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ABSTRACT

Background
Diabetes mellitus (DM) is associated with altered white blood cell (WBC) and glycated hemoglobin dysfunction. 
Aim
In this study, we were aimed to compare the status of  hemoglobin, glycated hemoglobin and WBC level between diabetic and non-
diabetic patient’s group. 
Methods
This study was conducted in the medicine department of  Women’s Medical College and Hospital, Sylhet, Bangladesh. The number 
of  participants was 142. All the patients enrolled were informed verbally about the study and written consent was taken from each 
patient.  Ethical permission was obtained from the institute. All of  the tests were performed according to the procedure adopted in 
the hospital for routine uses. Among the participants, 71 (male 47, female 24) were diagnosed as type-2 diabetics (T2DM) and the 
other was non-diabetes (male 32 and female 39).  
Results
During this study, diabetic patients showed increased hemoglobin (Hb) and WBC level in diabetic blood than non-diabetic one. It 
has been supported by the study that, HbA1c is remarkably greater than that of  New Delhi metallo-β-lactamase 1 (NDM-1) patients. 
So, our assumptions could be concluded as; diabetes mellitus is an inflammatory condition itself, which may play role in increased 
HbA1c and WBC count.  
Conclusion
Therefore, elevated WBC count is independently associated with worsening of  glucose metabolism and HbA1c may ameliorate the 
chronic low-grade inflammation such as type-2 diabetics (T2DM).

Keywords
Diabetes; Blood parameters; White blood cell (WBC); Glycated hemoglobin; Hemoglobin.

INTRODUCTION

Diabetes mellitus (DM) is becoming a health burden world-
wide due to an increase in obesity and sedentary lifestyles.1-3 

DM is associated with increased morbidity and mortality. DM is 
considered as a metabolic disorder and a risk factor for metabolic 
syndrome. A study from Nebeck et al4 suggested that the compo-
nents of  metabolic syndrome are associated with increased white 
blood cells (WBC) in the African population. Type 2 diabetes 
(T2D) and insulin-resistance are considered as chronic low-grade 

inflammation. Correlation between WBC, a non-specific inflam-
matory marker, and diabetic risk in different populations is con-
troversial.5-8 Elevated white blood cell count has been documented 
with increased risk of  glucose metabolic disturbance in middle-
aged and elderly Chinese people.9  

 Glycated hemoglobin A1c (HbA1c) reflects average plas-
ma glucose over the previous eight to twelve weeks and used as 
an object to evaluate glycemic control.10 Long-term hyperglycemia, 
characterized by an enhanced level of  HbA1c, causes the changes in 
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neutrophil metabolism, activation and circulation in blood steam11 
Gustavsson et al12 noted a significant association between HbA1c 
and WBC count, but that study was conducted in patients with sta-
ble coronary artery disease undergoing percutaneous transluminal 
coronary angioplasty (PTCA). However, the correlation between 
WBC and HbA1c in T2D is poorly understood. Although, vari-
ous inflammatory marker has been investigated in different groups 
of  T2D, it is quite difficult to characterize the low-grade systemic 
inflammation-based on the single inflammatory marker. Taking all 
these into consideration, we aimed to explore the association of  
WBC with HbA1c and other risk factors for diabetes.  

MATERIALS AND METHODS 

Study Design and Sampling 

This study was carried out among T2D patients of  Bangladesh to 
investigate the different pathological status of  patients suffering 
from T2DM. This study was conducted in the medicine depart-
ment of  Women’s Medical College and Hospital, Sylhet, Bangla-
desh. A simple random sampling technique was used for the selec-
tion of  study participants. The number of  participants was 142. 
Among the participants, 71 (male 47, female 24) were diagnosed as 
T2D and the other was non-diabetes (male 32 and female 39). The 
study protocol was approved by Noakhali Science and Technology 
University, Bangladesh. 

Patients Consent and Collection of Demographic Data

All the patients enrolled were informed verbally about the study 
and written consent was taken from each patient. To collect pa-
tient’s demographic data a face-to-face interview was conducted by 
the field researchers. During the interview in person, the interview-
ers translated the questionnaire from English to Bengali to make 
the questions easily understandable to the respondents. Interview-
ers have clarified any doubts that participants had and explained 
the symptoms and medical term in their familiar names and terms. 
The interview lasted 45-60-minutes and included a range of  ques-
tions about age,gender, occupation, education, and living status of  
participants. 

Pathological Test

Patients have prescribed required tests like Total WBC, Hemoglo-
bin, and HbA1c. All of  the tests were performed according to the 
procedure adopted in the hospital for routine uses.

Statistical Analysis

The experimented datawere calculated by using SPSS version 26 
and represented as Mean±SEM (Standard Error of  the Mean). Sig-
nificance level of  data was tested by Unpaired “t” tests where the 
differences between groups were considered significant at p<0.05, 
0.01 and 0.001.

RESULTS

Demographic Data

Total cohort included 142 patients visiting the hospital, out of  

which 71 patients were diabetes and other 71 patients were non-di-
abetes. Patients of  both groups having the co-morbidity of  cardio-
vascular disease. Other demographic characteristics of  the study 
population have been presented in Table 1. During this study, no 
significant differences were recorded for the age and gender of  
the participants while some other parameters showed their signifi-
cance at some points, but those were not that kind of  data that can 
affect the study findings. 

Mean (%) Hemoglobin (Hb) Content

Mean (%) hemoglobin content was estimated in both of  the 
groups. There was no significant variation in %Hb between the 
groups. Average values (diabetes vs non-diabetes) for male were 
12.61% vs 12.11 % and for female was 11.65% vs 10.10% respec-
tively. The data for patients with DM was found statistically signifi-
cant while compared to NDM group (Figure 1). 

Mean (%) Glycated Hemoglobin (HbA1c)

Irrespective of  the gender, statistically significant (p<0.05) varia-
tion was observed in mean % HbA1c values. Mean % HbA1c 
values (8.45±0.19%) were higher in diabetic patients compared to 
that of  non-diabetic patients (6.25±0.24%) (Figure 2).  

Table 1. Demographic Data Presentations of Diabetic and Non-Diabetic Study Subjects

Variable
Diabetic 

Patient (n=71)
Nondiabetic 

Patient (n=71) p value

Mean age 50.81±2.13 51.06±1.79 0.062NS

Gender(male/female) 47/24 (±11.5) 32/39 (±3.5) 0.500 NS

Occupation (percentage)

Business 30 (42.25)  26 (36.62) 0.045*

Housewife 24 (33.80) 27 (38.03) 0.037*

Service holder 10 (14.09) 13 (18.31) 0.083 NS

Others 7 (9.86) 5 (7.04)  0.105 NS

Living Place (percentage)

Urban 34 (47.89) 30 (42.25) 0.052 NS

Rural 37 (52.11) 41 (57.75) 0.033*

Values of age and gender are expressed by Mean±SEM while all other data are 
expressed in percentage; p<0.05 considered for *; NS stands for not significant at 
p-value>0.05.

Figure 1.  Mean % Hb Level of Diabetic and Non-diabetic Patient

Here, DM stands for diabetic mellitus and NDM stands for non-diabetic mellitus 
subjects. All the values are expressed by Mean±S.E.M.
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Mean White Blood Cell Counts

Diabetic patients suffering from cardiovascular disease have statis-
tically significant (p<0.01) higher WBC than non-diabetic patients 
with cardiovascular disease (Table 2).   

DISCUSSION 

Different biochemical parameters have studied to address their 
status in diabetic patients. Diabetes is considered a low-grade in-
flammation. In this study, we attempted to assess the relationship 
between the white blood cell counts, a non-specific marker for in-
flammation, with glycated hemoglobin. Supporting the notion of  
the inflammatory condition in diabetes, we found elevated WBC in 
diabetes compared with non-diabetes. Elevated WBC considered 
as the distressing insulin sensitivity and as a predictor for the de-
velopment of  T2D.13 

 During our current study, in even non-diabetic patients, 
an elevated WBC than normal range was observed, which could 
be due to co-morbidity of  CVS in non-diabetic patients. This is 
common with previous studies in White,9 Pima,13 Asian,14 and Jap-
anese.15 In a study on the African population,4 WBC counts were 
found to be widespread with increasing numbers of  components 
of  metabolic syndrome in each woman and male, although statisti-
cal significance was no longer achieved. These consequences sug-
gest that expanded WBC count number is an independent danger 
thing for IGR and T2DM. Although the mechanism underlying 
this upper rate of  the WBC counts in T2DM sufferers remains 
unclear, insulin resistance is probably partly responsible.13,16 De-
fects in insulin action on the tissues such as., adipose tissue, muscle, 
and liver, resulting in a continual, low-grade inflammatory condi-

tion. The secretion of  proinflammatory cytokines that promote 
the differentiation and maturation of  leukocytes can be triggered 
by both intra-arterial and extravascular infections. Irrespective of  
the triggering retailers and the initial events, the connection is bi-
directional: any system linked to chronic inflammation will reduce 
insulin action, and insulin resistance will promote irritation in the 
vicious cycle.17

 HbA1c is generally used for the assessment of  long-term 
blood glucose control of  the diabetic patient. It formed by irre-
versible, non-enzymatic glycation of  the hemoglobin, the rate of  
which is directly proportional to the ambient glucose concentra-
tion.16 It has been shown in a population-based study that both 
low and high HbA1c values are associated with T2DM. In adults 
diagnosed with diabetes, the odds of  all-motive mortality associat-
ed with excessive HbA1c levels increased by 60% and the odds of  
all-motive mortality associated with low HbA1c levels increased by 
40%.18 One study shows that more than two-thirds of  the study 
population had low-levels of  stable HbA1c, and one-fifth had 
stable levels of  HbA1c, but moderately high-levels. Compared to 
those with a higher-level of  HbA1c, participants with low stable 
HbA1c had a significantly shorter diabetes duration,19,20 the level 
of  glycemic control may well be adequate for these patients, and 
does not appear to confer additional risk for adverse outcomes. 

 During this study, irrespective of  the gender, statistically 
significant (p<0.01) variation was observed in mean % HbA1c val-
ues. Mean % HbA1c values were higher in diabetic patients com-
pared to that of  non-diabetic patients. The diabetic male is likely 
to have a higher Hb level than diabetic female. The non-diabetic 
male also tends to have high Hb level than nondiabetic female, and 
it was remarkable than that in case of  a diabetic group. Some stud-
ies found similar findings that mean % HbA1c values of  diabetic 
subjects are greater than that of  nondiabetic subjects. It indicates 
the average level of  glycolate Hb is more in the diabetic patient.19,20 
This phenomenon can be expressed, as blood sugar level increases 
in hyperglycemic patients, so increased glycogen become added to 
the hemoglobin’s, as a result, glycolate Hb level raises in diabetic 
patients.21 Some other studies also supported here by their report-
ing that higher-level of  HbA1c in diabetic patients over time is 
associated with higher prevalence and incidence of  chronic com-
plications over the same time22,23 as well as a higher-risk of  all-cause 
mortality.24,25 

CONCLUSION

The study reveals that blood parameters (i.e. WBC, HbA1c, Hb) 
were found different between diabetic and non-diabetic subjects, 
where diabetic patients show an increased level of  HbA1c, Hb, 
WBC. Although more precise biochemical and genetically studies 
are under a warrant to correlate the status of  WBC, HbA1c and 
Hb. 

LIMITATIONS OF THE STUDY

Although present attempt might bring some significant pathologi-
cal background for diabetes patientsin Bangladeshi, it had several 
limitations. Compared with the previous trace elements studies 
on diabetes patients from different countries, the sample size of  

Figure 2.  Comparison of % HbA1c Level of Diabetic and Nondiabetic Patients

Here, DM stands for diabetic mellitus and NDM stands for non-diabetic mellitus 
subjects. All the values are expressed by Mean±S.E.M.

Table 2. Blood Cell Count Comparison between Diabetic and Non-Diabetic 
Study Group

Blood Cell Count
Diabetic 

Mellitus Group
Non-Diabetic 

Mellitus Group

White blood cell 13172.36±1.5** 12876.32±0.3

All the values are expressed by Mean±SEM. p<0.01 considered for **
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our study was small; therefore, to validate these results we pro-
pose a multicenter approach with large sample size. Meanwhile, 
the current study subjects were selected and researched from an 
only hospital in Bangladesh that was another limitation of  this cur-
rent project. Thus further investigation with patients from differ-
ent hospitals of  different cities of  Bangladesh is recommended to 
confirm the study findings and data suitability. Finally, although 
the socio-economic status of  cases and controls is comparable, 
however, the possibility of  various genetic characteristics associ-
ated with diabetes should not be ignored.

RECOMMENDATIONS

Elevated WBC count is independently associated with worsening 
of  glucose metabolism and HbA1c may ameliorate the chronic 
low-grade inflammation such as T2D. 
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ABSTRACT

Current reports for oral hypoglycemic agents (OHAs) are described. As to the association of  dipeptidyl peptidase-4 inhibitors (DPP-
4i) and bullous pemphigoid (BP), odds ratio (OR) was vildagliptin 5.08, linagliptin 2.87, sitagliptin 1.29 (not significant). Regarding 
the comparative study between SGLT2i and DPP-4i, SGLT2i group showed lower hazard ratio (HR) as MACE 0.76, myocardial 
infarction 0.82, cardiovascular death 0.60, heart failure 0.43, all-cause mortality 0.60. Semaglutide showed reduced OR for cardiovas-
cular death than exenatide 0.47, dulaglutide 0.46, albiglutide 0.45, lixisenatide 0.43. SGLT2i showed reduction risk of  HR for MACE 
0.90, hospitalization for heart failure (HHF)/cardiovascular death 0.78, renal outcomes 0.62.

Keywords
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INTRODUCTION

Standard guideline for diabetes mellitus in 2021 was presented 
by American Diabetes Association (ADA).1 Recent topics for 

oral hypoglycemic agents (OHAs) will be introduced here with 
clinical evidence of  larger studies. The episodes of  hypoglycemia 
are risk factors for cardiovascular prognosis. A cohort study exam-
ining the prognosis of  74,610 patients for type 2 diabetes mellitus 
(T2DM) was reported.2 After follow-up of  7.1-years in median, the 
absolute 5-year risk of  death was 6.6% for cardiovascular death, 
1.1% for cancer deaths, and 13.1% for other deaths in hospitalized 
group (n=388) for severe hypoglycemia, respectively. In contrast, 
the group who was not hospitalized for severe hypoglycemia had 
cardiovascular deaths 4.7%, cancer deaths 1.4%, and other deaths 
11.1%, which were lower than those who experienced hypoglyce-
mia, respectively. 

 Dipeptidyl peptidase-4 inhibitors (DPP-4i) has been 
recently prevalent. A systematic review was reported on the ef-
ficacy of  DPP-4i for cardiovascular disease, and 18 randomized 
controlled trials (RCTs) and meta-analyses were analyzed.3 As a re-
sult, no additional benefit to cardiovascular risk could be expected 

when DPP-4i was added to standard treatment. Some studies are 
found concerning DPP-4i and bullous pemphigoid (BP). For 138 
RCTs, including 61514 DPP-4 inhibitor users and 59661 subjects 
were analyzed.4 Among them, only 6 studies reported BP. As a 
result of  meta-analysis, an odds ratio (OR) of  4.44 was found to 
be significantly associated with this risk. Meta-analysis study was 
conducted for evaluating the risk of  BP and skin-related adverse 
events (AEs). Totally, 46 randomized placebo-controlled trials 
(n=59332) were included.5 Among them, 3 studies revealed BP 
(n=38011), which included AEs. Comparison with control group, 
DPP4i group showed significantly higher-risk (OR 7.38). More-
over, DPP-4i therapy revealed increased overall risk of  AEs (OR 
1.22 p=0.03). To evaluate the relationship for BP, 5 studies for dif-
ferent kinds of  DPP-4i were analyzed.6 From adjusted meta-anal-
ysis, significant association between them were observed as OR 
2.13. The OR was 5.08 in vildagliptin, 2.87 in linagliptin, while OR 
1.29 (not significant p=0.31) in sitagliptin. By subgroup analysis, 
the OR in male was 2.35 and 1.88 in female. Consequently, the 
adjusted analysis can support a significant association of  DPP-4i 
use and BP.

 Comparative study was performed between sodium/glu-
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cose cotransporter-2 inhibitors (SGLT2i) and DPP-4i. A retrospec-
tive cohort study for cardiovascular risk was reported using large 
databases in Canada and UK.7 Subjects included matched 209,867 
cases each for users of  SGLT2i and DPP-4i. The primary outcome 
was major adverse cardiovascular events (MACE) and secondary 
outcomes were individual MACE, heart failure, and mortality of  
all causes. SGLT2i group for 0.9-years showed lower hazard ra-
tio (HR) as MACE 0.76, myocardial infarction 0.82, cardiovascu-
lar death 0.60, heart failure 0.43, all-cause mortality 0.60, ischemic 
stroke 0.85. Similar beneficial effect for MACE were found with 
canagliflozin (0.79), dapagliflozin (0.73), and empagliflozin (0.77). 
Thus, the short-term use of  SGLT2i can reduce the cardiovascular 
risks, compared with DPP-4i. 

 Semaglutide has been a topic for oral agent of  GLP-1a. 
Systematic review for the effect of  semaglutide was conducted in 
11 RCTs with 9890 cases.8 The results showed that hemoglobin 
A1C (HbA1c) decreased 0.89% and body weight decreased 2.99 
kg, respectively. Semaglutide showed superiority of  decreased 
HbA1c/weight as -0.35%/-1.48 kg, compared with sitagliptin, em-
pagliflozin and liraglutide. Furthermore, semaglutide decreased all-
cause mortality (OR 0.58) and cardiovascular mortality (OR 0.55), 
and showed the neutral efficacy for stroke, myocardial infarction, 
diabetic retinopathy and hypoglycemia. Seven cardiovascular out-
come trials (CVOTs) were conducted including 56004 patients us-
ing network meta-analysis (NMA).9 Semaglutide showed reduced 
OR of  cardiovascular death statistically than exenatide 0.47, du-
laglutide 0.46, albiglutide 0.45, lixisenatide 0.43. In contrast, sig-
nificant differences were not detected for reducing death from any 
case, stroke and MI events. Consequently, GLP-1RAs revealed sig-
nificant benefits for cardiovascular safety.

 Regarding SGLT2i, several recent reports are found. The 
cardiovascular efficacy of  ertugliflozin was evaluated for the study 
of  VERTIS CV. T2DM cases (n=8246) received ertugliflozin or 
placebo, and a major adverse cardiovascular event (MACE) was 
analyzed for 3.5-years.10 OR were 0.97 for MACE, 0.88 for death 
or hospitalization for heart failure (HHF). Hazard ratio (HR) for 
death from cardiovascular causes was 0.92, and death from renal 
causes was 0.81. Thus, ertugliflozin was proved to be non-inferior 
to placebo for MACE. In order to assess the renal and cardiovas-
cular outcomes of  T2DM for SGLT2i agents, analysis of  system-
atic literature search was conducted.11 The data were from 46969 
T2DM cases including 31116 cases of  cardiovascular disease. The 
results showed reduction risk of  MACE (HR 0.90), HHF/car-
diovascular death (HR 0.78), renal outcomes (HR 0.62). Conse-
quently, SGLT2i showed reduced risk of  MACE, HHF and renal 
outcomes, associated with beneficial effects of  HHF risk that is 
consistent findings across the trials.

 Chronic kidney disease (CKD) patients have elevated risk 
of  adverse cardiovascular and renal outcomes. Clinical efficacy of  
dapagliflozin was studied for CKD patients as dapagliflozin and 
prevention of  adverse outcomes in chronic kidney disease (DAPA-
CKD) trial.12 Randomly assigned 4304 cases with estimated glo-
merular filtration rate (eGFR) 25-75 mL/min/1.73 m2 and urinary 
Alb/Cre ratio (200-5000) were investigated and provided dapa-
gliflozin or placebo. The primary outcome included a sustained 

eGFR decline, end-stage kidney disease (ESKD) or death from 
kidney or cardiovascular causes. HRs were primary outcome event 
0.61, sustained eGFR decline 0.56 and death for various cause 0.69. 
The results were similar for patients with/without T2DM. Conse-
quently, safer profile of  dapagliflozin was confirmed. The study 
was apparently effective and then discontinued early, for 2.4-years 
in median. 

 SGLT2i may reduce the risk of  HHF. For 3730 patients 
with heart failure with class II, III, IV and <40% of  ejection frac-
tion, double-blind trial was conducted by providing empagliflozin 
10 mg a day or control as EMPEROR-Reduced Trial.13 Primary 
outcome was HHF or cardiovascular death. During 16-months, 
primary outcome event was observed in 19.4% in empagliflozin 
group, and 24.7% in control group (HR 0.75). The total number of  
HHF was lower in empagliflozin group (HR 0.70). Annual decline 
of  eGFR was slower in empagliflozin group (-0.55 vs. -2.28 ml/
min/1.73 m2/year, p<0.001). Consequently, patients in the empa-
gliflozin group showed lower risk of  cardiovascular death or HHF, 
irrespective of  the presence or absence of  diabetes.

 Concerning the relationship between SGLT2i and lower 
extremity amputation outcomes, 12 RCTs and 18 observational 
studies were investigated.14 Meta-analysis of  7 RCTs has brought 
absence of  significant association as RR 1.28. From sub-group 
analysis, canagliflozin showed significantly increased risk in meta-
analysis (RR 1.59) (2 RCTs), while dapagliflozin or empagliflozin 
did not show a significantly increased risk (2 RCTs each). Gener-
ally, no consistent evidence of  increased risk was not found. An-
other study of  adverse limb event was performed from 6 reports.15 
They include canagliflozin (CANVAS, CREDENCE), empa-
gliflozin (EMPA-REG OUTCOME), ertugliflozin (VERTIS CV) 
and dapagliflozin (DECLARE-TIMI 58, DAPA-HF trials). Out of  
51713 cases, 858 had amputation operations. The amputation ratio 
was 2.0/1.3% in SGLT-2i/control group, as pooled risk ratio of  
1.24. From this analysis, SGLT-2i is not statistically associated with 
increased risks of  amputation operations.

CONCLUSION

In summary, recent meaningful reports were introduced. The in-
formation will be hopefully useful for future research and practice 
for diabetes mellitus. 
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ABSTRACT
Diabetes mellitus (DM) has wider neurological complications. They include upper gastrointestinal (GI) symptoms, impaired motility, 
impaired gastric emptying (GE) and diabetic gastroparesis (DG), which are usually found. The patient was a 64-year-old man with 
type 2 diabetes (T2D) for 22-years. The patient weighed 74 kg with body mass index (BMI) 23.6 kg/m2, hemoglobin A1C (HbA1c) 
9.2%, ankle brachial index (ABI) 1.19/1.23, AST 25 U/L(7-38), ALT 23 U/L(4-44), GGT 48 U/L(<86), Chest X-P normal, and 
electrocardiogram (ECG) negative. When the patient was treated with low carbohydrate diet (LCD), a significant reduction in body 
weight and HbA1c was observed. Abdominal computerized tomography (CT) revealed multiple gall stone, dilated common bile duct 
and impaired GE, indicating DG. For endoscopic examination, much food residue was found in the stomach due to DG after 13 
hours fasting. Treatment for DG was initiated by mosapride citrate hydrate. During clinical progress, occasional liver dysfunction 
was observed twice associated with elevation of  AST 196 U/L, GGT 373 U/L and without symptoms, indicating cholestasis-type 
dysfunction. Some possible triggers may be involved in these episodes, such as gall stone, enlarged volume of  stomach due to DG, 
overeating, overdrinking, and other factors. This impressive report will hopefully become a reference for developing diabetic practice 
and research.

Keywords
Type 2 diabetes (T2D); Diabetic gastroparesis (DG); Gastric emptying (GE); Functional dyspepsia (FD); Low carbohydrate diet 
(LCD).

INTRODUCTION

Diabetes mellitus (DM) has been recently a widespread dis-
ease. According to the last data of  International Diabetes 

Federation (IDF), 463 million population has DM with increasing 
prevalence.1 For adequate treatments, several standard guidelines 
of  diabetic therapy have been found, in which American Diabe-
tes Association (ADA) presented recent concept and therapeutic 
management in January 2021.2 DM has given public health burden 
from social and economic aspects. Furthermore, it also brings mac-
roangiopathy and microangiopathy for diabetic patients. Among 
them, neurological complications include upper gastrointestinal 
(GI) symptoms and decreased motility because of  impairment of  
adequate control of  digestive system.3 In recent years, there have 

been various discussion concerning the complications of  diabetes.4 

 From historical point of  view, the usual diet therapy was 
formerly calorie restriction (CR), where fat food was mainly limited 
for reducing total calorie. After a variety of  nutritional practice and 
research for decades, low carbohydrate diet (LCD) was introduced 
for medical and healthcare fields. It was Drs Atkins and Bernstein 
who had shown the effect for diabetes and developed the actual 
methods.5 In the light of  evidence-based medicine, clinical effect 
of  LCD was revealed by some large studies.6 The effective period 
for LCD has been more longer years7 and LCD has become re-
cently rather prevalent in North American and European coun-
tries. 
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 On the other hand, authors and co-researchers have initi-
ated LCD in Japan and developed LCD treatment method so far.8 
We have established Japan LCD Promotion Association (JLCD-
PA), and continued a variety of  opportunities for original papers, 
books, medical societies, seminars and workshops.9 Further, vari-
ous research related to LCD and CR have been reported, including 
meal tolerance test (MTT), insulinogenic index (IGI), continuous 
glucose monitoring (CGM), daily profile of  blood glucose and 
Morbus (M) value.10,11 Recently, we have shown clinical application 
of  Xultophy for type 2 diabetes (T2D) with some medical prob-
lems.12,13 

  Our diabetic team has continued to treat many diabetic 
patients for years.14 Among them, we have reported impressive dia-
betic cases with various complications. We experienced a case in 
which a T2D male patient showed remarkable efficacy for LCD. 
Furthermore, the case had some diabetic complications in the axis 
of  digestive system, including diabetic gastroparesis (DG), occa-
sional liver dysfunction suspected of  probably related with DG. 
This case seems to be clinically impressive, and then general over-
view of  the case and some discussion will be described in this ar-
ticle.

CASE REPORT

Medical History

The patient is a 64-year-old man, who had no remarkable illness 
when he was young. His work has been a Buddhist priest and al-
ways busy for long. He was diagnosed with T2D at the age of  
42 and was subsequently treated with oral hypoglycemic agents 
(OHAs). He developed low back pain (LBP) seven years ago and 
was diagnosed with spinal stenosis. Then he received surgical treat-
ment, followed by improvement. Recently, his diabetic control has 
been unstable, and then he was transferred to our diabetic depart-
ment of  the clinic. 

Physical Examination

Consciousness is alert, and speech is normal and ordinary. Vitals 
showed pulse rate 60/min, and blood pressure 132/78 mmHg. His 
physique showed 177 cm in height, 74 kg in weight, 23.6 kg/m2 in 
body mass index (BMI) with ideal body weight (IBW) as 68.9 kg. 
Physicals showed that lung vesicular, heart no significant murmurs, 
abdomen soft and flat, no tenderness, bowel sound audible. Ab-
dominal circumference is 87 cm, and thigh circumference was 43 
cm at 10 cm position from upper border of  patella. Neurological 
findings showed unremarkable.

Examination Results

The results of  biochemical data at first visit were shown in Ta-
ble 1. It showed normal liver function tests and abnormal data 
were not observed. Other examinations were as follows: Chest 
X-P was negative, and electrocardiogram (ECG) was within 
normal limits. The examination of  pulse wave velocity (PWV) 
showed that ankle brachial index (ABI) 1.19/1.23, brachial-ankle 
PWV(baPWV)2453/2669. Echography of  cervical artery revealed 
that maximum data of  intima media thickness (IMT) 0.8/0.8 mm, 

plaque score (PS) 4.5 indicating slight arteriosclerosis (1.1<PS<5.0). 

Clinical Progress

From mentioned above, current medical problems so far are sum-
marized in the following: #1 T2DM, #2 hypertension, #3 arterio-
sclerosis of  carotid artery. For basic treatment of  diabetes, he was 
advised to start LCD. He was provided some medication for #1-3, 
which included sitagliptin phosphate hydrate (Januvia®) 50 mg 1 
Tab, Voglibose (Basen®) 0.3 mg 3 Tab, diltiazem hydrochloride Re-
tard-capsule (Herbesser-R®) 100 mg 1 Tab and aspirin (Biaspyrin®) 
100 mg 1 Tab. 

 By continuing LCD for several months, his hemoglobin 
A1C (HbA1c) values and body weight were decreased. The clini-
cal course is described in Figure 1. For 4-5 months duration of  
LCD, the HbA1c was normalized around 5.6-5.7%, and his clini-
cal progress was stable. Actually, LCD has three levels, which are 
super-LCD, standard-LCD and petite-LCD. They contain the ratio 
of  carbohydrate in calorie as 12%, 26% and 40%, respectively.15 He 
continued super-LCD for 3-months, standard-LCD for 3 months, 
and petite-LCD after that.

 When the patient visited our clinic, we have checked 
echograph and abdominal computerized tomography (CT) scan 
for evaluating the abdominal organs in August, 2018. Abdominal 
CT scan showed the findings of  multiple gall stone, dilation of  
the common bile duct and much amount of  food residue in the 
stomach (Figures 2A and 2B). This finding means impaired gas-
tric emptying and/or delayed gastric emptying (GE). The case is 
diabetic, then it is called as DG. Then, some questions concern-
ing the complaints of  digestive system were asked to the patient. 
The reply included some symptoms of  functional dyspepsia (FD) 
persisting, such as heart burn, abdominal fullness and constipa-
tion. After that, upper gastrointestinal endoscopy was performed 
in September, 2018. The result showed the presence of  extremely 
delayed gastric emptying (Figure 3). Before the exam, the case was 

Table 1. Biochemical Data

CBC GGT 48 U/L (<86) 

Hb 14.1 g/dL ALP 196 U/L (80-260) 

RBC 442 x 106 /μL LDH 179 U/L (124-222)

WBC 7100 /μL T-Bil 0.6 mg/dL (0-1.0)

Plt 26.9x104 /μL CK 124 U/L (41-153) 

BUN 20 mg/dL Amylase 50 U/L (35-125) 

Biochemical CRP 0.2 mg/dL (0-0.6)

Cr 0.9 mg/dL HBs Ag negative

Uric acid 6.8 mg/dL Diabetes-related

TG 144 mg/dL HbA1c 9.2% 

HDL-C 50 mg/dL Glucose 278 mg/dL 

LDL-C 83 mg/dL Urinalysis 

TP 6.6 g/dL Protein (-) 

Alb 3.9 g/dL Sugar (+) 

AST 25 U/L (7-38) Urobilinogen (-) 

ALT 23 U/L (4-44) pH 6
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ordered to keep fasting at least 13-hours from the previous night. 
He had spent usual life, and he did not have any episode of  over-
eating or drinking much related to this. Consequently, the case has 
other medical problems summarized as follows: #4 gall stone, #5 
FD, #6 DG. For the treatment of  #4 and #5, mosapride citrate 
hydrate (Gasmotin®) 5 mg 3 Tab, and sennoside A and B calcium 
(Sennoside®) 12 mg, 2 Tab before sleep a day were started. The ef-
fect of  the both was observed with relieve of  symptoms.

 During his clinical course, liver function was exacerbated 
twice, in March 2019 and in May 2020 (Figure 1). In the first time, 
it rose to AST 196 U/L, ALT 107 U/L, GGT 373 U/L, ALP 396 
U/L, LDH 256. A similar episode was found in the second time, 
with similar changes in liver function tests, which seemed to be 
the medical problem of  #7 occasional cholestasis-type liver dys-

function. In each episode, he did not have the episode of  drinking 
much. He continued a usual life with no particular exacerbated gas-
trointestinal symptoms such as fatigue, abdominal pain, fullness, 
nausea, vomiting, constipation, abnormal bowel movements and 
jaundice. At that period, liver function-related tests in detail were 
conducted. The results showed that T-Bil 0.3 mg/dL, alpha-feto-
protein (AFP) <2.0 ng/mL (<20), Alb 58.2% (60.2-71.4), α1-Glb 
2.2%, α2-Glb 8.7%, β-Glb 9.3%, γ-Glb 21.6% (10.5-20.3), A/G 
ratio 1.3 (1.5-2.5) as proteinogram. These results also suggested 
the existence of  # 8 chronic liver disease (CLD). No particular 
liver dysfunction has been observed since June 2020.

 Another diabetic problem was found concerning retinop-
athy. He was pointed out to have retinopathy at the age of  56-years 
old. The diagnosis was proliferative retinopathy and he received 

Figure 3. Endoscopic Findings: Much Food Residue is Found in the Stomach 
Due to Gastroparesis

Figure 1. Clinical Progress Reduction of HbA1c and Weight and Occasional Liver Dysfunction are Found

Figure 2. Abdominal CT 

A. Transvers view: galls stone and 
gastroparesis are present

B. Coronal view: dilated common bile 
duct are found
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laser treatment in the University Hospital. In February, 2019, he 
complained of  blurred vision, then he was referred to the oph-
thalmology department of  the university hospital. The important 
points of  the diagnosis are summarized in the following. Both eyes 
have diabetic proliferative retinopathy. Previously, cataract surgery 
was performed on the both eyes and intraocular lens were inserted. 
Vitrectomy is performed on the right eye. Currently, the situation 
of  retinopathy has been stable. The intraocular pressure was 18-20 
mmHg for both eyes, and the visual acuity was 0.4 on the right 
and 1.5 on the left in the work of  correction. Since the atrophy 
of  macula is observed in the right eye, it is considered difficult to 
improve visual acuity function in the future. Consequently, he has 
suffered from # 9 proliferative retinopathy for long.

DISCUSSION AND CONCLUSION

This report presents an interesting case. The case is a 64-year-old 
man with T2DM who has a 22-year history of  diabetes. He was re-
ferred to our clinic because of  unstable control. HbA1c and body 
weight were reduced by LCD for a few months, associated with 
remarkable clinical effects. DG, gallstones and common bile duct 
dilation were found in abdominal CT scan. Upper gastrointestinal 
endoscopy examination showed much food residues in the stom-
ach even after fasting for 13 hours. Furthermore, two episodes 
of  occasional liver dysfunction were observed during the clinical 
course. Possible causes are involved in DG, gallstones, common 
bile duct dilation, constipation, overeating and overdrinking. As 
regards to the discussion, 1) LCD, 2) DG, and 3) liver dysfunction 
would be described in this order.

 Firstly, LCD was applied to this case, which showed clini-
cally significant efficacy. HbA1c decreased from 9.2 to 5.6%, and 
body weight decreased from 74 kg to 67 kg for 6-months. The re-
sults seem to be typical case for the clinical efficacy of  LCDs. As to 
another data, TG values were TG 144 mg/dL, 62 mg/dL, 43 mg/
dL, 51 mg/dL, in 0, 3, 6, 9-months from LCD start, respectively. 
Remarkable reduction of  TG is common clinical effects of  LCD 
therapy.7 Authors and colleagues have continued LCD treatment 
for more than 2700 cases with diabetes, obesity and metabolic syn-
drome.16 The results showed that weight reduction was 6.6% in 
average, and 2.6-9.8% in the quartiles of  25-75% associated with 
mean weight reduction as 4.3 kg.

 As regards to LCD, authors have managed to recom-
mend three kinds of  LCD in order to make everyone understand 
and practice easily. They are petite-LCD, standard-LCD and super-
LCD, associated with including carbohydrate ratio for 40%, 26%, 
and 12%, respectively.15 These three types have been actually use-
ful to continue LCD therapy for medical care and healthcare. In 
current case, he has continued super-LCD at first for 3-months, 
successively standard-LCD for 3-months, accompanied by petite-
LCD after that. This trial seems to be satisfactory associated with 
maintaining proper body weight. 

 Secondly, diabetic gastroparesis (DG) has been the impor-
tant medical issue. Diabetic neuropathy has broader concept with 
signs and symptoms, in which various gastrointestinal (GI) symp-
toms are observed. This is so-called diabetic enteropathy (DE).17 
Among DE, autonomic neuropathy show an crucial pathogenetic 

role, associated with reduction of  interstitial cell and expression of  
neuronal NO synthetase.17 Those mechanisms bring to abnormal 
GI motility, leading some symptoms such as nausea, vomiting, dys-
pepsia and constipation. DE has been found in rather larger ratio 
of  diabetic patients. They usually show upper GI symptoms and 
impaired motility.18 Regarding the motility, impaired GE is found 
about 50% of  patients with T1D and T2D who are complaining 
of  FD, diabetic gastroparesis (DG) and so on.19 Since dyspepsia 
and gastroparesis may show similar physio-pathological function 
and clinical signs, the differential diagnosis is not so easy. A recent 
report suggested that FD and DG may show different expressions, 
despite of  the same spectrum of  gastric neuromuscular dysfunc-
tion.20 

 Diabetic gastroparesis has been characterized for its up-
per GI symptoms, including nausea, vomiting, epigastric distress, 
bloating or early satiety, which show without organic obstruction. 
From cumulative proportions of  gastroparesis for >10-years, haz-
ard ratios (HRs) for gastroparesis to controls was 33 in T1D, and 
7.5 in T2D. Further, gastroparesis risk in T1DM was higher than in 
T2D (HR 4.4), and T1D showed association of  gastroparesis and 
heartburn more at baseline (HR 6.6).21 Although gastric emptying 
is often delayed in gastroparesis, overall changed motility does not 
correlate with the symptom severity.22  

 The term dyspepsia includes a set of  symptoms with 
epigastric localization, which can be episodic or persistent, with 
variable intensity and severity. In the clinical setting, it is often dif-
ficult to characterize these symptoms and to distinguish dyspepsia 
from other GI disorders such as gastroesophageal reflux disease 
(GERD).23 The American College of  Gastroenterology (ACG) 
and Canadian Association of  Gastroenterology (CAG) clinical 
guidelines give a useful definition of  dyspepsia as predominant epi-
gastric pain which lasts at least one month and is associated with 
any other upper GI symptom such as epigastric fullness, nausea, 
vomiting or heartburn.24

 Regarding the treatment of  diabetic enteropathy and/or 
DG, three options are present.18 They are i) proper dietary modifi-
cation, ii) restriction of  glucose intake with better glucose control, 
iii) the first-line of  pharmacological therapy such as the use of  pro-
kinetics. For treatment of  GE, there are serotonin type 4 (5-HT4) 
receptor agonists such as mosapride, cisapride that is also effective 
for reduction of  abdominal pain.25 Furthermore, dopamine-2 re-
ceptor antagonists are also present such as metoclopramide that is 
effective for reduction of  early satiety, nausea and vomiting. As a 
5-HT4 receptor agonist, mosapride citrate hydrate (mosapride r) 
has been known to show beneficial effect and to enhance GE.26 
Mosapride combined with a Proton Pump Inhibitor (PPI) signifi-
cantly improved the reflux symptom score compared with that of  
PPI alone.27 

 Thirdly, occasional liver dysfunction twice during the 
clinical course were observed (Figure 1). What kind factors may 
be involved in these episodes? Some possible triggers would be 
gall stone, enlarged volume of  stomach due to DG, overeating, 
overdrinking, and other factors. We had taken detail history of  
daily life from the patient, but he did not notice particular changes 
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in his status. The gall stone was silent for symptoms, showing no 
abdominal pain or discomfort in right upper quadrant. CT find-
ings showed some bile duct enlargement, which may be related the 
presence of  gall stone. Gallstones seemed to be small cholesterol 
stones, and the possibility of  bile duct cancer will be followed and 
checked hereafter. There was a possibility of  the relationship of  
gall stone and occasional liver dysfunction. However, responsible 
causes have not be clarified yet. Consequently, this case will be 
followed-up carefully from several points of  view.

 There are some limitations in this report. The case is lim-
ited one case with DG and occasional liver dysfunction. In detail, 
he seemed to show always delayed gastroparesis and two episodes 
of  liver dysfunction. Its pathophysiological mechanism and situa-
tion would be considered associated with several factors, such as 
medical history, diabetic complication, and interactions in digestive 
system.

 In summary, a patient with T2D was described with 
several medical problems. He showed satisfactory reduction of  
HbA1c and weight by LCD, GI tract problems such as diabetic 
gastroparesis, and occasional liver dysfunction. This impressive 
report will hopefully become a reference for developing diabetic 
practice and research.

ETHICAL CONSIDERATIONS

This research study was conducted in compliance with the proper 
ethical principles, which is based on the Declaration of  Helsinki. 
In addition, some commentary was present for the Ethical Guide-
lines for Research in the medical field for Human beings and in 
the conduction of  the good clinical practice (GCP). Authors have 
taken the written informed consent from the patient in this re-
search. Furthermore, authors established the ethical committee for 
the clinical research in Kanaiso Hospital. The members were the 
president, the vice-president, and the director of  Pharmacology 
department, the headnurse, and experts in the medical and legal 
specialties. We have fully discussed the detail of  the research con-
tent and made confirmation that this research will be adequate and 
agreed with all members.

FUNDING

There was no funding received for this paper.

CONSENT

The authors have received written informed consent from the 
patient.

CONFLICTS OF INTEREST

The authors declare that they have no conflicts of  interest.

REFERENCES

1. International Diabetes Federation (IDF). IDF Diabetes Atlas. 
9th ed. Brussels, Belgium: International Diabetes Federation; 2019.

2. American Diabetes Association (ADA). 10. Cardiovascular dis-
ease and risk management: Standards of  medical care in diabetesd 
2021. Diabetes Care. 2021; 44(Suppl.1): S125-S150. doi: 10.2337/
dc21-S010

3. Bonetto S, Gruden G, Beccuti G, Ferro A, Saracco GM, Pel-
licano R. Management of  dyspepsia and gastroparesis in patients 
with diabetes. A clinical point of  view in the year 2021. J Clin Med. 
2021; 10(6): 1313. doi: 10.3390/jcm10061313

4. Doyle-Delgado K, Chamberlain JJ, Shubrook JH, Skolnik N, 
Trujillo J. Pharmacologic approaches to glycemic treatment of  
type 2 diabetes: Synopsis of  the 2020 American Diabetes Associ-
ation’s Standards of  Medical Care in Diabetes Clinical Guideline. 
Ann Intern Med. 2020; 173: 813-821. doi: 10.7326/M20-2470

5. Atkins RC. Dr. Atkins’ New Diet Revolution. New Delhi, India: 
Harper Collins Publishers India Limited; 2009. 

6. Shai I, Schwarzfuchs D, Henkin Y, Shahar DR, Witkow S, 
Greenberg I, et al. Weight loss with a low-carbohydrate, mediter-
ranean, or low-fat diet. N Engl J Med. 2008; 359: 229-241. doi: 
10.1056/NEJMoa0708681

7. Feinman RD, Pogozelski WK, Astrup A, Bernstein RK, Fine 
EJ, Westman EC, et al. Dietary carbohydrate restriction as the first 
approach in diabetes management: Critical review and evidence 
base. Nutrition. 2015; 31(1): 1-13. doi: 10.1016/j.nut.2014.06.011 

8. Ebe K, Ebe Y, Yokota S, Matsumoto T, Hashimoto M, Sakai 
Y, et al. Low Carbohydrate diet (LCD) treated for three cases as 
diabetic diet therapy. Kyoto Medical Association Journal. 2004; 51: 
125-129.

9. Muneta T, Kagaguchi E, Nagai Y, Matsumoto M, Ebe K, Wata-
nabe H, et al. Ketone body elevation in placenta, umbilical cord, 
newborn and mother in normal delivery. Glycat Stress Res. 2016; 3 
(3): 133-140. doi: 10.24659/gsr.3.3_133

10. Bando H, Ebe K, Hashimoto M, Bando M, Muneta T. A trial 
of  analysis method for insulin secretion response to carbohydrate 
loading. Edel J Biomed Res Rev. 2020; 2: 20-23. doi: 10.33805/2690-
2613.111

11. Ebe K, Bando H, Muneta T, Bando M, Yonei Y. Remarkable 
improvement of  glucose variability by Sodium–glucose cotrans-
porter 2 (SGLT2) inhibitors using continuous glucose monitor-
ing (CGM). Diabetes Case Rep. 2019; 4: 1. doi: 10.4172/2572-
5629.1000139

12. Hayashi K, Yasuoka T, Bando H, Miki K, Nakagawa M, Zushi 
T, et al. Useful Xultophy for older diabetic with various problems. 
SunText Rev Med Clin Res. 2021; 2(2): 126. doi: 10.51737/2766-
4813.2021.027

13. Yasuoka T, Hayashi K, Bando H, Miki K, Kamoto A, Ha-
mai M, et al. Effective and convenient treatment of  Xultophy 

10Case Report | Volume 7 | Number 1 |

http://dx.doi.org/10.17140/DROJ-7-150
http://doi.org/10.2337/dc21-S010
http://doi.org/10.2337/dc21-S010
http://doi.org/10.3390/jcm10061313
http://doi.org/10.7326/M20-2470
http://doi.org/10.1056/NEJMoa0708681
http://doi.org/10.1016/j.nut.2014.06.011
http://doi.org/10.24659/gsr.3.3_133
http://doi.org/10.33805/2690-2613.111
http://doi.org/10.33805/2690-2613.111
http://doi.org/10.4172/2572-5629.1000139
http://doi.org/10.4172/2572-5629.1000139
http://doi.org/10.51737/2766-4813.2021.027
http://doi.org/10.51737/2766-4813.2021.027


Diabetes Res Open J. 2021; 7(1): 6-11. doi: 10.17140/DROJ-7-150

Bando H et al

with lower doses for elderly diabetic patient. Endocrinol Metab Int J. 
2021; 9(2): 32-36. doi: 10.15406/emij.2021.09.00305

14. Kato Y, Bando H, Yamashita H, Yada S, Tokuhara S, Tokuhara 
H, et al. Seasonal changes in HbA1c values from young to elderly 
diabetic patients. J Diabetes Metab Disord Control. 2019; 6(3): 89-92. 
doi: 10.15406/jdmdc.2019.06.00187

15. Bando H. Useful tips for actual low carbohydrate diet (LCD) 
with super-, standard- and petit-LCD methods. EC Nutrition. 
2020; 15(5): 1-4.

16. Nakamura T, Bando H, Kawashima T, Dobashi M, Narita A. 
Weight reduction by effective protocol of  diet and exercise. J Diab 
Obes Metab. 2019; 2(1): 106.

17. Gotfried J, Priest S, Schey R. Diabetes and the small intestine. 
Curr Treat Options Gastroenterol. 2017; 15: 490-507. doi: 10.1007/
s11938-017-0155-x

18. Bonetto S, Gruden G, Beccuti G, Ferro A, Saracco GM, Pel-
licano R. Management of  dyspepsia and gastroparesis in patients 
with diabetes. A clinical point of  view in the year 2021. J Clin Med. 
2021; 10(6): 1313. doi: 10.3390/jcm10061313

19. Bharucha AE, Kudva YC, Prichard DO. Diabetic gastropare-
sis. Endocr Rev. 2019; 40: 1318-1352. doi: 10.1210/er.2018-00161 

20. Pasricha PJ, Grover M, Yates KP, Abell TL, Bernard CE, 
Koch KL, et al. Functional dyspepsia and gastroparesis in tertiary 
care are interchangeable syndromes with common clinical and 
pathological features. Gastroenterology. 2021; 160(6): 2006-2017. 
doi: 10.1053/j.gastro.2021.01.230

21. Choung RS, Locke GR III, Schleck CD, Zinsmeister AR, 
Melton LJ III, Talley NJ. Risk of  gastroparesis in subjects with 
type 1 and 2 diabetes in the general population. Am J Gastroenterol. 
2012; 107: 82-88. doi: 10.1038/ajg.2011.310

22. Tack J, van den Houte K, Carbone F. Gastroduodenal motility 
disorders. Curr Opin Gastroenterol. 2018; 34: 428-435. doi: 10.1097/
MOG.0000000000000473

23. Durazzo M, Lupi G, Cicerchia F, Ferro A, Barutta F, Beccuti 
G, et al. Extra-esophageal presentation of  gastroesophageal re-
flux disease: 2020 Update. J Clin Med. 2020; 9: 2559. doi: 10.3390/
jcm9082559

24. Moayyedi P, Lacy BE, Andrews CN, Enns RA, Howden CW, 
Vakil N. ACG and CAG clinical guideline: Management of  dys-
pepsia. Am J Gastroenterol. 2017; 112: 988-1013. doi: 10.1038/
ajg.2017.154

25. JinM, Mo Y, Ye K, Chen M, Liu Y, He C. Efficacy of  sero-
tonin receptor agonists in the treatment of  functional dyspep-
sia: A meta-analysis. Arch Med Sci. 2019; 15: 23-32. doi: 10.5114/
aoms.2017.69234

26. Uchida M, Yamato S, Shimizu K, Amano T, Ariga H. Dual 
role of  mosapride citrate hydrate on the gastric emptying evalu-
ated by the breath test in conscious rats. J Pharmacol Sci. 2013; 
121(4): 282-287. doi: 10.1254/jphs.12237fp

27. Nishizawa T, Mori K, Yoshida S, Ebinuma H, Toyoshima O, 
Suzuki H. Additional mosapride to proton pump inhibitor for 
gastroesophageal reflux disease: A meta-analysis. J Clin Med. 2020; 
9(9): 2705. doi: 10.3390/jcm9092705

Submit your article to this journal | https://openventio.org/submit-manuscript/

11 Case Report | Volume 7 | Number 1 |

http://dx.doi.org/10.17140/DROJ-7-150
http://doi.org/10.15406/emij.2021.09.00305
http://doi.org/10.15406/jdmdc.2019.06.00187
http://doi.org/10.1007/s11938-017-0155-x
http://doi.org/10.1007/s11938-017-0155-x
http://doi.org/10.3390/jcm10061313
http://doi.org/10.1210/er.2018-00161
http://doi.org/10.1053/j.gastro.2021.01.230
http://doi.org/10.1038/ajg.2011.310
http://doi.org/10.1097/MOG.0000000000000473
http://doi.org/10.1097/MOG.0000000000000473
http://doi.org/10.3390/jcm9082559
http://doi.org/10.3390/jcm9082559
http://doi.org/10.1038/ajg.2017.154
http://doi.org/10.1038/ajg.2017.154
http://doi.org/10.5114/aoms.2017.69234
http://doi.org/10.5114/aoms.2017.69234
http://doi.org/10.1254/jphs.12237fp
http://doi.org/10.3390/jcm9092705


DIABETES RESEARCH
PUBLISHERS

ISSN 2379-6375

Open Journal

Skin Autofluorescence a Non-Invasive Biomarker of 
Advanced Glycation End-Products and Its Association to 
Metabolic Parameters in a Greek Diabetic Population

Brief Research Report

Article information
Received: July 20th, 2021; Revised: August 7th, 2021; Accepted: August 7th, 2021; Published: August 13th, 2021

Kyriakos Kazakos, MD, PhD1; Maria Tzilini, MSc, PhD2; Dimitris Folinas, PhD3*; Maria Chatzidimitriou, MD, PhD4;  
Vassills Papaliangas, MD, PhD4

1Department of Nursing, International Hellenic University, Thermi, Greece
2International Hellenic University, Thermi, Greece
3Department of Supply Chain Management, International Hellenic University, Thermi, Greece
4Department of Biomedical Sciences, International Hellenic University, Thermi, Greece

*Corresponding author
Dimitris Folinas, PhD 
Department of Supply Chain Management, International Hellenic University, Thermi, Greece; E-mail: folinasd@ihu.gr

Cite this article
Kazakos K, Tzilini M, Folinas D, Chatzidimitriou M, Papaliangas V. Skin autofluorescence a non-invasive biomarker of advanced glycation end-products and its 
association to metabolic parameters in a Greek diabetic population. Diabetes Res Open J. 2021; 7(1): 12-15. doi: 10.17140/DROJ-7-151

Brief Research Report | Volume 7 | Number 1 | 12

    Copyright 2021 by Folinas D. This is an open-access article distributed under Creative Commons Attribution 4.0 International License (CC BY 4.0), which 
allows to copy, redistribute, remix, transform, and reproduce in any medium or format, even commercially, provided the original work is properly cited.
cc

ABSTRACT
Objectives
This cross-sectional study aims to evaluate the association between advanced glycation end-products (AGEs) accumulation, assessed 
by skin autofluorescence (SAF) measured using the AGE Reader, and the prevalence of  several metabolic variables in a diabetic 
population. 
Methods
The measurement of  SAF has become a non-invasive method of  assessing the accumulation of  AGEs as a marker of  the long-term 
impact of  glycemic and oxidative stress in humans. In contrast to blood glucose and to hemoglobin A1C (HbA1c), which reflect a 
short period of  glucose levels, the AGE is a marker of  the metabolic legacy effect and reflect a long period of  glucose levels. AGEs 
play a pivotal role in the development and progression of  diabetic complications. SAF has been validated as a simple, non-invasive 
method for assessment of  AGEs accumulation in the body. 
Results
In this study 100 diabetic patients were participated. We non-invasively measured SAF, in all the participants using the AGE Reader 
(DiagnOptics Technologies BV, Groningen, The Netherlands). We also measured the body mass index (BMI), the blood pressure 
and the patients underwent arterial duplex sonogram (Doppler examination) in the legs at the level of  the ankle and calculated the 
ankle-branchial index (ABI), which is an important index for diagnosing peripheral artery disease, which is a severe complication of  
diabetes. The SAF was positive correlated with age, duration of  diabetes and systolic blood pressure (BP) and was negative correlated 
with ABI.
Conclusion
The measurement of  SAF has become a non-invasive and reliable method of  assessing the accumulation of  AGEs in humans. In 
contrast to blood glucose and to HbA1c, which reflect a short period of  glucose levels, the AGEs reflect a long period of  glucose 
levels, correlate with certain metabolic parameters and with peripheral artery disease.

Keywords
Diabetes mellitus (DM); Advanced glycation end-products (AGEs); Skin autofluorescence (SAF); Empirical findings.

INTRODUCTION

The accumulation of  advanced glycation end-products (AGEs) 
on tissue proteins has been implicated in the ageing of  pro-

teins and the progression of  chronic age-related diseases such 
as atherosclerosis, chronic renal failure, Alzheimer’s disease and 

diabetes mellitus.1 AGEs and oxidative stress (OS) are two main 
contributors to the development of  diabetic complications. AGEs 
represent a heterogeneous substance class, produced through non-
enzymatic glycation of  proteins, lipids or nucleic acids within the 
so-called Maillard reaction (MR).1,2 
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 The formation and accumulation of  AGEs on long-lived 
proteins affects the structure and function of  proteins, enhances 
cytokine production and activates transcription factors via binding 
to specific receptors.2,3 In diabetes mellitus, AGEs accumulation 
in skin collagen is correlated both with the duration and severity 
of  hyperglycaemia, and with the presence of  long-term complica-
tions.2,3

 In a diabetes control and complications trial (DCCT) 
sub-study, skin AGEs levels could account for 19-36% of  the vari-
ance in incidence of  long-term diabetic complications in inten-
sively treated and for 14-51% in conventionally treated patients. 
The above indicate that tissue AGEs accumulation may reflect the 
cumulative effect of  hyperglycemia and oxidative stress over many 
years.3-5 Simple quantitation of  AGEs accumulation in tissue could 
provide a tool for assessing tissue injury and the risk of  long-term 
complications.

 Circulating or tissue-bound AGEs can be measured us-
ing enzyme-linked immunosorbent assay (ELISA), fluorescence 
spectroscopy, fluid chromatography and gas chromatography with 
mass spectrometry.5 Biochemical and immunochemical assays 
measure AGEs, like pentosidine, and carboxymethyl-lysine (CML). 
These methods are complex, invasive and highly costed. The mea-
surement of  tissue-bound AGEs is more stable, than the circulat-
ing AGEs. In particular, tissues with a slow turnover as the skin, 
display a high AGEs accumulation and are therefore most suitable 
for AGEs assessment.

 The skin represents the most accessible tissue for AGEs 
measurements, with the biochemical analysis of  skin biopsies con-
stituting the golden standard. However, this method is invasive, 
expensive, requires analysis in specialized centres. A growing in-
terest in the non-invasive assessment of  AGEs existed lately and 
non-invasive, quick, reproducible and relatively low cost methods 
were developed. The skin autofluorescence method (SAF) is a 
non-invasive quick and reliable method, based on the autofluo-
rescent properties of  some (e.g., pentosidine) but not of  all (e.g., 
carboxymethyllysine) AGEs. However, about 76% of  the SAF can 
be explained by the variability of  pentosidine.6,7

METHODS

In our study, 100 diabetic patients were included, in the implemen-
tation of  cometech project. They underwent detailed history and 
full clinical examination. We also measured the height and body 
weight and calculated the body mass index (BMI), we measure 
the blood pressure in the arm and the patients underwent arterial 
duplex sonogram (Doppler examination) in the legs at the level 
of  the ankle and calculated the ankle-branchial Index (ABI). The 
ABI is the ratio of  systolic blood pressure measured at the ankle-at 
the pedis dorsalis or posterior tibial artery-divided by the systolic 
blood pressure measured in the arm at the brachial artery. The ABI 
has been presented as an important tool for diagnosing periph-
eral artery disease, which is a severe macrovascular complication 
of  diabetes. The sample’s general characteristics are presented in 
Table 1.

 The study’s protocol was approved by the ethical com-

mittee of  the International Hellenic University. Participants pro-
vided their written consent after being informed of  the study’s na-
ture and the study was conducted according to the declaration of  
Helsinki. All patients were ambulatory and free of  acute illness. 

 The “continuity of  care in MEtabolic diseases through modern 
TECHnology” (COMETECH) project, founded by Interreg IPA 
Cross-border Cooperation Programme “Greece-Republic of  North 
Macedonia 2014-2020”, implements electronic medical information 
and communication technologies to provide and support health 
care in areas of  Northern Greece and North Macedonia. Interna-
tional Hellenic University is the lead partner and Florina Prefec-
tural General Hospital and Medical Association of  Thessaloniki 
are participate from Greece as well as two hospitals from Republic 
of  North Macedonia: Clinical Hospital Bitola and General Hospi-
tal Veles. The results presented here come from the International 
Hellenic University.

 We non-invasively measured SAF, in all the participants 
using the AGE Reader (DiagnOptics Technologies BV, Gronin-
gen, The Netherlands). Subjects lay their arm on a special arm rest 
with a window in the middle (Figure 1). 

 A skin surface of  around 4 cm2, is illuminated with an 
excitation light source (maximum intensity at a wave length of  ap-
proximately 370 nm) in a frequency range of  300 to 420 nm. The 
autofluorescent light is captured, analysed and SAF is expressed 
in arbitrary units (AUs). In Table 2 skin autofluorescence results 

Table 1. Patients’ General Characteristics (n=100)(Mean±SD or n)

Men/Women (n) 68/32

Age (years) 59.7±14

BMI (kg/m2) 28.9 ± 4.6

Duration of diabetes (years) 19.4±12

HbA1c (%) 7.3 ± 1.4

Smokers/Non-smokers 28/72

Overweight/Obese/Normal weight (n) 36/46/18

Treatment: Insulin/Oral pharmacotherapy 32/68

Education: Primary/Secondary/Tertiary (n) 18/48/34

Figure 1. AGE Reader (DiagnOptics, Groningen, the Netherlands). The Subject Lays his/her 
Forearm on the Blue Field, so that no Outside Light can Penetrate the ‘Measurement Window’
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in healthy adults and in type 2 diabetic patients are displayed. The 
results are displayed within seconds, together with age-corrected 
reference values.

Statistical Analysis

Statistical analysis was performed using statistical package for so-
cial sciences (SPSS) software (version 23, SPSS, Inc, Chicago, IL, 
USA). Continuous variables were displayed as means±standard de-
viation (SD). The associations between variables measure by Pear-
son’s correlation coefficient test.

RESULTS

The mean value of  SAF expressed in arbitrary units (AUs) was 
2.9±0.63. We examine the correlations between AGEs accumu-
lation evaluated by SAF and hemoglobin A1C (HbA1c), blood 
glucose, age, gender, BMI, duration of  diabetes, smoking status, 
blood pressure and ABI. The SAF was positive significantly cor-
related with age, duration of  diabetes and systolic blood pressure 
and was negative correlated with ABI. However there was no sig-
nificant correlation with heart beats, SpO2, smoking, BMI, diastolic 
blood pressure, blood glucose and HbA1c (Table 3). 

DISCUSSION

This cross-sectional study was conducted to evaluate the asso-
ciation between AGEs accumulation, assessed by SAF measured 

using the AGE Reader, and the prevalence of  several metabolic 
variables in a diabetic population. The measurement of  SAF has 
become a noninvasive method of  assessing the accumulation of  
advanced glycation endproducts (AGEs) as a marker of  the long-
term impact of  glycemic and oxidative stress in humans. In con-
trast to blood glucose and to HbA1c, which reflect a short period 
of  glucose levels, the AGEs is a marker of  the metabolic legacy 
effectand reflect a long period of  glucose levels. AGE accumu-
lation is part of  the normal aging process.6 Several studies have 
demonstrated that calendar age is associated with increased AGE 
levels in humans.6

 In this study the mean levels of  SAF was 2.9±0.63 and 
was significantly correlated to age and the duration of  diabetes. 
AGEs may reflect cumulative glycemic exposure and are less sen-
sitive to enzymatic degradation and proteolysis. Moreover, aging 
may reduce the expression and activities of  antioxidant enzymes, 
such as glyoxalase, a crucial enzyme for detoxification of  methylg-
lyoxal.6,7 AGEs may also suppress antioxidant enzyme expression 
and activity. Therefore, crosstalk exists between aging and AGEs; 
physiological aging creates numerous conditions that stimulate the 
accumulation of  AGEs, which then accelerate the aging process in 
target organs.

 SAF was not significantly correlated to traditional mark-
ers of  glycemic control, as are blood glucose and HbA1c. These 
markers of  glycemia reflects a very short period in contrast to 
AGEs, which reflect long period of  glycemic control. Although 
HbA1c has been the gold standard for metabolic control, the 
DCCT/EDIC Research Group showed that HbA1c values ex-
plained up to 11% of  the risk of  diabetic retinopathy, and that 
the unexplained 89% of  variation in risk was due to elements of  
the diabetic milieu not captured by mean HbA1c value. The rea-
son is that HbA1c does not reflect long-term hyperglycemia tissue 
expose and does not provide information about the intensity of  
fluctuations of  blood glucose levels.

 SAF was significantly correlated to high blood pressure 
and to peripheral arterial disease (PAD), evaluated by the ankle-
branchial index (ABI). This is in concordance with the results of  
other studies, which found SAF to be significantly higher in the 
PAD patients than the controls, especially in the PAD patients with 
cardiovascular comorbidity.8 Furthermore, SAF has been shown to 
be an independent predictor of  amputation.9

 In contrast to the results of  other studies, we did not find 
a correlation between cigarette smoking and SAF. However, in our 
study we did not take into consideration the duration of  smoking 
or the packs per year. We also did not find a correlation between 
BMI and SAF. However, this is in concordance with the results of  
van Waateringe’s study who examined the SAF and its association 
to components of  metabolic syndrome.10 Even if  there was not a 
significant association between BMI and SAF, however subjects 
with enlarged waist circumference had higher SAF, implying that 
not generally obesity but visceral obesity might have more impact 
on AGEs accumulation and SAF.

Table 2. Skin Autofluorescence (SAF) Measured with AGE Reader

Age Group 
(Years)

SAF in Healthy 
Adults (AU)

SAF in Type 2 
Diabetes (AU)

40-49 1.84±0.4 (n=64) 2.17±0.5* (n=44)

50-59 2.12±0.3 (n=199) 2.57±0.7* (n=47)

60-69 2.50±0.6 (n=278) 2.69±0.7 (n=32)

70-79 2.76±0.6 (n=307) 3.04±0.8 (n=37)

>80 2.89±0.5 (n=108) 3.17±0.7 (n=7)

Adapted from Lutgers et al11 

Table 3. Results of correlations with SAF

Variable Pearson Correlation p

Age r=0.55 <0.05

Diabetes duration r=0.27 <0.05

Systolic blood pressure r=0.34 <0.05

ABI r=-0.25 <0.05

Heart beats r=-0.28 NS

SpO2 r=-0.27 NS

Smoking r=0.1 NS

HbA1c r=0.8 NS

Blood glucose r=-0.1 NS

Diastolic blood pressure r=0.2 NS

BMI r=-1.9 NS
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CONCLUSION

AGEs play a pivotal role in the development and progression of  
diabetic complications. SAF has been validated as a simple, non-in-
vasive method for assessment of  AGEs accumulation in the body. 
SAF is a useful clinical tool for rapid assessment of  risk for AGE-
related peripheral artery disease, diagnosed by low ABI, which is a 
severe long-term macrovascular complication of  diabetes. Further 
studies are needed to prove the value of  SAF as a useful clinical 
tool for other microvascular and microvascular long-term diabetic 
complications. 
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