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Abstract

Background: Low-carbohydrate diets have been shown to effective-
ly improve the metabolic status of patients with type 2 diabetes mel-
litus. However, patients may find it challenging to maintain a strict
low-carbohydrate diet. The objective of this study was to determine if
a one-meal, low-carbohydrate diet is as effective in improving meta-
bolic status as a conventional, energy-restricted diet among patients
with type 2 diabetes mellitus.

Methods: In this 12-week randomized controlled study, the prima-
ry endpoint was differences in the changes of plasma glycosylated
hemoglobin (HbAlc) levels between the two experimental groups.
Since the two groups had differences in body weight, body mass in-
dex, and waist circumference, propensity score matching was used to
assess HbA1c outcomes via cohort pairs according to age, sex, body
weight, HbAlc level, and waist circumference.

Results: There were no differences in the changes in HbA 1¢ between the
two groups (P =0.95). In addition, there were no differences in the chang-
es in glycated albumin, 1,5-anhydroglucitol, lipid profile, body weight,
waist circumference, and fat mass between the two groups. The mini low-
carbohydrate diet group had an increased protein intake (P = 0.0085), as
compared with the control group. However, neither group showed chang-
es in their Diabetes Treatment Satisfaction Questionnaire score.

Conclusion: Either diet would be effective for improving the meta-
bolic status of this study population.
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Introduction

Therapeutic dietary modification is fundamental in the treat-
ment of patients with type 2 diabetes mellitus [1]. Previous
studies have suggested that low-carbohydrate diets can effec-
tively reduce body weight and improve plasma glucose lev-
els and lipid profiles in patients with diabetes [2-9]. However,
patients may have difficulty maintaining a strict dietary car-
bohydrate restriction for a long period. In addition, carbohy-
drate-rich foods are easily obtained and prepared, adding to
the difficulty of restricting carbohydrates at every meal. There-
fore, restricting carbohydrate intake for only one meal per day
may be easier for patients to manage. The objective of this
study was to determine if a one-meal, mini low-carbohydrate
diet (mini-LCD) is as effective in improving metabolic status
as a conventional, energy-restricted diet among patients with
type 2 diabetes mellitus.

Materials and Methods

From January to September 2014, a randomized controlled
trial was conducted at a single general clinic located in the
Kanagawa region of Japan. This study protocol was approved
by the Institutional Review Board of Yokohama City Universi-
ty. The trial was registered as the EMILY study in UMIN-CTR
000012894. All study participants provided written informed
consent. The study participants comprised patients with type 2
diabetes mellitus who were randomly assigned to study groups
via the minimization method, using a table of random num-
bers.

Eligibility criteria

Patients were included in the study if they were at least 20
years old but younger than 85 years, diagnosed with type 2
diabetes mellitus, had a glycosylated hemoglobin (HbAlc)
level < 8.6%, and were undergoing dietary therapy with or
without additional oral glucose-lowering medications. Pa-
tients were excluded if they had comorbid conditions, includ-
ing macroalbuminuria (> 300 mg/g creatinine), chronic kidney
disease with an estimated glomerular filtration rate of <60 mL/
min/1.73 m?, malignant or acute diseases, severe liver disease,
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Figure 1. Study design. Mini-LCD: mini low-carbohydrate diet; ECD: energy-controlled diet; Tx: therapy; OHA: oral hypoglycemic

agent.

decreased pancreatic function as a result of chronic pancreati-
tis, hyperthyroidism, and adrenal insufficiency, and if they had
undergone steroid treatment, were incapable of self-managing
their diabetes because of dementia, or were deemed unsuitable
for enrollment in this study by an attending physician.

Dietary interventions and nutritional guidance

The same level of daily caloric intake was established for both
dietary groups. Patients received nutritional counseling pro-
vided by certified dietitians at the following three time-points:
pre-intervention, at week 4, and week 8 of the study period.
Each session lasted approximately 15 min.

For both groups, a certified dietitian used a food exchange
list to provide guidance to the patients regarding the restric-
tion of daily energy intake to 25 - 30 kcal/kg of their ideal
body weight after determining the patients’ ideal body weight
(height (m)? x 22). Patients were counseled to avoid snacks
and evening meals. At each session, patients were given feed-
back on the calculated calorie and macronutrient intake results,
and advised to set their next goals.

Patients were asked to submit their food records from
three self-selected days between each guidance session. Pa-
tients were asked to select what they considered “average”
days, as opposed to “special” days. The energy and macronu-
trient intakes were calculated using dietary assessment soft-
ware (Healthy Maker Pro 501; Mushroom Soft Institute, Na-
gano, Japan) and a food consumption table.

In the mini-LCD group, patients were instructed to re-
strict their carbohydrate intake at dinner, but were permitted
to consume the same amount of energy as they normally did
for breakfast and lunch. The targeted macronutrient ratios (ex-
pressed as percentages of daily energy intake) were as follows:
1) breakfast and lunch: carbohydrates, 55-60%; fats, 20-25%;
proteins, 15-20%; 2) dinner: carbohydrates, 15%; fats, 45%;
proteins, 40%; 3) total diet: carbohydrates, 40%; fats, 30-35%;
proteins, 25-30%.

The same calorie restriction as the mini-LCD group was
imposed on the energy controlled diet (ECD) group, but with-
out carbohydrate restriction at dinner. In the ECD group, the
targeted macronutrient ratios were as follows: all meals: car-
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bohydrates, 55-60% of the daily energy intake; fats, 20-25%
of the daily energy intake; and proteins, 15-20% of the daily
energy intake.

Diabetes Treatment Satisfaction Questionnaire (DTSQ)

The DTSQ [10] is designed to assess a patient’s overall level
of satisfaction with his or her diabetes treatment, as well as
the frequency of hyperglycemic and hypoglycemic episodes.
The questionnaire contained eight questions, and responses
were graded on a scale of 0 - 6, with higher scores indicating
greater satisfaction, except for questions 2 and 3. Accordingly,
the total scores were tallied for all the questions, except for
questions 2 and 3. Questions 2 and 3 were evaluated separately
and pertained to the frequency of hyperglycemic and hypogly-
cemic episodes associated with the most recent diabetes care.
For these questions, lower scores indicated better satisfaction.

Study endpoints

The primary endpoint was the degree of change in HbAlc be-
tween the two groups during the 12-week study period. The
secondary endpoints were changes in glycated albumin and
1,5-anhydroglucitol (1,5-AG), body weight, waist circumfer-
ence, body composition, and basal energy expenditure. Blood
samples were collected at random times (before meals or after
meals) at every visit (weeks 0, 4, 8, and 12). Glycated albumin,
1,5-AG, and ketone levels were measured at weeks 0 and 12.
Body fat, muscle, and basal energy expenditure were meas-
ured using an Inbody 770 body composition analyzer (Inbody,
Seoul, Korea) at weeks 0 and 12. Other factors, including
HbAlc, lipid profile, waist circumference, and body weight
were measured at each visit (weeks 0, 4, 8, and 12) (Fig. 1).

Laboratory tests and equipment

Plasma glucose samples were sent to, and assessed by Ho-
kenkagaku Institute Inc. (Yokohama, Japan). Blood glucose
was measured using a glutest-mint glucose analyzer (Sanwa-
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Table 1. Baseline Characteristics Before and After Propensity Score Matching

Before propensity score matching

After propensity score matching

Mini low-carbohydrate

Energy-controlled

Mini low-carbohydrate

Energy-controlled

diet group diet group Pvalue diet group diet group P value
Number 25 23 12 12
Men/women (n) 8/17 8/15 0.92 2/10 4/8 0.35
Age (years) 644+23 652+22 0.82 64.4+3.2 66.0+3.2 0.73
Diabetes duration (years) 11.2+1.90 13.3£2.0 0.46 122432 85+3.2 0.42
Body weight (kg) 67.1+2.4 582+2.5 0.01 59.2+3.0 60.7 £ 3.0 0.73
BMI (kg/m?) 26.6 £4.3 229+35 0.01 244 +1.1 238+1.1 0.71
Waist circumference (cm) 88.2+1.7 81.0£1.8 0.01 843+2.7 84.2+2.7 0.99
HbAlc (%) 7.0£0.1 7.0£0.1 0.96 7.0+0.2 7.0+0.2 0.88
HDL-cholesterol (mg/dL) 60.2+3.3 60.9+3.4 0.88 65.3+£6.0 62.3+6.0 0.72
LDL-cholesterol (mg/dL) 1132+5.4 115.7+5.6 0.75 107.0 £ 6.7 131.0+ 6.7 0.018
Triglycerides (mg/dL) 158 (122 - 194) 121 (89 - 164) 0.22 173 (110 - 236) 114 (52 - 177) 0.19
Basal energy expenditure (kcal/day) 1,338.7 +£42.1 1,278.1 +£44.9 0.34 1,228.0 + 52.6 1,320.7 £ 52.6 0.23
Fat mass (%) 323+1.7 28.7+1.8 0.10 322426 29.4+2.6 0.47
Diet treatment only/diet treatment 10/15 10/13 0.68 7/5 5/7 0.70
plus oral hypoglycemic agents
DTSQ total score 24.1+£22 255+24 0.67 263+3.4 22.8+3.7 0.49

Data are expressed as means + standard error or median values (interquartile ranges); P values between two groups were determined using the
t-test. One-to-one nearest-neighbor matching with replacement based on propensity score was performed. To test the approach and maximize the
number of matching, the process was repeated without a replacement option, using calipers and logit of the propensity score. Calipers of width equal
to 0.25 of the standard deviation of the logit score. BMI: body mass index; HbA1c: glycosylated hemoglobin; HDL: high-density lipoprotein; LDL:

low-density lipoprotein.

kagaku, Japan). HbAlc was measured using an ADAMS HA-
8180 analyzer (ARKRAY Inc., Singapore). Urine samples
were measured using an AUTION ELEVEN AE-4020 analyz-
er (ARKRAY Inc., Singapore). Body mass index (BMI) was
calculated as body weight (kg)/height (m)?.

Statistical analyses

Values are expressed as mean + standard error (SE) for baseline
characteristics, or median (interquartile range) for the results
of the statistical analyses and absolute values for the remaining
parameters. The effects of dietary interventions were evalu-
ated using either a paired #-test, or repeated-measures analysis
of variance (ANOVA). Continuous variables with asymmetric
distributions are expressed as medians and interquartile ranges
and were analyzed using the Wilcoxon rank-sum test. Cate-
gorical variables are expressed as frequencies and percentages
and were analyzed using Pearson’s Chi-squared test. Multiple
imputation [11, 12] was used where there were missing base-
line values, adjusted for age, sex, body weight, HbAlc, ba-
sal energy expenditure, waist circumference, and height. The
remaining variables were included as part of the imputation
process. The criterion for therapy completion in the study was
defined as the availability of follow-up data from the baseline
up to week 12 of the study. Incomplete follow-up data (weeks
4, 8 and 12) were imputed using the “last observation carried
forward” method.
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After randomization, there were significant differences
in body weight, BMI, and waist circumference between the
groups (Table 1). Propensity score matching was used to ad-
just the baseline points between the two groups. Propensity
score-matched cohorts were used to assess HbAlc outcomes
by pairing age, sex, body weight, HbA lc, and waist circumfer-
ence. The propensity score was determined using a multiple
logistic regression model with a forced entry method. Twenty-
four matching pairs from the mini-LCD and ECD groups were
extracted using the propensity score results.

One-to-one nearest-neighbor matching with replacement
based on the propensity score was then performed. To test and
maximize this approach, the matching process was repeated
without the replacement option, using calipers, and logit from
the propensity score. Calipers were set to the width equal to
0.25 the standard deviation of the logit score. Once the pro-
pensity score-matched cohorts were established, baseline de-
mographic and clinical characteristics were tabulated in the
format described for the whole population. The cohort results
before and after matching are shown in Table 1. All analyses
were conducted using JMP 12 software (SAS Institute Inc.,
Cary, NC, USA).

Results

A total of 48 patients participated in this study (Fig. 2); of these,
25 and 23 were allocated to the mini-LCD group and ECD
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Figure 2. The flow of patient selection in this study. Mini-LCD: mini low-carbohydrate diet; ECD: energy-controlled diet; ITT:

intention to treat.

group, respectively. One patient in the mini-LCD group failed
to comply with the diet throughout the study period, and one
patient in the ECD group stopped visiting the outpatient clinic.
There were no changes in medications for the patients during
the study period. Except for baseline weight, BMI and waist
circumference, the two groups exhibited similar demographic
characteristics (Table 1). Before propensity score matching,
there was no difference in the primary endpoint, HbAlc, from
week to week between the groups (week 4, P = 0.96; week 8,
P=0.43; week 12, P=0.71). No differences were observed in
HbAlc (P = 0.60), waist circumference (P = 0.35), fat mass
(P =0.50), energy intake (P = 0.42), fat intake (P = 0.34), ke-
tone levels (P = 0.82), DTSQ question 2 (P = 0.41), or DTSQ
question 3 (P = 0.21) at week 12, compared to the baseline.
However, since the two groups showed differences in body
weight, BMI and waist circumference at the baseline, we could
not compare changes between both groups. Propensity score
matching was then used to assess HbA1c outcomes via cohort
pairs according to age, sex, body weight, HbAlc level, and
waist circumference.

After propensity score matching, there were no observed
differences between the two groups regarding HbAlc (P =
0.88), glycated albumin (P = 0.18), 1,5-AG (P = 0.54), waist
circumference (P = 0.99), body weight (P = 0.73), fat mass
(P = 0.47), HDL cholesterol (P = 0.72), energy intake (P =

Articles © The authors | Journal compilation © ] Clin Med Res and Elmer Press Inc™

0.56), carbohydrate intake (P = 0.26), fat intake (P = 0.86),
total DTSQ (P = 0.49), DTSQ question 2 (P =0.76), or DTSQ
question 3 (P =0.59). However, there was a difference in LDL
cholesterol levels between the two groups (P = 0.018).

Table 2 shows the results throughout the intervention be-
fore and after propensity score matching. Before propensity
score matching, there was no difference in the primary end-
point, HbAlc, from week to week between the groups (week
4, P=0.96; week 8, P =10.43; week 12, P=0.71). Propensity
score matching was then used to assess HbAlc outcomes via
cohort pairs according to age, sex, body weight, HbAlc level,
and waist circumference.

After propensity score matching, there was no difference
in the primary endpoint, HbAlc, from week to week between
the groups (week 4, P = 0.56; week 8, P =0.99; week 12, P =
0.49). Patients in the ECD group showed a significant differ-
ence in HbAlc at week 12, as compared with the baseline (P =
0.04); however, no significant difference was seen in patients
in the mini-LCD group (P = 0.11) (Fig. 3). No difference was
seen in the body weight of patients in either group at week 12,
as compared with the baseline (mini-LCD, P=0.14; ECD, P =
0.26) (Fig. 4). In addition, no differences were seen in HbAlc
(P =0.95), body weight (P = 0.99), waist circumference (P =
0.60), fat mass (P = 0.44), energy intake (P = 0.29), fat intake
(P =0.27), ketones (P = 0.60), DTSQ total score (P = 0.53),
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Figure 3. Change in HbA1c (%). Mini-LCD: mini low-carbohydrate diet; ECD: energy-controlled diet; HbA1c: glycosylated he-

moglobin.

DTSQ question 2 (P = 0.34), or DTSQ question 3 (P = 0.36)
at week 12, as compared with the baseline. However, a signifi-
cant difference was observed in protein intake during week 12:
baseline (P = 0.89), week 4 (P = 0.43), week 8 (P =0.79), and
week 12 (P =0.045). There was a significant difference in pro-
tein intake between the two groups from the baseline and week
12 (P =0.0085). Table 2 also shows the percentage of nutrient
energy per daily energy intake after randomization.

Discussion

In the present study, since there was a difference between
groups at the baseline in terms of body weight, BMI, and waist
circumference after randomization, propensity score matching
was used to reduce this difference as much as possible. How-
ever, the trend in HbA1c through dietary intervention did not
change after propensity score matching.

66 A

A &
N A
1 1

- - e -
- e
-

(=]
1

Although a difference in HbAlc was observed in patients
in the ECD group from weeks 0 to 12 after propensity score
matching, the change between the two groups was not signifi-
cant. Thus, both diets could be used as alternative therapies in
daily medical care for patients with type 2 diabetes.

Similarly, body weight and waist circumference were
unchanged at week 12 for both groups, and carbohydrate in-
take in the mini-LCD group was also unchanged at week 12.
However, an increase in protein intake was observed in the
mini-LCD group from the baseline to week 12 (P =0.045). On
further comparing the protein intake from baseline and week
12 between the two groups, we observed that the mini-LCD
group tended to have a higher protein intake than the ECD
group (P = 0.0085). This trend is believed to be as a result
of the nutritional counseling provided by the dieticians who
recommended eating a side dish that did not contain carbo-
hydrates. Therefore, nutritional counseling that recommends a
mini-LCD may support glycemic control by encouraging pa-
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Figure 4. Change in body weight (kg). Mini-LCD: mini low-carbohydrate diet; ECD: energy-controlled diet.
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tients to eat side dishes containing protein. Furthermore, as in-
structed, patients in the mini-LCD group kept their calorie in-
take stable. Although previous reports have demonstrated that
low carbohydrate diets are associated with weight loss in obese
patients [4, 13, 14], the present study found that patients taking
the mini-LCD diet maintained a stable body weight. According
to the results of the DTSQ, both therapies did not change the
patients’ quality of life.

Study limitations

There were several limitations in the present study. First, there
were significant differences in body weight, BMI, and waist
circumference between the two groups after randomization
(Table 1). However, propensity score matching was used to
adjust the baseline points between the groups before analyzing
patient data. Second, there were data deficits in terms of the
calorie and macronutrient outcome, as well as DTSQ outcome,
and we had to perform multiple imputations. Third, blood sam-
ples were collected at random times; therefore, we are unable
to evaluate blood glucose levels. Fourth, carbohydrate intake
did not change from the baseline to week 12 in either group.
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