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Background and Objectives: Our aim was to evaluate the acute effect of switching low-carbohydrate diet (LCD) 
to high-carbohydrate diet (HCD) on glycemic parameters in healthy women. Methods and Study Design: Twen-
ty-two women (age 21.7±4.0 years; HbA1c 5.3±0.3 %, mean±SD) wore flash glucose monitoring system and 
consumed test meals for 3 days from Day 4 to 6. Participants consumed identical HCD meals except LCD dinner 
on Day 5. The energy ratio of carbohydrate, fat, and protein were 64%, 21%, and 15% for HCD and 47%, 35%, 
and 18% for Day 5 with LCD dinner (19%, 59%, and 22%). Results: The incremental glucose peak (IGP, both 
p<0.001) and incremental area under the curve for glucose (IAUC, both p<0.001) 3h of LCD dinner were all sig-
nificantly lower than those of HCD dinner on Day 4 and 6. However, after consuming LCD dinner on Day 5, IGP 
breakfast (2.33±0.15 vs 1.71±0.15 mmo/L, p<0.01), IGP lunch (3.31±0.25 vs 2.54±0.18 mol/L, p<0.01), IAUC 
3h of breakfast (210±18 vs 136±14 mmol/L×min, p<0.001), mean blood glucose (5.72±0.11 vs 5.40±0.11 
mmol/L, p<0.01), and standard deviation (1.11±0.06 vs 0.88±0.04 mmol/L, p<0.01) on Day 6 were all signifi-
cantly higher than those of corresponding meals before LCD dinner on Day 4, in spite of consuming all identical 
HCD meals. The glycemic parameters returned to the levels before consuming LCD on Day 7. Conclusions: 
Consuming LCD only once is enough to cause 24-h higher postprandial blood glucose concentration in subse-
quent consumption of HCD in healthy women. 
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INTRODUCTION 
Postprandial glycemic responses to diet are highly de-
pendent on the macronutrient composition of the meals in 
individuals with and without type 2 diabetes (T2DM).1-3 

Various studies have attempted to identify the ideal mix 
of macronutrients ratio for eating plans for people with 
diabetes.1-3 However, there is no evidence of an ideal cal-
orie ratio of carbohydrate, protein, and fat for people with 
and without diabetes.1,2 The American Diabetes Associa-
tion (ADA) mentioned that a “one-size-fits-all” eating 
plan is not evident for the prevention or management of 
diabetes. The nutritional counseling includes macronutri-
ents proportion that work toward improving glycemic 
targets, blood pressure and serum lipids profiles, and de-
creasing the cardiovascular risk factors should be based 
on an individualized assessment of current eating patterns, 
preferences, and metabolic goals.4-6 

Low-carbohydrate diet (LCD) has been shown to re- 

 
 
duce haemoglobin A1c (HbA1c) and the need for antihy-
perglycemic medications in people with T2DM3,7-9 and to 
decrease the body weight in people with obesity.10,11 The 
ADA has confirmed the effectiveness of LCD in reducing 
body weight, improving glycemic control and blood lipid 
profiles in people with T2DM.5 

On the other hand, the calorie restriction diet is mainly 
recommended to help improve glycemic control in people 
with T2DM in Japan.12 The range of 50 to 65% is consid-
ered appropriate for energy ratio of carbohydrate in Japan 
 
Corresponding Author: Prof Saeko Imai, Department of Food 
and Nutrition, Kyoto Women’s University, 35 Kitahiyoshi-cho, 
Imakumano, Higashiyama-ku, Kyoto, 605-8501, Japan. 
Tel: +81-75-531-7128; Fax: +81-75-531-7170 
Email: imais@kyoto-wu.ac.jp; poooch@hotmail.co.jp 
Manuscript received 01 July 2021. Initial review completed 18 
August 2021. Revision accepted 07 October 2021. 
doi: 10.6133/apjcn.202112_30(4).0006 



596                           Y Saito, S Kajiyama, T Miyawaki, S Matsumoto, Y Hashimoto, N Ozasa et al 

The basis for this high figure is high content of carbohy-
drate, mainly due to traditional preference to boiled rice 
among Japanese people.13 Because of that, behavior 
change of eating pattern from high carbohydrate diet 
(HCD) to LCD is not easy for Japanese people. Only a 
few reports relating to the effects of LCD on glycemic 
parameters in people with T2DM has been reported in 
Japan, and many of the researches were epidemiological 
and observational studies.14-16 

Therefore, this clinical interventional study was elabo-
rately designed to replace only dinner to LCD making it 
relatively easy to adapt to eating pattern of Japanese real-
life. One characteristic of Japanese dietary habit is that 
Japanese consume relatively large amount of carbohy-
drate in breakfast and lunch, making dinner the only meal 
that can be used to reduce the overall consumption of 
carbohydrate.  

   The aim of the present study was to evaluate the 
acute effect of switching LCD to HCD with iso-caloric 
test meals on glycemic parameters using flash glucose 
monitoring systems (FGMs, FreeStyle LibrePro, Abbott 
Japan, Tokyo, Japan)17 in young healthy women. 

 
METHODS 
Subjects 
Volunteers were recruited from students of Kyoto Wom-
en’s University. The participants had no history of any 
metabolic diseases. None of the participants were neither 
pregnant, smoker, had eating disorder, weight loss and 
any other special diet. Volunteers taking supplement or 
medications known to affect their metabolism were ex-
cluded. The purpose, the protocol, and the risks of the 
study were explained to each participant and all enrolled 
participants signed a consent form prior to the study. The 
study was recruited and conducted from August 2018 to 
September 2019. This study followed the Declaration of 
Helsinki and Guidelines for Good Clinical Practice. The 
study protocol was approved by the Ethics Committee of 
the Kyoto Women’s University (30-4) and registered 
UMIN Clinical Trial Registry (UMIN 000034873). 

 

Study design 
The participants wore FGMs on the back of their left up-
per arm under the physician’s instruction at Kyoto Wom-
en’s University for 8 days. In order to obtain accurate 
glycemic measurements, the interventional study was 
started on Day 4. All participants consumed identical test 
meals of HCD for breakfast, lunch, and dinner from din-
ner on Day 3 to lunch on Day 7, except LCD was re-
placed with HCD for dinner on Day 5 (Figure 1). In LCD 
dinner carbohydrate was reduced by replacing boiled rice 
to tune, cheese, and mayonnaise resulting the increment 
of protein and fat content, but the amount of calorie was 
maintained equal to HCD dinner. The composition and 
macronutrient content of the test meals were shown in 
Table 1. The energy ratio of carbohydrate, fat, and protein 
were 64%, 21%, and 15% respectively for HCD on Day 4 
(before consumption of LCD dinner) and Day 6 (after 
consumption of LCD dinner) whereas 47%, 35%, and 
18% on Day 5 with LCD dinner of 19%, 59%, and 22%, 
respectively. The test meals of frozen set menu (Tokatsu 
Foods, Yokohama, Japan), packed tuna (Seachikin L 
flake, Hagoromo Foods Corporation, Shizuoka, Japan), 
mayonnaise (Kewpie Corporation, Tokyo, Japan), and 
cheese (Snow brand 6P cheese, Megmilk Snow Brand 
Co., Ltd., Tokyo, Japan) were provided by the study 
group, but rice, bread, spinach, broccoli, and tomato were 
prepared by the participants themselves according to the 
protocol prepared by the dietitians of the study group. 
Particularly, the participants were instructed to measure 
strictly the amount of boiled white rice (200 g) and white 
bread (90 g). The test meals were heated by microwave 
prior to the consumption. The test meals were consumed 
in the following order and time: vegetable dish for 7 min, 
main dish for 7 min and rice or bread for 6 min for HCD, 
whereas for LCD dinner vegetable dish for 7 min, the 
main dish for 7 min, and tune, mayonnaise, and cheese 
for 6 min. The participants were allowed to drink water, 
green tea, black tea, and coffee without sugar and milk, 
but neither alcohol nor sweet drinks were allowed to take. 
Excessive physical exercise for 2 days prior to the study 
and during the study period were prohibited. On Day 8, 

 

   
Figure 1. Study protocol. All participants consumed identical HCD meals from dinner on Day 3 to lunch on Day 7 except LCD was 
consumed in dinner on Day 5. Participants consumed test meals of breakfast at 07:00, lunch at 12:00, and dinner at 18:00. HCD: 
high-carbohydrate diet (grey triangle); LCD: low-carbohydrate diet (black triangle).  
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FGMs were removed by the participants themselves un-
der the physician’s management at Kyoto Women’s Uni-
versity. The study design was explained to each partici-
pant prior and during the study period, and the partici-
pants were reminded to follow the protocol by phone call 
or e-mail. Each participant was instructed to record the 
amount of food and meal time, and these records were 
assessed for compliance of the study protocol by the dieti-
tians of the study group. The participants were excluded 
if they did not follow the study protocol. Daily glycemic 
parameters during 3 days, from Day 4 to Day 6, were 
compared within-participant consuming identical meals 
with HCD and iso-caloric LCD dinner.  
 
Measurements 
The anthropometric measurements and blood sample of 
participants were collected in the morning after an over-
night fast in two weeks before the study. Fasting plasma 
glucose concentration was measured by amperometric 
methods, and HbA1c were determined by high-
performance liquid chromatography (HPLC) in Raku-
wakai Toji Minami Hospital. The incremental area under 
the curves (IAUC) for glucose of breakfast, lunch and 
dinner were calculated from the baseline by the trapezoi-
dal method. The mean amplitude of glycemic excursion 
(MAGE) was calculated described elsewhere.18 The gly-
cemic parameters were compared within-participants for 
3 days from the following meals; all three HCD meals on 
Day 4, two HCD (breakfast and lunch) and LCD (dinner) 
on Day 5, all three HCD meals on Day 6 (Figure 1). 

 
Sample size calculation and statistical analysis 
A sample size of 17 participants in the current study to 
provide 95% power to detect 5% difference in postpran-
dial glucose concentrations (G*Power 3.1, Heinrich-
Heine-Universität Düsseldorf, Germany) were referred to 
our previous study of consuming identical meals by eat-

ing different speed in healthy women.19 The primary out-
come was the postprandial glucose concentrations and the 
secondary outcomes were IAUC for glucose. The mean 
blood glucose concentration, standard deviation (SD), and 
MAGE were calculated from 7:00 to 6:45 of the follow-
ing day. We could not confirm normal distribution and 
homogeneity for all glycemic parameters by Shapiro–
Wilk and Levene tests, so we performed a paired compar-
ison by Wilcoxon matched-pairs signed rank test fol-
lowed by post hoc Bonferroni’s inequality (p<0.017) 
when Friedman’s test revealed significant effects for pa-
rameters (p<0.05). The results are reported as mean ± 
SEM unless otherwise stated. All statistical analyses were 
performed using SPSS 22.0 software (IBM Corp., Ar-
monk, NY, USA). A p value of <0.05 was considered 
statistically significant. 
 
RESULTS 
Twenty-two healthy women (age 21.7±4.0 years; BMI 
21.1±1.7 kg/m2, FPG 87.5±5.4 mg/dl, HbA1c 5.3±0.3%, 
mean±SD) were assigned and all participants were as-
sessed for compliance of the study protocol in this clinical 
study. The profiles of the mean blood glucose concentra-
tion were shown in Figure 2. The postprandial blood glu-
cose concentration of LCD dinner (Day 5) demonstrated 
lower than those in dinners of HCD before (Day 4) and 
after consuming LCD dinner (Day 6). However, on Day 6 
that was day after consuming LCD dinner, the postpran-
dial blood glucose concentrations of breakfast, lunch and 
dinner were all higher than those of corresponding meals 
consumed before LCD dinner, despite identical HCD 
were provided in all these meals. This may indicate that 
consuming LCD affects glucose metabolism not only 
immediately after the meal, but also continuously for the 
following 24 hours.  

The glycemic parameters were shown in Table 2. Ob-
viously, IGP of dinner and the IAUC 3h for glucose of 

 

   
Figure 2. The mean blood glucose profiles of HCD and LCD in healthy women (n=22). The participants consumed identical HCD meals 
from dinner on Day 4 to lunch on Day 7 except LCD was consumed dinner on Day 5. Day 4 with all HCD before consumption of LCD 
dinner. The glycemic parameters were compared within-participants. HCD: high-carbohydrate diet; LCD: low-carbohydrate diet. 
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Table 1. The composition and macronutrient content of the test meals 
 
 Meal Energy (kcal) Protein (g) Fat (g) Carbohydrate (g) Fiber (g) Detail content 
HCD Breakfast 437 18.2 12.0 70.1 5.8 white bread 90 g, tomato 100 g, broccoli 60 g, milk 200 g, strawberry jam (sugar free) 13 g 

  

Lunch 624 25.1 11.5 104.0 8.1 boiled white rice 200 g, frozen lunch box of fried fish with vegetable, tomato 100 g, spin-
ach 80 g 
  

Dinner 689 23.6 17.4 107.6 7.8 boiled white rice 200 g, tomato 100 g, frozen lunch box of gluten-meat steak with vegeta-
ble, spinach 80 g with fried tofu 15 g 
  

LCD Dinner 677 37.1 44.2 34.2 7.2 tune 60 g, mayonnaise 12 g, and cheese 36 g, tomato 100 g, frozen lunch box of gluten-
meat steak with vegetable, spinach 80 g with fried tofu 15 g  
 

Day 4, 6 (HCD) Total 1750 66.9 40.9 281.7 21.7  
 

Day 5 (LCD) Total 1738 80.4 67.7 208.3 21.1  
 
HCD: high-carbohydrate diet; LCD: low-carbohydrate diet.  
The macronutrient content of the test meals was calculated by computer software (Microsoft Excel Eiyokun for Windows Ver.7.0, Kenpakusya, Tokyo, Japan). 
 
 
Table 2. Characteristics of glycemic parameters of pre-LCD on Day 4, Day 5 with LCD dinner, and post-LCD on Day 6 and Day 7 in healthy women (n=22) 
 
Glycemic parameters Day 4 Day 5 Day 6 Day 7 
MBG (mmol/L) 5.40±0.11 5.34±0.10††† 5.72±0.11¶¶ - 
SD (mmol/L) 0.88±0.04  0.85±0.04††† 1.11±0.06¶¶ - 
MAGE (mmol/L) 2.67±0.14 2.52±0.12††† 3.20±0.17 - 
IGP after breakfast (mmol/L) 1.71±0.15 1.70±0.12† 2.33±0.15¶¶ 1.67±0.10 ‡‡‡ 
IGP after lunch (mmol/L) 2.54±0.18  2.77±0.22† 3.31±0.25¶¶ 2.91±0.18 
IGP after dinner (mmol/L) 2.06±0.20 1.12±0.12 ***††† 2.54±0.23 - 
IAUC of breakfast 3h (mmol/L × min) 136±14 137±11††† 210±18¶¶¶ 151±13 
IAUC of lunch 3h (mmol/L × min) 251±26 271±23†† 327±27 291±17 
IAUC of dinner 3h (mmol/L × min) 202±26 53±9***††† 246±32 - 
 
MBG: mean blood glucose concentration; SD: standard deviation of blood glucose concentration; MAGE: mean amplitude of glycemic excursion; IGP: incremental glucose peak; IAUC: incremental area under the 
curve for glucose. 
Data are mean±SEM. The glycemic parameters were compared within-participants for 3 days from the following meals; all three HCD meals on Day 4; two HCD (breakfast and lunch) and LCD (dinner) on Day 5; 
all three HCD meals on Day 6. The mean plasma glucose, SD, and MAGE were calculated from 7:00 to 6:45 in the following day. The IAUCs for glucose of each meal were calculated by the trapezoidal method. 
Day 4 with all HCD before consumption of LCD dinner. Day 5 with HCD breakfast and lunch, LCD dinner. Day 6 with all HCD after consumption of LCD dinner. Day 4 vs Day 5 *** p<0.001, Day 5 vs Day 6 
†p<0.05, ††p<0.01, †††p<0.001, Day 4 vs Day 6 ¶¶ p<0.01, ¶¶¶ p<0.001, Day 6 vs Day 7 ‡‡‡ p<0.001. 
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dinner on Day 5 showed significantly lower in LCD din-
ner than those of dinners of Day 4 (before consuming 
LCD) and Day 6 (after consuming LCD). The mean 
blood glucose concentration, SD, and MAGE were signif-
icantly lower on Day 5 with LCD dinner than those of 
after consuming LCD dinner on Day 6. However, after 
consuming LCD dinner on Day 6, IGP and IAUC 3h for 
glucose of breakfast and lunch all showed significantly 
higher than those of corresponding meals before consum-
ing LCD dinner on Day 5, although all HCD meals were 
identical. Furthermore, IGP after breakfast and lunch, 
IAUC 3h for glucose of breakfast, mean blood glucose, 
and SD were all significantly higher on Day 6 than those 
on Day 4. IAUC 3h for glucose of dinner and MAGE also 
tended to be higher on Day 6 than those of Day 4 (both, 
p=0.052). IGP breakfast on Day 7 was significantly lower 
than that of Day 6, but there was no significant difference 
among IAUC 3h for glucose of breakfast, IGP lunch, and 
IAUC 3h for glucose of lunch on Day 7 and those of cor-
responding HCD meals during the study days (Table 2 
and Figure 2). 
 
DISCUSSION 
We investigated the acute effect of replacing only one 
meal to iso-caloric LCD on glycemic parameters in young 
healthy women. This is the first clinical interventional 
study to investigate the acute effect of switching low-
carbohydrate diet to high-carbohydrate diet on glycemic 
parameters by FGMs with fixed identical test meals for 
all participants. Our findings demonstrated that after con-
sumption of one low-carbohydrate dinner, high-
carbohydrate diet in the following day caused higher 
mean blood glucose concentration, SD, and postprandial 
glucose concentrations than consuming the same high-
carbohydrate meals before consumption of LCD dinner. 
Notably, replacing with low-carbohydrate meal only once 
increased postprandial glucose concentration of the sub-
sequent high-carbohydrate diet for 24 hours, since IGP 
breakfast on Day 7 returned to the level before consuming 
LCD. The adverse effect shown in the present study 
might explain the undesired effect previously reported in 
the long-term study that regaining of body weight can 
often be observed after quitting low-carbohydrate diet.20 

Most of all, the larger amplitude of glycemic excursions 
observed during consuming low-carbohydrate diet to 
high-carbohydrate diet in the study might increase the 
risk of metabolic syndrome and cardiovascular diseases 
for long term in healthy individuals,21,22 and this adverse 
effect might remain more than 24 hours in individuals 
with type 2 diabetes and it increases the risk of micro and 
macro-vascular complications.  

Numerous meta-analysis have reported the effect of 
LCD in reduction of body weight and HbA1c. Sainsbury  
E et al. reported that the meta-analysis of randomized 
controlled trials (RCTs) comparing a low-carbohydrate 
eating pattern (defined as ≤45% of calorie from carbohy-
drate) to high-carbohydrate eating patterns (defined as 
>45% of calorie from carbohydrate) found that HbA1c 
benefits were more pronounced in the very low carbohy-
drate interventions (where <26% of calorie came from 
carbohydrate) at 3 and 6 months, but not at 12 and 24 
months.3 In another meta-analysis comparing a low-

carbohydrate eating pattern (defined as <40% of calorie 
from carbohydrate) to a low-fat eating pattern (defined as 
<40% of calorie from fat), the low-carbohydrate eating 
pattern improved HbA1c more, and raised HDL-
cholesterol, lowered blood pressure, and resulted in great-
er reductions in diabetes medication for 6 months.7 Also, 
in systematic review and meta-analysis comparing low-
carbohydrate and high-carbohydrate eating patterns, it has 
been suggested that the lower the carbohydrate content, 
greater reduction in HbA1c was observed at durations of 
1 year.8 The Dietary Intervention Randomized Controlled 
Trial (DIRECT) study was conducted in obese partici-
pants among 3 dietary plans; low-carbohydrate diet, low-
fat diet, and Mediterranean. Mediterranean and low-
carbohydrate diet were more effective than low-fat diet 
on serum lipid levels and weight loss after 2 years. How-
ever, in the follow-up of 6-year period, 11% of the partic-
ipants had switched to another diet, and 22% were no 
longer dieting. Overall, the participants in the low-
carbohydrate group regained 4.1 kg of body weight after 
6-year period and the changes from baseline in body 
weight and the lipids profiles were similar among the 3 
groups after the entire 6-year-period.20 These meta-
analyses proved that low-carbohydrate eating patterns 
improves body weight, HbA1c, serum lipid profiles, and 
blood pressure, but only for the limited duration of period, 
which was about 1 to 2 years. After all, these researches 
revealed that it is difficult for any individuals to continue 
any dietary plan, including lower-carbohydrate diet, for 
long-term.3,7,8,20 Therefore, long-term studies should focus 
the importance of adherence in evaluations of the effects 
and adverse effects of carbohydrate reduction to prevent 
obesity and diabetes.  

One of the reasons for the adverse effect of glycemic 
response observed in the present study might have caused 
by high fat contained in low-carbohydrate dinner. Several 
reports mentioned that consuming low-
carbohydrate/high-fat diet decreased early insulin secre-
tion and increased postprandial glucose concentration in 
the following meal.23 High fat in LCD used in the present 
study (59% energy ratio) might deteriorate glucose toler-
ance on the next day. Since consuming high fat diet ele-
vates plasma free fatty acid (FFA) and serum triglyceride 
concentration, increased plasma FFA and triglyceride 
have possibly reduced insulin sensitivity and the first-
phase insulin release, resulting deterioration in postpran-
dial glucose concentrations after consuming LCD meal as 
shown in the present study.24  

Increased postprandial blood glucose concentrations af-
ter consuming LCD meal observed in the present study 
might increase the risk of cardiovascular diseases,25-28 and 
increased inflammatory cytokine.29 Meanwhile, there are 
concerns in the safety of LCD which derived from high 
protein and high fat diet in LCD on renal function.30,31 
Also, the risk of the reduction in bone mineral density in 
non-obese adults due to the long-term calorie and carbo-
hydrate restriction was pointed out.32 Moreover, low car-
bohydrate and high protein intake was indicated to be 
associated with increased total mortality, particularly car-
diovascular mortality in cohort studies.33,34  

Several limitations of the present study should be men-
tioned. First, the present study is an acute interventional 
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open-labeled study of LCD on glycemic responses, there-
fore, it is unable to apply these effects to long-term bene-
fits. Second, the participants of this study consisted of 
Japanese young healthy women, therefore, we should be 
cautious to translate our results to individuals with other 
gender, race, genetic backgrounds, lifestyle, and individ-
uals with type 2 diabetes. Third, interstitial fluid glucose 
levels measured by FGM was reported to be accu-
rate,17,35,36 although blood glucose concentration should 
also be measured with other method to make our data 
solid. Fourth, the mechanisms under the adverse effect of 
glycemic spikes caused by switching LCD to HCD is not 
fully understood in this study, because we did not exam-
ine serum insulin, serum incretin hormones, lipid profiles, 
and the possibility of gluconeogenesis. Therefore, the role 
of insulin, incretin hormones, cytokines, FFA, and endog-
enous glucose production on glycemic spikes is still un-
clear. Additionally, the participants were prohibited the 
excessive physical exercise for 2 days prior to the study 
and during the study period, although we should have 
checked the physical activity. Therefore, in future studies, 
additional investigations are required to clarify the mech-
anisms under these effects of LCD and the shift from 
LCD to HCD in individuals with and without diabetes. 
Particularly, long-term studies are needed to evaluate 
whether the effects are sustained and amplified over long-
term, because the dietary plans should be participant-
centered and adherence is important in real-life eating 
pattern.   

 
Conclusions  
Consuming one low-carbohydrate meal caused higher 
postprandial glucose concentrations in subsequent con-
sumption of high-carbohydrate meal, and the adverse 
effect lasted 24 hours in young healthy women. 
 
ACKNOWLEDGEMENTS 
We thank all the investigators and volunteers for participating in 
this study. 
 
AUTHOR DISCLOSURES 
This study was supported by JSPS KAKENHI Grant Number 
20K11569 and grants from Kyoto Women’s University. 

Y.H. reports grants from Asahi Kasei Pharma and personal 
fees from Mitsubishi Tanabe Pharma Corp., Novo Nordisk 
Pharma Ltd., Sanofi K.K., and Daiichi Sankyo Co. Ltd. outside 
the submitted work. M.F. received grants from Takeda Pharma 
Co. Ltd., Sanofi K.K., Kissei Phama Co. Ltd., Mitsubishi Tana-
be Pharma Corp, Astellas Pharma Inc., Nippon Boehringer 
Ingelheim Co. Ltd., Daiichi Sankyo Co. Ltd., MSD K.K., Sanwa 
Kagagu Kenkyusho CO., LtD., Kowa Pharma Co. Ltd., Kyowa 
Kirin Co., Ltd., Sumitomo Dainippon Pharma Co., Ltd., Novo 
Nordisk Pharma Ltd., Ono Pharma Co. Ltd., Eli Lilly Japan 
K.K., Taisho Pharma Co., Ltd., Tejin Pharma LtD., Nippon 
Chemiphar Co., Ltd., Johnson & Johnson k.k. Medical Co., 
Abbott japan Co. Ltd., and Terumo Corp., and personal fees 
from Teijin Pharma Ltd., Arkray Inc., Kissei Pharma Co., Ltd., 
Novo Nordisk Pharma Ltd., Mitsubishi Tanabe Pharma Corp., 
Sanofi K.K., Takeda Pharma Co. Ltd., Astellas Pharma Inc., 
MSD K.K., Kyowa Kirin Co. Ltd., Sumitomo Dainippon Phar-
ma Co. Ltd., Daiichi Sankyo Co. Ltd., Kowa Pharma Co. Ltd., 
Ono Pharma Co. Ltd., Sanwa Kagaku Kenkyusho Co. Ltd., 
Nippon Boehringer Ingelheim Co., Ltd., Taisho Pharma Co., 
Ltd., Bayer Yakuhin, Ltd., AstraZeneca K.K., Mochida Pharma 

Co. Ltd., Abbott japan Co. Ltd., Eli Lilly Japan K.K., Medtronic 
Japan Co. Ltd., and Nipro Corp. outside the submitted work. 
The sponsors were not involved in the study design; in the col-
lection, analysis, interpretation of data; in the writing of this 
manuscript; or in the decision to submit the article for publica-
tion. The authors, their immediate families, and any research 
foundations with which they are affiliated have not received any 
financial payments or other benefits from any commercial entity 
related to the subject of this article. The authors declare that 
although they are affiliated with a department that is supported 
financially by a pharmaceutical company, the authors received 
no current funding for this study and this does not alter their 
adherence to all the journal policies on sharing data and materi-
als. The other authors have nothing to disclose. 
 
REFERENCES 
1. Wheeler ML, Dunbar SA, Jaacks LM, Karmally W, Mayer-

Davis EJ, Wylie-Rosett J, Yancy Jr WS. Macronutrients, 
food groups, and eating patterns in the management of 
diabetes: a systematic review of the literature, 2010. 
Diabetes Care. 2012;35:434-45. doi: 10.2337/dc11-2216.  

2. Ge L, Sadeghirad B, Ball GDC, da Costa BR, Hitchcock, 
CL, Svendrovski A. Comparison of dietary macronutrient 
patterns of 14 popular named dietary programmes for weight 
and cardiovascular risk factor reduction in adults: systematic 
review and network meta-analysis of randomised trials. BMJ. 
2020;369:m696. doi: 10.1136/bmj.m696. 

3. Sainsbury E, Kizirian NV, Partridge SR, Gill T, Colagiuri S, 
Gibson AA. Effect of dietary carbohydrate restriction on 
glycemic control in adults with diabetes: A systematic 
review and meta-analysis. Diabetes Res Clin Pract. 2018; 
139:239-52. doi: 10.1016/j.diabres.2018.02.026. 

4. Evert AB, Dennison M, Gardner CD, Garvey WT, Lau 
KHK, MacLeod J et al. Nutrition therapy for adults with 
diabetes or prediabetes: a consensus report. Diabetes Care. 
2019;4:731-54. doi: 10.2337/dci19-0014. 

5. American Diabetes Association. 5 facilitating behavior 
change and well-being to improve health outcomes: 
standards of medical care in diabetes-2020. Diabetes Care. 
2020;43:S48-S65. doi: 10.2337/dc20-S005.5. 

6. Davies MJ, D’Alessio DA, Fradkin J, Kernan WN, Mathieu 
C, Mingrone G, Rossing P, Tsapas A, Wexler DJ, Buse JB. 
Management of hyperglycemia in type 2 diabetes, 2018. A 
consensus report by the American Diabetes Association 
(ADA) and the European Association for the Study of 
Diabetes (EASD). Diabetes Care. 2018;41:2669-701. doi: 10. 
2337/dci18-0033. 

7. van Zuuren  EJ, Fedorowicz Z, Kuijpers T, Pijl H. Effects of 
low-carbohydrate- compared with low-fat-diet interventions 
on metabolic control in people with type 2 diabetes: a 
systematic review including GRADE assessments. Am J 
Clin Nutr. 2018;108:300-31. doi: 10.1093/ajcn/nqy096. 

8. Snorgaard O, Poulsen GM, Andersen HK, Astrup A. 
Systematic review and meta-analysis of dietary carbohydrate 
restriction in patients with type 2 diabetes. BMJ Open 
Diabetes Res Care. 2017;5: e000354. doi: 10.1136/bmjdrc-
2016-000354. 

9. Tay J, Luscombe-Marsh ND, Thompson CH, Noakes M, 
Buckley JD, Wittert GA, Yancy Jr WS, Brinkworth GD. 
Comparison of low- and high-carbohydrate diets for type 2 
diabetes management: a randomized trial. Am J Clin Nutr. 
2015;102:780-90. doi: 10.3945/ajcn.115.112581. 

10. Samaha FF, Iqbal N, Seshadri P, Chicano KL, Daily DA, 
McGrory J, Williams T, Williams M, Gracely EJ, Stern LA. 
Low-carbohydrate as compared with a low-fat diet in severe 
obesity. N Engl J Med. 2003;348:2074-81. doi: 10.1056/ 
NEJMoa022637. 



                                                       Adverse effect of switching low-carbohydrate diet                                                    601                       

11. Shai I, Schwarzfuchs D, Henkin Y, Shahar DR, Witkow S, 
Greenberg I, Golan R, Fraser D, Bolotin A, Vardi H. Dietary 
Intervention Randomized Controlled Trial (DIRECT) Group. 
Weight loss with a low-carbohydrate, Mediterranean, or 
low-fat diet. N Engl J Med. 2008;359:229-41. doi: 10. 
1056/NEJMoa0708681. 

12. Guideline for Diabetes Treatment 2020-2021. Japan 
Diabetes Society, Tokyo, Bunkodo; 2020. pp. 48-51. 

13. Ministry of Health, Labor and Welfare. The National Health 
and Nutrition Survey Japan, 2011. [cited 2020/01/05]; 
Available from: https://www.mhlw.go.jp/bunya/kenkou/ 
eiyou/h23-houkoku.html.  

14. Nakamura Y, Okuda N, Okamura T, Kadota A, Miyagawa 
N, Hayakawa T et al. Low-carbohydrate diets and 
cardiovascular and total mortality In Japanese: a 29-year 
follow-up of NIPPON DATA 80. Br J Nutr. 2014;112:916-
24. 

15. Sanada M, Kabe C, Hata H, Uchida J, Inoue G, Tsukamoto 
Y et al. Efficacy of a moderately low carbohydrate diet in a 
36-month observational study of Japanese patients with type 
2 diabetes. Nutrients. 2018;10:528. doi: 10.3390/nu10050 
528. 

16. Nanri A, Mizoue T, Kurotani K, Goto A, Oba S, Noda M, 
Sawada N, Tsugane S, Japan Public Health Center-Based 
Prospective Study Group. Low-carbohydrate diet and type 2 
diabetes risk in Japanese men and women: the Japan Public 
Health Center-Based Prospective Study. PLoS One. 2015; 
10:e0118377. doi: 10.1371/journal.pone.0118377. 

17. Haak T, Hanaire H, Ajjan R, Hermanns N, Riveline JP, 
Rayman G. Use of flash glucose-sensing technology for 12 
months as a replacement for blood glucose monitoring in 
insulin-treated type 2 diabetes. Diabetes Ther. 2017;8:573-
86. doi: 10.1007/s13300-017-0255-6. 

18. Baghurst PA. Calculating the mean amplitude of glycemic 
excursion from continuous glucose monitoring data: An 
automated algorithm. Diabetes Technol. Ther. 2011;13:296-
302. doi: 10.1089/dia.2010.0090. 

19. Saito Y, Kajiyama S, Nitta A, Miyawaki T, Matsumoto S, 
Ozasa N, Kajiyama S, Hashimoto T, Fukui M, Imai S. 
Eating fast has a significant impact on glycemic excursion in 
healthy women: randomized controlled cross-over trial. 
Nutrients. 2020;12:2767. doi: 10.33901/nu12092767. 

20. Schwarzfuchs D, Golan R, Shai I. Four-year follow-up after 
two-year dietary interventions. N Engl J Med. 2012;367: 
1373-4. doi: 10.1056/NEJMc1204792.  

21. Cederberg H, Saukkonen T, Laakso M, Jokelainen J, 
Härkönen P, Timonen M, Keinänen-Kiukaanniemi S, Rajala 
U. Postchallenge glucose, A1C, and fasting glucose as 
predictors of type 2 diabetes and cardiovascular disease. A 
10-year prospective cohort study. Diabetes Care. 2010;33: 
2077-83. doi: 10.2337/dc10-0262. 

22. Tominaga M, Eguchi H, Manaka H, Igarashi K, Kato T, 
Sekikawa A. Impaired glucose tolerance is a risk factor for 
cardiovascular disease, but not impaired fasting glucose. 
The Funagata Diabetes Study. Diabetes Care. 1999;22:920-4. 
doi: 10.2337/diacare.22.6.920. 

23. Numao S, Kawano H, Endo N, Yamada Y, Konishi M, 
Takahashi M, Sakamoto S. Short-term low 
carbohydrate/high-fat diet intake increases postprandial 
plasma glucose and glucagon-like peptide-1 levels during an 
oral glucose tolerance test in healthy men. Eur J Clin Nutr. 
2012;66:926-31. doi: 10.1038/ejcn.2012.58. 

24. Samkani A, Skytte MJ, Thomsen MN, Astrup A, Deacon CF, 
Holst JJ, Madsbad S, Rehfeld JF, Krarup T, Haugaard SB. 
Acute effects of dietary carbohydrate restriction on glycemia, 

lipemia and appetite regulating hormones in normal-weight 
to obese subjects. Nutrients. 2018;10:1285.  doi: 10.3390/ 
nu10091285. 

25. Torimoto K, Okada Y, Mori H, Tanaka Y. Relationship 
between fluctuations in glucose levels measured by 
continuous glucose monitoring and vascular endothelial 
dysfunction in type 2 diabetes mellitus. Cardiovasc Diabetol. 
2013;12:1. doi: 10.1186/1475-2840-12-1. 

26. Kawano H, Motoyama T, Hirashima O, Hirai N, Miyao Y, 
Sakamoto T, Kugiyama K, Ogawa H, Yasue H. 
Hyperglycemia rapidly suppresses flow-mediated 
endothelium-dependent vasodilation of brachial artery. J Am 
Coll Cardiol. 1999;34:146-54. doi: 10.1016/s0735-1097(99) 
00168-0. 

27. Sakamoto T, Ogawa H, Kawano H, Hirai N, Miyamoto S, 
Takazoe K, Soejima H, Kugiyama K, Yoshimura M, Yasue 
H. Rapid change of platelet aggregability in acute 
hyperglycemia. Detection by a novel laser-light scattering 
method. Thromb Haemost. 2000;83:475-9. 

28. Halbesma  N, Bakker SJL, Jansen DF, Stolk RP, De Zeeuw 
D, De Jong PE, Gansevoort RT. PREVEND Study Group. 
High protein intake associates with cardiovascular events 
but not with loss of renal function. J Am Soc Nephrol. 2009; 
20:1797-804. doi: 10.1681/ASN.2008060649. 

29. Esposito K, Nappo F, Marfella R, Giugliano G, Giugliano F, 
Ciotola M, Quagliaro L, Ceriello A, Giugliano D. 
Inflammatory cytokine concentrations are acutely increased 
by hyperglycemia in humans. Circulation. 2002;106:2067-
72. doi: 10.1161/01.cir.0000034509.14906.ae. 

30. Friedman AN. High-protein diets: potential effects on the 
kidney in renal health and disease. Am J Kidney Dis. 2004; 
44:950-62. doi: 10.1053/j.ajkd.2004.08.020. 

31. Oyabu C, Hashimoto Y, Fukuda T, Tanaka M, Asano M, 
Yamazaki M, Fukui M. Impact of low-carbohydrate diet on 
renal function: a meta-analysis of over 1000 individuals 
from nine randomised controlled trials. Br J Nutr. 2016; 
116:632-8. doi: 10.1017/S0007114516002178. 

32. Villareal DT, Fontana L, Krupa Das S, Redman L, Smith SR, 
Saltzman E, Bales C, Rochon J, Pieper C, Huang M. 
CALERIE Study Group. Effect of two-year caloric 
restriction on bone metabolism and bone mineral density in 
non-obese younger adults: a randomized clinical trial. J 
Bone Miner Res. 2016;31:40-51. doi: 10.1002/jbmr.2701. 

33. Lagiou P, Sandin S, Weiderpass E, Lagiou A, Mucci L, 
Trichopoulos D, Adami HO. Low carbohydrate-high protein 
diet and mortality in a cohort of Swedish women. J Intern 
Med. 2007;261:366-74. doi: 10.1111/j.1365-2796.2007. 
01774. 

34. Fung TT, van Dam RM, Hankinson SE, Stampfer M, Willett 
WC, Frank BH. Low-carbohydrate diets and all-cause and 
cause-specific mortality: two cohort studies. Ann Intern Med. 
2010;153:289-98. doi: 10.7326/0003-4819-153-5-2010090 
70-00003. 

35. Oskarsson P, Antuna R, Geelhoed-Duijvestijn P, Kröger J, 
Weitgasser R, Bolinder J. Impact of flash glucose 
monitoring on hypoglycaemia in adults with type 1 diabetes 
managed with multiple daily injection therapy: A pre-
specified subgroup analysis of the IMPACT randomised 
controlled trial. Diabetologia. 2017;61:539-50. doi: 10. 
1007/s00125-017-4527-5. 

36. Bolinder J, Antuna R, Geelhoed-Duijvestijn P, Kröger J, 
Weitgasser R. Novel glucose-sensing technology and 
hypoglycaemia in type 1 diabetes: A multicentre, non-
masked, randomised controlled trial. Lancet. 2016; 
388(10057):2254-63. doi: 10.1016/S0140-6736(16)31535-5. 


