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Abstract

Context: The 2021 consensus report on the definition and interpretation of remission of type 2 diabetes (T2D) has been released. Although
intermittent fasting diets (IF) are becoming very popular, no studies have investigated their benefit in diabetes remission.

Objective: The present study examined the effectiveness of IF in diabetes remission and potential remission durability.

Methods: Participants between ages 38 and 72 years with a duration of T2D of 1 to 11 years, a body mass index (BMI) of 19.1 to 30.4, 66.7 %
male, and antidiabetic agent use and/or insulin injection were randomly allocated at a ratio of 1:1 to the Chinese Medical Nutrition Therapy (CMNT)
or control group. The primary outcome was diabetes remission, defined as a stable glycated hemoglobin A, (HbA, ) level of less than 48 mmol/mol
(< 6.5%) for at least 3 months after discontinuing all antidiabetic medications. The secondary outcomes included HbA;. level, fasting blood
glucose level, blood pressure, weight, quality of life, and medication costs. We conducted a 12-month follow-up to assess the continuation of
remission.

Results: On completing the 3-month intervention plus 3-month follow-up, 47.2% (17/36) of participants achieved diabetes remission in the
CMNT group, whereas only 2.8% (1/36) of individuals achieved remission in the control group (odds ratio 31.32; 95% ClI, 2.39-121.07;
P<0.0001). The mean body weight of participants in the CMNT group was reduced by 5.93 kg (SD 2.47) compared to 0.27 kg (1.43) in the
control group. After the 12-month follow-up, 44.4% (16/36) of the participants achieved sustained remission, with an HbA. level of 6.33%
(SD 0.87). The medication costs of the CMNT group were 77.22% lower than those of the control group (60.4/month vs 265.1/month).
Conclusion: This study demonstrated the clinical efficacy of CMINT in achieving diabetes remission for at least 1 year.

Key Words: randomized controlled trial, diet, diabetes remission, intermittent calorie-restricted diet

Abbreviations: BMI, body mass index; CMNT, Chinese Medical Nutrition Therapy; DiRECT, Diabetes Remission Clinical Trial; EQ-5D-5L, 5-level EuroQol 5
Dimensions; FBG, fasting blood glucose; FFQ, Food Frequency Questionnaire; HbA,, glycated hemoglobin A;.; IF, intermittent fasting; T2D, type 2 diabetes.

Type 2 diabetes (T2D) is a lifelong progressive disease charac-
terized by insulin resistance and hyperglycemia. Intensive
therapy is required over time, with most patients ultimately re-
quiring 2 or more medications to achieve and maintain gly-
cemic control goals (1). T2D causes a significant increase in
premature mortality, comorbidity, and health care costs and
lowers quality of life (2-5). According to the International
Diabetes Federation, diabetes-related health expenditure has

grown considerably 316% over 15 years, from $232 billion
in 2007 to $966 billion in 2021 (6).

Despite a widespread public consensus that T2D is irrevers-
ible and requires drug treatment escalation (7, 8), there is
some evidence for the possibility of remission (9-12). The
randomized controlled Diabetes Remission Clinical Trial
(DiRECT) in the United Kingdom showed that 46% of non—
insulin-taking participants achieved remission through energy
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restriction (11). An intensive lifestyle intervention led to dia-
betes remission in more than 60% of Middle Eastern partici-
pants who were younger (aged 18-50 years) and had a shorter
duration of diabetes (0-3 years) (12). Increasing evidence of
sustained improvement of glucose levels into the normal range
has prompted a reevaluation of terminology and definitions
(13). In 2021, a consensus statement initiated by the
American Diabetes Association proposed a new diabetes re-
mission criteria of glycated hemoglobin A;. (HbA;.) less
than 6.5% (48 mmol/mol) measured at least 3 months after
cessation of glucose-lowering pharmacotherapy. Subsequent
measurements of HbA . at least annually are advised to con-
firm the continuation of remission (14).

Intermittent fasting (IF) is defined as periods of fasting inter-
spersed with periods of ad libitum eating and has been a diet-
ary strategy in managing chronic disorders. Three types of IF
have received the most research attention: alternate-day fast-
ing, the 5:2 diet, and time-restricted eating (15). Numerous
animal studies have demonstrated improvements in insulin re-
sistance, HbA ., long-term weight, and cardiometabolic ben-
efits (16). Meta-analyses of randomized controlled trials
indicated that intermittent energy restriction involving 2 to
3 days of periodic fasting led to reduced weight loss and
body fat (17). Although some studies have investigated the
health benefits of IF in humans, the efficiency in the context
of diabetes remission remains to be elucidated and the long-
term sustainability of dietary patterns needs further observa-
tion. The Chinese Medical Nutrition Therapy (CMNT) diet
is a new proposed dietary approach based on IF involving 5
fasting days followed by 10 days of reintroducing everyday
food items. The CMNT diet contains daily foods such as
wheat, barley, rice, rye, and oat, and features reduced glycem-
ic loads, calories, and carbohydrates, as well as increased un-
saturated fatty acids (18, 19).

Here we present a randomized, controlled clinical study to
investigate the efficacy of the CMNT diet on the induction of
diabetes remission. We evaluated diabetes remission as the
primary outcome, which was defined as stable HbA,, levels
less than 6.5% (48 mmol/mol) after discontinuing antidia-
betic medication for at least 3 months. We conducted a
12-month follow-up to confirm the continuation of remission.
Secondary outcomes included HbA . level, fasting blood glu-
cose (FBG), blood pressure, weight, quality of life, and medi-
cation costs of the participants before and after the
intervention.

Materials and Methods

Study Design and Participants

This was a parallel-design, open-label, randomized controlled
trial. The study was performed in accordance with the
International Conference on Harmonisation Good Clinical
Practice guidelines and the ethical principles described in the
Declaration of Helsinki. It was conducted at primary care cen-
ters in the local community. Patients were independently re-
cruited on various dates from January 2, 2019, to June 2,
2020. Each patient was closely monitored for 3 months during
the intervention and for 12 months during follow-up. Their
last days of intervention fell between May 2, 2019, and
November 10, 2020. The study was approved by the
Chinese Ethics Committee of Registering Clinical Trials
(ChiECRCT20200235). All patients signed a written in-
formed consent form prior to their participation.

Eligible participants were those who had been diagnosed with
T2D based on the 1999 World Health Organization recommen-
dations; who were between ages 18 and 75 years; who had a
body mass index (BMI) between 18 and 35; who took T2D
medications such as sulfonylureas, meglitinides, metformin, di-
peptidyl peptidase-4 inhibitors (DPP44i), glucagon like peptide-1
agonist (GLP1-RA), thiazolidinedione, and insulin; and who
could understand and carefully follow study directions.

Individuals were excluded if they had a diabetes type other
than T2D; had used other medications that may affect blood glu-
cose levels within 2 months; had used nonspecific dosages of
antihypertensive or blood lipid-regulating drugs before screen-
ing; had New York Heart Association grade III or IV decompen-
sated cardiac insufficiency; had unstable angina pectoris,
coronary artery bypass grafting, myocardial infarction, or stent
implantation history; had a history of 2 or more episodes of se-
vere hypoglycemia within 6 years; had a past or present history
of eating disorders; had systolic blood pressure greater than or
equal to 160 mm Hg and/or diastolic blood pressure greater
than or equal to 100 mm Hg; were pregnant or breastfeeding;
or had other conditions that were unsuitable for participation
as judged by the investigator or a medical expert in this study.

Randomization and Masking

Participants were randomly allocated at a ratio of 1:1 to the
CMNT or the control group with SAS/Base statistical soft-
ware (SAS Inc) based on random numbers generated by the tri-
al statistician. The study was assessor-blinded, as the nurses
who performed the data collection (eg, weight, height, dia-
betes duration, medication dosage, and blood samples) and
the technicians who conducted laboratory work were blinded
to the assignment.

Procedures

Individuals were randomly allocated at a ratio of 1:1 to the
CMNT group or the control group using a computer-based
random number generator. Then, they entered a 3-month inter-
vention period that included 6 cycles of 15 intervention days. In
each cycle, the CMNT group was assigned a diet with 5 modi-
fied fasting days (~840 kcal/day), during which patients were
given CMNT Kkits at their regular meal schedule (ingredients
see Table 1). During the fasting period, participants were in-
structed to choose a habitual time between 06:30 and 08:30
to start eating breakfast and to consume lunch and dinner be-
tween 11:00 and 13:00 and between 17:00 and 19:00, respect-
ively. In the following 10 days of the ad libitum diet period,
participants consumed ad libitum diets, as was done for the en-
tire period in the control group (Fig. 1). Both groups followed
Dietary Guidelines for Diabetes in China (2017 Edition) with
foods of their choice during the consumption of ad libitum di-
ets. During the period of follow-up, the CMNT and control
groups both followed the ad libitum diets instead of the
CMNT diet. The guidelines recommended a dietary approach
that is rich in fiber (> 5 g fiber per serving) with low glycemic
index carbohydrates. The macronutrient recommendations
are as follows: approximately 50% to 65% of total energy in-
take from carbohydrates, 15% to 20% from protein, and ap-
proximately 20% to 30% from fat. The saturated fatty acid
intake was not to exceed 7% of total calories. Both groups
were supervised by nurses trained with the clinical standard
protocol. Participants were reviewed by the study team to col-
lect outcome data at baseline, postintervention (3 months), and

€20z AInr gz uo Jesn bl ap systaniun Aq 5008889/S 1 71/9/80 L/2101He/Wadl/woo dnoolwspede//:sdiy woly papeojumoq



The Journal of Clinical Endocrinology & Metabolism, 2023, Vol. 108, No. 6 1417

Table 1. Chinese Medical Nutrition Therapy diet calorie content and ingredients

Calorie information

Solid beverages

Fruit and vegetable gruel

Composite nutritional rice Meal replacement biscuit

Energy density (kcal/100g) 576.24 533.22 358.75 489.96
Protein (g/100g) 7.20 3.40 10.50 7.10
Protein % 5.28 2.52 11.86 5.97
Fat (g/100g) 50.00 30.80 1.80 18.20
Fat % 84.09 52.39 4.66 35.13
Carbohydrates (g/100g) 14.50 60.80 73.90 70.00
Carbohydrates % 10.63 45.09 83.48 58.90
Fiber (g/100g) 23.90 — — 8.20
Sodium (mg/100g) 63.00 95.00 41.20 264.00
Diet ingredients
Daily intake Note
Breakfast
Fruit and vegetable 50g Fresh pumpkins, pumpkin seed kernel oil, maltodextrins, isomalto-oligosaccharide, casein, resistant
gruel (266.61 kcal) dextrin, sodium ascorbate, potassium citrate, monoglycerides and diglycerides of fatty acids esters,
vitamin E, tea polyphenols, and silicon dioxide
Lunch
Solid beverages 25g Pumpkin seed kernel oil, isomalto-oligosaccharide, casein, resistant dextrin, sodium ascorbate,
(144.06 kcal) potassium citrate, Monoglycerides and diglycerides of fatty acids esters, vitamin E, tea polyphenols,
and silicon dioxide
Composite 60g Rice, millet, corn, buckwheat, quinoa, oat, spinach powders, lily root flour, cucumber powders,
nutritional rice (215.25 kcal) mushroom powder, wheat dietary fiber, bitter melon, pumpkins, potato, purple potato, sweet potato,
mung bean, Konjac flour, inulin, Fructus lyci, Ganoderma lucidum, Folium Mori, Poria cocos,
Dioscorea opposita Thunb. (Chinese yam), Radix puerariae, Cordyceps militaris, Momordica
grosvenori, and edible refined salt
Dinner
Solid beverages 25g Pumpkin seed kernel oil, isomalto-oligosaccharide, casein, resistant dextrin, sodium ascorbate,
(144.06 kcal) potassium citrate, mono-and diglycerides of fatty acids esters, vitamin E, tea polyphenols, and silicon
dioxide
Biscuit 30g Wheat flour, MAIKEREN]JIA, mix powder (quinoa, white kidney, wheat germ, azuki bean, black beans,
(146.99 kcal) yellow beans, Liriopes radix, glutinous rice, black rice, maize, round bract Plantago ovata husk

powder, oat, buckwheat, Chinese yam, hawthorn, roselle, millet, brown rice, Chinese jujube, Chinese
wolfberry, pecan nuts, chia seed, black sesame, white sesame, shiitake mushroom, Laminaria
hyperborean, coffee), edible vegetable oils, potato protein, wheat dietary fiber powder, resistant
dextrin, maltodextrin, and L-arabinose

follow-up (3 and 12 months). All participants completed an in-
formed consent form and guaranteed to supply real data about
food intake at the beginning of the trial. Assessment was based
on participant adherence to the diet and meal timing schedule.
To assess compliance, participants were required to record in
diet diaries and send them privately to the investigators. Food
Frequency Questionnaires (FFQs) were used to record the
food items and quantity consumed during the ad libitum diet
periods for both groups (20). The records were collected at
baseline and 3 months’ intervention and 12 months’ follow-up
to assess the energy content of the foods consumed
(Supplementary Table S2 [21]). The FFQ recorded the numbers
of various types of food. An investigator who had obtained a
good clinical practice certificate estimated the energy content
of the daily meal, and another investigator double-checked
the data.

All dosages of antidiabetic medications were stable at least
2 months before the initiation of the study. All patients contin-
ued taking their initially prescribed antidiabetic medications at

the beginning of the study. The ingredients of the CMNT kit
are commercially available and are listed in Table 1. The
State Key Laboratory of Subhealth Intervention Technology
in China standardized prepared precooked meals and distrib-
uted them to participants. The meals were in the form of
rice, biscuits, and solid beverages. To prepare a meal, the par-
ticipant needed to mix the given material with boiling water.
The kit contains approximately 840 kcal/day (46% carbohy-
drates, 46% fat, 8% protein, Table 1). Participants in the
CMNT group were limited to consuming the provided kits
during the § fasting days. Intake of noncaloric beverages was
allowed. Both groups maintained their usual exercise habits.

Medication Reduction

Dosages of antidiabetic medications were adjusted and re-
corded by physicians depending on blood glucose levels (clas-
sification of antidiabetic agents based on action duration see
Supplementary Approaches [21]). Adverse events were re-
corded and monitored using standardized questionnaires,
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CMNT group

Control group
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Screening
Participant characteristics o
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Medication dosage

Medication cost
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Quality of life
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o
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Figure 1. Achart of the Chinese Medical Nutrition Therapy (CMNT) intervention. Individuals were randomly allocated to the CMINT group or the control
group. They were followed for 90 days, which included 6 cycles of 15 intervention days. During each cycle, the CMNT group was assigned a diet with 5
modified fasting days, during which time patients were given CMNT kits on their regular meal schedule. In the following 10 days of the ad libitum period,
patients were able to reintroduce everyday food items. The control group consumed their ad libitum diet for 15 days.

diaries, and interviews at each study visit. According to the
protocol, the participants consumed for 5 days an intermittent
calorie-restricted CMNT diet followed by 10 days of the ad li-
bitum diet as a cycle. When participants reached the criteria of
antidiabetic medication reducing, the physician followed the
principles to adjust the medication:

1. When participants achieved FBG or postprandial blood
glucose (PBG) less than or equal to 5 mmol/L, the phys-
ician reduced the usage of antidiabetic medications.

2. IfFBG was less than or equal to 5 mmol/L, priority would be
given to reduce medium, long-acting and ultra-long-acting
hypoglycemic agents; if PBG was less than or equal to 5
mmol/L, it would reduce the short-acting and
ultra-short-acting hypoglycemic agents of corresponding
meals.

3. Ifthe action duration of the agents is the same or similar, the
agents were reduced according to the following priority: in-
sulin > insulin secretagogues agent > noninsulin secreta-
gogues agent.

QOutcomes

The primary outcome was diabetes remission, which was de-
fined as a stable HbA . level less than 48 mmol/mol (< 6.5%)
after at least 3 months of not taking antidiabetic medication.

The secondary outcomes included HbA . level, FBG level
(specification attached in Supplementary Approaches [21]),
blood pressure, weight, quality of life, and medication costs.
All measurements, including anthropometric, blood pressure,
and biochemical assessments, were performed at baseline and
at the end of the intervention. Anthropometric measurements
were conducted while participants were barefoot and wearing
light clothing after an overnight fast. Body weight was meas-
ured to the nearest 0.1 kg while participants were in light
clothing without shoes, and height was measured to the near-
est 0.1 cm. BMI was calculated as weight [kg]/height® [m?].
Blood pressure was measured twice on the right arm using
an automatic sphygmomanometer, with a 15-minute interval
between measurements after the participants had been seated
quietly for 5 minutes. The 5-level EuroQol 5 Dimensions
(EQ-5D-5L) is a validated quality-of-life questionnaire
that measures the effects of disease and health status on per-
ceived quality of life (Supplementary Approaches [21]). The
EQ-5D-5L is measured on a visual analog scale, and general
well-being was measured by the Health Utility Score; both
scales were obtained from the EQ-5D-5L. Five health-related
quality-of-life dimensions (mobility, self-care, usual activities,
pain/discomfort, and anxiety/depression) have been de-
scribed, all of which can be reflected by 1 of 5 responses de-
pending on the level of severity (22). The questionnaires
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used in this study have been validated or used in similar settings.
Participants brought all prescription medications to the baseline
and 12-month follow-up visits to ensure recording accuracy.
Physicians entered the dosage and usage of medications into
the study database. Medication costs were estimated as the
cost of a 1-month supply of medication as listed on the website
of a national online pharmacy (https:/mall.jd.com/index-
1000015441.html). When the cost varied by medication dose,
a dosage of 50% of the maximal recommended or effective
dose was used. Costs are presented in 2020 China prices (CNY).

Statistical Analysis

The primary outcome was diabetes remission. A type I error of
5% (a=0.05) and a type Il error of 20% (B = 0.20, power =
80%) were assumed. According to primary care-led weight
management for remission of T2D (DiRECT) (11), calcula-
tions assumed diabetes remission would occur in 22% of par-
ticipants in the intervention group (the effect size deemed
clinically meaningful difference) compared with an estimated
5% in the control group. Allowing for an approximate 15%
dropout rate, a total of 72 participants were recruited. We cal-
culated the required sample size using the following formula:

" 71(100 — 71) + #2(100 — =2) % f(a, f)

(2 —71)2
An interim analysis for futility and efficacy was planned at the
midpoint of the trial. At this point, the sample size was also
reassessed.

Data analysis was performed using the Statistical Package for
the Social Sciences (SPSS 23.0 version, SPSS Inc). For continuous
outcomes, model fit was assessed visually with normal probabil-
ity plots. Continuous variables were compared between the 2
groups using independent sample ¢ tests. When a departure
from a normal distribution was observed, Mann-Whitney-
Wilcoxon tests were applied. The chi-square test was used to
compare categorical variables. Normally distributed continuous
variables are reported as the mean + SD. We adjusted our final
results for potential confounding factors by conducting multi-
variable regression modeling with adjustments for age, sex, dia-
betes duration, number of diabetes medications, baseline BMI,
HbA ., FBG, blood pressure, and quality of life. Two-tailed stat-
istical significance was accepted at P less than 0.05.

Electronic data capture was used for data management, in-
cluding data entry, security, coding, query, and storage. Data
were collected in source documents, transferred onto paper
case-report forms, and then uploaded to the electronic data
capture system. To improve accuracy, data entries were
double-checked to ensure the proper format and expected
range. Overall data quality was ensured by independent mon-
itoring throughout the study, and all documentation was
managed by an independent manager. Four nutritional scien-
tists oversaw the implementation of interventions and com-
municated with the physicians frequently. Investigators
supervised and reviewed the study progress and discussed
the therapeutic regimen and adverse events every month. A
safety report was submitted to the medical research ethics
committee every year.

Results

Between January 2,2019, and June 2, 2020, a total of 246 po-
tential participants were recruited through specific study calls

on the diabetes website and holding of lectures invited by let-
ter. Furthermore, 129 did not meet the inclusion criteria and
were excluded, 117 were potentially eligible and invited to
give consent, 45 excluded for 34 were excluded at further eli-
gible screening and 11 did not respond (Fig. 2). A total of 72
participants were enrolled and randomly assigned to the
CMNT group (n=36) or the control group (n=36). Four par-
ticipants withdrew from the CMNT diet group during the
intervention phase because of relocation (n=1), time conflict
(n=1) or loss to follow-up (n=2). Five participants withdrew
from the control group because of time conflict (n= 1), loss to
follow-up (n=1), or lack of desire to continue (n=3) (see
Fig. 2). There were no serious adverse events in the study,
and no events led to withdrawal. The intention-to-treat popu-
lation consisted of 72 participants (see Fig. 2).

The baseline characteristics of the participants were similar
between the 2 groups (Table 2). There was no significant dif-
ference in the types of medication taken by the 2 groups at
baseline, which included insulin nonsecretagogues and secre-
tagogues antidiabetic medicines and insulin injection.
Participants in both groups took a similar number of diabetes
medications at baseline (1.86 +0.76 vs 1.81 + 0.67; see
Table 2). The HbA. level was 7.63% (SD 1.80) in the
CMNT group and 7.52% (1.30) in the control group. The
FBG of the CMNT group was 8.10 (SD 2.70) mmol/L, and
that of the control group was 7.70 (2.95) mmol/L (see
Table 2). The baseline BMI measurements were 20.4 to 30.4
in the CMNT group and 19.1 to 29.6 in the control group.

After 3 Months of Intervention

After 3 months of the intervention, 50.0% (18/36) of partici-
pants in the CMNT group and 2.8% (1/36) in the control
group ceased using antidiabetic medications. Moreover,
68.4% (13/19) of participants in the CMNT group and
2.8% (1/35) in the control group reduced their diabetes medi-
cation intake. The average number of medications taken by
the intervention group was significantly lower than that by
the control group (0.59 + 0.63 vs 1.81 + 0.67; P <0.0001).

The FBG level in the CMNT group was 6.30 (SD 0.84)
mmol/L, and that in the control group was 7.66 (1.72) mmol/L
(P <0.0001; Table 3). The reduction in FBG was statistically
significant in the CMNT group (see Table 3; 1.85 mmol/L vs
0.21 mmol/L). The mean body weight of participants in the
CMNT group was reduced by 5.93 kg (SD 2.47) compared
to 0.27 kg (1.43) in the control group (P<0.0001; see
Table 3). Between baseline and 3 months’ intervention, the
mean reduction in BMI was —2.41 (SD 1.00) in the CMNT
group and —0.18 (1.01) in the control group.

The mean blood pressure decreased in both groups, by
0.41 mm Hg (SD 3.22) in the CMNT group and 1.35 mm
Hg (6.39) in the control group (adjusted mean difference
—0.32 mm Hg; 95% CI, —3.16~2.52; P=0.122). Mean sys-
tolic blood pressure was reduced by 0.75 mm Hg (SD 4.0)
in the CMNT group and 2.58 mm Hg (7.39) in the control
group (adjusted mean difference —1.04 mm Hg; 95% CI,
—2.47~0.38; P=0.519). There was no statistically significant
difference between the 2 groups in either diastolic or systolic
blood pressure (see Table 3). The quality-of-life scores of the
CMNT group increased by 4.57 (SD 6.52) compared with
the baseline scores, but decreased by 1.77 (3.71) in the control
group (adjusted mean difference 3.2; 95% CI, 1.2~5.24;
P <0.05; see Table 2). According to the FFQ, the food items
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246 patients assessed for eligibility

129 did not meet inclusion criteria and were

excluded

¢—>

117 potentially eligible and invited to give consent

—>

v

45 excluded
34 were excluded at screening

11 did not respond

72 enrolled and randomly assigned

v

v

36 assigned the CMNT diet

4 discontinued treatment
1 relocation
1 time conflict

2 lost to follow-up

v

32 treatment ongoing

v

36 included in intention-to-treat
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.

32 included in 3 months, 12

months follow-up
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5 discontinued treatment
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|
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Figure 2. Diagram showing participant flow through the trial. Seventy-two individuals provided consent to participate in the study. A total of 72
participants were enrolled and randomly assigned to the Chinese Medical Nutrition Therapy (CMNT) group (n=36) or the control group (n=36).
Four participants withdrew from the CMINT group during the intervention phase because of relocation or time conflict or were lost to follow-up.
Five participants withdrew from the CMNT group during the intervention phase because they did not wish to continue, experienced a time conflict,

or were lost to follow-up.

and quantity consumed during the ad libitum diets were not dif-
ferent between the groups (see Supplementary Table S2 [21]).

After 3 Months of Follow-up

After 3 months of follow-up, 47.2% (17/36) of individuals
achieved diabetes remission in the CMNT group, whereas
only 2.8% (1/36) achieved diabetes remission in the control
group (odds ratio [OR] 31.32; 95% CI, 2.39-121.07; P<
0.0001). Among the 17 medication-withdrawal participants
in the CMNT group, 10 took insulin nonsecretagogue antidia-
betic medicines, 4 took insulin secretagogue antidiabetic med-
icines, 3 took hypoglycemic agents plus insulin, and 1 in the
control group took metformin only.

HbA . level was 5.66% (SD 0.58) in the CMNT group and
7.87% (1.63) in the control group. The reduction in mean
HDbA . was statistically significantly greater in the CMNT group
(1.75%, SD 1.52) than in the control group (0.37%, SD 1.05)
(adjusted difference -1.06% [95% CI, —1.48~—0.65]; P<
0.0001; Table 4). The FBG of the CMNT group was 5.84
(0.67) mmol/L, and that of the control group was 7.64
(1.74) mmol/L (P <0.0001).

After 12 Months of Follow-up

After 12 months of follow-up, there were 16 of 36 (44.4%)
participants who achieved diabetes remission in the interven-
tion group, with an HbA . level of 5.90% (SD 0.33), and 0 of

€20z AInr gz uo Jesn bl ap systaniun Aq 5008889/S 1 71/9/80 L/2101He/Wadl/woo dnoolwspede//:sdiy woly papeojumoq



The Journal of Clinical Endocrinology & Metabolism, 2023, Vol. 108, No. 6 1421

Table 2. Baseline characteristics of participants

CMNT group Control group P
(n=36) (n=36)
Sex
Male 25 (63.4%) 23 (57.4%) 0.62
Age,y 52.2 (7.38) 53.4 (11.72) 0.64
Anthropometry
BMI mean (SD) 24.23 (2.58) 23.85(2.50) 0.53
Duration of type 2 diabetes, 6.65 (3.25) 6.51(3.22) 0.86
y
Therapeutic manner 0.76
Insulin nonsecretagogue 13 (36.1%) 15 (41.7%)
antidiabetic medicines
Insulin secretagogue 17 (47.2%) 14 (38.9%)
antidiabetic medicines
Hypoglycemic agent(s) + 6 (16.7%) 7 (19.4%)
insulin
No. of glucose-lowering 1.86(0.76) 1.81(0.67) 0.86
medications
1 13 (36.1%) 15 (41.7%)
2 15 (41.7%) 13 (36.1%)
3 8 (22.2%) 8 (22.2%)
HbA . 0.62
% 7.63 (1.80) 7.52 (1.30)
mmol/mol 59.73 (20.50)  57.24 (14.69)
Fasting plasma glucose, 8.10 (2.70) 7.70 (2.95) 0.46
mmol/L
Cardiovascular disease risk
factors
Blood pressure
Systolic, mm Hg 129.39 (8.73)  129.72(12.71) 0.62
Diastolic, mm Hg 84.50 (5.65) 83.22 (5.93) 0.96
EQ-5D scale score 76.22 (7.03) 77.00 (6.12) 0.93

Data are n (%), mean (SD) unless otherwise indicated. The degree of insulin
administration was higher than that of secretagogues, and the former 2 were
higher than that of nonsecretagogues. Participants who used the upper level
of antidiabetic agents were classified into this category, regardless of whether
they used the next level of drugs.

Abbreviations: CMNT, Chinese Medical Nutrition Therapy; EQ-5D,
EuroQol 5 Dimensions; HbA, glycated hemoglobin A;..

36 in the control group. In the CMNT group, the number of
antidiabetic medications in baseline was statistically signifi-
cantly different between responders (those with diabetes re-
mission) and nonresponders (did not achieved diabetes
remission), while baseline weight, type of antidiabetic medica-
tions, diabetes duration, and HbA . were not significantly dif-
ferent. The HbA,. level was 6.33% (SD 0.87) among all
participants in the CMNT group and 7.76 % (1.15) in the con-
trol group (P <0.0001; see Table 4). The FBG of the CMNT
group was 6.17 (0.79) mmol/L, and that of the control group
was 7.47 (1.38) mmol/L (P < 0.0001; see Table 3). The partic-
ipants in the control group were taking an average of
1.85 + 0.61 medications at an estimated cost of CNY 265.1/
month, while those in the CMNT diet group required fewer
medications (0.61 + 0.56) at lower cost (CNY 60.4/month)
(P<0.0001). BMI was 22.14 (SD2.53) in the CMNT group
and 23.51 (2.68) in the control group. Weight fell from
67.60 kg (SD 6.58) to 61.67 (SD 5.58) and remained stable

over 12 months (61.82 kg [SD5.46]) in the CMNT group.
Weight changed from 66.25 kg (SD 7.26) to 65.98 kg (SD
7.16) and 66.05 kg (SD 7.03) at 12 months in the control
group. Quality-of-life scores increased by 6.19 (SD 6.52) in
the CMNT group and decreased by 2.82 (3.70) in the control
group compared with baseline scores (P < 0.05; see Table 3).

Discussion

A study examining utility analysis values employing the time
trade-off method showed that diabetes patients were willing
to trade 12% of their remaining life in return for being per-
manently in a nondiabetic health state (23). Although an in-
creasing number of studies have verified the potential health
benefits of IF in humans, no clinical investigations have been
published regarding its effectiveness in diabetes remission
(24). We showed that an IF diet, the CMNT, resulted in a
47.2% (17/36) diabetes remission rate when remission was
defined as HbA ;. less than 6.5% (48 mmol/mol) measured
at least 3 months after cessation of glucose-lowering pharma-
cotherapy (14). This remission rate markedly exceeded the
threshold level of 22% diabetes remission, which is consid-
ered a minimal clinically important difference (25), implying
that IF is robust in the remission of patients and contributing
to the clinical management of diabetes. A large study reported
a diabetes remission rate of 0.23% with standard care (26).
The results could be generalized because the sample character-
istics are very similar to those of the general population with
T2D.

As proposed, remission is a state in which diabetes is not
present, but continued observation is nonetheless required be-
cause hyperglycemia frequently recurs (14). After an intensive
lifestyle program, including calorie restriction and exercise for
6 months, 8 of the 10 individuals with recently diagnosed T2D
achieved partial remission (27). Therefore long-term sustain-
ability was not assessed. In our study, during the follow-up pe-
riod, the CMNT and control groups both followed the
Dietary Guidelines for Diabetes in China (2017 Edition)
with ad libitum diets instead of the CMNT diet. A total of
44.0% (16/36) of the participants in the CMNT group still
maintained a diabetes remission state with an HbA . level of
5.90% after 1 year. Even with the more stringent criteria for
“complete remission,” which describes a return to “normal”
measures of glucose metabolism (HbA;. in the normal range,
FBG 100 mg/dL [5.6 mmol/L]) of at least 1 year’s duration in
the absence of active pharmacologic therapy or ongoing
procedures (28), 33.3% (12/36) of participants in the
CMNT group achieved complete remission. Preclinical data
in our study team showed that CMNT could promote B-cell
proliferation of pancreatic islets to reverse B-cell failure and
alter gut microbiota, which, in turn, can modulate host
metabolism (18).

Diabetes remission was more likely reported in those who
had a shorter diabetes duration, lower baseline HbA;., and
were prescribed fewer antidiabetes medications at baseline
(29). In our study, baseline predictors of diabetes remission
is the number of antidiabetic medications. Participants pre-
scribed fewer antidiabetics medications were more likely to
achieve diabetes remission. A systematic review of published
meta-analyses reported that people with T2D diagnosed after
a longer disease duration (6 years) were less likely to achieve
remission (30). This 6-year diabetes duration as a predictor
of T2D remission is consistent with the pathophysiology of
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Table 3. Secondary outcomes measured at 3-month intervention and 12-month follow-up

The Journal of Clinical Endocrinology & Metabolism, 2023, Vol. 108, No. 6

n  Mean (SD) Intervention effect Follow-up
Baseline 3-mo Change between  Estimate 95% CI P’ 12-mo P°
intervention baseline and (SD) follow-up
3-mo
intervention

Fasting blood

glucose, mmol/L
Intervention 32 8.15(2.31) 6.30 (0.84) -1.85 (2.25) -1.82(0.27) -2.13to -0.26 0.002 6.17 (0.79) 0.22
Control 31 7.83(2.14) 7.66 (1.72) —0.21 (1.66) 7.47 (1.38) 0.72
Weight, kg
Intervention 32 67.60 (6.58) 61.67 (5.58) -5.93 (2.47) —-5.42 (0.32) -6.07to—-4.22 <0.0001 61.82(5.46) 0.81
Control 31 66.25(7.26) 65.98 (7.16) —-0.27 (1.43) 66.05(7.03) 0.97
Systolic blood

pressure, mm

Hg
Intervention 32 129.41 (6.94) 128.66 (6.87) —0.75 (4.00) ~1.04 (0.71) -2.47t00.38  0.519 129.10 0.77

(5.24)
Control 31 132.77 (8.49) 130.19 (7.31) -2.58(7.39) 129.61 0.80
(6.96)

Diastolic blood

pressure, mm

Hg
Intervention 32 84.41 (4.33) 84.00 (3.56) —-0.41 (3.22) —-0.32 (1.42) -3.16t02.52 0.122 83.17 (5.24) 0.81
Control 31 83.06 (4.90) 81.71 (5.55) -1.35 (6.39) 80.94 (4.92) 0.45
Quality of life
Intervention 32 76.31(5.38) 80.88(4.86) 4.57 (6.52) 3.2 (1.00) 1.20 to 5.24 0.002 82.50 (4.86) 0.34
Control 31 77.32(5.49)  75.55(5.67)  —1.77 (3.71) 74.50 (5.67)  0.40

Intervention effects reported as estimated mean differences (intervention — control) adjusted for age, sex, diabetes duration, number of diabetes medications,
baseline body mass index, glycated hemoglobin A, fasting blood glucose, blood pressure, and quality of life. T test was used for comparison between groups.

Means + SD and means (range) were used to represent variables with normal distribution and variables with skewed distribution. The data applied

Mann-Whitney-Wilcoxon tests when a departure from a normal distribution was observed.
Abbreviation: CMNT, Chinese Medical Nutrition Therapy.
“P value is a comparison of the difference between the CMNT group and control group from baseline to 3 months.
’P value is a comparison between 3-month and 12-month follow-up for both CMNT and control groups.

The difference was statistically significant (P <0.05).

Table 4. Diabetes remission and glycated hemoglobin A;. outcomes measured at 3-month follow-up and 12-month follow-up

n  Mean (SD) Intervention effect Follow-up
Baseline 3-mo Change between Estimate 95% CI P? 12-mo )i
follow-up baseline and 3-mo (SD) follow-up
follow-up
Diabetes
remission
Intervention 36 0/36 17/36 - - - <0.0001 16/36 0.82
Control 36 0/36 1/36 0/36 0.31
HbA,., %
Intervention 32 7.65(1.41) 5.66 (0.58) -1.75 (1.52) —-1.06 (0.20) -1.48to-0.65 <0.0001 6.33(0.87) 0.24
control 31 7.50(1.38) 7.87 (1.63) 0.37(1.05) 7.76 (1.15) 0.56
HbAlcs
mmol/mol
Intervention 32 59.92 (2.7) 40.32 (5.50) -19.60 (16.74) -11.91 -12.15t02.39 <0.0001 45.68(16.01) 0.24
Control 31 58.47(15.10) 62.51(17.83) —4.04 (11.46) (4.31) 60.21 (12.02)  0.56

Intervention effects reported as estimated mean differences (intervention — control) adjusted for age, sex, diabetes duration, number of diabetes medications,
baseline body mass index, HbA, fasting blood glucose, blood pressure, and quality of life. T test was used for comparison between groups.
Abbreviations: CMNT, Chinese Medical Nutrition Therapy; HbA |, glycated hemoglobin A;..
“P value is a comparison between CMNT group and control group at 3 months.
bP value is a comparison between 3-month and 12-month follow-up for both CMNT and control groups.
The difference was statistically significant (P <0.05).
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T2D, in which the onset of pancreatic B-cell loss and secretory
insufficiency represent a key clinical transition from insulin re-
sistance to T2D (31). As reported, some participants in the
DIiRECT and DIADEM-I studies achieved diabetes remission
through lifestyle intervention, but the duration of the studies
was relatively short (11, 12). Individuals in DiRECT had a
duration of T2D less than 6 years and participants in
DIADEM-I had a shorter duration of diabetes (0-3 years). In
our study, the average duration of T2D in the CMNT group
was 6.63 years, with the longest duration being 11 years.
Sixty-five percent (11/17) of the participants who achieved
diabetes remission had a diabetes duration of more than
6 years. This suggests the possibility of remission for patients
with longer duration.

A conventional diet recommended for T2D is a balanced
diet with continuous, moderate calorie restriction (32).
However, it is difficult for patients to adhere to this diet
(33). IF is often considered to be less complicated than trad-
itional forms of dieting, such as calorie restriction (16, 34).
CMNT can be defined as periods of calorie restriction alter-
nating with periods of ad libitum eating. According to the pro-
gram acceptability feedback from participants, it was
relatively effortless to complete the CMNT intervention
cycles; 88.9% (32/36) of participants completed the clinical
trial. It was relatively effortless for patients to complete the
CMNT intervention cycles: First, it is not necessary for pa-
tients to track calories every day when following a CMNT
diet. Second, the CMNT diet is a food-based diet instead of
meal-replacement diet that excludes virtually all usual foods.
Finally, the CMNT diet is characterized by the ability to en-
gage in habitual social eating patterns with preference time
points. The food is made of ordinary material and the process-
ing procedure is standard, which guarantees its qualification
for industrialization. This food can be prepared by simply
mixing with boiling water. Its form, taste, and satiety closely
catered to the average participants’ food preference. So it is
easy to implement in the real-world setting. The trial was de-
signed to be pragmatic in nature, which could indicate the
ability to implement similar interventions in the community,
demonstrating CMNT as an appropriate dietary intervention
for diabetes remission.

The long-term prognosis of diabetes is related to quality of
life (35). More sustained improvements in quality of life, espe-
cially in regard to anxiety/depression and medical burden,
were observed in the intervention group. Compared with
baseline, medication costs decreased by 77.2% for CMNT
participants and by only 3.0% in the control group. After
the intervention, almost half of the participants (16/36) re-
turned to a nondiabetic state, were off antidiabetic drugs,
and were in remission that lasted at least 1 year. The
CMNT diet also reduced the mean HbA;. by 1.33%
(19.66 mmol/mol), which is an important reduction consider-
ing the UK Prospective Diabetes Study’s finding that a 1%
(10 mmol/mol) reduction in HbA . over 10 years significantly
decreased the risk of microvascular complications in T2D pa-
tients (36).

Some limitations are inevitable in studies conducted in real-
life settings. Because of the nature of the dietary intervention,
it was not possible to blind participants, physicians, or some
of the researchers after allocation. Although participants
were encouraged to maintain their usual physical activity in
both groups, the formal recording of physical activity is
needed in this study. The participants were followed up for

1 year, and a follow-up of 5 years or more is ongoing to ex-
plore the stability of the CMNT diet, its effects, and any
complications.

In conclusion, the program allowed almost half of partici-
pants to revert to a nondiabetic state and discontinue their
use of antidiabetic drugs, and these effects lasted at least 1
year. This study was performed under real-life conditions,
and the intervention was delivered by trained nurses in pri-
mary care rather than by specialized staff at a research insti-
tute, making it a more practical and achievable way to
manage T2D. It could be a paradigm shift in the management
goals in diabetes care.
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