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ABSTRACT

Introduction: The aim of this study was to
objectively analyze the correlation between
dietary components and blood glucose varia-
tion by means of continuous glucose monitor-
ing (CGM).
Methods: Patients with type 1 diabetes mellitus
(T1DM) who received CGM to manage their
blood glucose levels were enrolled into the
study, and the components of their total caloric
intake were analyzed. Glycemic variation

parameters were calculated, and dietary com-
ponents, including percentages of carbohy-
drate, protein and fat in the total dietary intake,
were analyzed by a dietitian. The interaction
between parameters of glycemic variability and
dietary components was analyzed.
Results: Sixty-one patients with T1DM (33
females, 28 males) were enrolled. The mean age
of the participants was 34.7 years, and the
average duration of diabetes was 14 years. Gly-
cated hemoglobin before CGM was 8.54%. Par-
ticipants with a carbohydrate intake that
accounted for\50% of their total caloric intake
had a longer DM duration and a higher protein
and fat intake than did those with a carbohy-
drate intake that accounted for C 50% of total
caloric intake, but there was no between-group
difference in total caloric intake per day. The
group with a carbohydrate intake that accoun-
ted for\ 50% of their total caloric intake also
had lower nocturnal continuous overlapping
net glycemic action (CONGA) 1, - 2 and - 4
values. The percentage of protein intake had a
slightly negative correlation with mean ampli-
tude of glycemic excursions (MAGE)
(r = - 0.286, p\0.05) and a moderately nega-
tive correlation with coefficient of variation
(CV) (r = 0.289, p\ 0.05). One additional per-
centage of protein calories of total calories per
day decreased the MAGE to 4.25 mg/dL and CV
to 0.012 (p\ 0.05). The optimal dietary protein
percentage for MAGE\140 mg/dL was 15.13%.
The performance of predictive models revealed
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the beneficial effect of adequate carbohydrate
intake on glucose variation when combined
with protein consumption.
Conclusions: Adequate carbohydrate con-
sumption—but not more than half the daily
total calories—combined with protein calories
that amount to approximately 15% of the daily
caloric intake is important for glucose stability
and beneficial for patients with T1DM.

Keywords: Continuous glucose monitoring;
Diet effect; Glucose variability; Nutrition; Risk
factors; Type 1 diabetes

INTRODUCTION

The 2019 Standards of Medical Care in Diabetes
published by the American Diabetes Association
recommends glycated hemoglobin (HbA1c) as
the gold standard for the assessment of blood
glucose (BG) control in patients with diabetes
mellitus (DM) [1]. However, HbA1c level merely
demonstrates the average BG level—it does not
represent the current BG level or glycemic
variability. Indeed, whether or not glycemic
variability or the average BG level is the more
crucial parameter with respect to diabetic com-
plications is a matter of debate [2, 3]. Long-term
glycemic variability may be the etiology of
microvascular and macrovascular complications
associated with DM [4]. The glycemic variability
index has been found to be associated with the
frequency of hypoglycemia events [5], and fre-
quent hypoglycemia events in persons with
either type 1 DM or type 2 DM (T1DM, T2DM,
respectively) are also associated with a number
of adverse outcomes, including increased mor-
tality rate, cardiovascular disease and cognitive
dysfunction [6]. In addition, the glycemic vari-
ability index is correlated with oxidative stress.
Monnier et al. [7] collected the 24-h urinary
excretion of free 8-iso prostaglandin F2 (8-iso
PGF2), a free radical-mediated oxidation pro-
duct of arachidonic acid, in 21 patients with
DM and 21 controls. A continuous glucose
monitoring (CGM) system was used to measure
the BG level, and glucose fluctuations were
calculated as the mean amplitude of glycemic
excursions (MAGE). The result showed that

MAGE had significant correlation with urinary
8-iso PGF2. Roberts and Morrow also found the
same result [8]. In critically ill patients,
increasing glycemic variability contributes to a
higher mortality rate [9]. Taken together, these
observations indicate that reduced glycemic
variability is important for diabetes control.

Diet plays an important role in glycemic
variation. The World Health Organization
(WHO) recommends that in a healthy diet for
the general population,\30% of total energy
intake should be derived from fats and that
unsaturated fats are a better source of energy
than saturated fats [10]. With respect to carbo-
hydrate intake, although the WHO does not
recommend an absolute daily total energy
intake, it does suggest that adequate and indi-
vidualized amounts of carbohydrates be con-
sumed [11–13]. There is a trend to recommend a
low carbohydrate diet for better BG control in
patients with T1DM or T2DM [14–16]; however,
the long-term benefits of such a diet are not
persistent [17], and there are differing opinions
on the possibility of side effects [18, 19]. There
are additional concerns about potential adverse
effects of a low carbohydrate diet in persons
with T1DM, including diabetic ketoacidosis,
worsening of the lipid profile and an uncer-
tainty regarding interference with growth in
children, although despite the heterogenous
results from recent studies, it would seem that
there are also some benefits to such a diet, such
as reduced insulin dose, decreased HbA1c and
borderline body weight change [20].

With advances in technology, CGM has
become a widely accepted tool in the manage-
ment of DM. CGM can assist physicians in col-
lecting up-to-date information on glycemic
changes in their patients with DM. In 2003,
Brynes et al. [21] evaluated nine healthy sub-
jects who received CGM for 2 weeks and a low
glycemic index (GI) diet intervention for 1 of
these weeks; the purpose of this study design
was to compare the difference in BG levels. The
reported effect of BG control with a low GI diet
highlighted the benefit of CGM in BG moni-
toring [21]. CGM can therefore be a tool in the
physican’s arsenal to achieve better glucose
control, but the use of CGM in DM patients as a

2290 Diabetes Ther (2019) 10:2289–2304



means to observe the effect of food on BG level
has not been well studied.

Given this lack of data on the use of CGM to
monitor the effect of diet on BG level in persons
with diabetes, we enrolled 61 patients with
T1DM who received CGM in our study. These
patients continued receiving CGM and agreed
to maintain a comprehensive food diary. The
dietary components of the diets, including car-
bohydrate, protein and fat, were analyzed by a
qualified dietitian. The primary endpoint of this
study was to identify which nutrient intake
components have the greatest impact on gly-
cemic variability.

METHODS

Participants

A total of 61 patients with T1DM who received
CGM at Chang Gung Memorial Hospital
(CGMH), a medical center in Taiwan, from
November 2007 to July 2018 were enrolled.
Participants were not asked to change their diet
and amount of exercise. Inclusion criteria were:
diagnosis of T1DM; ambulatory status; and
willingness to receive CGM and cooperate in
keeping a food diary, whether by the patient or
by a family member. Exclusion criteria included
recent history of drug or alcohol abuse; serious
cardiovascular disorders; participation in
another clinical investigation study; and ongo-
ing influenza, autoimmune disease or other
metabolic disorders.

Permission was obtained from the Institu-
tional Review Board (IRB) and ethics commit-
tees of CGMH (no. 200800097B0) for a
retrospective review of the medical records of
the study subjects. The IRB waived the require-
ment for obtaining informed consent. Confi-
dentiality of the research subjects was
maintained in accordance with the require-
ments of the IRB of CGMH (Taipei, Taiwan).
The study conformed with the Helsinki Decla-
ration of1964, as revised in 2013, concerning
human and animal rights.

Diet Records

The amount and types of food consumed dur-
ing the day, including at breakfast, lunch and
dinner, fruits, snacks and beverages, were self-
recorded by the participants or by a family
member after being informed by a certificated
dietitian. The nutrient elements of the diet,
including carbohydrates, protein, fats and
calories, were analyzed and calculated by the
professional dietitian so we could have confi-
dence in the accuracy of this analysis. Food was
predominantly Asian and cooked well.

Glucose Monitoring

Participants were monitored by the Continuous
Glucose Monitoring System (CGMS) Gold
(MiniMed CGMS MMT-7102-W; Medtronic,
Inc., Northridge, CA, USA). The data were col-
lected at 24-h intervals (from midnight to
midnight the next day); therefore, there was a
short average duration of 3.1 days to allow time
for sensor wetting. Data were not used when
values were above the mean absolute relative
difference threshold of 8.7%, in accordance
with the manufacturer. The CGMS sensor was
implanted subcutaneously in the abdomen,
buttocks or arm. It detected the interstitial fluid
glucose level every 10 s, with an average value
output every 5 min. The CGMS recognizes the
glucose level of interstitial fluid in the range of
40 to 400 mg/dL; if the glucose level falls below
or rises above the detectable range, the value is
presented as 40 or 400 mg/dL, respectively.

Outcome Measures

At the end of the study period, the CGMS data
were downloaded using the MiniMed Solutions
CGMS sensor (MMT-7310, version 3.0B
[3.0.116]; Medtronic, Inc.). Several parameters
were calculated for all glucose values in order to
provide a full picture of glucose variability,
including the standard deviation (SD; [21]),
percentage coefficient of variation (%CV; [22])
and MAGE [7]. Patients with T1DM have a
greater glucose variability than those without
DM [23], with an average MAGE level of around
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140 mg/dL; therefore, we used a MAGE of
140 mg/dL as the cutoff value for high glucose
variability. The area under the curve (AUC) of a
glucose level [ 180 mg/dL (AUC180)
and\ 70 mg/dL (AUC70) were designated as
hyperglycemic and hypoglycemic periods,
respectively. The AUCt and AUCn represent the
total and normal (70–180 mg/dL) AUCs of glu-
cose levels, respectively. The risk of hypo-
glycemia and hyperglycemia events were
calculated as a low blood glucose index (LBGI)
and high blood glucose index (HBGI) [24, 25],
respectively. The M-value was calculated to
evaluate glycemic variability [24, 26]. The con-
tinuous overlapping net glycemic action
(CONGA) was used as an index to assess intra-
day glycemic variability [2]. CONGA(n) repre-
sents the SD of all valid differences between a
current observation and an observation
(n) hours earlier [27]. The index formulas are
reported in Table 1 [2, 4, 24, 28].

Statistics

All statistical analyses were performed using
Statistical Analyses Package Program (SPSS)
version 20.0 (IBM Corp., Armonk, NY, USA) and
Stata/SE 9.0 for Windows (StataCorp, College
Station, TX, USA). Differences between groups
of continuous variables were calculated using a
paired Student’s t test, and correlation between
two continuous variables were analyzed by lin-
ear regression. The odds ratio (OR) was deter-
mined by logistic regression. A Chi-square test
was used to analyze differences within nominal
variables groups. ORs and 95% confidence
intervals (CIs) for MAGE C 140 mg/dL were
derived from logistic regression models using
subjects with MAGE\ 140 mg/dL as the refer-
ence group (OR 1). Three predictive models
were constructed based on multiple logistic
regression models using the regression coeffi-
cients as the weight for the dependent variables.
Age, body mass index (BMI), gender, and DM
duration, carbohydrate, protein and fat content
(%) and total calories were included in different
predictive models. The diagnostic performance
was evaluated by the AUC. The optimal cutoff
point was derived from the receiver operator
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Table 2 Results of computerized glycemic variability index

Demographic and diet
characteristics of
participants

Total study
population
(n = 61)

Carbohydrate intake of
‡ 50% of total caloric
intake (n = 25)

Carbohydrate intake of
< 50% of total caloric
intake (n = 36)

p

Age, years 34.7 ± 14.2 32.6 ± 14.2 36.2 ± 14.2 0.325

Age\ 18 years, n (%) 4 (6.6) 3 (12) 1 (2.8) 0.152

Gender, male, n (%) 28 (45.9) 10 (40.0) 18 (50.0) 0.602

BMI, kg/m2 22.8 ± 3.2 21.9 ± 3.5 23.4 ± 2.8 0.078

Duration of disease,

years

14.0 ± 9.2 11.2 ± 6.9 16.0 ± 10.1 0.044*

HbA1c, % (mmol/mol) 8.54 ± 1.24

(69.84 ± 13.58)

8.65 ± 1.17

(71.01 ± 12.80)

8.47 ± 1.30

(69.03 ± 14.23)

0.580

Basal insulin dose, U

(percentage of total

daily dose)

17.0 ± 7.5

(0.33 ± 0.09)

17.2 ± 6.8 (0.35 ± 0.09) 16.8 ± 8.1 (0.32 ± 0.09) 0.852

0.256

Time in range (%)a 49.91 ± 20.25 47.40 ± 23.51 51.43 ± 17.85 0.506

Nutrient composition (per day), % (g)

Carbohydrate 49.01 ± 7.02

(200.37 ± 59.14)

55.35 ± 4.98

(228.41 ± 66.29)

44.61 ± 4.35

(180.90 ± 45.07)

\ 0.0001*

0.003*

Protein 15.78 ± 2.47

(64.83 ± 17.95)

14.54 ± 1.90

(60.89 ± 18.55)

16.64 ± 2.47

(67.56 ± 17.26)

0.001*

0.156

Fat 35.17 ± 6.07

(64.85 ± 18.51)

30.08 ± 4.63

(56.92 ± 17.92)

38.70 ± 4.15

(70.36 ± 17.05)

\ 0.0001*

0.004*

Average calories per day,

kcal,

1641.74 ± 391.58 1663.28 ± 446.72 1626.78 ± 354.21 0.724

Calories/body weight,

kcal/kg,

28.19 ± 8.44 29.91 ± 8.42 26.99 ± 8.37 0.185

Carbohydrate (g)/body

weight (kg)

3.46 ± 1.23 4.10 ± 1.16 3.02 ± 1.08 \ 0.0001*

Protein (g)/body weight

(kg)

1.11 ± 0.37 1.10 ± 0.37 1.12 ± 0.37 0.839

Fat (g)/body weight (kg) 1.10 ± 0.35 1.02 ± 0.33 1.16 ± 0.35 0.122

*p\ 0.05
Values in table are presented as the mean ± SD
Continuous variants were analyzed by the independent samples t test, and nominal variants were analyzed by the Chi-square
test
BMI Body mass index, HbA1c glycated hemoglobin
a Time in range refers to the percentage of time that blood sugar is within the range 70–180 mg/dL in 1 day
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Table 3 Results of analysis of computerized glycemic variability

Parameters of
computerized glycemic
variability index

Total study
population (n = 61)

Carbohydrate intake of
‡ 50% of total caloric
intake (n = 25)

Carbohydrate intake of
< 50% of total caloric
intake (n = 36)

p

All day period (0:00–24:00 hours)

SD, mg/dL 61.61 ± 15.22 64.50 ± 19.17 59.60 ± 11.62 0.207

CV 0.36 ± 0.09 0.36 ± 0.11 0.35 ± 0.07 0.660

MAGE, mg/dL 142.19 ± 36.68 152.23 ± 47.85 135.21 ± 24.79 0.124

AUCt, mg h/dL 51,205.90 ± 12,540.83 52,838.01 ± 13,314.87 50,072.48 ± 12,034.05 0.379

AUC180, mg h/dL 32,491.88 ± 19,054.27 34,989.96 ± 20,700.20 30,757.11 ± 17,916.95 0.326

AUCn, mg h/dL 17,763.23 ± 6988.53 16,912.37 ± 8105.49 18,354.10 ± 6148.01 0.379

AUC70, mg h/dL 950.78 ± 1041.98 935.68 ± 956.55 961.27 ± 1110.65 0.758

LBGI, mg/dL 1.46 ± 1.74 1.54 ± 1.92 1.41 ± 1.63 0.843

HBGI, mg/dL 11.49 ± 7.64 12.55 ± 8.39 10.75 ± 7.10 0.387

M-value, mg/dL 33.40 ± 17.11 36.56 ± 19.89 31.20 ± 14.77 0.340

CONGA1, mg/dL 43.03 ± 10.29 45.62 ± 11.59 41.23 ± 9.01 0.117

CONGA2, mg/dL 64.84 ± 16.06 68.51 ± 19.01 62.30 ± 13.36 0.177

CONGA4, mg/dL 84.20 ± 22.40 88.84 ± 28.04 80.97 ± 17.17 0.192

Nocturnal period (00:00–06:00 hours)

SD, mg/dL, 31.73 ± 13.53 34.23 ± 13.50 30.00 ± 13.47 0.120

CV 0.21 ± 0.09 0.22 ± 0.09 0.20 ± 0.09 0.153

MAGE, mg/dL 81.57 ± 35.53 86.17 ± 36.80 78.37 ± 34.78 0.259

AUCt, mg h/dL 12,021.29 ± 3376.57 12,021.12 ± 3469.48 12,021.41 ± 3360.18 0.965

AUC180, mg h/dL 7034.00 ± 5214.88 6957.23 ± 5406.11 7087.33 ± 5154.82 0.953

AUCn, mg h/dL, 4659.22 ± 2125.59 4685.56 ± 2383.10 4640.93 ± 1962.20 0.953

AUC70, mg h/dL 328.07 ± 413.20 378.34 ± 407.06 293.15 ± 419.53 0.145

LBGI, mg/dL 2.14 ± 3.04 2.59 ± 3.48 1.83 ± 2.70 0.284

HBGI, mg/dL, 9.91 ± 8.23 10.06 ± 9.03 9.80 ± 7.75 0.849

M-value, mg/dL 25.67 ± 18.53 28.42 ± 23.10 23.76 ± 14.61 0.826

CONGA1, mg/dL 23.34 ± 13.33 26.77 ± 12.01 20.95 ± 13.83 0.013*

CONGA2, mg/dL 29.88 ± 18.41 34.19 ± 16.25 26.89 ± 19.43 0.020*

CONGA4, mg/dL 23.32 ± 13.63 27.38 ± 11.49 20.51 ± 14.42 0.007*

*p\ 0.05, Mann–Whitney U test
Values in table are presented as the mean ± SD
Continuous variants were analyzed by the independent samples t test
AUC Area under curve. AUC180 AUC of a glucose level[ 180 mg/dL (hyperglycemic period), AUC70 AUC of a glucose
level\ 70 mg/dL, AUCt, AUCn the total and normal (70–180 mg/dL) AUCs of glucose levels, respectively, CONGA(n)
SD of all valid differences between a current observation and an observation (n) hours earlier
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characteristic (ROC) curve with the shortest
distance to sensitivity = 1 and 1 - speci-
ficity = 0. The sensitivity was the probability
that the prediction would be positive for

subjects with a MAGE C 140 mg/dL, and the
specificity was the probability that the predic-
tion would be negative for subjects without a
MAGE C 140 mg/dL. A p value\0.05 was

Table 5 Correlation of mean amplitude of glycemic excursions,
standard deviation and coefficient of variation with age, body mass
index, diabetes duration, glycated hemoglobin values prior to

continuous glucose monitoring study, and percentages of carbohy-
drate, protein, and fat intake per day

Parameter MAGE (mg/dL) SD (mg/dL) CV (%)

Correlation
coefficient

p value Correlation
coefficient

p value Correlation
coefficient

p value

Age, years - 0.134 0.303 - 0.116 0.375 0.095 0.466

BMI, kg/m2 - 0.050 0.705 0.002 0.987 - 0.103 0.434

Diabetes duration,

years

0.091 0.488 0.092 0.479 0.236 0.068

HbA1c (mmol/mol) 0.154 0.236 0.276 0.032* - 0.127 0.331

Carbohydrates, % 0.087 0.506 0.003 0.982 0.114 0.382

Protein, % - 0.286 0.026* - 0.167 0.198 - 0.335 0.008*

Fat, % 0.025 0.846 0.063 0.632 0.012 0.928

*Correlation is significant at the 0.05 level (2-tailed)

Table 6 Risk factors of mean amplitude of glycemic excursions C 140 mg/dL in patients with type 2 diabetes by logistic
regression model

Variables Model 1 p Model 2 p Model 3 p

Age, years 0.944 (0.895–0.996) 0.034* 0.938 (0.888–0.991) 0.024* 0.936 (0.880–0.996) 0.037*

BMI, kg/m2 0.913 (0.743–1.123) 0.391 0.954 (0.769–1.185) 0.672 0.898 (0.704–1.144) 0.383

Gender, male 1.112 (0.348–3.557) 0.858 1.620 (0.448–5.852) 0.462

DM duration, years 1.092 (1.007–1.185) 0.033* 1.086 (0.997–1.183) 0.060 1.073 (0.977–1.178) 0.139

Baseline HbA1c, % 1.322 (0.815–2.142) 0.258 1.543 (0.885–2.688) 0.126 1.926 (1.033–3.592) 0.039*

Carbohydrate, %a 1.000 (0.918–1.089) 0.996 1.568 (1.118–2.200) 0.009*

Protein, %b 0.691 (0.520–0.918) 0.011*

Fat, %c 1.739 (1.168–2.589) 0.006*

Calories, kcal 1.001 (0.999–1.003) 0.228

*p\ 0.05, logistic regression
Values in table are presented as the odds ratio with the 95% CI in parenthesis
a Percentage of carbohydrate in total daily caloric intake
b Percentage of protein in total daily caloric intake
c Percentage of fat in total daily caloric intake
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considered to indicate statistical significance,
and 59 participants would provide 0.90 power.

RESULTS

Demographic Characteristics

A total of 61 patients (33 women, 28 men) with
T1DM who received CGM assessments at Chang
Gung Memorial Hospital (CGMH) from
November 2007 to July 2018 were enrolled in
the study. The age of the participants ranged
from 9.9 to 80.7 years. The demographic char-
acteristics are summarized in Table 2. Partici-
pants with a carbohydrate intake that
accounted for\50% of their total caloric intake
had a longer DM duration and a higher protein
and fat intake than did those with a carbohy-
drate intake that accounted for C 50% of total
caloric intake, but there was no between-group
difference in total caloric intake per day. The
former (\50%) group also had lower nocturnal

Table 7 Performance of predictive models to predict the risk for high blood glucose variation (mean amplitude of glycemic
excursions C 140 mg/dL) in participants with different nutrition factors

Parameters Model 1 Model 2 Model 3

Area under the ROC curve (95% CI) 0.722 (0.590–0.854) 0.789 (0.672–0.906) 0.825 (0.719–0.935)

Optimal cutoffs - 0.156 - 0.002 - 0.423

Sensitivity 70.4% 66.7% 85.2%

Specificity 66.7% 81.8% 78.8%

Validation with leave-one-out method, using minimal distance for optimal cutoff

Sensitivity 63.0v% 63.0% 66.7%

Specificity 63.6v% 72.7% 75.8%

Validation with leave-one-out method, using Youden index for optimal cutoff

Sensitivity 51.9v% 63.0% 66.7%

Specificity 69.7v% 69.7% 69.7%

ROC Receiver operator characteristic, CHO carbohydrate (percentage of carbohydrate in total daily caloric intake), AIC
HbA1c, PRO protein (percentage of protein in total daily caloric intake), FAT percentage of fat in total daily caloric intake
Model 1 = - 0.058 9 age ? 0.106 9 gender (1 for male, 0 for female) - 0.091 9 BMI ? 0.088 9 DM duration
(years) ? 0.279 9 (%) - 0.0002 9 CHO (%) ? 0.169
Model 2 = - 0.064 9 age ? 0.482 9 gender (1 for male, 0 for female) - 0.047 9 BMI ? 0.082 9 DM duration
(years) ? 0.434 9 baseline A1C (%) - 0.370 9 PRO (%) ? 3.816
Model 3 = - 0.066 9 age - 0.108 9 BMI ? 0.071 9 DM duration (years) ? 0.656 9 baseline A1C (%) ?
0.450 9 CHO (%) ? 0.553 9 FAT (%) ? 0.001 9 calories (kcal) - 45.158

Fig. 1 The receiver operator characteristic (ROC) curve
analysis determines the best discrimination point of
percentage of dietary protein and mean amplitude of
glycemic excursions (MAGE)\ 140 mg/dL. The best
discrimination point of dietary protein percentage, as
determined by the Younden index was 15.13%, with a
sensitivity of 55.6% and a specificity of 81.8%. Area under
the ROC curve was 0.689 with a 95% confidence interval
of 0.546–0.831; p = 0.019; standard error = 0.073
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CONGA1, - 2 and - 4 values. The most com-
mon reason for receiving CGMwas high glucose
excursion. With respect to daily nutrient intake,
patients with T1DM consumed on average
1641.74 kcal/day, which after correction for
body weight was 28.19 kcal/day; carbohydrate,
protein and fat intake was 3.46, 1.11 and 1.10 g/
kg/day, respectively.

CGM Index

The computerized analysis of glycemic vari-
ability indexes (Table 3) revealed that the
MAGE, which is most representative index of
glycemic variation, was 142.19 in the partici-
pants. MAGE, SD and CV, which are affected by
nutrient intake, are presented in Table 4. The
impact of nutrient components on time in

range is given in Electronic Supplementary
Material Table 1. Pearson’s correlations of
MAGE, SD and CV with age, BMI, DM duration,
HbA1c and calories according to percentage of
carbohydrate, protein, and fat each day are
presented in Table 5.

Predictive Models

The average MAGE level of the partici-
pants was determined to be approximately
140 mg/dL; therefore, the study patients were
divided into two groups based on the MAGE
level (C 140 mg/dL and\140 mg/dL). Based
on the logistic regression model, age, BMI,
male gender, DM duration, baseline HbA1c,
percentage of calories as carbohydrate, per-
centage of calories as fat and total caloric

Fig. 2 The ROC curve of MAGE C 140 by model 1 (a), model 2 (b) and model 3 (c). Arrow indicates the optimal cutoff
point
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intake were calculated as a risk factor of a
higher MAGE. Different factors were used to
construct the three most feasible models, and
the results are presented in Table 6. In model
1, age and DM duration were significant risk
factors of higher MAGE (OR 0.944, p = 0.034
and OR 1.092, p = 0.033, respectively). In
model 2, age and percentage of protein calo-
ries intake were significant risk factors of
higher MAGE (OR 0.938, p = 0.024 and 0.691,
p = 0.011, respectively). In model 3, age,
baseline HbA1c, percentage of carbohydrate in
diet and fat intake were significant risk factors
of higher MAGE (OR 0.936, p = 0.037, OR
1.926, p = 0.039, OR 1.568, p = 0.009 and OR
1.739, p = 0.006, respectively).

A ROC curve was used to analyze the best
cutoff value of the percentage of dietary protein
and MAGE\140 mg/dL. The best discrimina-
tion point determined by the Younden index
was 15.13%, with a sensitivity of 55.6% and a
specificity of 81.8% (p = 0.019; Fig. 1).

As shown in Table 7 and Fig. 2, age, BMI,
gender, DM duration, percentage of caloric
intake as carbohydrate, protein and fat and total
calories intake per day were analyzed as factors
contributing to the risk for high BG variation.
The three predictive models derived from these
variables showed a good performance in calcu-
lating the risk of MAGE C 140 mg/dL. Using
optimal cutoff values, the sensitivity ranged
from 70.4 to 85.2% and the specificity ranged
from 66.7 to 78.8%. Similar results were vali-
dated by the leave-one-out cross-validation
method, which had a sensitivity of 51.9–66.7%
and specificity of 63.6–75.8%.

DISCUSSION

Principal Findings

The current study was a pilot study in which
CGM was used to determine the interstitial
glucose level with the aim to objectively study
the relationship between nutrient component
intake and glycemic variability. The results
showed that in persons with T1DM, an ade-
quate amount of carbohydrate and protein
intake is better for stable glycemic variability.

Interpretation and Research Implications
of Results

Regarding the parameters we used to evaluate
glycemic variability, the MAGE was defined as
the level of glucose fluctuation. The normal
range of glucose fluctuation is 22–60 mg/dL;
glucose fluctuation of[120 mg/dL is consis-
tent with poorly controlled diabetes [29]. In the
Chinese population, MAGE of \70 mg/dL is
recommended as the normal reference range
[30]. T2DM patients have higher glucose vari-
ability [23], with an average MAGE level around
140 mg/dL; therefore, in our study we used
MAGE of 140 mg/dL as the high glucose vari-
ability cutoff value.

Although the 2019 American Diabetes Asso-
ciation (ADA) guideline does not contain a
recommended dietary carbohydrate ratio, the
2015–2020 Dietary Guidelines for Americans
(8th edn; https://health.gov/dietaryguidelines/
2015/guidelines/) recommends that at least
50% of daily total caloric intake be in the form
of carbohydrates. Giugliano et al. reported that
people with metabolic disorder should choose a
diet of the appropriate carbohydrates that pro-
vide between 40 and 50% of the daily energy
requirement [31]. Based on these recommen-
dations, we further grouped the participants by
proportion of carbohydrate calorie intake with
50% of calorie intake as the cutoff value. We
found that the group who had a low carbohy-
drate intake obtained their total daily calories
by consuming a higher proportion of protein
and fat; consequently, there was no difference
in total daily calorie intake between the two
groups.

Carbohydrate-restricted diets with a reliance
on protein and fat as energy sources for health
maintenance and BG control have been shown
not to have a great benefit in terms of managing
glucose fluctuations. In the current study, we
constructed three models to predict the risk for
MAGE C 140 mg/dL that included age, BMI,
gender, DM duration, baseline HbA1c, percent-
ages of carbohydrate, protein and fat in daily
dietary intake and total calories. The results
suggested that carbohydrate is necessary for BG
stability. Snorgaard et al. [17] systemically
reviewed ten randomized trials that included
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1376 participants with T2DM who were divided
into a low-to-moderate carbohydrate diet (LCD;
energy\ 45%) group and high-carbohydrate
diet (HCD) group. In the first year, the patients
on the LCD initially had a lower HbA1c level,
such that the lower the carbohydrate intake, the
better the HbA1c level. After 1 year of follow-up,
however, the HbA1c level was similar in the two
groups [17]. However, few studies have assessed
the effect of a low-carbohydrate diet on BG
variability in persons with T1DM. Turton et al.
reviewed nine studies and concluded that a low-
carbohydrate diet might reduce HbA1c in per-
sons with T1DM, but their result was contro-
versial [32]. In the present study, SD was
modestly correlated with HbA1c, and the result
was compatible with the finding by Kuenen
et al. [33] that in T1DM, high SD, which is
representative of high glucose variability, is
associated with higher HbA1c.

Several complications of a ketogenic diet
have been noted, including renal stones, gall-
stones, dehydration, gastrointestinal distur-
bances, hypercholesterolemia, metabolic
acidosis, insulin resistance, vascular inflamma-
tion, liver dysfunction and cerebral abnormali-
ties [34]. In mice fed a ketogenic diet for
22 weeks, no benefit of weight loss was noted,
despite there being an initial weight loss; fur-
thermore, hepatic steatosis, glucose intolerance
and decreased b- and a-cells were reported [35].

In contrast, the traditional diet of the Oki-
nawan population, a group which has one of
the longest lifespans in the world, is rich in
carbohydrates, with sweet potato as one of the
main components; up to 80% of the daily total
energy intake of this population is in the form
of carbohydrate. The rates of age-related dis-
eases, such as coronary artery disease, prostate
cancer, breast cancer and lymphoma, are lower
than those in age-matched Americans [36].
Therefore, it appears to be that quality and not
quantity is important in terms of carbohydrate-
related BG control. The ADA recommends that
dietary carbohydrates as an energy source be
derived from whole grains, vegetables, fruits,
legumes and dairy products, with a preference
for foods high in fiber, and that free sugar be
avoided [12].

As glycemic variability marker, nocturnal
CONGA1, -2 and -4 were found to be signifi-
cantly lower in persons on a low-carbohydrate
diet [37]. Tay et al. found that patients with
T2DM on an energy-restricted, low-carbohy-
drate, high-unsaturated fat diet had lower
CONGA1 and CONGA4 than those on a high-
carbohydrate, low-fat diet [38]. Noakes et al.
also compared glucose variability in persons
with T2DM on a high-carbohydrate diet with
those on a low-carbohydrate diet; these authors
noted a lower CONGA1 in the low-carbohy-
drate group [39]. The current focus of studies on
the effect of diet on glycemic variability is on
T2DM, and few studies have assessed the effect
of diet on glycemic variability in persons with
T1DM. Ranjan et al. grouped ten patients with
T1DM into a high-carbohydrate diet group and
a low-carbohydrate diet group, respectively, and
noted lower glycemic variability parameters,
including SD, CV, MAGE and LBGI, in the low-
carbohydrate diet group [40].

In our study, one additional percentage
increase in the daily intake of calories in the
form of protein decreased the MAGE to
4.25 mg/dL and CV to 0.012 (p\ 0.05). The
relationship between glycemic variability and
protein intake in T1DM has not been well
studied to date, but a number of studies have
looked at the effect of protein intake on glucose
variability in T2DM. Gannon et al. [41] enrolled
12 patients with untreated DM and divided
them into two groups [high-protein diet (pro-
tein:carbohydrate:fat, 30:40:30) and a control
diet (protein:carbohydrate:fat, 15:55:30)]. After
5 weeks, the high-protein diet group showed a
40% decrease in the mean 24-h integrated glu-
cose levels and a[ 0.5% decrease in the HbA1c
level (0.8 vs. 0.3%). Alish et al. [42] demon-
strated that there is a lower MAGE level in the
diabetic-specific formula with a higher per-
centage of protein. Fabricatore et al. [43] also
showed that MAGE was inversely associated
with protein intake.

We also found that the longer the duration
of diabetes, the lower the intake of carbohy-
drates by the participants. We suggest that this
was due to better education on diet with a
longer duration of DM, which led directly to the
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participants themselves decreasing their carbo-
hydrate intake.

Strengths and Limitations

This study had several limitations. First, the
patients had to have a CGM device and main-
tain a daily diet diary, which led to a relatively
small sample size. Second, it was a cross-sec-
tional study. Third, the participant self-reported
on diet composition, although a dietitian would
recheck the record and confirm it. Fourth, the
subtypes of carbohydrate were not analyzed.
Fifth, each patient followed his/her normal
daily routine regarding physical activity; there-
fore, we could not rule out the effect of exces-
sive exercise on glucose variability in the
analysis.

The strengths of this study are that it exam-
ines the impact of food components on glucose
variability, which has been only infrequently
studied, and that it is the first to access data on
dietary consumption and link this to CGM data
among patients with DM in Taiwan.

CONCLUSIONS

In conclusion, adequate carbohydrate con-
sumption—but not more than half the daily
total calories—combined with protein calories
that amount to approximately 15% of the daily
caloric intake is important for glucose stability
and beneficial for patients with T1DM.
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