CHO did not exceed 45%
of the total daily caloric intake, were included. Articles meeting
the following criteria were excluded: systematic reviews and meta-
analyses based on animal studies, experiments with designs other
than RCTs or non RCTs, studies that included diets with more than
45% CHO, and articles published in language other than English.

2.4 Data extraction

The research team developed a data extraction form. The data
extracted from each systematic review and meta-analysis included
the first author’s name, publication year, study design, number of
studies included in each systematic review andmeta-analysis, study
population, intervention, comparison group, duration, parameters
of interest, evolution of heterogeneity (I²%), and quality of the
studies included in each systematic review and meta-analysis. Data
were independently extracted by two investigators. Disagreements
were resolved through discussion with a third investigator.

2.5 Assessment of the quality of systematic
reviews and meta-analyses

The quality of systematic reviews and meta-analyses was
evaluated using the Quality Criteria Checklist created specifically
for primary research articles by the Academy of Nutrition
and Dietetics (26) and graded into three categories: “(1)
Positive: indicates that the review has clearly addressed issues
of inclusion/exclusion, bias, generalizability, and data collection
and analysis. (2) Negative: indicates that these issues have not
been adequately addressed. (3) Neutral: indicates that the review
is neither exceptionally strong nor weak.” Quality assessment
was independently performed by four investigators. The decision
was made when three of the four investigators agreed, and all
discrepancies were resolved through a discussion with a fifth

investigator. To ensure the accuracy of the evaluation, we shared
the quality assessment with five Ph.D. nutrition experts. The
evaluation was subsequently revised based on the expert feedback
and comments.

2.6 Data analysis

The calculation of the effect size was measured in current
review by Cohen’s d. The effect size, denoted as d, is calculated
manually using the following equation (27): d = (M1 –
M2)/spooled. Here, M1 represents the mean of group 1, M2
represents the mean of group 2, and spooled refers to the pooled
standard deviations for the two groups. It is crucial to note that
the interpretation of the effect size depends on its value. If d falls
within the range of ≥ 0.2 ≤ 0.499, it is considered a “small” effect.
A value of ≥ 0.5 ≤ 0.799 indicates a “medium” effect, while a value
of ≥0.8 suggests a “large” effect (28). We assessed heterogeneity
using the I² statistics, considering I²% ≥50% as indicative of high
heterogeneity (29).

3 Results

3.1 Search results

A total of 274 articles were initially identified, and 255 were
excluded after title and abstract screening. Nine of the 19 articles
were excluded after applying the inclusion criteria. Finally, 10
eligible articles were included, as shown in Figure 1. A list of the
excluded articles is presented in Supplementary material.

3.2 Characteristic of the included
systematic reviews and meta-analyses

Among eligible systematic reviews and meta-analyses, different
outcomes associated with five health conditions were examined:
obesity, cardiovascular disease, diabetes, cancer, and epilepsy.

The characteristics of the included reviews are summarised
in Table 1. The average number of studies included in each
systematic review and meta-analysis was 31 (range: 6–121), and
the average number of participants was 4,067 (range: 222–21,942).
The participants in all the included reviews were adults, except
for one review that included both children and adults (30). Most
participants in the included studies were obese or overweight (80%)
(8, 17–22, 31), followed by those with T2DM (40%) (17, 19, 22, 31).
The most frequently measured health indicators in the included
studies were weight (body weight (BW), waist circumference (WC),
and body mass index), blood sugar levels [fasting blood glucose
(FBG) and haemoglobin A1C (HbA1c)], and lipid profiles.

3.3 Quality and strength of evidence

Quality of evidence indicates the extent to which the article
has clearly addressed the issues of inclusion/exclusion, bias,
generalizability, and data collection and analysis. The quality of
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FIGURE 1

Articles selection flowchart.

the included systematic reviews and meta-analyses was assessed
using the Academy of Nutrition and Dietetics Quality Criteria
Checklist, which categorised the quality of evidence into three
categories (positive, negative, and neutral) (26). Seven of the 10
eligible reviews (70%) were positive (8, 17, 19–21, 30, 32), three of
the 10 eligible reviews were neutral (30%) (18, 22, 31), and none
of the included reviews were negative, as shown in Table 2. Based
on the findings, the strengths of the included studies as reported
by the included systematic reviews and meta-analyses were low
to moderate in four of 10 eligible reviews (40%) (8, 17, 19, 21);
low to very low in two reviews (20%) (20, 30); and moderate to
high strength evidence in one review. Grading information was
unavailable for three of 10 included reviews (30%) (18, 22, 31) as
shown in Table 2.

3.4 Summary e�ect size

The results showed that TG, HbA1c, high-density lipoprotein
(HDL), and BW were significantly associated with LCD in most
of the included systematic reviews and meta-analyses. Figure 2
summarises the effect sizes of all included reviews with similar
health indicators for comparison. The findings revealed that most
of the reviews reported statistical significance associations between
HDL and LCD; however, the effect size was small. In terms of
blood glucose indicators, HbA1c was the most frequently reported
statistically significant indicator with a medium effect size. Among

weight measurement indicators, the association between BW and
LCD was considered to have a large effect size.

3.5 Heterogeneity between studies

There was high heterogeneity in most health indicators in
the included studies (52%) and low heterogeneity in six health
indicators (26%). In addition, 22% were not available. Systematic
reviews and meta-analyses with high heterogeneity included health
indicators such as TC, HbA1c, and FBG, as shown in Table 2.

3.6 Weight reduction outcomes

Five of the included reviews measured the indicators of weight
gain (BW andWC) in obesity or overweight participants (8, 18, 20)
and in participants with T2DM (17, 31). Among the included
reviews, BW was the most frequently measured weight indicator.
LCDs were linked to a BW decrease in individuals who were
obese or overweight (8, 18), as well as those who had T2DM in
adults (17, 31). However, only two of the included reviews had a
strength rating of low to moderate, and their quality was positive,
demonstrating that LCDs were associated with BW reduction with
the mean difference of BW (−1 to 2, −3.81, and −7.78 kg in
diabetes patients) (8, 17). Moreover, the effect size were medium to
large Conversely, the reduction ofWCby−0.74 cmwas observed in
one review with large effect size and P= 0.01; however, the strength
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TABLE 1 General characteristics of included systematic reviews and meta-analyses.

Study
number

References Study design of studies
included in each
systematic review and
meta-analyses

Number of studies
included in each
systematic review
and meta-analyses

Population Intervention Comparison group Duration Parameters
of interest

1 Yuan et al. (31) 7 RCTs and 6 non-RCTs 13 Obese or overweight
adults with T2DM

KD Pre-KD 1–56 weeks TC

TG

HDL

LDL

BW

HbA1C

FBG

2 Choi et al. (17) RCTs 14 Obese or overweight
adults with or
without T2DM

KD LFDs 2 h to
12 months

HDL

TG

BW

HbA1C

3 Sackner-
Bernstein
et al. (18)

RCTs 17 Obese or overweight
adults

LCDs LFDs 2–24 months BW

4 Ge et al. (8) RCTs 121 Obese or overweight
adults

LCDs Moderate macronutrient
dietary patterns (CHO:
>40% of TEI)

6 months BW

5 Schwingshackl
et al. (19)

RCTs 56 Obese or overweight
adults

LCKDs
+ exercise

Usual diet+ exercise 4–24 weeks HbA1C

6 Lee and
Lee (20)

RCTs 7 Obese or overweight
adults

LCKDs
+ exercise

Usual diet+ exercise 4–24 weeks WCTG

7 Chawla
et al. (21)

RCTs 38 Obese adults LCDs LFDs 1–24 months HDL

TG

8 Yang et al. (32) RCTs 6 Adults with cancer KD Non-KD 4-24 weeks PSA—Tumour
marker

9 Martin-McGill
et al. (30)

RCTs 13 Children and adults
with epilepsy

KD Usual care 2–16 months - Seizure
freedom

- 50% or greater
reduction in
seizure frequency

10 Hu et al. (22) RCTs 23 Adults with
metabolic risk

LCDs LFDs 6-24months HDL TG

T2DM, Type 2 diabetes mellitus; KD, ketogenic diet; CHO, carbohydrate; TC, total cholesterol; TG, triglyceride; HDL, high-density lipoprotein; LDL, low-density lipoprotein; BW, body Weight; HBA1C, Haemoglobin A1C; FBG, fasting blood glucose; LFDs, low-fat

diets; LCDs, low carbohydrate diet; LCKDs, low-carbohydrate ketogenic diets; WC, Waist Circumference; PSA, Prostate-Specific Antigen; TEI, Total Energy intake; RCTs, randomised clinical trials.

F
ro
n
tie

rs
in

N
u
tritio

n
0
5

fro
n
tie

rsin
.o
rg

https://doi.org/10.3389/fnut.2024.1321198
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Alkhunein et al. 10.3389/fnut.2024.1321198

TABLE 2 Heterogeneity, strength of the included studies, quality of the included reviews, and e�ect size.

References Parameters
of interest

Evolution of
heterogeneity

(I²%)

The strength of the
studies included in
each systematic review
and meta-analyses

The quality of the
included systematic
reviews and
meta-analyses

E�ect size

Yuan et al. (31) TC 75% N\A Neutral Medium effect

TG 67% Large effect

HDL 78% Small effect

LDL 71% Small effect

BW 92% Large effect

HbA1C 68% Medium effect

FBG 71% Large effect

Choi et al. (17) HDL 10% Low to moderate Positive Medium effect

TG 59% Medium effect

BW 78% Medium effect

HbA1C 23% Medium effect

Sackner-Bernstein
et al. (18)

BW N\A N\A Neutral Large effect

Ge et al. (8) BW N/A Low to moderate Positive Large effect

Schwingshackl et al.
(19)

HbA1C N\A Low to moderate Positive Small effect

Lee and Lee (20) WC 0% Low Positive Large effect

TG 0% Medium effect

Chawla et al. (21) HDL N/A Low to moderate Positive Small effect

TG N\A Small Effect

Yang et al. (32) PSA—
Tumourmarker

78.3% Moderate to high Positive Large Effect

Martin-McGill et al.
(30)

Seizure freedom 0% Low to very low Positive The association
not statistically
significant

50% or greater
reduction in
seizure frequency

0% The association
not statistically
significant

Hu et al. (22) HDL 78.6% N\A Neutral Large effect

TG 55.6% Large effect

TC, total cholesterol; TG, triglyceride; HDL, high-density lipoprotein; LDL, low-density lipoprotein; BW, body Weight; HBA1C, haemoglobin A1C; FBG, fasting blood glucose; WC, waist

circumference; PSA, prostate-specific antigen; NA, not available.

of evidence was low (20). Furthermore, the findings suggest that
weight reduction is achievable if proper calories are estimated for
weight loss regardless of the carbohydrate composition of the diet.

3.7 Cardiovascular diseases outcomes

The types of LCDs had different effects on risk factors
associated with CVDs (total cholesterol, TG, HDL, and LDL) in
different populations (17, 20–22, 31). However, there is a lack
of studies that directly measure the incidence of CVDs or that
were conducted on CVD patients. LCDs have been associated with
decreased TG and increased HDL levels which are considered to
reduce the risk of CVD. Different effect sizes between studies for

TG and HDL as shown in Figure 2. These results were obtained
in obese and overweight participants, with or without T2DM,
and in participants with metabolic syndrome (17, 20–22, 31).
Nevertheless, these results are supported by a low-to-moderate level
of evidence. A limited review of Neutral qualities found that LCD
was associated with decreased LDL with small effect size and TC
levels with medium effect size (31).

3.8 Diabetes outcomes

Three of the included reviews compared the efficacy of LCDs
and other diets on HbA1C percentage. The results from these
reviews showed that LCDs resulted in a significant reduction in the
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FIGURE 2

E�ect size of most common health indicators in the studies included regardless of the disease.

percentage of HbA1c compared to other diets (−0.82 to −0.47%,
−0.5% to −0.42%, and 1.07%) in T2DM patients with medium
effect size (17, 31), and small effect size (19). Furthermore, data
from one review with neutral quality showed that a who consumed
the control diet (−1.29 mmol/L) with large effect size (31).

3.9 Cancer outcomes

Overall, there is limited evidence regarding the safety and
effectiveness of LCDs in cancer patients. One included review with
positive quality, moderate-to-high strength of included studies,
and a large effect size found a statistically significant association
between LCDs and one of the crucial tumour markers for prostate
cancer (PSA); P = 0.03 in prostate cancer (32).

3.10 Epilepsy outcomes

A Cochrane review suggested that high levels of ketones in the
blood caused by KD may reduce the frequency of epileptic seizures
in children with drug-resistant epilepsy (30). However, it should
be noted that some children experience frequent adverse effects
of LCDs, such as constipation, vomiting, nausea, and diarrhoea
(30). In adults, the current review showed that there are limited
systematic reviews and meta-analyses of RCTs and non-RCTs on
the effectiveness of LCDs in epilepsy patients, and the results of the
evidence are uncertain (30).

4 Discussion

4.1 Principal findings and possible
mechanisms

This umbrella review provides an overview and appraisal of 10
systematic reviews and meta-analyses o RCTs and non RCTs on the
effects of LCDs on different outcomes associated with five health
conditions obesity, CVDs, T2DM, cancer, and epilepsy. Seventy

percent of the included reviews were of positive quality (seven
reviews), 30%were neutral (three reviews), and none were negative.

Although most reviews were of positive quality, the strengths
of the studies included in each systematic review and meta-
analysis ranged from low to medium. The current review includes
a systematic and meta-analysis that evaluated prospective cohorts
and RCTs studies. These studies included participants from several
geographic locations, as well as ethnic and cultural diversity, to
minimise variations that could potentially bias the findings. Some
of the included meta-analyses contained duplicate articles (primary
studies), due to the use of similar keywords during the search
phase. In addition, most of the meta-analyses were published
between 2020 and 2021. However, this review design focused on
summarising the evidence, comparing the effect sizes across all
investigated factors, and reporting the heterogeneity across the
included studies in each meta-analysis. Pooling the data derived
by the same studies, create forest plots, and other summing
analyses may brought together to provide one estimate and cause
overlapping by over/underestimation of some results, for that
reason each meta-analysis review was assessed separately.

Multiple studies have identified various biological mechanisms
that indicate significant metabolic and hormonal changes upon
achieving high ketone body production or ketosis, in relation to
the five health conditions focused in this review (33, 34). Ketone
bodies produced by the liver serve as oxidative fuels and markers
of carbohydrate deficiency. They may help conserve carbohydrates
during periods of low carbohydrate availability by reducing insulin
levels and anabolic processes and promoting the conversion of
fatty acids from fat storage and diet into ketone bodies for
energy (35, 36).

The utilisation of fats for ketone bodies production as energy
has led some studies to suggest potential weight loss as a risk
factor for the five health conditions on our review. This concept,
known as the carbohydrate-insulin model of obesity, suggest that
high-glycemic carbohydrates encourage fat storage and hunger,
which can bemitigated through lifestyle changes, such as prolonged
fasting, extended exercise, or a low-carbohydrate diet to lower
insulin levels (37, 38). According to this model, low-carbohydrate
diets may reduce the risk of obesity, CVDs, T2DM, and cancer by
decreasing body weight and increasing fat utilisation by limiting
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carbohydrate intake. However, for epilepsy, there was no direct
mechanism that suggests how weight loss in the carbohydrate-
insulin model of obesity might help improve the outcomes of
this condition.

According to the epidemiological study, a reduction of 5 kg/m2

of height can lead to an average of 27% decrease in the risk of
CVDs and a 17% decrease in the risk of T2DM. Additionally,
this reduction in body mass may decrease the risk of pancreatic
cancer by 14%, colon cancer by 3%, breast cancer by 3%, uterine
cancer by 52%, kidney cancer by 31%, bladder cancer by 23%, and
liver cancer by 59% (39, 40). Consequently, the effectiveness and
efficiency of weight loss resulting from LCD are crucial factors in
achieving results that are comparable to those achieved from these
epidemiological studies.

Although the expected physiology and mechanisms appeared
promising, the evidence reviewed in this paper showed varying
degrees of effectiveness when such diet was tested. There was
evidence suggesting the effectiveness of LCDs on weight reduction
in obesity or overweight adults, supported by the low to moderate
strength of the included studies. Moreover, evidence strongly
suggested a correlation between LCDs and HbA1c reduction in
T2DM patients. In contrast, systematic reviews and meta-analyses
of RCTs and non-RCTs that included T1DM patients or those with
CVDs are lacking. In addition, the current review showed that there
is limited evidence regarding the effectiveness of LCDs in epilepsy
and adult cancer patients.

Epidemiological studies suggests that the harmful impact of
such diets may be attributed to the significant concern of increased
overall fat intake (41). The results indicate that an increase in
calories derived from fats can lead to a rise in total serum
cholesterol levels by ∼0.02 mm/L. Additionally, a change of 1
mm/L in total cholesterol could potentially increase the risk of
mortality from CVDs by 20%, as indicated by research (42).
This might explain the lack of significant findings regarding
CVDs on our review. However, it is important to note that
the majority of the studies included in this review have not
measured the change in cholesterol levels resulting from high
fat intake and their subsequent association with CVDs risk
outcomes. Instead, the primary focus has been on the direct
dietary intake of LCDs in relation to CVDs. Therefore, further
research in this area may be necessary to better understand
the dose-response relationship, particularly with regards to this
specific focus.

4.2 Comparison with other reviews and
possible explanations

According to the European Food Safety Authority, individuals
are recommended to consume carbohydrates within 45%−60% of
their total energy intake (43). This dietary guideline effectively
improves metabolic risk factors associated with chronic diseases
when combined with reduced total fat and saturated fat
consumption (44). Nevertheless, a precise consensus about the
definition of LCDs has yet to be reached. Most LCDs typically
involve reducing CHO intake to below 45% of the total
caloric intake.

Two umbrella reviews have examined the impact of LCDs on
various health outcomes. An umbrella summarises and evaluates 43

meta-analyses of observational studies investigating the association
between CHO intake and health outcomes, including cancer,
mortality, metabolic diseases, digestive system outcomes, and other
outcomes (coronary heart disease, stroke, Parkinson’s disease, and
bone fracture). The findings of this review provided evidence
in favour of the correlation between carbohydrate intake and
metabolic syndrome. In addition, the researchers proposed that the
evidence presented on the negative impact of CHO consumption
on coronary heart disease and T2DM was lacking in strength.
This finding is consistent with the results of our present review,
which indicate that LCDs may enhance risk factors associated with
cardiac illnesses and T2DM. Nevertheless, the findings presented
in this study are supporting by a low to moderate degree quality
of evidence. Additionally, a statistically significant correlation was
seen between the use of LCDs and the proportion of HbA1c levels
in individuals with T2DM (24).

A recent umbrella review was conducted to systematically
identify and summarise relevant meta-analyses of RCTs on KD
(23). The analysis included data from 17 meta-analyses, which
consisted of a total of 68 RCTs (23). The primary objectives of
the review were to identify the effects of KD on health outcomes
and to assess the strength of the evidence supporting these effects
(23). The study demonstrated positive correlations betweenKD and
various cardiometabolic markers. Furthermore, it was observed
that KD had inconsistent effects on TC and LDL levels, resulting
in unfavourable outcomes. However, the authors considered 76%
of the RCTs to be critically low quality (23). On the contrary,
our findings demonstrated an inverse relationship between LCDs
and CVD, as evidenced by reduced TG levels and elevated HDL
levels. However, it should be noted that the findings presented
in this study are supported by a level of evidence that ranges
from low to moderate. Additionally, the review demonstrated
positive results linked to the KD, including changes in BW, TG,
HDL-C, and HbA1c levels. The discovery above aligns with the
outcomes obtained from our research. Furthermore, high-quality
evidence supports the notion that a KD can effectively reduce the
frequency of seizures by 50% or more in children and adolescents
(23). This finding is consistent with a large retrospective cohort
study that compared KD with usual care, which aim to assess
the safety, effectiveness, and retention rate of KD for paediatric
with drug-resistant epilepsy found that after KD, the retention rate
significantly increased over time by 82.0% at 3 months, 60.6% at
6 months, and 34.1% at 12 months. Additionally, the response rate
improved dramatically over 3months by 55.5%, 6months by 43.2%,
and 12 months by 31.5% (45).

When looking at the effect of other diets such as high-protein
diet, the Mediterranean diet, and high fibre diet. We found that
there were evidence supporting the improvement of health marks
by following these diets. However, there were limited meta-analysis
that have been compared the LCDs with different diets types
other than control diets. Systematic review and meta-analysis of
different dietary approaches to the management of type 2 diabetes
was published in 2013, aimed to assess the effect of various
diets including (low-carbohydrate, vegetarian, vegan, high-fibre,
low glycemic index, Mediterranean, and high-protein diets) on
glycemic control, lipids, and weight loss. The results showed that
the LCDs, low glycemic, Mediterranean, and high-protein diets
were effective in improving different indicators of cardiovascular
risk in diabetic people (46).
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4.3 Strength and limitations

To the best of our current understanding, this umbrella review
represents a pioneering effort in offering a methodical and all-
encompassing evaluation of published systematic reviews and
meta-analyses of RCTs and non-RCTs that examine the impact
of LCDs on various human health-related outcomes. This review
can assist dietitians, nutritionists, and researchers in evaluating
the comparative efficacy of LCDs on many health outcomes.
Furthermore, we assessed the methodological rigour. We examined
the magnitude of the effect size and heterogeneity among the
included reviews to guide future research endeavours.

One potential constraint of this review is the need for
a comparative analysis of various LCD kinds, which exhibit
variations in the extent of carbohydrate, fat, and protein limits.
This omission may have influenced the outcomes of the study. A
further factor worthy of consideration pertains to the predominant
focus of existing studies on quantifying immediate results, hence
neglecting the possibility of secondary effects associated with LCDs
that could be discerned using alternative research methodologies.
Furthermore, similar to other literature reviews, umbrella reviews
are susceptible to biases, particularly appraisal and selection biases.

In summary, this umbrella review comprehensively examines
the available information on the effects of LCDs on various
health-related outcomes. Several studies have provided data
supporting the notion that the utilisation of LCDs can have
a beneficial effect on weight management and HbA1c levels.
Nevertheless, there is a scarcity of information about the correlation
between this connexion in patients with T1DM and CVDs.
Furthermore, there is limited empirical support for the effectiveness
of LCDs in treating epilepsy and adult cancer patients. Moreover,
it is recommended that future research endeavours prioritise
investigating the enduring impacts of adhering to LCDs on
mortality rates, the prevention and treatment of other chronic
diseases, and the examination of how various sources of CHO
influence this process.
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