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ABSTRACT
Aims/Introduction: Very few studies assess the effectiveness of different protocols of
intermittent very-low calorie diet (VLCD) in patients with diabetes. This study was
designed to compare the effects of 2 days/week and 4 days/week of intermittent VLCD
on glycemic control, diabetes remission, metabolic parameters and quality of life in
patients with type 2 diabetes and obesity.
Materials and Methods: Participants with obesity and type 2 diabetes were recruited
and randomly assigned to three groups, consisting of control, 2 days/week and 4 days/
week of intermittent VLCD. In the intermittent VLCD groups, participants received a 600-
kcal diet per day on restricted days and ad libitum food consumption on non-restricted
days. Glycemic control, rate of diabetes remission, metabolic parameters and quality of life
were evaluated at baseline, weeks 2, 10 and 20.
Results: A total of 40 participants were enrolled. The mean body mass index was
30.1 – 5.9 kg/m2, and the mean glycated hemoglobin was 7.4 – 1.2%. At week 20, there
was an improvement in glycemic control in both intermittent VLCD groups with signifi-
cant decreases in glycated hemoglobin levels and insulin resistance index throughout the
study periods. Diabetes remission without the need for medications was equally found in
29% of participants in both intermittent VLCD groups. Serum triglyceride, bodyweight,
body mass index and fat mass were also significantly decreased in both VLCD groups. No
serious adverse events were encountered.
Conclusion: Intermittent VLCD was highly effective in achieving optimal glycemic con-
trol. The effects of 2 days/week and 4 days/week of intermittent VLCD on diabetes remis-
sion were relatively similar.

INTRODUCTION
Type 2 diabetes is a progressive disease with a gradual decrease
in b-cell function over time. Recent studies, however, have
shown that inducing negative energy balance can reverse the
underlying defects of type 2 diabetes1. Very-low calorie diet
(VLCD) has been reported to rapidly improve glycemic control

within 1–2 weeks, resulting in diabetes remission2–5. Neverthe-
less, maintaining the beneficial effects of continuous VLCD is
quite challenging, and long-term diabetes remission is closely
related to the ability to maintain long-term weight loss. Unfor-
tunately, weight regain after discontinuation of VLCD is com-
mon, and is detrimental to glycemic and other metabolic
effects that have previously been achieved3,6–8. From the Dia-
betes Remission Clinical Trial (DiRECT), diabetes remission
was closely related to the degree of weight loss maintained atReceived 28 May 2021; revised 22 June 2021; accepted 23 June 2021
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12 months with the achievement rate of 86% in participants
with at least 15 kg weight loss and just 7% of participants who
maintained 0–5 kg weight loss7. Continuous VLCD also
requires careful management of oral hypoglycemic agents to
prevent hypoglycemia and carries a risk of long-term complica-
tions, such as micronutrient deficiency 9.
Intermittent VLCD is one of the modalities proposed to

achieve weight loss in overweight and obese patients10–12. Theo-
retically, it provides more flexibility to optimize individual
results; however, data are scarce on the effectiveness of inter-
mittent VLCD in patients with type 2 diabetes2,13–15. In addi-
tion, there is no standard definition of “intermittent” VLCD,
and no data are available to directly compare different proto-
cols of intermittent VLCD in achieving glycemic control and
diabetes remission.
The present study was designed to compare the effects of

two intermittent VLCD protocols (2 and 4 days/week) with
those of the control group on glycemic control, rate of diabetes
remission, metabolic parameters and quality of life in patients
with type 2 diabetes and obesity.

MATERIALS AND METHODS
Study design
This randomized controlled trial utilized an allocation
ratio of 1:1:1 to 1 of the three groups (2 days per week,
4 days per week of intermittent VLCD and the control
group). Randomization was used to generate an online
random number allocation and was not blinded. The
study was approved by our institutional research ethics
committee (Chulalongkorn University) on 17 November
2016 (certificate of approval number 046/2016). This clin-
ical trial was registered under the Thai Clinical Trials
Registry number 20160118001. Reporting has been
described in detail with the CONSORT guideline stan-
dard. The trial was carried out at the Diabetes, Hormone
and Metabolism Excellence Center of King Chulalongkorn
Memorial Hospital between January 2016 and June 2018.

Participants
Participants were recruited using advertisements posted in
the Hospital. Inclusion criteria were patients aged between
30 and 60 years, and diagnosed with type 2 diabetes within
the previous 10 years with a body mass index (BMI)
≥23 kg/m2 and a glycated hemoglobin (HbA1C) level
between 6.5 and 10%. Type 2 diabetes was defined as a
fasting plasma glucose (FPG) level ≥126 mg/dL or a 2-h
plasma glucose level after a 75-g oral glucose tolerance test
(OGTT) ≥200 mg/dL or use of glucose-lowering medica-
tion(s). Exclusion criteria were fasting C-peptide level
<1 ng/mL, previous use of insulin, previous treatment with
a thiazolidinedione or a glucagon-like peptide-1 receptor
agonist in the past 3 months, serum creatinine more than
1.5 mg/dL and serum alanine aminotransferase more than
2.5-fold above the upper limit of the reference range.

Interventions
The study protocol was composed of two periods: a 2-week
run-in period and an 18-week intermittent caloric restriction
period. In the 2-week run-in period, participants were tried on
VLCD (total calorie intake of 600 kcal/day) for 10 days to
assess compliance. In the 18-week intermittent caloric restric-
tion period, participants received 2 or 4 non-consecutive days/
week of intermittent VLCD. Ad libitum food consumption was
allowed on non-restricted days. A calorie-restricted diet proto-
col in the present study consisted of 55% carbohydrate, 15%
protein and 30% fat. The calories in our study were divided
evenly among the three meals. In some cases, 200 mL of Once-
pro� (Thai Otsuka Pharmaceutical�, Bangkok, Thailand) was
provided to replace one meal. Non-starchy vegetables and other
energy-free beverages were allowed on restricted days. Partici-
pants were encouraged to consume a minimum of 2,500 mL of
water daily. One daily tablet of multivitamin was provided
throughout the study. In the control group, participants
received a normal diet of 1,500–2,000 kcal/day throughout the
study period and continued to receive usual standard diabetes
care. All participants were encouraged to continue their usual
physical activities, and were in close contact with an endocri-
nologist using smartphones to ensure compliance and safety
throughout the study periods. Appointments were made with
an endocrinologist and a dietitian every 2 weeks for 20 weeks.
Blood chemistries, metabolic parameters, bodyweight, body
composition and quality of life were evaluated during each
study period. Dietary record was used to assess dietary compli-
ance.

Medication protocol
All participants were required to self-monitor their blood glu-
cose levels by a fingerstick at least twice per week and when
necessary to prevent hypoglycemia or hyperglycemia. The
records of blood glucose levels were reviewed at each clinical
visit. The medical management protocol was developed under
the Thai national clinical guideline and an endocrinologist was
consulted. At the commencement of VLCD, the dosages of
glucose-lowering medications were reduced by 50%. During the
ensuing run-in period, glucose-lowering medications were either
decreased or discontinued by an endocrinologist based on the
glycemic control. The protocol required discontinuation of a
sulfonylurea if the baseline HbA1C level was ≤6.5%. If the
HbA1C level was >6.5% but <9%, a sulfonylurea was discontin-
ued on the energy restriction days only. During the interven-
tion period, if the mean of all 2-week blood glucose readings
was ≤140 mg/dL, a sulfonylurea was either decreased or discon-
tinued first, followed by an alpha-glucosidase inhibitor and,
finally, metformin. Medications were reinitiated if the mean of
all 2-week blood glucose readings was >140 mg/dL. If the mean
level was >200 mg/dL, medications were increased in a reverse
order following the Thai national clinical guideline. The medi-
cation effect score was used to quantify diabetes medication
changes13. The medication effect score was calculated as the

2 J Diabetes Investig Vol. �� No. �� ��� 2021 ª 2021 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd.

C L I N I C A L T R I A L

Umphonsathien et al. http://wileyonlinelibrary.com/journal/jdi



percentage of the maximum daily dose for each medication
multiplied by an adjustment factor. An adjustment factor was
the reported median absolute decrease in HbA1C for each med-
ication16.A higher score reflects a high use of the medication.

Outcomes and measurements
The primary outcomes were changes in glycemic control
(plasma glucose and HbA1C levels) and the rate of diabetes
remission, defined as a FPG level <126 mg/dL and a HbA1C

level <6.5% in the absence of pharmacological therapy for dia-
betes, at the end of the study. The secondary outcomes were
changes in insulin secretion, insulin sensitivity, anthropometric
parameters, cardiovascular risk factors and quality of life.
All outcome data were collected for all participants at base-

line, and weeks 2, 10 and 20. The OGTT-based measurement
of insulin secretion, insulin sensitivity and insulin resistance
were carried out, in which blood was sampled at 0, 30, 60, 90
and 120 min after a 75-g OGTT to measure glucose, C-peptide
and insulin concentrations. Homeostasis model assessment of
insulin resistance (HOMA-IR) was calculated using the original
equation (fasting plasma insulin [mU/L] 9 fasting plasma glu-
cose [mmol/L] / 22.5). The Matsuda Index was derived to rep-
resent both hepatic and peripheral insulin sensitivity (10,000 / √
[fasting glucose 9 fasting insulin] [mean glucose 9 mean insu-
lin]), whereas the insulinogenic index showed the insulin
response to a glucose challenge (Δinsulin [0–30 min] / Δglu-
cose [0–30 min]). Finally, the oral disposition index, a compos-
ite measure of both insulin secretion and insulin sensitivity, was
also determined ([1 / fasting insulin] 9 [Δinsulin (0–30 min) /
Δglucose (0–30 min)]). Samples for insulin and C-peptide mea-
surements were frozen at -20°C for subsequent analysis
using a solid phase two-site chemiluminescence immunoas-
say kit (Siemens, Erlangen, Germany) with an IMMULITE
1,000 analyzer.
Safety parameters including complete blood count, liver func-

tion, renal function, electrolyte and lipid levels were determined
in the central laboratory. Anthropometric measurement was
collected by use of body composition analysis (Tanita BC-418,
Akita, Japan). Quality of life (QoL) was assessed using the SF-
36 questionnaire, which measured eight health concepts: (i)
physical functioning; (ii) role limitations due to physical health
problems; (iii) bodily pain; (iv) general health perceptions; (v)
vitality, energy or fatigue; (vi) social functioning; (vii) role limi-
tations due to emotional problems; and (viii) general mental
health. The eight scaled scores were the weighted sums of the
questions in their section. Each scale was directly transformed
into a 0–100 scale on the assumption that each question carried
equal weight and a higher score indicated a better health status.

Statistical analysis
Power analysis was used to calculate the sample size based on
data by Williams et al.13 A total of 42 participants (14 partici-
pants in each group) were required to provide 90% statistical sig-
nificance to detect differences in an expected proportion of 0.95.

Statistical analyses were carried out using SPSS 17.0 software
(SPSS, Chicago, IL, USA). All data are presented as the
mean – standard error of the mean (SEM). The v2-test was
used to analyze differences between groups at baseline. Analysis
of variance (ANOVA) with repeated measures was used to detect
changes in metabolic parameters over time during the study
periods. Post-hoc analysis was carried out using the Bonferroni
correction. The primary analysis was carried out according to
the intention to treat analysis protocol. Sensitivity analysis using
the last observation carried forward method assumption was
carried out to impute missing data. Analysis was also carried
out using a linear mix model to adjust the effects of diabetes
medications. Logistic regression analysis was used to determine
independent factors associated with the primary outcomes at
week 20. A P-value <0.05 was considered statistically signifi-
cant.

RESULTS
Participant characteristics
A total of 42 participants with obesity and type 2 diabetes were
recruited, but two were excluded due to meeting the exclusion
criteria (Figure 1). A total of 40 participants (29 women and
11 men) entered the study with 14 participants in the 2 days/
week intermittent VLCD group, 14 participants in the 4 days/
week intermittent VLCD group and the remaining 12 partici-
pants in the control group. All participants completed the study
with no dropouts. Baseline participants’ characteristics are
shown in Table 1. The mean age – SEM was 49.6 – 7.9 years
and the mean BMI – SEM was 30.1 – 5.9 kg/m2. The mean
duration of diabetes – SEM was 4.9 – 3.1 years and the mean
HbA1C level – SEM was 7.4 – 1.1%. More than half of the
study participants had a history of hypertension and dyslipi-
demia, but none had established cardiovascular diseases. The
differences among the three groups were not statistically signifi-
cant. The majority of participants were prescribed glucose-
lowering medications as monotherapy or dual therapy. A num-
ber of glucose-lowering medications prescribed at baseline were
comparable. Metformin was most commonly prescribed (100%
in the control group, 79% in the 2 days/week intermittent
VLCD group and 93% in the 4 days/week intermittent VLCD
group, P = 0.174). The use of sulfonylurea was also not signifi-
cantly different among the three groups (50% in the control
group, 29% in the 2 days/week intermittent VLCD group and
57% in the 4 days/week intermittent VLCD group, P = 0.289).
The overall compliance to intermittent VLCD by self-report
dietary records in both groups was excellent (≥95%).

Changes in glycemic control and rate of diabetes remission
After VLCD, rapid improvements in FPG and 2-h plasma glu-
cose levels after an OGTT were observed at week 2 in both of
the intermittent VLCD groups compared with those of the con-
trol group, and were sustained until week 20, as shown in Fig-
ure 2 and Table 2.
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The three groups did not differ in FPG levels at the end of
the study. However, participants in the 4 days/week group were
more likely to attain lower FPG, 2-h plasma glucose and
HbA1C levels compared with those in the 2 days/week and
control groups (Table 2).
At week 20, the change from baseline in the mean – SEM

FPG level was -39.7 – 12.5 mg/dL in the 4 days/week group
(P = 0.003), -25.1 – 12.5 mg/dL in the 2 days/week group
(P = 0.051) as compared with -7.9 – 13.5 mg/dL in the con-
trol group (P = 0.56), with a mean difference (each of the
intermittent VLCD groups vs placebo) of 17.3 – 14.6 and
6.3 – 14.6 mg/dL (P = 0.244 and 0.669, respectively). The
mean difference in the change in the mean FPG level between
the 2 days/week and the 4 days/week intermittent VLCD
groups was 10.7 mg/dL (95% confidence interval -10.3 to 33.0,
P = 0.439). Similarly, greater improvements in glucose tolerance
after an OGTT were observed in both of the intermittent
VLCD groups than that in the control group (Table 2).
At week 20, the mean HbA1c – SEM fell by 1.2 – 0.3% in

the 4 days/week group (P = <0.001), 0.7 – 0.3% in the 2 days/
week group (P = 0.042), and by 0.1 – 0.3% in the control
group (P = 0.862). In addition, the three groups differed in the
percentage of patients who attained a HbA1C level of <6.5% at
week 20; that is, 10 participants (64%) in the 4 days/week
group achieved a HbA1C level of <6.5%, whereas just five
patients (29%) in the 2 days/week group and two patients
(25%) in the control group, although the difference did not
reach statistical significance (P = 0.07).
At the end of week 20, diabetes remission without need for

glucose-lowering medications was found in 29% of participants in
both the 2 days/week and the 4 days/week of intermittent VLCD

groups compared with none of the participants in the control
group (P = 0.117; Table 3, Figure 3). Glucose-lowering medica-
tions were successfully withdrawn in 58% of the control group,
64% of the 2 days/week group and 86% of the 4 days/week group
(P = 0.267; Table 3, Figure 3). The total mean – SEM medica-
tion effect score of sulfonylurea and metformin decreased signifi-
cantly over time and were relatively similar in all three groups
(Table 4), suggesting the lower use of themedications.
After adjusting for different medication use and dosage

changes among different participants with a linear mixed model
analysis, similar results in plasma glucose levels were obtained.
In a stepwise linear regression, no significant effects of age,
duration of diabetes, HbA1C level or changes in bodyweight
and body composition were observed on diabetes remission.

Changes in insulin resistance/insulin sensitivity and insulin
secretion indices
In both intermittent VLCD groups, there were significant
improvements in insulin resistance, as reflected in HOMA-IR
at week 20 (Table 2), and the mean difference in changes in
HOMA-IR between the 2 days/week group and the 4 days/
week group at week 20 was not significantly different (mean
difference 0.1, 95% confidence interval -1.9 to 2.0, P = 0.924).
An improvement in the Matsuda Index, an index of insulin
sensitivity, was seen only in the 4 days/week group at week 10,
but not at week 20. Changes in the insulinogenic index, an
index of insulin secretion, showed a significant improvement in
the 4 days/week group only at week 20. Finally, significant
changes in the disposition index, a composite measure of insu-
lin secretion and insulin sensitivity, were also observed in the
4 days/week group only at week 20 (Table 3).
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40 Randomized

12
Control group

12 Completed 14 Completed 14 Completed
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Figure 1 | CONSORT flow diagram. TCTR, Thai Clinical Trials Registry; VLCD, very low-calorie diet.
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Table 1 | Baseline characteristics of the participants

Variable Control
(n = 12)

2 days/week intermittent VLCD
(n = 14)

4 days/week intermittent VLCD
(n = 14)

Baseline demographics
Age (years) 52.0 – 6.0 49.5 – 7.2 47.6 – 7.9
Female sex (%) 83.3 85.7 50.0
Duration of diabetes (years) 5.2 – 3.2 5.5 – 3.0 3.1 – 2.8
No. oral diabetes medication (%)
Diet alone 0 21 7
1 42 50 36
≥2 58 29 57

Types of oral diabetes medication (%)
Metformin 100 79 93
Sulfonylureas 50 29 57

Hypertension (%) 45.5 64.3 66.7
Dyslipidemia (%) 72.7 71.4 75.0
Glycemic control and indices
FPG (mg/dL) 145.1 – 14.0 156.0 – 13.0 159.6 – 12.8
2-h glucose after an OGTT (mg/dL) 306.7 – 26.4 318.2 – 24.4 349.2 – 24.4
HbA1C (%) 6.9 – 0.3 7.5 – 0.3 7.7 – 0.3
HOMA-IR 3.66 – 1.14 4.31 – 1.06 4.52 – 1.06
Matsuda Index 5.24 – 0.96 4.94 – 0.89 4.71 – 0.89
Insulinogenic index 0.12 – 0.04 0.10 – 0.03 0.14 – 0.03
Disposition index 0.44 – 0.11 0.16 – 0.14 0.36 – 0.10

Metabolic parameters/cardiovascular risk factors
Total cholesterol (mg/dL) 188.8 – 12.5 181.1 – 11.5 201.5 – 11.5
Triglyceride (mg/dL) 148.2 – 18.2 170.4 – 16.9 139.3 – 16.9
HDL cholesterol (mg/dL) 50.3 – 2.4 51.4 – 2.3 43.7 – 2.2
LDL cholesterol (mg/dL) 118.1 – 11.8 104.6 – 10.9 135.2 – 10.9
AST (U/L) 21.7 – 3.0 19.6 – 2.8 31.1 – 2.8
ALT (U/L) 24.5 – 3.9 19.5 – 3.6 32.9 – 3.6
ALP (IU/L) 72.0 – 6.5 67.4 – 6.0 71.6 – 6.0
Albumin (g/dL) 4.4 – 0.1 4.3 – 0.1 4.3 – 0.1
Creatinine (mg/dL) 0.6 – 0.1 0.7 – 0.04 0.7 – 0.1
Systolic BP (mmHg) 140.4 – 5.5 122.9 – 5.1 140.9 – 5.1
Diastolic BP (mmHg) 80.3 – 4.3 74.9 – 4.0 85.6 – 4.0

Anthropometric parameters
Bodyweight (kg) 73.6 – 6.0 77.2 – 5.5 82.9 – 5.5
BMI (kg/m2) 29.1 – 1.7 29.9 – 1.6 31.0 – 1.6
Waist circumference (cm) 93.3 – 3.9 94.8 – 3.6 96.2 – 3.8
%Fat (%) 36.0 – 2.2 37.7 – 2.0 32.1 – 2.0
Fat mass (kg) 26.4 – 3.3 29.7 – 3.1 27.9 – 3.1
Fat free mass (kg) 47.2 – 3.8 47.5 – 3.5 55.1 – 3.5
Muscle mass (kg) 44.9 – 3.6 45.5 – 3.4 52.4 – 3.4
Total body water (kg) 46.9 – 2.0 45.6 – 1.8 47.8 – 1.8

Quality of life
SF-36 (point) 2,563 – 163 2,444 – 151 2,081 – 151

Data are the mean – standard error of the mean, unless otherwise specified. ALT, alanine aminotransferase; ALP, alkaline phosphatase; AST, aspar-
tate aminotransferase; BMI, body mass index (calculated as weight in kilograms divided by height in meters squared) ; BP, blood pressure; FPG, fast-
ing plasma glucose; HbA1C, glycated hemoglobin; HDL, high-density lipoprotein; HOMA-IR, homeostasis model assessment of insulin resistance; LDL,
low-density lipoprotein; OGTT, oral glucose tolerance test; SF-36, short-form 36 items (measuring eight health concepts: (i) physical functioning; (ii)
role limitations due to physical health problems; (iii) bodily pain; (iv) general health perceptions; (v) vitality, energy or fatigue; (vi) social functioning;
(vii) role limitations due to emotional problems; and (viii) general mental health. It consisted of eight scaled scores, which were the weighted sums
of the questions in their section. Each scale was directly transformed into a 0–100 scale on the assumption that each question carried equal weight;
a higher score indicated a better health status); VLCD, very low-calorie diet.
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Changes in bodyweight and body composition
All three groups had significant decreases in weight and BMI at
weeks 10 and 20 (Table 2). The average weight loss – SEM at
week 20 was 8.6 – 1.3 kg (equivalent to 10.4% of participants’
initial bodyweight) in the 4 days/week intermittent VLCD group,
5.5 – 1.3 kg (equivalent to 7.1% of their initial bodyweight) in the
2 days/week group and 4.9 – 1.4 kg (equivalent to 6.7% of their
initial bodyweight) in the control group.We found no significance
differences in changes in bodyweight among the three groups.
Similarly, the mean BMI – SEM decreased by 3.6 – 0.5 kg/m2 in
the 4 days/week group, 2.1 – 0.5 kg/m2 in the 2 days/week
group and 2.0 – 0.6 kg/m2 in the control group, with no signifi-
cant differences among the three groups.
Weight loss was predominantly due to fat loss. There were

marked decreases in the percentage of fat and fat mass in all
groups, and there were no significant differences among the
three groups at weeks 10 and 20 (Table 2).

Changes in metabolic parameters
At weeks 10 and 20, the mean serum triglyceride levels were
significantly decreased in both the 4 days/week and the 2 days/
week groups (Table 2). Changes in serum levels of total choles-
terol, low-density lipoprotein cholesterol and high-density
lipoprotein cholesterol were, however, not statistically significant
when compared with their baseline values.
Participants in the 4 days/week intermittent VLCD group

also had significant decreases in aspartate transaminase and ala-
nine aminotransferase levels, and systolic blood pressure at
weeks 10 and 20 (Table 2). There were no significant differ-
ences among the three groups in terms of changes in serum
albumin, hemoglobin/hematocrit or creatinine at week 20 (data
not shown).

Changes in quality of life
There was a significant improvement in quality of life scores in
both intervention groups at week 10 and only in the 4 days/week
at week 20 (Table 2), which was primarily due to significantly
higher scores in certain domains, such as role limitations due to
physical health and health change domains (data not shown).

Safety/side-effects
During the 20-week period, no serious adverse events were
observed. No severe hypoglycemia was found.

DISCUSSION
To our knowledge, this is the first randomized controlled trial
comparing 2 days/week of intermittent VLCD with 4 days/
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week and the control group in patients with obesity and type 2
diabetes. Our current study showed that either 2 days/week or
4 days/week of intermittent caloric restriction was relatively
comparable and highly effective in improving glycemic control.
Glucose-lowering medications could be successfully withdrawnTa
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Table 3 | Rate of diabetes remission and discontinuation of diabetes
medications at weeks 10 and 20

Variable Time Group Total

(n =
40)Control

(n = 12)
2 days/week
intermittent
VLCD

(n = 14)

4 days/week
intermittent
VLCD

(n = 14)

Diabetes remission† Week 10 2 (17%) 3 (21%) 4 (29%) 9 (23%)
Week 20 0 (0%) 4 (29%) 4 (29%) 8 (20%)

Discontinuation of
diabetes
medications‡

Week 10 7 (58%) 10 (71%) 14 (100%) 31 (78%)
Week 20 7 (58%) 9 (64%) 12 (86%) 28 (70%)

During the run-in period, a sulfonylurea was discontinued if the base-
line glycated hemoglobin level was ≤6.5%. If the glycated hemoglobin
level was >6.5% but <9%, a sulfonylurea was discontinued on the
energy restriction days only. During the intervention period, if the mean
of all 2-week blood glucose readings was ≤140 mg/dL, a sulfonylurea
was either decreased or discontinued first, followed by an alpha-
glucosidase inhibitor and, finally, metformin. Medications were reiniti-
ated if the mean of all 2-week blood glucose readings was >140 mg/
dL. If the mean level was >200 mg/dL, medications were increased in
a reverse order. †Diabetes remission was defined as a fasting plasma
glucose level <126 mg/dL and glycated hemoglobin level <6.5% in the
absence of pharmacological therapy for diabetes, at the end of the
study. ‡Diabetes medication protocol. VLCD, very low-calorie diet.

Diabetes remission No glucose-lowering 
medication

Control

Intermittent VLCD
2 days/week

Intermittent VLCD
4 days/week

58.3%

64.3%

85.7%

28.6%

28.6%

Figure 3 | The percentage of diabetes remission at week 20, defined
as a fasting plasma glucose (FPG) level <126 mg/dL and glycated
hemoglobin <6.5% without the use of glucose-lowering medications
(left panel) and the percentage of participants with no glucose-
lowering medications at week 20 (right panel). VLCD, very-low calorie
diet.
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in 64–86% of the intermittent VLCD groups. At the end of the
study, diabetes remission was found in almost one-third of the
participants in both of the VLCD groups.
VLCD has been shown to improve glycemic control, resulting

in diabetes remission.We and others have previously reported that
continuousVLCD is highly effective in inducing short-term remis-
sion of diabetes 6–8; however, our long-term result has shown that
only one-third of participants remained in optimal glycemic con-
trol without restarting diabetes medications 12 months after
VLCD had ended6. The beneficial effects of VLCD seem to dimin-
ish after the recurrence of weight increase3,6,7. In this regard, the
use of intermittent VLCDmight be an interesting option for obese
patients who find it difficult to adhere to continuous VLCD to
maintain weight loss17, as intermittent VLCD provides more flexi-
bility than continuous VLCD18–25.
So far, there have been only a few intermittent VLCD studies

carried out in obese patients with type 2 diabetes2,13–15. The
majority of studies have shown that intermittent VLCD could
improve glycemic control with the reduction of HbA1C by
approximately 0.3–1.5%. The change in HbA1C level in the pre-
sent study (0.7–1.2%) is comparable to the changes seen in the
previous trials. Changes in body composition, such as body-
weight, fat mass and fat free mass, are also similar to what has
been reported in the previous trials of obese individuals without
type 2 diabetes15,16,21,26–28.
Currently, it should be noted that there is no standard defi-

nition of “intermittent” caloric restriction/VLCD, and it is
extremely difficult to compare various methods of intermittent
VLCD among various studies because of the differences in the
study populations, the duration of studies and the types of
VLCD. Nevertheless, the main result of the present study
showed that the beneficial effects of intermittent VLCD could

be achieved using only 2 days/week of VLCD and the rate of
diabetes remission was comparable to that of 4 days/week,
although the beneficial effects in several metabolic parameters
were more pronounced in the 4 days/week group.
A recent study comparing intermittent energy restriction

(2 days/week of 500–600 kcal/day diet) with continuous energy
restriction (1,200–1,500 kcal/day diet, 7 days/week) in patients
with type 2 diabetes has shown that glycemic improvement is
comparable16. At 12 months, the reductions in the mean
HbA1C level, weight change, BMI, fat mass and fat-free mass
were relatively similar between the intermittent and the contin-
uous energy restriction groups 15.
The mechanism by which intermittent energy restriction

modulates diabetes remission is not well understood. In the
present study, we found a significant reduction in HOMA-IR, a
marker of insulin resistance, but we did not observe a signifi-
cant change in the Matsuda Index, which represented whole-
body insulin sensitivity. In the 4 days/week intermittent VLCD
group, we observed improvements in insulinogenic index and
disposition index, suggesting that intermittent VLCD might
exert beneficial effects on insulin secretion or b-cell function.
These results are similar to those of our previous study using
continuous VLCD for 8 weeks, which has shown improvement
in both insulin resistance and b-cell function6.
The present study had certain limitations. First, the sample

size was small and was restricted to an Asian population not
on insulin therapy only. Second, the slight improvement in the
control group might be due to minor differences in baseline
data or it could be attributed to some contamination in individ-
uals with intention to lose weight. We observed deliberate
weight loss in the control group, which could have affected the
outcomes and statistical comparisons between groups. Third,

Table 4 | Medication effect score of sulfonylurea and metformin at various time points

Variable Groups Week 0 Week 10 Week 20

Mean – SEM P-value Mean – SEM P-value Mean – SEM P-value

Medication effect
score sulfonylurea

Control
(n = 12)

0.45 – 0.15 – 3.469E-1018 – 0.02 0.003 3.469E-1018 – 0.02 0.003

2 days/week intermittent
VLCD (n = 14)

0.23 – 0.13 – 0.05 – 0.02 0.202 0.05 – 0.02 0.202

4 days/week intermittent VLCD
(n = 14)

0.41 – 0.13 – -3.966E-1018 – 0.02 0.004 -3.966E-1018 – 0.02 0.004

Medication effect
score metformin

Control
(n = 12)

0.64 – 0.10 – 0.32 – 0.10 0.003 0.21 – 0.07 <0.001

2 days/week intermittent VLCD
(n = 14)

0.48 – 0.10 – 0.22 – 0.10 0.07 0.18 – 0.07 0.006

4 days/week intermittent VLCD
(n = 14)

0.52 – 0.10 – 2.780E-1018 – 0.10 <0.001 0.02 – 0.07 <0.001

Medication effect score (MES = [actual drug dose / maximum drug dose] 9 drug mean adjustment factor). The MES was calculated as the per-
centage of the maximum daily dose for each medication multiplied by an adjustment factor. An adjustment factor was the reported median abso-
lute decrease in glycated hemoglobin for each medication. It was used to quantify diabetes medication changes and a higher score reflected a
high use of the medication. VLCD, very-low calorie diet.
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although we provided VLCD and recorded caloric intake on
restricted days, we allowed ad libitum intake on non-restricted
days and did not record caloric intake on those days. Therefore,
participants might consume less caloric intake on non-
restricted days. Finally, the present study was limited to
20 weeks, and longer-term follow-up data are required to eval-
uate the durability of diabetes remission.
The present study showed that intermittent caloric restriction

for 2 days/week and 4 days/week were highly effective in achiev-
ing glycemic control without serious adverse events. Improve-
ment in glycemic control was associated with a reduction in
insulin resistance, and improvements in insulin secretion, body-
weight, BMI, body composition, cardiovascular risk factors and
quality of life. The rate of diabetes remission in individuals using
VLCD 2 days/week was comparable to that of 4 days/week, sug-
gesting that this modality of treatment might have great clinical
implications for patients with type 2 diabetes and obesity.
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