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Abstract
Objective: to evaluate the lipid metabolism of patients with type 2 diabetes mellitus (T2DM) after very low-carbohydrate ketogenic (VLCK) diet 
treatment, so as to provide an evidence-based basis for better dietary management and comprehensive treatment of diabetic patients.

Methods: PubMed, Cochrane Library, Embase, and Web of Science databases were searched for randomized controlled trial about VLCK diet 
on lipid metabolism of T2DM up to September 2021. The data were analyzed using the Stata 15.0; standardized mean difference (SMD) was 
used as effect size.

Results: ten articles were included in this meta-analysis. There were no significant differences between the two groups in total cholesterol 
(SMD = -0.07, 95 % CI: -0.06-0.20, p > 0.05), HDL (SMD = 0.13, 95 % CI: -0.05-0.31, p > 0.05) and LDL (SMD = 0.07, 95 % CI: -0.06-
0.20, p > 0.05) levels after treatment. No difference was found in total cholesterol, HDL, and LDL levels between the two groups after 3, 6, 
and 12 months of treatment (p > 0.05). Triglyceride levels decreased after VLCK diet compared with control (SMD = -0.49, 95 % CI: -0.82 to 
-0.17, p = 0.003). A marked reduction of triglyceride levels was identified after 3 months of VLCK diet treatment (SMD = -0.69, 95 % CI: -1.00 
to -0.38), without significant difference after 6 and 12 months.

Conclusion: T2DM patients who receive a VLCK diet to lower blood glucose are not associated with increased levels of total cholesterol and 
LDL, and decreased levels of HDL. Additionally, this diet can achieve a short-term reduction of triglyceride levels.
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INTRODUCTION

Diabetes mellitus (DM) is a group of metabolic diseases char-
acterized by hyperglycemia, which has gradually developed 
into one of the health-threatening factors leading to premature 
death worldwide  (1).  According to the data released by Inter-
national Diabetes Federation (IDF) in 2017, there are currently 
about 425 million DM patients in 2017 around the world, and 
this number is estimated to increase to 629 million by 2045. In 
2017, about 352 million patients were at risk of DM, about 4 mil-
lion people died of DM, and about  21  million newborns were 
affected by DM during pregnancy; additionally, the global DM-re-
lated medical costs have reached 727 billion US dollars in 2017, 
accounting for 12 % of adult medical costs  (2). DM is mainly 
divided into three different types: type-1 DM (T1DM), type-2 DM 
(T2DM) and gestational DM (gDM). T2DM accounts for more 
than 90 % of the total number of DM patients (3).

The causes and pathogenesis of DM are complex, and this 
disease can develop many complications resulting in severe 
consequences (4,5). Therefore, early treatment and early inter-
vention are needed in DM patients. Treatment modalities for DM 
now include drug therapy, exercise therapy, lifestyle intervention, 
and dietary therapy (6,7). Although great progress has been 
achieved in drug therapy in recent years, the adverse reactions 
and potential hazards of drugs still make people maintain a great 
vigilance for the safety of this therapy. Thus non-pharmacological 
treatment options tend to be more popular, such as very low-car-
bohydrate ketogenic (VLCK) diet therapy composed of low carbo-
hydrate, high fat, and moderate protein (8).

VLCK diet, as one of the non-pharmacological treatments for 
refractory epilepsy, has been used for nearly a hundred years 
(9,10). This diet recently has begun to be introduced for treating 
DM patients and has achieved some therapeutic effect (6). Most 
of the existing studies have pointed out that VLCK diet can effec-
tively reduce glycosylated hemoglobin content, body weight, and 
triglyceride levels in DM patients (11,12). Also, there is strong ev-
idence that VLCK diet can reduce blood glucose and glycosylated 
hemoglobin in T2DM patients (13). However, there is no sufficient 
data regarding whether this low-carbohydrate and fat-rich diet 

adversely affects lipid metabolism while lowering blood glucose. 
Therefore, this meta-analysis based on comprehensive literature 
retrieval in English databases, intends to systematically evaluate 
the selected randomized controlled trial (RCT) and subsequently 
investigate the lipid metabolism of T2DM patients after VLCK diet 
treatment. This study is expected to provide a new scientific basis 
for non-drug therapy of DM.

METHODS

LITERATURE RETRIEVAL

This meta-analysis was conducted according to the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines  (14). PubMed, Cochrane Library, Embase, 
and Web of Science databases were searched for RCTs pub-
lished up to September 2021 and regarding VLCK diet therapy 
in T2DM patients. The keywords searched were as follows: “di-
abetes mellitus”, “T2DM”, “diabetes”, “VLCK”, “ketogenic diet”, 
“very low-carbohydrate ketogenic”, “human”. The search lan-
guage was limited to English. The search was performed jointly 
by two investigators, and finally a comprehensive analysis was 
performed to reach an agreement.

INCLUSION CRITERIA AND EXCLUSION 
CRITERIA OF THE LITERATURE

Inclusion criteria: a) each included study was a RCT; b) the 
experimental group received a VLCK diet, defined as carbohy-
drate intake of 50 g/d or 10 % of energy, while the control group 
had any diet recommended for patients with T2DM; c) studies 
published in English; d) the study subjects were adult patients 
with T2DM.

Exclusion criteria: a) incomplete data of original study; b) ani-
mal experiment, letter, review, etc.; c) literature with low quality; 
d) follow-up time < 2 months.

Resumen
Objetivo: evaluar el metabolismo lipídico de los pacientes con diabetes mellitus de tipo 2 (DMT2) tras el tratamiento con una dieta cetogénica 
muy baja en carbohidratos (VLCK), con el fin de proporcionar una base basada en la evidencia para un mejor manejo dietético y un tratamiento 
integral de los pacientes diabéticos.

Métodos: se buscaron en las bases de datos PubMed, Cochrane Library, Embase y Web of Science ensayos controlados aleatorios sobre los 
efectos de la dieta VLCK en el metabolismo de los lípidos de la DMT2 hasta septiembre de 2021. Los datos se analizaron con el Stata 15.0. Se 
utilizó la diferencia de medias estandarizada (DME) como tamaño del efecto.

Resultados: se incluyeron diez artículos en este metaanálisis. No hubo diferencias significativas entre los dos grupos en los niveles de colesterol 
total (DME = -0,07, IC del 95 %: -0,06-0,20, p > 0,05), HDL (DME = 0,13, IC del 95 %: -0,05-0,31, p > 0,05) y LDL (DME = 0,07, IC del 95 %: 
-0,06-0,20, p > 0,05) después del tratamiento. No se encontraron diferencias en los niveles de colesterol total, HDL y LDL entre los dos grupos 
después de 3, 6 y 12 meses de tratamiento (p > 0,05). Los niveles de triglicéridos disminuyeron después de la dieta VLCK en comparación con 
el control (DME = -0,49, IC del 95 %: -0,82 a -0,17, p = 0,003). Se identificó una marcada reducción de los niveles de triglicéridos después 
de 3 meses de tratamiento con la dieta VLCK (DME = -0,69, IC del 95 %: -1,00 a -0,38), sin diferencias significativas después de 6 y 12 meses.

Conclusión: los pacientes con DMT2 que reciben una dieta VLCK para reducir la glucemia no se asocian a un aumento de los niveles de colesterol 
total y LDL, y a una disminución de los niveles de HDL. Además, esta dieta puede lograr una reducción a corto plazo de los niveles de triglicéridos.
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QUALITY EVALUATION

The quality of the included RCTs was assessed according 
to the modified Jadad scale. The total Jadad score is 7, with 
a score > 3 indicating a study of high quality, and a score ≤ 3 
indicating a study of low quality. The assessment was performed 
jointly by two investigators.

DATA EXTRACTION

The following information was extracted from the included lit-
erature: a) name of the first author, country, year of publication, 
age and weight of the experimental group and control group, 
number of participants, treatment method and duration of the 
intervention; b) mean and standard deviation of outcome meas-
ures: triglycerides, total cholesterol, high-density lipoprotein 
(HDL) and low-density lipoprotein (LDL).

STATISTICAL ANALYSIS

The data were statistically analyzed using Stata 15.0. The I2 
statistic was used to quantify the degree of heterogeneity among 
studies. When I2 was < 50 % and p > 0.05, heterogeneity was 
considered low and a fixed-effects model (FEM) was adopted; 
otherwise, a random-effects model (REM) was used. given that 
not all outcome measures were reported using absolute values, 
this study utilized the standardized mean difference (SMD) and 
95 % confidence interval (CI) as the effect size. A subgroup anal-
ysis of follow-up time was carried out. Further funnel plots and 
Egger’s test were employed for jointly determining publication 
bias. Finally, a sensitivity analysis was performed to verify the 
robustness of the obtained conclusions. A p < 0.05 was consid-
ered statistically significant.

RESULTS

LITERATURE RETRIEVAL RESULTS

After strict screening, a total of 10 English articles were se-
lected as candidates for inclusion in this meta-analysis (15-24). 
All the included studies are RCTs with humans as study sub-
jects. The overall screening process is shown in figure 1. The 
basic characteristics of the included studies are shown in table I.  

Figure 1.

Flow diagram of the literature screening.

Table I. The basic characteristics of the included studies

Study Year Country
Treatment 

time

Body weight (kg) Mean age (years) Cases
(VLCK/
control)

Carbohydrate content 
of diets

VLCK diet
Control 

diet
VLCK 
diet

Control 
diet

VLCK 
diet

Control diet

Westman 2008 USA 24 weeks 106.3 ± 20.1 105.5 ± 19.5 51.8 ± 7.8 51.8 ± 7.3 38/46
< 20 g 
carbs./d

55 % energy from 
carbohydrates

Davis 2009 USA
3, 6, 12 
months

93.6 ± 18.0 101.0 ± 19.0 54.0 ± 6.0 53.0 ± 7.0 55/50
20-25 g 
carbs./d

41 % of energy 
from carbohydrates

Iqbal 2009 USA
6, 12, 24 
months

118.3 ± 21.3 115.5 ± 16.7 60.0 ± 8.9 60.0 ± 9.5 70/74
< 30 g 
carbs./d

43 % of energy 
from carbohydrates

goldstein 2011 Israel
3, 6, 12 
months

91.7 ± 10.2 92.2 ± 13.7 57.0 ± 9.0 55.0 ± 8.0 26/26
25 g 

carbs./d
40 % of energy 

from carbohydrates

(Continue on next page)
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Records identified through 
databases searching

(n = 513)

Repeat records excluded
(n = 141)

Records screened
(n = 372)

Records excluded via 
titles and abstracts

(n = 340)
Full-text articles assessed for 

eligibility
(n = 32)

Full-text articles excluded (n = 22)
No lipid metabolism parameter (n = 16)
Study period less than 2 months (n = 1)

Not RCT (n = 3)
Data incomplete (n = 2)

Articles included in quantitative 
synthesis (meta-analysis)

(n = 10)
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The assessment results of bias risk of the included literature are 
provided in figure 2 A-B. The modified Jadad scores of the in-
cluded studies were all > 3, indicating that all included studies 
were of high quality.

META-ANALYSIS RESULTS

Effect of VLCK diet on total cholesterol

Eight articles reported the changes of total cholesterol levels in 
DM patients. No significant heterogeneity was identified among the 
included studies (I2 = 0.0 %, p = 0.727), so a FEM was used for 
analysis. The results showed (Fig. 3A) that there was no significant 
difference in total cholesterol levels after treatment in the exper-
imental group and control group (SMD = -0.07, 95 % CI: -0.06-
0.20, p > 0.05). A subgroup analysis of follow-up time showed 
that there was no difference in total cholesterol levels between 
the two groups after 3, 6 and 12 months of treatment (p > 0.05).

Effect of VLCK diet on triglycerides

Nine articles investigated the changes in triglyceride levels in 
DM patients. A REM was adopted for analysis due to significant 
heterogeneity among the included studies (I2 = 83 %, p = 0.000). 
The results showed (Fig. 3B) that triglyceride levels decreased 
significantly after VLCK diet treatment compared with the con-
trol group (SMD = -0.49, 95 % CI: -0.82 to -0.17, p = 0.003).  

Table I (Cont.). The basic characteristics of the included studies

Study Year Country
Treatment 

time

Body weight (kg) Mean age (years) Cases
(VLCK/
control)

Carbohydrate content 
of diets

VLCK diet
Control 

diet
VLCK 
diet

Control 
diet

VLCK 
diet

Control diet

Saslow 2014 USA 3 month 100.1 ± 26.4 99.7 ± 24.2 64.8 ± 7.7 55.1 ± 13.5 16/18
20-50 g 
nonfiber 
carbs./d

45-50 % of energy 
from carbohydrates

Tay 2015 Australia 52 weeks 101.7 ± 14.4 101.6 ± 15.8 58.0 ± 7.0 58.0 ± 7.0 58/57
< 50 g 
carbs./d

53 % of energy 
from carbohydrates

goday 2016 Spain 4 months 91.5 ± 11.4 89.5 ± 11.4 54.9 ± 8.8 54.2 ± 8.0 45/44
< 50 g 
carbs./d

45-60 % of energy 
from carbohydrates

Saslow 2017 USA
16, 32 
weeks

109.7 ± 24.7 90.9 ± 16.4 53.0 ± 10.2 58.2 ± 6.7 12/13
20-50g 
nonfiber 
carb/d

37 % of energy 
from carbohydrates

Cunha 2020 Brazil 2 months 99.6 ± 13.2 93.0 ± 13.3 40.3 ± 11.3 40.3 ± 11.3 20/19
< 50 g 
carbs./d

45-55 % of energy 
from carbohydrates

Moriconi 2021 Italy
3, 12 

months
111.6 ± 19.8 91.6 ± 18.7 60.5 ± 10.2 64.4 ± 8.8 15/15

20 g 
carbs./d

45-50 % of energy 
from carbohydrates

VLCK: very low-calorie ketogenic.

Figure 2.

Assessment of risk bias in the included studies according to the modified Jadad 
scale. A. Risk of bias graph. B. Risk of bias summary.

A

B
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The subgroup analysis of follow-up time showed that af-
ter  3  months of VLCK diet treatment, triglyceride levels were 
significantly reduced (SMD = -0.69, 95 % CI: -1.00 to -0.38), 
without significant heterogeneity (I2 = 0.0 %, p > 0.05). However, 
after 6 and 12 months of treatment, there was no significant dif-
ference in triglyceride levels between the two groups (p > 0.05).

Effect of VLCK diet on HDL

Ten articles compared the changes of HDL levels in DM pa-
tients. Marked heterogeneity was identified among the included 
studies (I2 = 48.5 %, p = 0.013), so a REM was used for anal-
ysis. The results showed (Fig. 3C) that there was no significant 
difference in HDL levels after VLCK diet treatment compared with 
control group (SMD = 0.13, 95 % CI: -0.05-0.31, p > 0.05). 
According to the subgroup analysis of follow-up time, no dif-
ference was found in HDL levels between the two groups after 
3, 6 and 12 months of treatment (p > 0.05).

Effect of VLCK diet on LDL

Nine articles compared the changes of LDL levels in DM pa-
tients. A FEM was employed for analysis (I2 = 9.4 %, p = 0.35), 
and the results revealed (Fig. 3D) that there was no significant 
difference in LDL levels after VLCK diet treatment compared with 
the control group (SMD = 0.07, 95 % CI: -0.06-0.20, p > 0.05). 
According to the subgroup analysis of follow-up time, there 
was no difference in LDL levels between the two groups after 
3, 6 and 12 months of treatment (p > 0.05).

PUBLICATION BIAS

Publication bias was assessed using funnel plots and Egger’s 
test. Funnel plots were drawn regarding total cholesterol 
(Fig. 4A), triglyceride (Fig. 4B), HDL (Fig. 4C), and LDL (Fig. 4D), 
respectively. By observing the plots, asymmetery was present in 
both the funnel plots of total cholesterol and triglyceride, and 
the p-values of Egger’s test were 0.037 and 0.044, respectively; 
the results indicated that there was a certain publication bias in 
these two indicators. By contrast, both the funnel plots of HDL 
and LDL levels were basically symmetrical, and the p- values 
of Egger’s test were all > 0.05, suggesting that there was no 
significant publication bias in these two indicators.

Figure 4.

Funnel plots of VLCK diet on lipid metabolism in T2DM patients. A. Total choles-
terol. B. Triglycerides. C. HDL. D. LDL (VLCK: very low-carbohydrate ketogenic; 
HDL: high-density lipoprotein; LDL: low-density lipoprotein; T2DM: type-2 diabetes 
mellitus).

A

C

B

D

Figure 3.

Forest plots of VLCK diet on lipid metabolism in T2DM patients. A. Total choles-
terol. B. Triglycerides. C. HDL. D. LDL (VLCK: very low-carbohydrate ketogenic; 
HDL: high-density lipoprotein; LDL: low-density lipoprotein; T2DM: type-2 diabetes 
mellitus).

A

C

B

D
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SENSITIVITY ANALYSIS

After each study was removed, one by one, a meta-analysis 
was performed to compare the differences before and after 
removal. After removing the studies regarding total cholesterol 
(Fig. 5A), triglyceride (Fig. 5B), HDL levels (Fig. 5C), or LDL levels 
(Fig. 5D), one by one, the meta-analysis results were not signif-
icantly different from those before removal, indicating that the 
conclusions obtained in this study were robust.

threat to people’s health (25,26). Among the treatments for DM, 
dietary management and dietary treatment may be an econom-
ical and effective non-pharmacological treatment (27,28). VLCK 
diet, as a non-drug alternative dietary therapy, is relatively safe 
and effective (28).

All 10 articles included in this study were English-language ar-
ticles, and their modified Jadad scores were above 3. This means 
that we ensured the reliability of the included articles in the sec-
tion of study selection. VLCK diet for DM patients is a low-carbo-
hydrate diet accompanied by high fat content. A concern with a 
high-fat diet is whether it affects the patient’s lipid metabolism, 
leading to increased levels of total cholesterol, triglycerides, and 
LDL, decreased HDL levels, and ultimately risk of cardiovascu-
lar disease. Also, it has been reported that elevated levels of 
LDL and cholesterol significantly increase the risk of coronary 
heart disease  (29). A meta-analysis by Pullinger et al. showed 
that prebeta-1 HDL levels are an independent positive risk factor 
for coronary heart disease and myocardial infarction  (30). Our 
meta-analysis results found that there were no differences be-
tween T2DM patients receiving VLCK diet and control diet in total 
cholesterol, HDL, and LDL levels. Further, a subgroup analysis 
revealed no significant differences between the two groups in 
these three indicators after 3, 6, and 12 months of treatment. 
Triglycerides is another important indicator of blood lipid metab-
olism; in this study, triglycerides decreased significantly in the 
experimental group compared with the control group, indicating 
a favorable effect of the VLCK diet; however, there is also signif-
icant heterogeneity among studies regarding triglyceride. In the 
subgroup analysis of follow-up time, the decrease in triglycerides 
in T2DM patients receiving VLCK diet was still statistically signif-
icant when compared with the controls after 3 months of treat-
ment, and moreover, heterogeneity was low; however, this differ-
ence disappeared after 6 and 12 months of treatment. That is, 
the VLCK diet presented a short-term effect of lowering triglycer-
ide levels. The sensitivity analysis of these four lipid metabolism 
indicators showed that after excluding any study, the conclusion 
had had no significant change compared with that before remov-
al, indicating that the conclusion obtained in this meta-analysis 
had good robustness. But we also noticed that both the funnel 
plots and Egger’s test suggested that there was some publica-
tion bias in total cholesterol and triglycerides. Therefore, the con-
clusion on these two indicators still needs to be cautious, and 
more studies need to be included to reduce publication bias and 
therefore to obtain a more robust conclusion. A meta-analysis by 
Rafiullah et al.  (31) showed that the VLCK diet was associated 
with a significant decrease in triglycerides when compared with 
control diet after 3, 6, and 12 months of treatment, and a risk 
of increased LDL levels was found after 12 months of VLCK diet 
treatment (weighted mean difference = 6.35, 95 % CI: 2.02 to 
10.69). This is not very consistent with the conclusion obtained 
in our study in which triglycerides only showed a statistically sig-
nificant difference after 3 months of treatment, with no marked 
difference after 6 and 12 months after treatment. Additionally, 
different from the above meta-analysis, our study found that LDL 
levels had no difference between VLCK diet and control diet af-

Figure 5.

Sensitivity analysis of VLCK diet on lipid metabolism in T2DM patients. A. Total 
cholesterol. B. Triglycerides. C. HDL. D. LDL (VLCK: very low-carbohydrate keto-
genic; HDL: high-density lipoprotein; LDL: low-density lipoprotein; T2DM: type-2 
diabetes mellitus).

A

C

B

D

DISCUSSION

People’s living standards have been continuously improved, 
but the consequent poor dietary habits and heavy pressure of 
city life have led to an increasing incidence of DM. If DM is not 
treated with long-term appropriate and comprehensive treat-
ment to delay its progression, the incidence of the short-term 
and long-term complications of DM may increase, resulting in a 
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ter 3 and 12 months of treatment, that is, the VLCK diet did not 
increase the risk of LDL. The reason for the differences between 
these two meta-analyses is that our meta-analysis excluded one 
study (32) that did not meet the inclusion criteria because it in-
cluded patients with prediabetes. Second, our meta-analysis se-
lected the latest researches. Moreover, given that some original 
studies use absolute values while others use difference changes, 
we selected SMD as the effect size. Collectively, the conclusions 
drawn from our study represent strong evidence.

However, this meta-analysis still has some limitations. First, 
the number of included studies is relatively small. Second, the 
number of included cases is also limited. Third, the included ar-
ticles were all in English, and most of these studies report Cau-
casian populations but lack investigation on Asian and African 
populations. Populations in different regions have different die-
tary habits and living environments, which may cause differences 
in the effect of VLCK diet for DM patients. Therefore, this study 
may have limitations in providing a treatment basis for DM in 
other countries and regions. Fourth, all 10 articles analyzed are 
published articles, and no unublished high-quality studies were 
included; therefore, there may be some publication bias. Fifth, 
the funnel plots and Egger’s test showed some publication bias 
in total cholesterol and triglycerides.

In conclusion, T2DM patients who receive a VLCK diet to lower 
blood glucose are not associated with increased levels of total 
cholesterol and LDL, and decreased levels of HDL. Additionally, 
this diet can achieve a short-term reduction of triglyceride levels. 
This study has crucial clinical significance and can provide an 
evidence-based medicine basis for clinicians in the treatment 
of DM. However, considering the limitations of this study, more 
in-depth studies are required, carried out in larger samples to 
verify that the VLCK diet does not affect the lipid metabolism of 
patients while lowering blood glucose in DM patients, or even has 
a favorable effect.
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