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Abstract 

Background:  The ketogenic diet (KD) is characterized by fat as a substitute of carbohydrates for the primary energy 
source. There is a large number of overweight or obese people with type 2 diabetes mellitus (T2DM), while this study 
aims to observe periodic ketogenic diet for effect on overweight or obese patients newly diagnosed as T2DM.

Methods:  A total of 60 overweight or obese patients newly diagnosed as T2DM were randomized into two groups: 
KD group, which was given ketogenic diet, and control group, which was given routine diet for diabetes, 30 cases 
in each group. Both dietary patterns lasted 12 weeks, and during the period, the blood glucose, blood lipid, body 
weight, insulin, and uric acid before and after intervention, as well as the significance for relevant changes, were 
observed.

Results:  For both groups, the weight, BMI(body mass index), Waist, TG (triglyceride), TC(cholesterol), LDL (low-density 
lipoprotein cholesterol), HDL (high-density lipoprotein cholesterol), FBG (fasting glucose), FINS (fasting insulin), HbA1c 
(glycosylated hemoglobin) were decreased after intervention (P < 0.05), while the decrease rates in the KD group was 
more significant than the control group. However, UA(serum uric acid) in the KD group showed an upward trend, 
while in the control group was not changed significantly (P > 0.05).The willingness to adhere to the ketogenic diet 
over the long term was weaker than to the routine diet for diabetes.

Conclusion:  Among the overweight or obese patients newly diagnosed as type 2 diabetes mellitus, periodic 
ketogenic diet can not only control the body weight, but also control blood glucose and lipid, but long-term persis-
tence is difficult.
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Background
By 2013, the prevalence rate of diabetes among Chinese 
people aged 18 or above had been as high as 10.4% [1]. 
At the same time, the number of obese people is increas-
ing year by year. An epidemiological investigation in 

China showed that among obese people, the higher the 
body mass index, the higher the prevalence rate of type 
2 diabetes [2]. According to relevant data, extremely 
low carbohydrate [3–9], adequate sleep, and appropri-
ate exercise can control the blood glucose and lower the 
body weight loss among T2DM patients. The ketogenic 
diet (KD) pattern is of high fat, low carbohydrates, and 
appropriate protein. Characterized by fat as a substitute 
of carbohydrates for the primary energy source, KD was 
first used to treat refractory epilepsy in children [10]. 
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In recent years, relevant scholars have found that this 
diet pattern may control blood glucose and lower body 
weight, and the purpose of this study is to observe the 
efficacy of periodic ketogenic diet in overweight or obese 
patients newly diagnosed as T2DM.

Methods
General Information
A total of 60 overweight or obese patients newly diag-
nosed as T2DM in the Outpatient Service of Endocri-
nology Department in our hospital between June 1, 2018 
and June 1, 2020 were included.To ensure the acceptabil-
ity and compliance of the study diet, the enrolled patients 
were required to adhere to the diet during the study. The 
enrolled patients were invited to participate in three 
face-to-face communication sessions before the study, 
and participated in the nutrition knowledge populariza-
tion training. The aim is to remove the patient’s negative 
concerns and gain support from family members. All of 
them signed the informed consent form. They were ran-
domized into two groups: KD group, which was given 
ketogenic diet, and diabetes diet control group, which 
was given routine diet for diabetes, 30 cases in each 
group. Both dietary patterns lasted 12 weeks, and during 
the period, relevant indicators before and after interven-
tion, as well as the significance for relevant changes, were 
observed. Inclusion criteria: Patients aged 18 to 50 years, 
BMI≥25  kg/m2, newly diagnosed as T2DM, without 
medication history of hypoglycemic agent, and HbA1c 
< 10%. Exclusion criteria: Patients who had complicated 
with serious heart, liver, lung, kidney, or brain disease, 
or history of serious acute or chronic complications for 
diabetes, those who underwent infection, pregnancy, 
trauma, or surgery, and pregnant or lactating women, 
and those who used drugs that may cause glucose metab-
olism disorders.

Methods
The 60 patients were randomized into two groups: KD 
group, which was given ketogenic diet, and diabetes diet 
control group, which was given routine diet for diabe-
tes. For the KD group, the main foods for the diet were 
olive oil, butter, fried eggs, double-fried pork, pan-fried 
salmon, pacific saury, sardines, broccoli, avocado, and so 
on, and daily limits for ingredients were as follows: car-
bohydrate 30-50 g, protein 60 g, fat 130 g, and total calo-
ries (1500±50) Kcal. For the control group, foods were 
not limited, and daily limits for ingredients were as fol-
lows: carbohydrate 250-280 g, protein 60 g, fat 20 g, total 
calories (1500 ±50) Kcal. For both groups, each subject 
should consume more than 2000ml of water every day 
during the diet control period. For the included cases, 
relevant data at baseline and 12 weeks after intervention 

were evaluated, and FBG and FINS were determined. 
Their height, weight and waist circumference were 
measured, and body mass index (BMI) was calculated. 
At the same time, HbA1c, UA, TC, LDL-C, HDL-C and 
TG were tested. All of the subjects received a 12-week 
dietary intervention. The person-times of hypoglycemia 
during this period were recorded. Symptoms of hypogly-
cemia: hunger, cold sweat, palpitations, hand tremors, 
and fatigue. Hypoglycemia event: Blood glucose < 3.9 
mmol/L.

Statistical Analysis
SPSS 22.0 software was used for statistics, and the results 
were presented. T-test or rank sum test was used for data 
comparison between and within groups, and chi-square 
test was used for rate comparison. P < 0.05 was consid-
ered statistically significant.

Results
Comparison of general information before intervention
Before intervention, there were no statistically signifi-
cant differences between the two groups in gender, age 
and course of disease, and in Weight, BMI, Waist, TG, 
TC, LDL, HDL, FBG, FINS, HbA1c, and UA as well (P > 
0.05), as shown in Table 1.

Changes of indicators for both groups before and after 
intervention (Table 2)
After 12 weeks, 6 patients in the KD group withdrew 
from the study, for they could not adhere to the diet, i.e., 
24 cases completed the study. In the control group, 1 case 
withdrew and 29 completed the study. For both groups, 
the Weight, BMI, Waist, TG, TC, LDL, HDL, FBG, FINS 

Table 1  Comparison of general data between the two groups 
before intervention ( x ± s)

project The ketogenic 
diet group

The diabetic diet group P

Age (yr) 36.50±13.67 37.10±14.02 0.657

Course(month) 3.51±1.40 3.42±1.38 0.537

Waist(cm) 108.53±12.13 107.33±12.07 0.712

Weight (kg) 78.32±15.27 77.95±14.76 0.854

BMI (kg/m2) 29.04±5.81 29.75±6.07 0.934

UA(umol/L) 378.23±24.35 381.42±26.64 0.669

HbA1C(%) 8.74±1.63 8.69±1.59 0.673

FBG (mmol/L) 9.01±2.77 8.98±2.48 0.940

FINS (pmol/L) 48.61±17.83 45.9±14.38 0.687

LDL (mmol/L) 2.75±0.65 2.77±0.69 0.864

HDL (mmol/L) 1.08±0.11 1.09±0.19 0.469

TG (mmol/L) 1.76±0.59 1.81±0.78 0.717

TC (mmol/L) 4.54±0.69 4.56±0.67 0.830
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and HbA1c were decreased after intervention (P < 0.05). 
The decrease rates of body mass, blood lipid and blood 
glucose in the KD group was significantly higher than 
in the control group (P < 0.05).The UA in the KD group 
showed an upward trend, while for the UA change after 
intervention in the control group, there was no statistical 
significance (P > 0.05).

Blood glucose
During Weeks 1-4 of intervention, 10 person-times of 
hypoglycemia symptoms and 2 person-times of hypo-
glycemia events (peripheral blood glucose < 3.9 mmol/L) 
occurred in the KD group, while 2 person-times of hypo-
glycemic symptoms and 0 person-time of hypoglycemic 
events (peripheral blood glucose < 3.9 mmol/L) occurred 
in the control group. No hypoglycemia symptoms or 
hypoglycemia events occurred during Weeks 5-12 of 
intervention. At the end of the intervention, 9 patients in 
the KD group had normal blood glucose, while 2 patients 
in the control group had normal blood glucose.

Follow up for willingness to adhere
After the study, a follow up for willingness to adhere to 
the diet patterns was conducted. The results showed that 
the willingness in the KD group was lower than in the 
diabetes diet control group. Most patients reckoned that 

foods deficient in carbohydrates were unpleasant. The 
results are as shown in Table 3.

Discussion
The incidence rate of T2DM is increasing year by year. 
The main environmental factors for T2DM include high 
calorie diet, obesity, physical inactivity and etc. World-
wide, not only the prevalence of obesity has raised 
morbidity and mortality for cardiovascular and cerebro-
vascular diseases, diabetes, and cancers [11], but also has 
brought about huge expenses in healthcare. Therefore, 
it is important to effectively control obesity for reduc-
ing or saving relevant medical expenses [11, 12]. A rel-
evant study [13] showed that proper daily exercise and 
dietary intervention not only caused effective weight loss, 
but also lowered the incidence of T2DM, thus reducing 
the risks of all-cause mortality and cardiovascular mor-
tality. In this study, the overweight or obese patients 
initially diagnosed with T2DM were given 12 weeks of 
KD intervention before the application of hypoglycemic 
agents, and the changes of relevant indicators, e.g., blood 
glucose, blood lipid, body weight, uric acid, and insulin 
resistance, were observed.

The KD pattern had been often questioned by schol-
ars for its high fat and extremely low carbohydrate until 
2017, when a PURE study was published in the Lancet 

Table 2  Changes of indicators before and after intervention of different dietary patterns in the two groups()

project The ketogenic diet group(n = 24) P The diabetic diet group(n = 29) P

Before the intervention After 12 weeks of 
intervention

Before the intervention After 12 weeks of 
intervention

Waist(cm) 108.53±12.13 99.24±14.58 0.000 107.33±12.07 106.56±9.78 0.000

Weight (kg) 78.32±15.27 70.26±14.79 0.000 77.95±14.76 77.34±13.28 0.000

BMI (kg/m2) 29.04±5.81 26.21±5.74 0.000 29.75±6.07 29.42±5.97 0.000

HbA1C(%) 8.74±1.63 7.82±1.43 0.000 8.69±1.59 8.42±1.51 0.000

FBG (mmol/L) 9.01±2.77 7.62±1.69 0.000 8.98±2.48 8.42±2.17 0.000

FINS (pmol/L) 88.61±17.83 40.38±9.54 0.000 87.91±14.38 84.21±10.79 0.000

LDL (mmol/L) 2.75±0.65 2.34±0.45 0.018 2.77±0.69 2.59±0.58 0.139

HDL (mmol/L) 1.08±0.11 1.21±0.23 0.000 1.09±0.19 1.12±0.20 0.000

TG (mmol/L) 1.76±0.59 1.44±0.26 0.000 1.81±0.78 1.66±0.46 0.000

TC (mmol/L) 4.54±0.69 4.02±0.43 0.000 4.56±0.67 4.23±0.47 0.000

UA (umol/L) 378.23±24.35 467.43±35.67 0.000 381.42±26.64 378.54±25.79 0.237

Table 3  Differences in intentions after completion of projects between the two groups

The ketogenic diet group The diabetic diet group p

Number of people who cannot stick to it (percentage) 6(20%) 1(3.3%) <0.05

Number of People willing to stick with it in the short term (proportion) 19(63.3%) 5(16.7%) <0.05

Number of people willing to stick with it for the long term (proportion) 5 (16.7%) 24 (80%) <0.05
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[14]. The study suggested that excessive carbohydrate 
intake was associated with the increase of total mortal-
ity. Since then, scholars began to reevaluate the value of 
KD. KD is a pattern deduced by people through theoreti-
cal research. As a therapeutic dietary pattern, it resulted 
from accumulation of large amounts of scientific knowl-
edge, and so, it is of practicability with certain theoretical 
advantages [15].

KD with low carbohydrate content may simulate the 
state of starvation in the body, forming hunger keto-
sis. Thus, for the energy supply pattern of the body, the 
energy supply mode based on glucose was replaced by 
that based on ketone body, which requires fat to pro-
mote catabolism and reduce fat synthesis, while gluco-
neogenesis increases energy consumption. For this, the 
insoluble triglyceride is transformed into a water soluble 
ketone body (acetoacetate, β- hydroxybutyric acid soluble 
in water, and acetone insoluble in water). Therefore, The 
ketone body can be further excreted through the excre-
tion of urine, carrying away energy [16]. In addition, a 
rise in the ketone body can suppress appetite [17], and 
so, the principle of the KD for weight loss is from many 
aspects [18].This may also explain why KD can decrease 
lipid metabolism indexes, e.g., triglyceride, total choles-
terol, and low density lipoprotein though with high fat. 
This study showed that for both groups, after limiting 
calories in diet, the Weight, BMI, Waist, TG, TC, LDL, 
HDL, FBG, FINS, and HbA1c decreased (P < 0.05). In the 
KD group, different degrees of starvation were simulated, 
and ketone body became an important way for energy 
supply to the body. Therefore, the decrease rates of body 
mass, blood lipid and blood glucose in the KD group 
were significantly higher than in the control group.

KD emphasizes extremely low carbohydrate intake, 
which can affect the basic metabolism of sugar through 
regulating the decomposition rate of liver glycogen, 
thus reducing the blood glucose [19]. KD may reduce 
the absorption of intestinal monosaccharides, lower the 
blood glucose and alleviate the blood glucose fluctuation. 
A Goday et  al. [20] confirmed the safety, tolerance, and 
effectiveness of short-term KD among the patients with 
T2DM.

A study of Myette. Cote et  al. [21] has verified that 
KD can rapidly and significantly improve the patients’ 
blood glucose control, thus lowering the level of feed-
back fasting insulin level, stabilizing the blood glucose 
and alleviating the blood glucose fluctuation in patients 
with T2DM. Laura R Saslow et  al. [22] also achieved 
good efffects in controlling blood glucose and body 
weight through an online intervention in the diet of 
overweight T2DM patients. The study of Partsalaki I 
et  al. [23] has shown that KD can reduce waist circum-
ference, body weight and insulin resistance as well. The 

waist circumference is an important indicator of cen-
tral obesity, and a factor related to insulin resistance as 
well. This study showed that with the decrease of waist 
circumference, the body mass was decreased, blood glu-
cose was controlled, the insulin resistance was alleviated, 
and related lipid metabolism indexes of the subjects were 
improved. The body mass reduction was closely related to 
the adoption of KD pattern and the negative nitrogen bal-
ance caused by calorific restriction. Therefore, all related 
indexes were improved in the control group of relatively 
low calorie. The individuals should have a relatively low 
caloric intake, or even the application of KD cannot sig-
nificantly improve the body composition [24].The exist-
ing studies have primarily demonstrated the effects of 
KD in blood glucose improvement and body weight loss, 
but it was difficult to recover the blood glucose to normal 
because the selected patients with diabetes had a long 
course of disease and more obviously impaired islet func-
tion. The subjects in this study were overweight or obese 
patients newly diagnosed as T2DM. For the patients 
newly diagnosed as T2DM, the insulin resistance is 
often significant, and the islet function declines to some 
extent, but the impairment of islet function is not so seri-
ous. KD can significantly alleviate the insulin resistance, 
and at the same time, it may reduce body weight and fat. 
Thus, the blood glucose control may be more reliable. 
The innovative point for this study consists in the newly 
diagnosed overweight or obese patients without medica-
tion for blood glucose control, some of whom had blood 
glucose under control through KD regulation, a change 
in diet without medication. For some patients with dia-
betes, this will be greatly different. However, the observa-
tion for this study only lasted 12 weeks, which was not 
enough to clarify the recurrence of hyperglycemia after 
discontinuation of KD.After patients with type 2 diabe-
tes discontinue the periodic ketogenic diet, blood glucose 
may continue to be well controlled in some patients, and 
blood glucose may rise in others. This requires further 
and longer follow-up studies. At the same time, it should 
be noted that hypoglycemia events occurred during the 
KD period, especially during the first 4 weeks. Although 
all of the patients were tolerant in the later stage, we 
should still pay attention to this. In addition, the inevita-
ble serum uric acid increase accompanied with KD can-
not be ignored because it may increase the risk of gout 
attacks. Therefore, during the intervention, it is necessary 
to drink enough water for promoting uric acid excretion, 
and as appropriate, sodium bicarbonate may be given to 
alkalize the urine, thus facilitating the excretion of uric 
acid, and reducing the risk of hyperuricemia. Admittedly, 
although KD may impact weight loss and T2DM greatly, 
it is unpleasant for extremely low carbohydrate. There-
fore, long term adherence to KD in daily life is difficult 
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for most people. At present, it is merely a short-term diet 
pattern for relevant treatment.

Conclusions
The periodic ketogenic diet can control not only weight 
but also blood glucose and blood lipid in patients with 
overweight or obese T2DM. But long-term persistence 
is difficult. It can be a therapeutic model of diet. Some 
newly diagnosed overweight or obese people with type 
2 diabetes may benefit from weight loss, and some 
patients may be able to achieve good blood glucose 
control in a short term without medication.
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