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Introduction 

    In the last decade, diabetes has been a more 

important disease to be managed adequately in the 

world [1]. It is necessary to evaluate the status of 

diabetic patients concerning the presence of micro- 

and macroangiopathy, such as neuropathy, 

retinopathy, nephropathy, and arterial sclerosis [2]. 

These include Type 1 and 2 diabetes mellitus (T1DM, 

T2DM). As regards to diet therapy, there has been a 

variety of nutritional treatments reported so far. These 

are low-carbohydrate diet (LCD), calorie restriction 

(CR) (low-fat), Mediterranean, vegetarian, moderate 

carbohydrate, high-protein, low glycemic index/ 

glycemic load (GI/GL), Palaeolithic, control, and  

others [3]. 

Abstract 

    Authors and collaborators have continued diabetic practice and research on low carbohydrate diet (LCD), 

continuous glucose monitoring (CGM), and so on. The case is a 64-year-old male with type 2 diabetes mellitus 

(T2DM) treated with multiple daily insulin injections (MDI). When his HbA1c was 8.2% before, he changed to 

take tofu instead of rice and bread. HbA1c decreased to 7.1% and 4kg of weight reduction in 2 months. Tofu is a 

traditional Japanese food made from soybeans, which is a suitable LCD with Protein:Fat:Carbohydrate (PFC)   

ratio=40:45:15 in this case. His HbA1c is recently unstable, then glucose variability was investigated by CGM using 

FreeStyle Libre. The glucose pattern was different due to his lifestyle, including working day, off day, playing golf, 

respectively. The average glucose was 143-167 mg/dL and the estimated HbA1c was 7.1%, whereas HbA1c in 

outclinic was 8.1%, respectively. This report will hopefully become reference data for future research. 
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    Of these various diets, LCD has become more 

popular in recent years [4]. LCD was initially spread in 

Western countries by Dr. Bernstein and others [5]. 

Then, in Japan, authors and collaborators started LCD 

[6]. Successively, the clinical efficacy of LCD has been 

proven by various reports [7]. We have established the 

Japan LCD Promotion Association (JLCDPA) and 

developing several activities of LCD socially through 

papers, medical congress, seminars, and books [8]. 

From a research point of view, we performed LCD on 

thousands of patients and reported the effect of LCD, 

where the weight loss more than 10% or more was 

observed in 24%, and 5% or more was 59% [9]. 

There have been a variety of comparative discussions 

between LCD and CR [10]. 

 

    On the other hand, a recent topic concerning 

diabetic practice includes the prevalence of continuous 

glucose monitoring (CGM) for patients with T1DM and 

T2DM [11]. Among them, there were several reports 

for detecting hypoglycemia episodes [12]. In addition, a 

variety of beneficial points were revealed such as    

easy management, reliability, higher self-efficacy, 

simultaneous response, and other useful technology 

[13,14]. In fact, CGM has been frequently used in 

diabetic practice. Through our diabetes practice, 

authors have also already reported some cases with 

CGM evaluation in detail [15]. We have recently 

experienced an impressive male patient with T2DM, 

then a general case report and some related discussion 

will be described in this article. 

 

Case Report 

History of Present Illness: 

    The case is a 64-year-old male patient with T2DM, 

who has a medical history of 12 years of duration. As to 

diabetic therapy, he has been given insulin treatment 

for a long. About 1 year ago, his HbA1c was 8.2% at a 

rather higher level. Then, he changed his diet content 

from rice, bread, noodles to tofu (a product from 

soybeans with protein: fat: carbohydrate (P:F:C) = 

40:45:15) by our advice, and HbA1c has decreased to 

7.1% and 4kg of weight reduction in 2 months. His 

control status has not been in a satisfactory status, 

where HbA1c persisted approximately 7.4-8.5 % so far. 

To evaluate his glucose variability, the relationship 

between the daily profile of blood glucose and his daily 

activity was checked using FreeStyle Libre. 

 

Physical Examination: 

    He had unremarkable status in physical 

examination or no remarkable abnormalities of 

consciousness disorders from hypo- or hyperglycemia. 

His vital signs were normal, and his body mass index 

(BMI) has been approximately 24.9 kg/m
2
. He 

sometimes feels slight numbness in the extremities, 

which is supposed to be diabetic neuropathy. However, 

he was not pointed out to have retinopathy, 

nephropathy, or other significant macroangiopathic 

complications so far. 

 

Laboratory Exam: 

    The results of laboratory exams were shown as 

follows. Obtained standard biochemical data were AST 

14 U/mL, ALT 15 U/mL, r-GT 24 U/mL, BUN 19 

mg/dL, Cre 1.0 mg/dL, Uric Acid 5.5 mg/dL, HDL 54 

mg/dL, LDL 85 mg/dL, TG 119 mg/dL, WBC 4600 /μL, 

RBC 4.69 x 106/μL, Hb 14.8 g/dL, Plt 15.3 x 104/μL. 

Data related diabetes were HbA1c 8.1%, pre-prandial 

glucose 167 mg/dL.  

 

Medication: 

    He has been provided some medicine for T2DM, 

hypertension, and hyperlipidemia. The prescription 

includes Ipragliflozin L-Proline 50mg 1Tab, Valsartan 

80mg 1Tab, and Rosuvastatin 2.5mg 1 Tab . His blood 

pressure and lipids profile have been stable.  

 

Insulin Therapy: 

    He has been given insulin therapy for years by the 

method of multiple daily insulin injections (MDI). He 

was given two kinds of insulin three times a day. The 

pattern of his MDI in recent years is as follows: Novo 

rapid (Novo Nordisk) is provided 2 times a day just 

before breakfast and lunch, which is 6 units and 8 

units, respectively. Further, Humalog mix 50 is 

provided once a day just before the supper, which is 

14-16 units. 

 

Methods 

    In this case, his daily profile of blood glucose       

was investigated by the system of continuous     

glucose monitoring (CGM). His glucose  variability was 
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analyzed for 14 days. As regards to CGM, FreeStyle 

Libre (Abbott, USA) was applied [16]. It has been well-

known for its stable reliability for the measurement of 

changes in blood glucose [17]. It has shown beneficial 

predominance including trend accuracy, point 

accuracy, sensor stability, calibration, alarms, 

traceability, and time lag [18]. Furthermore, it shows 

satisfactory results for the guideline of the Clinical and 

Laboratory Standards Institute (CLSI) [19].  

 

    The case has taken tofu in the clinical course. These 

products were produced by Morinaga Milk Industry 

Co., Ltd., Japan. Their beneficial points include two 

aspects as follows: i) Long-life technology: Food and 

containers are sterilized separately, and aseptically 

filled without using preservatives. As a result, it 

enables long-term storage and can be stored at room 

temperature for 6.5 months (195 days). It is from the 

technology that has applied aseptic filling and 

packaging of milk for many years. ii) Paper pack with 6  

 

layers: Paper pack with high barrier property is used 

(Fig-1). By putting aluminum foil between the paper 

and polyethylene, it is difficult for air and oxygen to 

pass through them and the storage stability is 

remarkably maintained. 

 

Results 

    This case was set on FreeStyle Libre for 14 days, and 

the daily profile of blood glucose was obtained. The 

results of the CGM were satisfactory and shown in  

Fig-2. Out of 14 days, glucose variability in 4 days were 

summarized on May 13, 16, 19, 24. He spent different 

daily activity in each day as follows. They are i) regular 

working day, and hyperglycemia is found after lunch 

period in the day, ii) no working day, and the patient 

kept still and had cakes in the afternoon, iii) regular 

working day, and it showed similar glucose profile to 

May 13, iv) patient played golf all day with normal 

glucose profile in the afternoon. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   
Fig-1: 

    Japanese tofu with less carbohydrate suitable for LCD. Silky tofu in blue color (left) and protein-rich tofu in yellow color 

(right). Both type show 290g Vs 297g in weight, 33:51:15 Vs 40:45:15 in PFC ratio, 7.5g Vs 7.2g, in carbohydrate, respectively. 
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    The average blood glucose in these days were 167 

mg/dL, 160 mg/dL, 165 mg/dL and 143 mg/dL, 

respectively. They are almost the same, but the profile 

pattern and the activity content are completely 

different. The software of FreeStyle Libre analyzed 

HbA1c value from the obtained data of blood glucose. 

The estimated HbA1c value was 7.1% or 54 mmol/mol. 

On the other hand, the HbA1c value in our outclinic 

during the period was 8.1% or 62 mmol/mol. Both 

data have some discrepancies between them. 

 

Discussion 

    As to the treatment of diabetes, there are currently 

standard guidelines. One is the 2019 “Consensus 

Statement by the American Association of Clinical 

Endocrinologists (AACE) and American College of 

Endocrinology (ACE) on the Comprehensive Type 2 

Diabetes Management Algorithm” [20], and another is 

the American Diabetes Association (ADA) Standards of 

Medical Care in Diabetes—2020 [21]. Their important 

points include adequate diet therapy and the 

combination of injection treatment for necessary cases 

with postprandial hyperglycemia. 

 

    The authors have continued clinical and research on 

the comparison of LCD and CR for years. Regarding 

LCD, we have proposed three kinds of practical diet. 

They are petite-LCD, standard-LCD, and super-LCD 

including carbohydrate ratio as 40%,  26%,  and  12%, 

 

respectively [22]. When a  patient  shows  obesity  and 

hyperglycemia and/or obesity to a higher degree, 

super-LCD would be recommended. When a patient 

shows these problems in a lower degree or on insulin 

treatment, petite-LCD or standard-LCD can be applied. 

In other words, three kinds of LCD can be useful due to 

the metabolic situation of the patient. In this case, he 

showed unsatisfactory diabetic control one year ago. 

He was on insulin treatment, then the recommended 

method would be not to drastically reduce 

carbohydrate, but to reduce carbohydrate moderately 

to some degree. 

 

    The patient has been the president of a trading 

company, and he has been mainly engaged in the 

management of milk and tofu. Formerly, his diet was 

close to CR. At that time, he was advised to change 

food intake from rice and bread to tofu instead. There 

is a principle concerning carbohydrates and increasing 

glucose in T2DM [23]. For example, 300 g of rice 

contains 108 g of carbohydrate, while 300 g of tofu 

contains 5 g of carbohydrate. According to the textbook 

of Harper's biochemistry, patients with T2DM raise 

blood glucose by 3 mg/dL by intake of 1g of 

carbohydrate. Therefore, rice 300 g increases 324 

mg/dL of blood glucose, while tofu 300 g increases 

only 15 mg/dL of blood glucose, showing a large 

difference in the actual daily life [23]. 

 

 

 
Fig-2:  

    Daily profile of blood glucose by CGM using FreeStyle Libre 
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    Tofu has been one of the traditional Japanese food, 

which is a fermented product and made from soybeans 

[24]. Generally, tofu has been known as healthy food 

including much protein of soybeans and fewer 

carbohydrates. In this study, the case had two kinds of 

tofu, which are silky tofu and protein-rich tofu (Fig-1). 

Each product showed 290 g vs 297 g in weight per 

pack, 68 kcal vs 62 kcal / 100 g weight, 33:51:15 vs 

40:45:15 in PFC ratio, respectively. Calculating the 

carbohydrate amount in one pack of tofu, it has      

only 7.5 g vs 7.2 g, respectively. Consequently, by 

continuing to make the most of tofu for some period, it 

is expected that the LCD will be easy and successful. 

 

    Regarding the research on tofu, the quality of 

soybeans with high vs low protein content (44.8% vs 

39.1%) and with vs without 11X globulin polypeptide 

were investigated [25]. The results showed that 

soybeans with higher protein have smaller seeds which 

produced significantly firmer tofu gels associated with 

creamier color. There was a report concerning tofu 

consumption and arteriosclerosis [26]. Japanese men 

(n=652) were studied for the intake of soy food, 

fermented soy products, and brachial-ankle pulse wave 

velocity (baPWV) as an index of arterial stiffness. As a 

result, more consumption showed reduced arterial 

stiffness, suggesting the efficacy of isoflavone.  

 
    In this study, CGM was conducted successfully and 

blood glucose fluctuation pattern was perfectly 

observed. Regarding the four patterns shown in Fig-1, 

some discussion can be described in each day as 

follows: i) blood glucose value of 1200h-1500h was 

higher on a working day, suggesting the influence of 

the lunch, ii) glucose on 1200h-1700h was higher on 

non-working days, suggesting that the situation 

involves eating sweets and keeping stable with not 

moving, iii) similar diurnal fluctuation was observed as 

usual working days, iv) when playing golf, blood 

glucose remained normal level from 1200h to 2400h, 

suggesting the effect of exercise therapy for rather 

long. It is noteworthy that blood glucose had kept 

lower with the ideal level during the afternoon in iv) 

compared with that of i), ii), iii).  

 

    In one of our previous studies on CGM, precise, and 

detailed blood variability  was  observed.  The  example 

was that blood glucose was acutely dropped 3 hours 

after the first administration of sodium-glucose 

cotransporter 2 (SGLT2) inhibitor [27]. These data 

suggested remarkably useful evidence from a 

pathophysiological point of view.  

 

    Blood glucose levels measured by FreeStyle Libre are 

said to be lower than the actual levels. One of the 

reasons would be from the analysis mechanism that 

blood glucose level in the interstitial fluid has been 

calculated by the device. It is not the glucose value in 

the blood vessels. In previous reports, FreeStyle Libre 

measurements showed sufficient safety, accuracy, and 

tolerability [17]. However, data values measured with 

FreeStyle Libre generally tended to be low. As regards 

the degree of a discrepancy, the average ± standard 

deviation shows a large value of approximately -

43.4±20 mg/dL [28]. Furthermore, postprandial 

hyperglycemia may be underestimated [29]. For 

previous report, the mean absolute relative difference 

(MARD) glucose levels were 20.3%, 14.7%, and 9.6% 

in three glucose ranges (<72 mg/dL, 72-180 mg/dL, 

<181 mg/dL), respectively [30]. 

 

    In summary, glucose variability measured by CGM 

and discussion was described in this article. CGM has 

been more prevalent and useful [31]. Furthermore, it is 

expected to evolve into a compact and convenient 

device [32]. Furthermore, the clinical efficacy of LCD 

with practical usefulness of tofu were also introduced. 

This report will be hopefully some reference in diabetic 

practice and research in the future.  
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