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ABSTRACT
Purpose

Metabolic syndrome is a preceding risk of diabetes, hypertension and/or dyslipidemia, so the diagnosis of metabolic syndrome is important for further treatment. In 2005, the international diabetes foundation (IDF) reported a new diagnostic criterion of metabolic
syndrome, making abdominal obesity an essential factor required in the diagnosis. Waist circumference (WC) is used as a surrogate
marker of abdominal obesity, but it is defined based on the national cutoff point of each country. This study examined the validity
of diagnostic criteria ofmetabolic syndrome, especially focusing on the different criteria of WC, for international standardization.
Method

We compared the efficacy of our previous weight-loss intervention by Japanese and IDF criteria by reanalyzing Saku control obesity
program (SCOP). In IDF, the cutoff point of WC for men is 90 cm and 80 cm for women. On the contrary, the cutoff point of WC
is 85 cm for men and 90 cm for women in Japan. Factors for diagnosis was evaluated, and the prevalence of metabolic syndrome at
baseline and 1 year later was compared by the different diagnostic criteria.
Result and Discussion

In Japanese criteria, the rate of metabolic syndrome among men decreased from 100% to 97.3%, and among women 96.6% to
88.6%. However, when we applied the IDF criteria, the rate of metabolic syndrome among men decreased from 97.4% to 88.5%,
and among women 100% to 100%. These results suggested that the prevalence of metabolic syndrome by IDF criteria is underdiagnosis in men and over-diagnosis in women compared to the Japanese criteria. Japanese cutoff point is calculated by the computed tomography (CT) scan data in which 100 cm2 abdominal fat area corresponds to nearly 100 cm WC. The standardization of
diagnostic criteria is important to compare the efficacy of intervention and prevention of diseases between countries.
Keywords

Metabolic Syndrome; Obesity; Waist circumference; Visceral fat; Adiponectin; Leptin.
INTRODUCTION
Conflicting Diagnostic Criteria of Metabolic Syndrome

T

he increase in obesity over the past 30 years has been fueled
by a complex interplay of unhealthy diet and physical inactivity, environmental, social, economic, and behavioral factors,
acting on a background of genetic susceptibility.1-3 Obesity is a
common risk factor for diabetes, hypertension, dyslipidemia and
other lifestyle related diseases, and the preclinical condition has
been summarized under the diagnosis of metabolic syndrome.

The concept of metabolic syndrome was proposed by several
committees, although there had been a considerable disagreement
over the definition and diagnostic criteria. The use of definitions
in conducting research into the metabolic syndrome resulted in
wide-ranging prevalence rates, inconsistencies and confusion, and
spurred on the vigorous debate regarding how the metabolic syndrome should be defined.4-6
Excess abdominal fat is an important and independent
risk factor for metabolic syndrome. Research has shown that waist
circumference is directly associated with abdominal fat and can
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be used in the assessment of risks associated with excess weight
and obesity.7,8 The above Japanese cutoff point (85 cm for men
and 90 cm for women) was calculated based on the CT scan data
(100 cm2 abdominal fat area). In recent years, abdominal computed
tomography (CT) has become available to determine the amount
of abdominal fat directly and accurately.7
Fortunately, people who have a body mass index (BMI)
of 30 or greater can improve their health by losing weight. A loss
of 5-10% of initial body weight can do much to improve health by
lowering blood pressure and other risk factors for obesity-related
diseases.9 In addition, research showed that a goal of at least 7%
weight loss from initial body weight brought by moderate diet and
exercise could delay or possibly prevent type 2 diabetes in nondiabetic people.10
Longitudinal Epidemiological and Clinical Study in Saku

We have carried out a series of epidemiological and clinical studies in Saku, Nagano prefecture in Japan.11-15 Since 1990 a population-based Japan Public Health Center cohort study, consisting
of 40-59-year-old residents, has been conducted in Saku. In Saku
Health Dock Center each year about 7,000 examinees have come
to the center for health checkups, including an oral glucose tolerance test (OGTT) by 75 g glucose intake, endoscopy, and recently
abdominal CT, in addition to the routine laboratory test and physical check-up. The Saku Health Dock Center database contains approximately 196,000 records connecting to the hospital database.
The purpose of the cohort study was to identify cancer
and cardiovascular disease risks, and it represented a novel approach that incorporated biological markers as health screening
data, blood, urine, and gene storage for future analyses. We selected this area because of a long collaborative history for primary
prevention of chronic diseases.16
Objective of this Study

The objective of this study was to examine the validity of diagnostic criteria of metabolic syndrome, especially focusing on the different criteria of waist circumference (WC) (International Diabetes
Foundation (IDF) and Japanese criteria). We reanalyzed the data of
our previous clinical study (saku control obesity program (SCOP))
and compared the efficacy of SCOP intervention (i.e. change in
the rate of metabolic syndrome before and after the intervention)
by using the Japanese and IDF criteria.
METHODS

The number of participants was 116 males and 119
females, aged 52.9±6.6 and 54.4±6.5 years, respectively. Basal
metabolic rate, measured in one-tenth of the participants, was
1659±226 kcal in males and 1477±210 kcal in females, and physical activity energy expenditure (PAEE) was 271±127 kcal in males
and 246±102 kcal in females. Average body weight was 86.4±11.8
kg in males and 75.2±9.5 kg in females. Average BMI was 30.4±3.5
kg/m2 in males and 31.1±3.1 kg/m2 in females.
A cognitive-behavioral treatment was employed in a randomized intervention trial by diet and physical activity.13 All participants were randomly divided into two groups: Group A received
intervention in year 1 and will be followed-up in years 2 and 3;
Group B will receive intervention in year 2 and will be followed
up in year 3. A diary to record body weight, body fat, number of
steps, and success in achieving the established plan (e.g., not eating
snacks, increase of 3,000 steps/day), as well as a dietary record,
was given to each participant. The equipments for body weight and
body fat scale and accelerometer (Lifecorder), were also provided.
The participants received individual counseling (30 minutes) by a registered dietician after physical examination and group
sessions about effective exercise (20 minutes) by exercise instructors. Body composition parameters were measured at baseline and
at 1, 3, 6 and 9 months during the intervention period.
Statistical Analysis

In this study, we undertook further analysis of the data of the
SCOP. Body fat %, total fat area, subcutaneous fat area and visceral
fat area after 1-year intervention in the intervention and control
groups were compared by Student’s t-test. Spearman correlations
were used to test the association among body weight, BMI, waist
circumference and CT fat area. The significance of differences
among the biomarkers at the baseline, after 1 year and 1-year follow-up were analyzed with repeated measure analysis of variance
(Friedman test was used for adiponectin and leptin). The Japanese
criteria of metabolic syndrome was defined as follows; WC≥85
cm for male and WC≥90 cm for female and having two or more
the following risk factors: dyslipidemia (triglyceride≥150 mg/dl
and/or HDL cholesterol<40 mg/dl), hypertension (systolic blood
pressure≥140 mmHg and/or diastolic blood pressure≥90 mmHg)
and hyperglycemia (fasting plasma glucose≥110 mg/dl). The IDF
criteria was defined as follows; WC≥90 cm for male and WC ≥80
cm for female and the other criteria are as same as Japanese criteria.
RESULTS

Evidence-Based Approach: Saku Control Obesity Program
(SCOP)

The saku control obesity program (SCOP), the details of which
have been described previously.11 The SCOP study protocol included 235 Japanese obese subjects (116 men and 119 women)
recruited from the database of medical health check-up of Saku
Central Hospital Human Dock Center. The study participants
were selected from medical records since 2000 and were aged
40-64-years-old with a body mass index (BMI: kg/m2) greater than
2

28.3 (the upper 5 percentile of all examinees). They were asked to
participate in an intervention program for weight loss.

At baseline, the prevalence rate of the risk factor of metabolic syndrome was as follows; hypertension; 27.2% and 42.7% for males
and females, respectively, hyperglycemia; 39.5% and 40.2%, dyslipidemia; 57.9% and 35.9% for males and females, respectively
(Table 1).
People who are obese could reverse an earlier metabolic
syndrome by adopting a healthy lifestyle and losing weight.
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puter software. Body fat % was measured by InBody (body composition measurement by impedance) and change in fat measurements by 1-year intervention was compared (Table 3).17

Table 1. Prevalence of Each Risk Factor of Metabolic Syndrome at Baseline
Males
n=116

%

Females
n=119

%

Hypertension

31

27.2

50

42.7

Hyperglycemia

45

39.5

47

40.2

Dyslipidemia

66

57.9

42

35.9

Table 3. Changes of Fat Volume and CT Area by 1year Intervention

Males

*Hyperglycemia is more than 7 mM by OGTT.

In males, the number of risk factors decreased from
40.4% to 35.1% with one factor, 15.8% to 19.3% with two factors,
and 14.0% to 7.0% with three factors. In females, 28.1% to 35.1%
with one factor, 26.3% to 15.8% with two factors, 7.0% to 3.5%
with three factors (Table 2).

Baseline

No risk factor

%

22

38.6

40.4

16

9

15.8

8

14.0

Baseline

After I year

p

53.7±6.7

53.9 ± 6.3

Body fat (%)

28.5±3.6

26.8±4.4

29.2±4.6

29.6±5.1

**

Total fat area (cm2)

393±82

333±81

417±137

397±104

**

Subcutaneous fat
area (cm2)

243±66

207±62

253±114

238±96

*

Viscera fat area (cm2)

150±48

126±46

164±48

159±48

**

Females

Baseline

Control group (F(n=52))

After I
year

After I year

p

41.8±5.4

41.8±5.8

**

468±123

455±108

**

Baseline

%

Females
n

%

Age (years)

55.0±6.6

22

38.6

26

45.6

Body fat (%)

39.7±5.2

37.8±5.9

28.1

20

35.1

20

35.1

Total fat area (cm2)

467±98

402±93

15

26.3

11

19.3

9

15.8

4

7.0

4

7.0

2

3.5

Subcutaneous fat
area (cm2)

343±80

302±76

335±100

326±88

Viscera fat area (cm2)

125±47

100±38

133±47

130±45

%

Females
n

17

29.8

1 risk factor

23

2 risk factors
3 risk factors

57

After I
year

Intervention group
(Females (n=52))

After 1yr intervention
Males
n

Baseline

Age (years)

Table 2. Number of Risk Factors Before and After the Intervention

Males
n

Control group
(M(n=49))

Intervention group
(Males (n=56))

57

57

57

A goal of 5% reduction of body weight attained more
than half, and about one fourth achieved 10 kg reduction of body
weight. Group A showed 4.5±4.4 kg decrease by the one-year intervention, and group B decreased by 5.4±6.1 kg body weight.
Anthropometric and Laboratory Data of SCOP

The waist circumference was measured twice at the umbilicus level
while the subject was in a standing position using a fiberglass measuring tape; the average measurement was used for the analysis.
Total fat areas were assessed by a CT scan at the level of
the umbilicus, with the subjects in the supine position, and calculated using the software (Fat Scan; N2 System Corp, Osaka, Japan)
(Figure 1).

54.5±6.2

**

Means±SD. Significant level between two groups after 1 year; *p<0.05 **p<0.01

The correlations among body weight, BMI, WC, and total
fat, subcutaneous and visceral fat area (cm2) by CT are shown in
Table 4. BMI, WC and total fat area showed a significantly high
association, and the visceral fat area only showed a mild association with total fat area and body weight. Visceral fat area had poor
association with subcutaneous (SQ) fat area in female subjects.
Table 4. Correlation between Body Weight, BMI,Waist Circumference and CT Fat Area
M n=116
F n=119

Figure 1. Abdominal Computed Tomography of Visceral Fat and Subcutaneous Fat

Weight
Weight

BMI

Waist

Total fat

SQ fat

Visceral
fat

0.863**

0.890**

0.837**

0.798**

0.539**

0.879**

0.907**

0.874**

0.567**

0.917**

0.877**

0.585**

0.926**

0.697**

BMI

0.823**

Waist

0.798**

0.769**

Total
fat

0.766**

0.788**

0.903**

SQ fat

0.739**

0.719**

0.857**

0.906**

Visceral
fat

0.371**

0.458**

0.461**

0.593**

* p<0.05

0.375**
0.197*

**p<0.01

Upper part (yellow) is the correlation among men, and lower part (red) is among
women.

Even though the WC increases, the increase of visceral
fat area is the lowest compared to the subcutaneous fat area (Figure
2).
SQ: Subcutaneous fat area,Vis: visceral fat area

Abdominal CT photo was taken annually and total fat,
subcutaneous and visceral fat was separately measured by the comOriginal Research | Volume 5 | Number 1|

Following an overnight fast, blood samples were collected for biological analyses at the time of each health check-up.
HDL cholesterol (HDL-C), LDL cholesterol (LDL-C), triglyceride
(TG) and HbA1c levels were analyzed in the clinical laboratory of
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the Saku Central Hospital. High-molecular-weight form (HMW)
adiponectin (μg/mL) and leptin (ng/mL) were measured by ELISA. Clinical and biological parameters were assessed at baseline
(0 month), the end of intervention (12 months) and the end of
follow-up (24 months).

Body weight, BMI, and other biological change are noted.
Most of the biomarkers were significantly improved at the 12 and
24 months as compared with baseline (Table 5).
Changes in adiponectin and leptin were a good biomarker for the trend in body weight decrease and rebound (Figure 3).

Figure 2. Relationship between Waist Circumference and CT Estimated Fat Area

Table 5. Change of Biomarkers at the Baseline, After 1year Intervention, and 1year Follow-up
Males (n=56)
Weight

unit

Baseline

After 1year
intervention

1 year follow-up

p

kg

84.2±8.5

79.3±8.7

80.5±1.2

**

BMI

kg/m2

29.8±2.3

28.1±2.5

28.5±2.6

**

Systolic blood pressure

mmHg

131.9±15.4

125.8±14.3

128.3±12.6

**

Diastolic blood pressure

mmHg

81.1±14.2

79.3±11.2

80.4±10.1

Waist circumference

cm

100.0±6.5

96.0±7.5

96.7±7.3

**

Total fat area

cm2

393.3±82.2

333.1±80.7

350.3±82.0

**

Total cholesterol

mg/dl

205.4±29.3

203.3±34.1

196.6±29.9

**

HDL cholesterol

mg/dl

48.3±10.8

50.3±12.7

51.4±14.6

**

LDL cholesterol

mg/dl

123.2±28.9

124.4±30.9

120.8±31.2

Triglyceride

mg/dl

169.7±98.1

142.8±74.4

146.4±81.9

*

%

5.7±1.1

5.5±0.8

5.7±0.7

**

2.6 (1.6-4.8)

**

HbA1c
Adiponectin

ug/ml

2.2 (1.5-3.6)

3.2 (2.1-5.9)

Leptin

ng/ml

6.7 (4.2-9.1)

5.7 (3.8-8.8)

5.2 (3.6-7.3)

**

Females (n=52)
Weight

kg

74.5±8.4

70.7±9.3

71.9±1.3

**

BMI

kg/m2

31.0±2.9

29.4±3.4

29.9±3.3

**

Systolic blood pressure

mmHg

132.6±16.1

126.8±17.3

126.1±17.4

**

Diastolic blood pressure

mmHg

81.3±11.4

79.8±11.7

78.9±10.9

**

Waist circumference

cm

103.2±8.1

99.2±9.6

100.7±9.2

**

Total fat area

cm2

467.4±97.6

402.0±93.0

420.5±90.8

**

Total cholesterol

mg/dl

210.3±35.5

210.1±26.8

206.4±27.6

HDL cholesterol

mg/dl

56.2±11.8

57.2±13.0

59.0±13.4

*

LDL cholesterol

mg/dl

128.0±31.8

129.2±25.9

126.8±25.0

Triglyceride

mg/dl

130.8±60.7

118.4±57.9

112.9±53.9

*

%

5.9±1.2

5.6±1.0

5.9±1.0

*

HbA1c
Adiponectin

ug/ml

5.1 (4.1-8.4)

6.8 (5.1-10.2)

5.8 (4.8-8.5)

**

Leptin

ng/ml

17.7 (13.2-23.5)

15.7 (10.7-20.7)

14.2 (9.5-18.2)

**

*p<0.05, **p<0.01 by repeated measure ANOVA (by Friedman test for adiponectin and leptin)
Means±SD. Adiponectin and leptin showed median and range (25 percentile and 75 percentile).
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proposed by the National Cholesterol Education Program Adult
Treatment (ATPIII) in 2001. ATPIII adopted abdominal obesity
estimated by the WC rather than by BMI in addition to hypertriglyceridemia, low High-Density Lipoproteins (HDL)-cholesterol,
high blood pressure, and hyperglycemia.

Figure 3. Leptin and Adiponectin Corresponding to the Quartile of Body Weight Decrease

Adiponectin is associated with insulin sensitivity and
atherosclerosis. Despite adiponectin being secreted from adipose tissue, plasma levels are lower in individuals with obesity,
insulin resistance and type 2 diabetes (T2D). Leptin continued
to decrease throughout 24 months despite weight regain between follow-up periods (Table 5). HDL-C continued to increase from baseline to 24 months. At 24 months, HDL-C was
significantly higher than at baseline for both men and women.
Evaluation of efficacy of SCOP intervention by Japaneseand IDF
criteria

We evaluated the efficacy of SCOP intervention (i.e. change in the
rate of metabolic syndrome before and after the intervention) by
using the Japanese and IDF criteria.When we applied Japanese criteria, the rate of metabolic syndrome among men decreased from
100% to 97.3%, and among women 96.6% to 88.6% (Table 6).
Three and 8% reduction in males and females occurred. However,
when we applied the IDF criteria, the rate of metabolic syndrome
among men decreased from 97.4% to 88.5%, and among women
100% to 100%. Metabolic syndrome rate decrease was found 9%
in men, and none in women.

Japan criteria
%

F

%

M

%

F

0

0

4

3.4

3

2.6

0

MS +

116

100

115

96.6

113

97.4

total

116

After 1 year intervention

119

116

Japan criteria

119

Controversies on the significance and cutoff point of WC may
have arisen from a misunderstanding of the purpose and the significance of the measurement of WC.18

%
100

119

The adipose tissue had been considered as just an energy
storage tissue, but recent studies reported that the tissue synthesizes and secretes various bioactive substances called adipocytokines,
such as leptin, adiponectin, tumor necrosis factor-α (TNF-α), free
fatty acids (FFAs), resistin and angiotensinogen.19 Many studies
have been investigated about adiponectin and leptin among various adipocyte-derived cytokines, and it is thought to be related in
the process of metabolic syndrome to the disease.20,21

IDF criteria

M

%

F

%

M

%

F

%

MS -

3

2.7

13

11.4

13

11.5

0

0

MS +

110

97.3

101

88.6

100

88.5

114

100

total

113

114

113

114

MS; metabolic syndrome, -; none, +; present, M; males, F; Females

DISCUSSION

So far, visceral adiposity measured by CT scan is a golden
standard, and it fits into the pathophysiology of metabolic syndrome.

Different Prevalence of Metabolic Syndrome by Japanese, WHO
and IDA Criteria

The first definition of criteria referring to abdominal obesity was
Original Research | Volume 5 | Number 1|

When we compare the efficacy of intervention by Japanese criteria, the rate of metabolic syndrome among men decreased from 100% to 97.3%, and among women 96.6% to 88.6%
(Table 6). Three and 8% reduction in males and females occurred.
However, when we applied the IDF criteria, metabolic syndrome
rate decrease was found 9% in men, and none in women. Such
unbalance is curious in biological response. It also suggests the
prevalence of metabolic syndrome by IDF criteria is underdiagnosis in men and overdiagnosis in women compared to the Japanese
criteria.

IDF criteria

M
MS -

Matsuzawa5,18 accumulated data of abdominal CT scan in
relationship to adiposity and diseases, and the Japanese committee
adopted a cutoff point of 100 cm2 of the visceral fat area for both
men and women because the risk of metabolic syndrome increased
over this point in both men and women simultaneously. WC that
corresponded to visceral fat of 100 cm2 was 85 cm in men and 90
cm in women.

Biological Rationale of the Japanese Criteria Based Upon the
Abdominal Fat Area by CT

Table 6. Number of Subjects by Japan and IDF Criteria
Baseline

In 2005, the International Diabetes Foundation (IDF) reported a new diagnostic criterion of metabolic syndrome, making
abdominal obesity an essential factor required in the diagnosis.4
The representatives of the IDF, the International Atherosclerosis Society, and the American Heart Association/National Heart,
Lung and Blood Institute agreed that abdominal obesity should
not be a prerequisite for the diagnosis, requiring the present of
any three of five factors. They also suggested that abdominal obesity should be defined based on the national cutoff point of each
country.4 Most countries accept the criteria of IDF.

The cutoff point in Japan was the only one that was

Nakade M, et al.
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based on the visceral fat area for the prevalence of diseases. The
first nationwide lifestyle intervention program to improve the risk
factors for metabolic syndrome in healthy adults was recently reported by Tsushita et al.22 They used the registry of Specific Health
Checkups and Specific Health Guidance focusing on metabolic
syndrome in middle aged adults, 40 to 74 years of age, beginning
in 2008 with follow-up period of 3 years. Number of participants
to the program was 31,790 and non-participated controls were
189,726. Body weight reduction was 1.98 kg (participants) and 0.42
kg (non-participants) and WC reduction was 2.34 cm in men and
2.98 cm in women by the intervention, while among controls it was
unchanged for 3 years.
So, the standardization of diagnostic criteria is important to compare the efficacy of intervention and prevention of
diseases. It could be conclusive that the WC of Japanese criteria
is appropriate avoiding both over-diagnosis and under-diagnosis.
WC reflects both visceral fat and subcutaneous fat of the abdominal wall, women in middle age usually have more subcutaneous
fat than visceral fat. A similar distribution is found among sumou
wrestlers. The subcutaneous fat area did show a low correlation
with visceral fat area (CC=0.197) in women (Table 4).
As developing countries are simultaneously facing increasing obesity and lifestyle diseases, collaboration in research and
programs is urgently needed to prevent disease through dietary
and lifestyle intervention.
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ABSTRACT
Background

Obesity and Type 2 diabetes mellitus (T2DM) are closely related such that together these are generally called diabesity, the underlying
causes of which revolve around the functioning of insulin.
Methods

PubMed was searched using the following Mesh [(“Adipocytes/classification”[Mesh] OR “Adipocytes/cytology”[Mesh] OR “Adipocytes/
metabolism”[Mesh] OR “Adipocytes/pathology” [Mesh] OR “Adipocytes/physiology”[Mesh]) OR “Fatty acids (FA)” [Mesh].
Results

The interaction of insulin with the whole body systems is extensive and resistance to insulin can occur due to multiple reasons including sepsis, Cushing’s syndrome, or even with pregnancy. In this review of literature, our focus is primarily on insulin resistance
that is associated with obesity. Insulin promotes lipogenesis in the liver and promotes glucose uptake by skeletal muscles and adipose tissues. Also, insulin inhibits lipolysis in adipose tissue to allow triacylglycerides (TAG) storage in the anhydrous droplet form.
When insulin resistance ensues, the delicate balance will tilt to a self-enabling cycle that culminates in the development of T2DM
“Diabesity”.
Conclusion

This review of literature also discusses the hypothetical cascade of defective expansion of adipose tissue due to fatty acids escape,
chronic inflammatory state, and ectopic fat deposition in the omentum, liver and skeletal muscles that underlie the pathogenesis of
this disease process.
Keywords

Adipose tissue; Diabetes; Fatty acid; Insulin; Resistance; Obesity.
Abbreviations

AS-160: Aktsubstrate of 160kDa; ASP: Acylation stimulating protein; DAG: diacylglycerol; DIC: Decarboxylase carrier; FA: Fatty
acid; FFA: Free Fatty acid acid; G-6-P: Glucose-6-phosphate; GPCR-40: G-protein coupled receptors-40; HIF-1: Hypoxia inducible factor-1; IKKβ: I-kappa B kinase β; imTG: Intramuscular triglyceride; IR: Insulin binding to its receptor; IRS: Insulin receptor
substrate; LCFAs: Long-chain fatty acids; LPL: Lipoprotein lipase; MCFAs: Medium-chain fatty acids; mTOR: Mammalian target
of rapamycin; OMF: Omental fat; PEPCK: Phosphoenolpyruvate carboxykinase; PKCζ: Protein Kinase Cζ; ROS: Reactive oxygen
species; SCFAs: Short-chain fatty acid; SCF: Subcutaneous fat (SCF); STZ: Streptozococin; T1DM: Type-1 diabetes mellitus;
T2DM: Type-2 diabetes mellitus; TNF-1α: Tumor necrosis factor-1α; UCP-1: Uncoupling protein-1; VF: Visceral fat; VLDL: Very
low density lipid; WHO: World Health Organization.
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INTRODUCTION

T

he recent updates from world health organization (WHO) indicate that the number of patients with diabetes in the world
has quadrupled to an estimated 422 million since the publication
of first report by WHO in 1980.1 Likewise, obesity has doubled
globally during the same time-period with more than 1.9 billion
overweight and over 600 million obese adults worldwide.2 Given
the clinical manifestations, Type-2 diabetes mellitus (T2DM) has
always been considered as glucose-centric pathology, characterized
by the legendary Hippocratic three “Ps”, i.e., polyuria, polydipsia
and polyphagia.3 The underlying cause of T2DM is the loss of
glucose homeostasis, a condition which is also shared by Type1 diabetes mellitus (T1DM). In terms of metabolic derangement,
T1DM and T2DM are on the opposing ends of the disease spectrum: the former is depicted by hypoinsulinemia whereas the latter is characterized by hyperinsulinemia that emanates from body’s
adaptive response to the tissue insulin resistance.4 Experimental
animal studies have provided genetic evidence supporting the novel dogma that fatty acid (FA)-induced hyperinsulinemia is a driving
factor for diet-induced obesity rather than directly inducing obesity
on its own.5 Hyperinsulinemia has also been associated with obesity both in animal models and humans where excessive insulin is
considered as a predictor of obesity.6,7 The tetrad of insulinemia,
insulin resistance, hyperglycemia and diabetes are closely related
with each other in a way that most T2DM patients will show all
these features. In the light of this interplay of the tetrad, we redefine the state of T2DM which biochemically is considered as
blinding of body tissues to the level of both glucose and insulin
circulating in the blood that leads to a constant influx of high energy substrates like free fatty acids (FFAs) and glucose into the
circulation. Based on review of literature, we attempt to define a
commonality between T1DM and T2DM in terms of body’s shift
to use lipids as fuel for energy when insulin sensitivity of the tissues or availability of insulin is low in the light of second-wave
hypothesis of adipocytes.
INTERACTION BETWEEN FFAS AND INSULIN

FFAs are classified as short-chain (SCFAs; 1-6), medium-chain
(MCFAs; 6-12) and long-chain (>12 carbon atoms; LCFAs) fatty acids with a significant role as energy substrates in the body.8
One of the mechanism by which FFAs contribute to glycolysis,
gluconeogenesis and lipogenesis is via regulation of insulin secretion from the pancreatic β-cells.9 While short-term exposure of
the β-cells to FFAs enhances insulin secretion, long-term exposure may cause significantly reduced insulin secretion due to lipotoxicity of the β-cells.10 Rodent and human islets of Langerhans
showed increased secretion of insulin when challenged with FFAs
in a glucose-dependent manner.11 More interestingly, the LCFAs,
especially with higher saturation degree, were more effective than
medium- and short-chain FFAs. At molecular level, they (especially
the LCFAs) interact with G-protein coupled receptors-40 (GPCR40) in the pancreas to regulate insulin secretion and negatively
influence insulin-mediated glucose uptake by the body tissues.9,12
Mechanistically, this is attributed to reduced glycogen synthesis and
reduction in carbohydrate metabolism via early interruption of insulin signaling by FAs. It is speculated that increased lipid oxidation
9

might be the underlying cause of diabetes and obesity associated
insulin resistance. The postulated mechanism is that increased FFA
oxidation cause elevation of the intra-mitochondrial acetyl-CoA/
CoA and nicotinamide adenine dinucleotide (NADH/NAD) ratios with subsequent inactivation of pyruvate dehydrogenase.13,14
This in turn causes the citrate concentration to raise that leads to
inhibition phosphofructokinase and subsequent accumulation of
glucose-6-phosphate (G-6-P) that inhibits hexokinase-II thus resulting in lower glucose uptake. However, subsequent studies have
revealed decrease in the cellular G-6-P instead of elevated level
needed to inhibit hexokinase-II.15
FFAs also have a direct effect on insulin-mediated glucose uptake and phosphorylation by amending the responsiveness
of insulin receptors.16 Saturated FFAs have been generally implied
in the development of insulin resistance whereas unsaturated FAs
have protective effect on the metabolism. This distinction is based
on their respective inflammatory and anti-inflammatory properties
to disrupt insulin signaling in the cells.17 More recent studies have
implied differential effects of FFAs on insulin signaling and glucose uptake relevant to their structure and saturation level.18 Treatment of human skeletal myotubes with palmitate (saturated FA)
and oleic acid (unsaturated FA) and their combination significantly
impaired 3H-labeld 2-deoxy-D-glucose uptake. However, at molecular level, assessment of the myotubes showed impaired insulinstimulated activation of Akt-serine473, AS-160 (Aktsubstrate of
160k Da protein), Glycogen synthase kinase 3 beta (GSk3B) phosphorylation and induction of stress-signaling phospho-Extracellular signal-regulated kinases (ERK) and c-Jun N-terminal kinases
(JNK) (54k Da isoform) by palmitate treatment while these molecular changes were inhibited by combined treatment with oleic
acid.18 These data explain a differential role of FFAs by which they
interfere with insulin signaling but really fail to translate this affect
into insulin-independent glucose uptake by the cells thus pointing
to the interference and influence of other concomitantly working
signaling mechanisms.
Despite sufficient evidence in the published data that
FFAs cause insulin resistance, some contriving reports in this regard from early investigators attribute their effect to the duration
FFAs in the blood.19 Assessment during acute phase (within 90
minutes) of FFAs infusion showed no effect in terms of insulin
resistance while chronic exposure to FFAs increased insulin resistance irrespective of the rate of infusion.20 A common feature of
these studies is the time duration of only 2 hours of FFAs infusion to impart their effect which is insufficient for the FFAs to
modulate the insulin receptor activity. This information is critical
and explains that the rapid postprandial rise in the plasma level
of triacylglycerides (TAG) does not cause insulin resistance; rather
chronically high plasma level TAG in most T2DM patients would
play a major role in insulin resistance in these patients.21 In summary, the saturation status of FFAs and duration of exposure to
FFAs are important determinants of tissue insulin resistance.
EFFECT OF GLUCOSE ON ADIPOSE TISSUE
(SECOND-WAVE ADIPOCYTE HYPOTHESIS)

Insulin promotes euglycemia via tissue uptake of glucose while
blood glucose homeostasis is swayed towards hyperglycemia due
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to tissue insulin resistance.22 Akin to any other body cell, adipocytes are sensitive to glucose changes in their microenvironment.
With better understanding of their role in energy balance, they are
being considered as critical integrators of glucose homeostasis.23
Studies with 3T3-L1 adipocytes showed that the cells cultured in 5
mM glucose grew with normal phenotype and were responsive to
insulin mediated glucose uptake and inhibition of lipolysis pathways as compared to the 3T3-L1 cells cultured in 25 mM glucose.24
More importantly, high glucose culture conditions significantly
influenced the insulin-induced 3T3-L1 adipose cell differentiation besides influencing differentiation-directed insulin signaling
pathways in glucose concentration-dependent fashion. Long-term
exposure to high glucose concentration during adipogenesis and
short-term exposure of mature adipocytes to glucose promote
TAG accumulation in the 3T3-L1 cells.25 These molecular changes
have been attributed to the impaired metabolic functions in the
adipocytes upon exposure to high glucose concentration. A direct
comparison of 3T3-L1 adipocytes cultured in 4 mM and 25 mM
glucose also showed that the cells cultured in high glucose culture
conditions developed insulin resistance. Similar observations were
made in the adipocytes from rats with Streptozococin (STZ)-induced diabetes.26
Molecular studies in vitro as well as in vivo using adipocytes
isolated from STZ-treated hyperglycemic rats have also shown
elevated levels of ROS with simultaneous low level secretion of
pro-inflammatory interleukin-6.26 ROS levels in the 3T3-L1 adipocytes can be reduced either by pharmacological treatment of
the cells with the drugs which reduce mitochondrial membrane
potential or by the over expression of uncoupling protein-1 (UCP1) (27), which is essential role for optimal mitochondrial function.27
Transduction of adipocytes with adenovirus encoding for UCP-1
showed that phosphorylated Akt levels were not affected by insulin
despite significant reduction of review of systems (or symptoms)
(ROS) in UCP1 expressing adipocyte. Moreover, insulin receptor
substrate-1 (IRS-1) significantly increased in the insulin-induced
phosphorylation of serine307 and serine636 under hyperglycemic
conditions, both of which have been implicated in the reduced
insulin-sensitive state.28,29 Phosphorylation of tyrosine608 that is important for interaction between IRS-1, phosphatidylinositol 2-kinase and PTP2C was significantly increased under normoglycemic
conditions. These data support the idea that adipose tissue adopts
insulin-resistant phenotype when exposed to hyperglycemia. It is
pertinent to mention that induction of adipogenic phenotype using high glucose concentration (25 mM) has little clinical relevance.
This high glucose-induced adipose tissue in the biological system
functions in a limited range of biological activity. For example,
adipose tissue maintains a relatively steady flux of TAGs into the
blood during fasting. On the other hand, the time for the adipose
tissue to buffer the blood FFAs is prolonged after dietary ingestion
of high caloric diet due to inherent insensitivity.30 Such deleterious activity of the adipose tissue during hyperglycemia deteriorates
glucose homeostasis even further.
14
C-integration analysis in genomic DNA has shown 50%
adipose tissue renewal in the body in 9-years, with 10% fat cell renewal/year without any change in the total number of adipocytes
at all adult ages.31,32 These data has led to the hypothesis of a sec-
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ond-wave of adipocytes that show genetic changes as an adaptive
response against glucotoxicity. The second-wave adipocytes which
achieve adaptive genetic priming not only show insulin resistance
but are also slow to restore their insulin sensitivity. If this hypothesis holds good, it explains the chronicity of T2DM and stress
the significance of developing early screening program for patients
that would alter the treatment outcome.33
ADIPOCYTE MITOCHONDRIAL RESPONSE TO ELEVATED
SUBTRATE LEVELS

The mitochondria has significant role in lipolysis and lipogenesis
such that obesity is associated with mitochondrial dysfunction.34
The mitochondria in the adipocytes contain several proteins, i.e.,
decarboxylase carrier (DIC) and phosphoenolpyruvate carboxykinase (PEPCK) that facilitate the exchange of metabolites across
its membrane. While DIC is involved in the transport of citrate,
PEPCK-2 (the mitochondrial isozyme PEPCK-M encoded by
PCK2 gene) catalyzes the GTP-stimulated conversion of oxaloacetate to phosphoenolpyruvate for glyceroneogenesis that allows the synthesis of glycerol backbone for FA re-esterification.35
Transgenic overexpression of PEPCK increased glycerogenesis,
re-esterification of FFAs, adipose mass and body weight in mice.36
Contrarily, gene deletion of cytosolic PEPCK caused severe hypoglycemia by day 2 after birth in a mice model besides 2-3 fold
higher liver triglyceride contents as compared to the normal control littermates.37 At molecular level, it involves co-operative action
of citrate, dicarboxylate and phosphate carriers. Whereas citratecarrier mediates efflux of citrate from mitochondrial matrix into
the cytoplasm in exchange for malate, DIC mediates the exchange
of malate with phosphate, and phosphate-carrier then mediates
the exchange of phosphate with hydroxyl ion, resulting in a net
transport of citrate to the cytoplasm (Figure 1). DIC as a mitochondrial membrane protein has a pivotal role in FA metabolism
and its expression is regulated by the substrates and by insulin;
Figure 1. Transport of Citrate Across the Mitochondrial Membrane into the Cytosol

The mitochondrial transporters cooperate for citrate flux into the cytosol where it is
converted into oxaloacetate before phosphoenolpyruvate carboxykinase (PEPCK)
enzyme converts it into enolpyruvate for further use in glyceroneogenesis. Glycerol thus
synthesized is esterified with free fatty acids for the formation of triacylglycerides(TAG).
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abundance of FFAs and glucose upregulates while insulin down
regulates DIC protein in the mitochondria.38 Higher DIC expres
sion is associated with mitochondrial membrane hyperpolarization
that leads to increased ROS which causes tissue irresponsiveness
to insulin.39
MOLECULAR PATHWAY OF INSULIN RESISTANCE IN
ADIPOCYTES (FATTY ACID ESCAPE HYPOTHESIS PART-I)

Loss of glucose and lipid homeostasis is linked to many bioactive
molecules released from the visceral adipocytes, i.e., tumor-necrosis factor-α (TNF-α), resistin, leptin, and adiponectin besides.40
Lipid-overloaded hypertrophied adipocytes are resistant to insulin
without the involvement of adipocytes inflammatory status as
a contributory factor.41 From amongst the FFAs, monounsaturated FFAs cause hypertrophy whereas saturated FFAs cause
pro-inflammatory response in the adipocytes. The hypertrophied adipocytes, characterized by the presence of uni-locular
lipid droplets, show impaired insulin-dependent glucose uptake
which was accompanied by defective Glucose transporter type 4
(GLUT4) trafficking.
A dysregulated FFA metabolism is one of the primary
causes of insulin resistance due to preferential oxidation of FFAs
over glucose in T2DM thus supporting FFAs as a novel target to
treat insulin resistance in T2DM.18,42 Signals from apparently unrelated pathways can inhibit insulin signaling by heterologous desensitization. Studies have focused on Ser/Thr phosphorylation of
internal revenue service (IRS) proteins as a key feedback control
mechanism to abrogate signal transduction in response to insulin.43,44 TNFα, FFAs and cellular stress play a significant role in
activation of Ser/Thr kinases to phosphorylate the IRS proteins
and inhibit their function via their uncoupling from their upstream
and downstream effectors in response to insulin to promote insulin resistance.45,46

Insulin binding to its receptor (IR) autophosphorylates its tyrosine residues followed by downstream activation of
Akt, Protein Kinase Cζ (PKCζ), mammalian target of rapamycin
(mTOR) and IKKβ (I-kappa B kinase β). The excessive presence
of FFAs and TNFα effects insulin signaling in the tissues by activation of the downstream signals i.e., PKC, IKKβ, through different
pathways that allow them to phosphorylate and inhibit IRS even
before insulin binds to its receptor. As the level of inhibitors rise as
part of the disease process, IRS fails to activate Akt thus abrogating translocation of GLUT-4 transporter from the cytoplasm to
the cell membrane thus leading to much reduced glucose uptake
(Figures 2A, 2B).47
Figure 2B. The State of Insulin Resistance “TNF-α Signaling Pathway”

The binding of (TNF-α) with its receptor leads to activation of NFkβ-IKKβ pathway
that causes failure of insulin receptor and insulin receptor substrate-1 (IRS-1)
activation in response to insulin binding with its receptor on the cell surface. These
molecular events impairs the activation of Protein Kinase B (Akt) thus resulting in
failure of membrane trafficking of Glut-4 transporter and development of resistance
to glucose uptake in response to insulin binding with its receptor.

Figure 2A. Insulin Signaling Pathway and the “Insulin Sensitive State”

THE FATTY ACID ESCAPES HYPOTHESIS PART-2:
ADIPOCYTES RESPONSE TO ENERGY FLOOD

Excessive energy intake provokes the adipose tissue to undergo
dynamic remodeling characterized by adipocyte hypertrophy and
hyperplasia. Whereas these two modes of remodeling diverge in
many aspects including adipocyte size and number, recruitment of
inflammatory cells, release of adiponectin and pro-inflammatory
cytokines, hypoxia and fibrosis (all increasing in case of hypertrophy), they have a common feature in terms of FFAs release.48 Both
of these modes of remodeling are part of adipocytes’ contribution
to energy homeostasis.

Insulin binding with its receptor (IR) activates the insulin receptor substrate-1 (IRS-1)
which is the major substrate of the insulin receptor. Downstream to the activation of
IRS-1, activity of phosphoinositol triphosphate kinase (PI3K) which is an integral part
this signaling complex, generates phosphoinositol 3,4-biphosphate and phosphoinositol
1,3,4-triphosphate that lead to the activation of Protein Kinase B (Akt2).The activation
of Akt thus causes membrane trafficking of GLUT4 transporter to permit glucose
uptake from the circulation.
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Adipocytes are active secretors of bioactive molecules
which, besides protecting themselves, also contribute towards
metabolism, immunity, inflammation, matrix remodeling, vasculogenesis and many more physiological functions.49 IKKβ-deficient
mice are at a higher risk of increased adipocyte death; higher macrophage infiltration and defective adaptive adipose remodeling
that also lead to increased lipolysis, higher release of FFAs and
impaired insulin signaling.50 Molecular studies have shown a key
role for IKKβ in adipocyte survival. Histological studies in high
Haider KhH, et al
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fat diet-fed obese mice show an increase in hypoxia induced factor-1 alpha (Hif-1α) due to large adipocyte volume and the higher
oxygen demand that might not be compensated by neo-angiogenesis and hence remains instrumental in adipocyte apoptosis while
knockdown of Hif-1α decreased adiposity with concomitant improvement in insulin sensitivity.51,52 These molecular changes are
accompanied by gross infiltration by immune cells including M1
and M2 macrophages which participate in the remodeling process
as the key players.53 These cells release a plethora of pro- and antiinflammatory adipokines, i.e., leptin, resistin, adiponectin, vistatin
as well as cytokines and chemokines, i.e., IL6, TNF-α and monocyte chemo attractant protein-1 (MCP-1) which act in autocrine,
paracrine and systemic manner to produce their effects.54,55
As the pro-inflammatory and anti-inflammatory molecules outbalance each other and the degree of inflammation in
the adipose tissue increases beyond the level of healthy expansion,
a spill-over of inflammatory cytokines into the blood causes a low
grade chronic inflammatory state. These molecular changes cause
loss of sensitivity to insulin with a simultaneous increase in lipolysis, which initiates FFAs escape to the circulation thus augmenting
a vicious cycle that climaxes into global tissue insulin resistance.
FFAs and chronic inflammation together form an ominous combination to induce insulin resistance in other tissues via ectopic fat
deposition with the former and receptor signaling into cells by the
latter.
ECTOPIC FAT DEPOSITION “VISCRAL FAT”

Visceral fat (VF) and subcutaneous fat (SCF) have distinct cellular and molecular characteristics and diverge in terms of anatomical distribution.56 Besides other differences, VF and its resident macrophage population release more inflammatory cytokines
i.e., TNF-α and IL-6, show higher lipoprotein lipase activity and
higher release of FFAs as compared to SCF.57,58 Epidemiological
studies have substantiated these observations and report that in
comparison with SCF, VF correlates more with insulin resistance.59
However, SCF cell volume change is more strongly correlated with
insulin sensitivity rather than fat cell number which remain nearly
constant.60
In view of the FFA escape hypothesis discussed earlier,
SCF will be the prime site for fat disposition albeit with marked
variability among individuals due to wide variety of factors not discussed here. This may result in the development of “obesity-healthy
phenotype (OH-phenotype)” in healthy-obese subjects whereas in
lean subjects with “insulin resistance phenotype (IR-phenotype)”.
In other words, when SCF storage capacity doesn’t match with the
positive energy balance then FFAs will be re-routed to deposit as
VF thus leading to high circulatory FFAs. This also makes VF to
positively correlate with metabolic syndrome. A direct comparison
of adipocytes from different fat tissues shows that the percentage
of small size adipocytes is higher in SCF and omental fat (OMF)
in normoglycemic subjects as compared to the hyperglycemic patients.61 A similar but statistically insignificant trend has also been
observed in the mesenteric fat derived adipocytes. VF adipocytes
show higher catecholamine-induced lipolysis and reduced sensitivity to insulin-mediated lipogenesis thus maintaining a higher level
Systematic Review based Hypothesis | Volume 5 | Number 1|

of circulating FFA in the blood that would augment tissue insulin
resistance.62 VF tissue shows enhanced responsiveness to the lipolytic effect of circulating catecholamine that makes VF sensitive to
exercise.63
VF adipocytes also show a distinct genetic profile as compared to SCF and epigastric adipose tissue that may be an important
contributory factor towards their insulin resistance and therefore,
can be classified as “IR-phenotype”.64 The steady-state messenger
ribonucleic acid (mRNA) levels for lipoprotein lipase (LPL) as well
as LPL mass are lower in omental fat (OMF) than subcutaneous
fat (SCF); however, the specific LPL activity is greater in OMF as
compared with to SCF tissue.65 Insulin increases the levels of LPL
mRNA and LPL activity in abdominal SCF but not in the OMF,
whereas glucocorticoids increase the LPL mRNA and LPL activity
more in OMF, particularly in men.66 Moreover, insulin and glucocorticoids synergistically affect the activity of LPL in both OMF
and SCF; however SCF is more sensitive to glucocorticoids in the
presence of insulin. The LPL activity normally is higher in OMF
than SCF. Insulin not only effects LPL mRNA expression, it also
regulates the LPL activity via posttranslational mechanism which
is more significant in the SCF tissue as compared to OMF tissue
and the latter is inherently insensitive to insulin.67 It is important
to mention that LPL activity needs to be coupled with acylation
stimulating protein (ASP) enzymes which will upregulate the process of reesterification and TAG formation.68 As this mechanism
is more significant in SCF tissue in comparison with OMF tissue,
it renders the former more effective in TAG clearance via rapid
incorporation of the formed FFA into intracellular TAG. On the
contrary, OMF tissue releases more FFA in the circulation because
the hydrolysis is not accompanied with TAG formation.68 When
insulin resistance is developed in SCF tissue, it practically adopts
OMF tissue phenotype thus losing its ability to clear the endogenous or exogenous TAG. The OMF tissue expansion thus becomes more prominent during this stage as it also competes with
SCF in the storage. This derangement culminates into OMF tissue
expansion with higher portal FFA level that is going to affect the
liver insulin sensitivity as discussed in the next section.
ECTOPIC FAT DEPOSITION “LIVER”

Insulin from the pancreas and the VF derived FFAs pass through
the liver and get partially cleared before their drainage into the systemic circulation. Hence, the level of insulin in the portal circulation is much higher as compared to systemic circulation. Similarly,
liver has a significant role in the trafficking of FFAs. FFAs with
greater whole body flux as compared to the lean tissue in obese
than non-obese individuals undergo conversion to TAG in the
liver, packaged into VLDL and poured back into systemic circulation to cause hypertriglyceridemia.69 A chronically increased flux
of systemic as well as visceral FFAs overloads the liver to cause
hepatic changes thus leading to decline in hepatic insulin clearance
which will occur when hepatic insulin resistance develops.70 Hepatic glucose uptake is independent of insulin stimulation; however,
insulin action in the liver is important to direct excess glucose to
glycogenesis. When insulin action on the hepatocytes is abrogated,
the metabolic pathway will revert to gluconeogenesis with efflux
of glucose to the systemic circulation to cause hyperglycemia.70
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ECTOPIC FAT DEPOSION IN SKELETAL MUSCLES

TAGs in the muscle tissue form intramuscular triglyceride (imTG)
pool and constitute dynamic lipid storage in the cytoplasm of the
skeletal muscle cells.71 The imTG pool generally gets expanded in
the event of excess lipid availability and provides a source of energy substrate when required.72 It is assumed that the imTG pool
is replenished by FFAs from the plasma which is transported into
intramuscular cytosol prior to undergoing mitochondrial oxidation. In an interesting study, infusion of 14C-labeled oleic acid led
to 14CO2 release within 30-minutes of treatment even though the
steady state of FA uptake was achieved within 5-10 minutes.73 The
release of 14CO2 continued for 7 days of observation which showed
that the FA after infusion became part of the imTG pool before
undergoing oxidation in the mitochondria. A similar study with improved methodology using Pulse-chase, dual-isotope, muscle biopsy approach has shown that imTG stores are used primarily, if not
solely, as local oxidative fuel.74 FFAs from plasma get incorporated
into imTG during exercise thus accounting for a stable imTG pool
size after the exercise session and concomitantly contribute to obviate FFA-induced insulin resistance.75 Put together, these studies
imply that fat disposition in skeletal muscles involves multi-stepα
enzyme-controlled processes for TAG formation which are then
hydrolyzed to FAs ordained for oxidation.

Athletes have a large imTG pool, however with preserved
insulin sensitivity which is also known as athlete’s paradox.76 In
other words, the imTG pool in the skeletal muscles of athletes
is primed to provide substrate for energy production and is not
primarily meant for TAG storage. On the contrary, obese individuals also have increased imTG pool which is destined for storage
of the high circulating FFAs besides its association with insulin
resistance.77 This leads to accumulation of FA metabolites, i.e.,
diacylglycerol (DAG) as well as increased intracellular synthesis of
ceramide that mediates insulin resistance. Treatment of cultured
mice myocytes with insulin and/or palmitate has shown that insulin is a potent stimulator of ceramide production while combination of palmitate and insulin show a synergistic effect in ceramide synthesis.78 It is however pertinent to mention that this is
not the only insult that increases skeletal muscle insulin resistance;
it combines with low grade chronic inflammatory state and the
hepatic production and secretion of ceramide to interact through
intracellular mechanisms culminating in the IRS inactivity and the
reduction of glucose transporter translocation and decrease skeletal muscle uptake of glucose. As skeletal muscle in the body is
primarily responsible for blood glucose uptake, their resistance to
insulin besides the unsuppressed hepatic glucose production lead
to hyperglycemia.

Figure 3. FFA Escapes Hypothesis

Starting from label1 when peripheral adipose tissue undergoes healthy expansion, it may culminate into Metabolic healthy obese “MHO”. However, in case that adipose tissue
expansion is ineffective will be accompanied by an inflammatory response, macrophage invasion occurs.Then free fatty acids (FFAs) and TNF-α spilling over into the systemic
circulation. The omental fat (OMF) expansion causes pouring of FFA into the portal circulation. Hepatic clearance of insulin gets reduced and higher level of very low density
lipoprotein (VLDL) and other metabolites are produced and secreted into systemic circulation. Skeletal muscles become resistant (see picture above) and systemic insulin
resistance sets in as well. Triggered by the “positive energy balance”, disturbed homeostasis mentioned above gives rise to the metabolic profile observed in “Diabesity”.
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CONCLUSION

CONFLICT OF INTEREST

Increased FFA flux from adipose tissue and tissue insulin resistance together constitute major predictors of ectopic fat accumulation. While increased imTG accumulation is associated with skeletal muscle insulin resistance, cardiac steatosis is associated with
left ventricular dysfunction and premature death. Similarly, deposition of fat in and around the pancreas is associated with impaired
β-cell function. This aberrant fat partitioning may be explained by
the FFAs escape model and the second-wave hypothesis of differentiated adipocyte population. The role of cytosolic fatty acid
binding proteins which are abundantly expressed in tissue specific
manner and, carnitine and their acyl esters (acylcarnitine)should
be considered for their role in intracellular transport of FAs during FA catabolism. Most patients who develop “diabesity” (obesity
related diabetes) would follow the sequence of derangement as
depicted in Figure 3. Patients with T2DM who characteristically
present with insulin resistance and “the positive energy balance”
have the matching adipose tissue-relevant metabolic profile, i.e.,
high lipolysis and low lipogenesis, with the one observed in hormonally mediated diabetes i.e., Cushing’s syndrome.Similarly, while
T1DM primarily results from β-cell failure, T1DM patients also
show low lipogenesis and higher lipolysis due to activation hormone sensitive lipase in the adipose tissue in the absence of insulin. Put together, low lipogenesis with concomitant higher lipolysis
remain the cardinal features to diabetes irrespective of its type and
underlying etiology.

The authors declare that they have no conﬂicts of interest.

Contriving the long-standing dogma that hyperglycemia
is the main player in the pathogenesis of T2DM; our hypothesis
implies that hyperglycemia is a mere consequence of body’s shift
to lipid metabolism as the primary energy source. Hence, there is
a need to redefine it as a disease variant characterized by hyperglycemia which in fact is a very late manifestation of the chronically
disturbed body metabolism. Furthermore, this urges the use of
markers other than blood glucose, either alone or in combination,
i.e., serum FFAs, ceramide, and insulin levels due to their early appearance during the disease onset. Using blood sugar level as a
marker is akin to leaving the diagnosis as well as treatment until too
late. Similarly, our model proposes that that T2DM can be reversed
until the adipose tissue remains responsive to insulin.
In conclusion, we are aiming to establish a unifying hypothesis that would contribute in defining and future development
of a holistic treatment approach that could reverse the whole body
metabolic abnormalities rather than managing the blood parameters alone without addressing the root cause of the problem. Our
hypothesis may explain the underlying cause of the emerging concept of ‘double diabetes’ as well.
COMPLIANCE WITH ETHICAL STANDARDS

This article does not contain any studies with human participants
or animals performed by any of the authors.
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ABSTRACT
Objective

Diabetes Mellitus Type II is becoming a major disorder. This study describes the inheritance of type 2 diabetes mellitus in families
with diabetes.
Methods

The study was conducted in Manipur in two districts i.e., Imphal-east and Thoubal among Muslim families. These families were considered for the present study in which one or more family members had diabetes and were involved as active participants.
Results

On tracing the genealogies of each family, a higher percentage of the participants with diabetes inherited the disease from their
fathers.
Conclusions

This finding would be helpful in future research by implementing among different communities.
Keywords

Diabetes; Genealogy; Inheritance; Paternal; Manipur.
INTRODUCTION

A

t present, there is a dramatic rise in the incidence of diabetes
all over the world. Under 3% of the absolute infection, each
of diabetes, asthma, and hypertension has been accounted for
among Hajjis amid the time of Hajj.1 The exact inheritance pattern
of this condition as for whether it is transmitted through the paternal side or maternal side is not found. Family history has been
considered as one of the risk factors of diabetes.2 Congregation
of information on family history of the disorder for assessing the
risk has been used very less in the practice of preventive medicine
and early detection.3 In order to encourage change in lifestyle and
initiate interventions of the condition, medical guidelines mostly
include family history as the use of this tool was more advantageous over other genomic tools.4 In India, the studies regarding
the effect of positive family history of diabetes are still required.2
The inheritance pattern of type 2 diabetes is quite complex to understand because many other factors are also affecting

this habits, such as lifestyle patterns, physical activity status, dietary
propensities and so forth the ecological components. These complex relationships between genetic factors and environmental conditions may be reflected by tracing family history.5 Till date, molecular genetics could not find out successfully the genetic markers
of this condition.6 Type 2 diabetes is known to be a heritable condition but no specific gene has been found for the common form
of diabetes.6,7 The relative contributions of paternal and maternal
influences could provide information about the parental effects
on their children and hence study of the parental transmission
of diabetes would be very valuable.8 In the present study, we have
endeavored to find out whether the transmission of diabetes is
higher from the paternal side or from the maternal side. In fact, it
will be helpful in understanding the disease more deeply.
METHODS

The study was conducted in Manipur among the Muslim communities of two districts. Four hundred participants of each gender

cc Copyright 2019 by Dhall M. This is an open-access article distributed under Creative Commons Attribution 4.0 International License (CC BY 4.0), which allows
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were actively involved in the study, out of which 200 were patients
with diabetes and 200 had no diabetes. The purpose of the study
was properly explained to the participants before starting the work
in order to make them understand and aware of it. Those who
gave written consent were only included in the study. The active
participants with diabetes in this study were under medical supervision. Ethical approval was taken from the Institutional Ethical
Committee before the fieldwork was carried out.

Figure 1(A, B, C). Distribution of Participants of 93 Families with their Inheritance Pattern

Standardized proforma was used in order to gather the
required information. Socio-demographic data were also collected.
Genealogies of the participants were drawn for the purpose of
tracing the inheritance pattern of the disease. Only those participants who were well understood for the family history of the disease were studied in the present study. The others were not considered for genealogical tracing. Age at onset of diabetes was also
recorded for each participant. Basic anthropometric measurements
were taken by using anthropometer and weighing machine using
the standardized procedure. The data collected were analyzed by
using SPSS 17.0 version and interpreted.
RESULTS AND DISCUSSION

The demographic data of the present study is displayed in table
1. Table 1 shows sex-wise distribution of the mean and standard
deviation of age (self), age of spouse, age at marriage (self) and
spouse age at marriage along with its t-values. Mean age of males
with diabetes were found to be older than females with diabetes.
Mean age of spouse and age at marriage of spouse were younger
among males as compared to females with highly significant t-value
(p<0.001). Age at diagnosing diabetes was lower among females.

Table 1. Age of Participants with Diabetes
Age in years

Mean ± Standard Deviation
Male

Female

Age self

41.2±4.16

40.6±4.79

0.945

Age of spouse

35.4±10.22

42.7±14.22

-4.207***

Age at marriage (self)

21.5±6.99

19.2±4.87

2.698

Age at marriage of spouse

18.2±6.14

25.0±6.09

-7.870***

Age at diagnosing diabetes

36.1±5.39

35.50±5.292

0.820

t-value
Symbols

p<0.001

***

Figure 1 indicates the distribution of participants according to different inheritance pattern of families with diabetes. This
result was found from the analysis of genealogy of 93 families
from the present study. Three different diagrams A, B and C were
shown in order to demonstrate the transmission pattern. On comparing figure 1A and 1B maximum percentage of transmission of
diabetes to son, daughter and both son and daughter was found
to be from the paternal side. Additionally, figure 1C represents the
contribution of both maternal and paternal side in the transmission of diabetes to their children. The different inheritance patterns of the disease were displayed distinctly by genealogical representation figures 2-10.
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Figure 2. Genealogical Representation of a Family Showing Father with Diabetes and
Inheritance Pattern of Disease to Son
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Figure 3. Genealogical Representation of a Family Showing Mother with Diabetes and
Inheritance Pattern of Disease to Son

Figure 8. Genealogical Representation of a Family Showing Mother with Diabetes and
Inheritance Pattern of Disease to Both Son and Daughter

Figure 9. Genealogical Representation of a Family Showing Father with Diabetes and
Inheritance Pattern of Disease to Both Son and Daughter

Figure 4. Genealogical Representation of a Family Showing Both Parents with Diabetes and
Inheritance Pattern of Disease to Son

Figure 10. Genealogical Representation of a Family Showing Parents with Diabetes and
Inheritance Pattern of Disease to Both Son and Daughter
Figure 5. Genealogical Representation of a Family Showing Father with Diabetes and
Inheritance Pattern of Disease to Daughter

Figure 6. Genealogical Representation of a Family Showing Mother with Diabetes and
Inheritance Pattern of Disease to Son

Figure 7. Genealogical Representation of a Family Showing both Parents with Diabetes and
Inheritance Pattern of Disease to Daughter
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Voluminous amount of research has been done on this
major burden of the disease since many years in the past and are
continuing till today among different ethnic groups of different regions for finding out the useful results that would help in decreasing the worldwide prevalence. Large numbers of people in India
i.e. around 41 million have diabetes and it is expected to rise to 70
million in 2025. India being the second most populous country in
the world has a wide diversity in terms of caste, religion, habitat,
food habits, lifestyle, and financial status.9
The present study demonstrated that the mean age of
self and age of spouse of the participants were older than the
participants without diabetes. Mean of self-age at marriage and age
at marriage of the spouse was lower among participants without
diabetes as compared to the participants with diabetes. In addition
to these, the mean of age at diagnosing diabetes was early among
the female participants with diabetes as compared to their male
counterparts. It showed consistency with the earlier study by.10 The
reason for the early onset of diabetes among the females might be
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due to the lesser activity level of the body as most of the females
stayed at home and after completing their household chores, they
spent their leisure times on watching TV for long duration or slept
during the daytime. Due to a sedentary lifestyle, early onset of diabetes among them could be explained as one of the reason.
In the present study, it was found that highest percentage
of participants with diabetes of both sexes were married as compared to participants without diabetes and also showed significant
differences. Some societies were found to have relationship of diabetes with single or married individuals.11 Marriage may increase
the stress level of an individual for providing for the family12 which
may further result in the reduction of activation of the neuroendocrine system. Information about diabetes in the north east region
including the present study area, Manipur was very less.13
On tracing the genealogies of different families with diabetes in the present study, paternal transmission of the disease was
found to be in the highest percentage. The transmission was not
only to either son or daughter but to both sexes. It was supported
by the research6 on a randomly selected community of Framingham in which it was found that unique paternal genetic factors
might transmit diabetes to children.6 This also reported the risk of
this disease to be 3.5 fold higher among offspring with only one
parent with diabetes while it was 7 times higher with two parents
with diabetes as compared to the offspring of parents without diabetes.
The present study suggested the contributions of the paternal role of the disease. The reason for this might be due to both
father and mother genes were accountable in forming an offspring.
In addition to this, those genes contributed by father might possess the factors affecting the disease before exposure to the uterine
environment of the mother. In a study conducted by McCarthy et
al14 on a south Indian population in London, maternal history was
more common as compared to the paternal history and it was not
significant. However, the finding that excessive maternal transmission of diabetes15 was not supported by the recent study and also
by another previous study by Thorand et al.16
CONCLUSION

Both paternal and maternal factors might be responsible for the
transmission of diabetes. The present study among the Muslims
of Manipur found paternal inheritance of diabetes to be higher
in percentage on tracing the genealogy of families with diabetes.
This study would provide expedient information to the forthcoming researchers as well as to the common people in understanding
the disease. Further, more researches are needed to be carried out
among different communities of diverse regions for assessment
and also to elucidate whether ethnicity plays a role or not on the
transmission of diabetes.
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hen I visited Bangkok in Thailand about five years ago, I saw
the label “medical rice” on a package of ‘diabetes and health
promotion’ rice, and I was hopeful that the concept could be widened beyond Thailand. On December 10-12, 2014, the “East Asia
Functional Standardization of Rice Conference” was held at Kyoto Research Park to promote the idea among related countries.

Since then, I am considering what is “medical rice”.1 To
say ‘medical rice’ we need evidence from human studies. We have
learned of the health effects of unpolished brown rice, genmai in
Japanese, from Japanese history. Sagen Ishizuka (1850-1909) was a
pioneer doctor in the Imperial Japanese Army who proposed the
concepts of shokuiku (eating education) and the macrobiotic diet.
He was one of the first to investigate the nutritional value of whole
grains as well as kelp, radish, and kudzu.2 In Kenji Miyazawa’s famous poem “Unbeaten by rain, Unbeaten by wind”, his daily intake
“With a handful brown rice a day, miso and a small amount of vegetable
suffice” was confirmed to contain all necessary daily nutrients by our
recalculation.3
We thought that it was necessary to clarify the actual
health effects of brown rice diet by a well-designed epidemiological study, so we started GENKI study (Genmai Evidence of Nutrition for Kenko (health) Innovation).4,5 There are 1,223 participants
from groups promoting a brown rice diet. Brown rice eaters show
lower body mass index (BMI) in men and women at all ages. The
average BMI in males was 22.0±3.2 kg/m2 and 20.7±2.8 kg/m2 in
females. Dietary habits consisting of brown rice, rich in vegetables,
and avoidance of meat seemed to support healthy life and quality
of life (QoL).4 Obese people were more likely to eat white rice and
had a high risk of lifestyle-related diseases, such as diabetes and hypertension. On the contrary, brown rice eaters were less obese and

had a good lifestyle with a low risk of illness. In addition, brown
rice eaters showed healthy bowel movements, which suggested a
good intestinal environment.6
Actually, brown rice eaters showed abundance of Fermicutes and low relative abundance of Fusobacterium in the intestinal
microbiota at the phylum level. Abundance of microbiota at species level showed a rich Faecalibacterium prausnitzii (5.28%), and then
Blautia wexlerae (3.67%), Fusicatenibacter saccharivorans (3.41%), Megamonas funiformis (3.35%), Collinsella aerofaciens (3.21%), and Bacteroides vulgates (3.12%).6 They belong to Fermicutes phyla and butyrate
producing bacteria. Butyrate is the preferred energy source for the
colon epithelial cells, and contributes to the maintenance of the
epithelial barrier functions of intestinal mucosa, and has immunomodulatory and anti-inflammatory properties.7 Blautiais considered to control the intestinal immunity. Dietary fiber in brown rice
seems to be the most important factor, but other ingredients could
influence bacterial co-existence.8-10 Then, Bifidobacterium adolescentis (2.35%) and B. longum (1.92%), Bacteroides uniformis (2.22%), B.
plebelius (1.96%), and B. dorei (1.71%), and Akkermansia muciniphila
(2.16%) were followed. Brown rice eaters, compared with the white
rice eaters, showed less Actinobacteria (12.1 vs. 8.5% p=0.078) and
Fusobacterium (1.6 vs. 0.018%, p=0.011). These are pathogenic in
intestinal conditions.
So, brown rice could be considered to be typical medical
rice by contributing to healthy life.1 Organic brown rice contains
many functional ingredients, such as γ-aminobutyric acid (GABA),
γ- oryzanol, ferulic acids with high antioxidant function, in addition to the dietary fiber. The wax-free brown rice is made to improve palatability by scraping the surface wax layer from rice grain.
Wax free brown rice contains almost all nutrients of brown rice.

cc Copyright 2019 by Watanabe S. This is an open-access article distributed under Creative Commons Attribution 4.0 International License (CC BY 4.0), which
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Dietary fibers remained the same as in brown rice, although watersoluble fiber seemed to be more easily dissolved than insoluble
dietary fiber during boiling.
From wax-free brown rice a low protein brown rice has
been produced.11-13 The protein in rice is stored in two different
types of compartments. The major proteins are prolamin and glutelin. Prolamin is the alcohol soluble protein that remained after
salt extraction of globulin. Glutelin is the dilute-acid or dilute-alkaline soluble protein after prolamin extraction. Most of the prolamin is present at the periphery in whole rice grains, so prolamin
could be easily removed by the enzymatic digestion on polished
white rice, but it has been difficult to remove from brown rice
directly. Removal of the wax layer made it possible to immerse
the enzyme solution beneath the bran layer. Removal of rice protein yielded low protein brown rice (LPBR) which is beneficial for
chronic kidney disease patients.11
Medical rice for chronic kidney disease (CKD) should
contain enough energy source and low protein, as well as low
potassium and phosphate. Reduction of these minerals is a great
benefit for CKD patients, because hyperkalemia and hyperphosphatemia are often difficult to avoid when eating meat.14 Distinct
mechanisms of low protein diet for CKD patients are identified,
such as improvement of hyperphosphatemia and hyperkalemia,
decrease in urinary protein, improvement of subjective symptoms,
prevention of complication, and good control even after the introduction of hemodialysis for better survival. Protein overload
promotes glomerular hyper-infiltration which causes prefibrotic
effects. Recently, the therapy of CKD targeted at reducing hyperfiltration within the glomerular capillaries by using the angiotensin
converting enzyme inhibitor or angiotensin receptor blocker to
dilate the glomerular arterioles.15 Other classes of diabetes medications, such as glucagon-like peptide-1 (GLP-1) agonists, peptidase-4 (DPP-4) inhibitors and sodium-glucose co-transporter 2
(SGLT2) inhibitors, are also thought to slow the progression of
diabetic nephropathy. However, the dietary therapy is far more
cost-effective.16 High protein diets acutely elevate the glomerular
filtration rate, and substitution of low protein brown rice for bread
or western foods could delay the progression toward end-stage renal disease.
Looking at the degree of achievement of Japanese rice
researches, breeding and production of brand rice, large embryo
rice, etc., were developed, and bran-grind (BG) rinse-free rice and
wax-free brown rice were elaborated by the rice processing.17 As Japan becomes a super-aging society, medical expenses are expected
to increase by US$ 600 billion in the next ten years and may lead
to economic collapse. To this end, we must change to an idea that
prevention of illness by dietary lifestyle is superior to the idea that
treatment of diseases is only possible by drug therapy.18
Basic research on rice function is usually conducted in
the university’s agronomics and agrochemical department, testing
stations and corporate research institutes, and animal experiments
are also conducted on functional substances, but knowledge may
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not be shared among various institutes. Long-term large-scale intervention studies have not been conducted for epidemiological
purposes in which humans are at the center of control, and human
clinical studies are insufficiently carried out only for the application
of supplements.
Integration of these knowledges under the recently established Medical Rice Association by researchers, rice-processing
industries, farmers and consumers could produce great energy for
building a healthy society.19 Researchers, farmers, and distributors
in Japan were able to establish the association with the purpose of
constructing and computerizing the evidence of the fragmentary
research, and disseminating it widely to the society. With the cooperation of producers and consumers, standardization of medical
rice should enable disease prevention with diet-based evidence for
health. Within the association, there will be a research grant committee and a function evaluation committee, and we hope to foster
young researchers in this field.
Rice is the main staple food for approximately 70 percent
of the world’s population, mainly living in ten areas of the AsiaPacific region. In many countries, rice contributes to overall better
health by supplying dietary energy, protein and fat. It accounts for
more than 50% of the diet in Bangladesh, Myanmar, Lao People’s
Democratic Republic, Vietnam and Indonesia.13 The high prevalence of diabetes among polished white rice eaters has become
well-known. Rice with high amylase with a low glycemic index (GI)
may be used to prevent diabetes, and high GABA containing large
germ rice could contribute to mental health. In this regard, the nutritional aspects of brown rice should be re-evaluated, and further
development should produce wonderful medical rice.20,21
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iabetic patients have been increasing and this tendency has
become a medical and social problem worldwide.1 There are
some types of diabetes, in which the prevalence of type 2 diabetes
mellitus (T2DM) has been higher without requiring insulin treatment. On the other hand, type 1 diabetes mellitus (T1DM) has
acute onset due to virus infection. Under such circumstances, there
is a disease that has been clinically important in recent years. It is
Latent autoimmune diabetes in adults (LADA).
As to LADA, there are both clinical and immunological
characteristics between T2DM and T1DM. The genesis of T1DM
has been the autoimmune destruction of islet β-cells in the pancreas. There are some major anti-islet autoantibodies, such as glutamic
acid decarboxylase autoantibody (GADA), and T1DM shows a
high prevalence of GADA.2,3

When positive GADA is observed in the patient with
T2DM, the patient does not require insulin treatment during the
early stage, but the patient may become insulin-dependent status
within a few years. This subtype of diabetes has been called LADA
mainly in Europe and North American region.4 In contrast, in
Japan and the Asian region, it has been called slowly progressive
insulin-dependent (type 1) diabetes mellitus (SPIDDM),5 and/or
LADA.6
The characteristic point of LADA would be a conceptual
phenotype that exists between conventional T1DM and T2DM.
Recently, there has been some clinical issues and challenges for
LADA.7 They include the prevention of progressive β-cell failure
by dipeptidyl peptidase-4 (DPP-4) inhibitors, Glucagon-like peptide-1 (GLP-1) analogs, metformin, and insulin.8 Furthermore,
there was an investigation of islet cells and exocrine pancreatic
tissues in the pancreas for LADA which were positive for GADAs
and islet cell antibody (ICA).9

LADA is characterized for its rather less intensive autoimmune situation and its broad clinical features.10 Patients with
LADA are initially insulin independent at early stages and can
be checked by examination of islet-cell autoantibodies. Then, it
is rather difficult to diagnose LADA in the usual clinical setting.
Probably, there are lots of cases of LADA which would exist in the
large group of T2DM with higher misdiagnosis rate.
As a matter of fact, the screening test for ICAs would be
necessary for the patients with newly diagnosed as T2DM. Unless
this exam of antibodies is performed, a gradual decrease in the
ability of insulin secretion may be found later after years.10 Consequently, LADA may show slower decreased pancreas function
compared with that of T1DM. Furthermore, patients with LADA
can prepare the pathophysiological changes in advance a few years
later, with the adequate therapeutic approach of diabetic treatment.
LADA has been characterized for the presence of specific autoantibodies for the islet cells. It includes GADA and IA-2
antibodies.11 This type is often diagnosed as T2DM at an early
stage, but a few years later its diabetic status will develop to the
degree similar to T1DM. This situation has been as rather popular in adulthood as in childhood.11 Thus, there is a possibility of
misdiagnosis between T2DM and LADA just after the diagnosis
of diabetes. These patients are defined as LADA which has been
one of the subtypes of autoimmune diabetes.12 Its specific points
would be more heterogeneous than T1DM in a young person and
slower changes to β-cell failure for years with necessary treatment
of insulin.13
From the guidelines of the Immunology of Diabetes Society (IDS), a patient with LADA has been defined by i) adult age
of onset usually more than 30-years, ii) insulin independence at
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onset for at least 6-months, iii) positive results for islet-cell autoantibodies.13 In contrast, there have much discussion and controversy
concerning the definition of LADA. It is rather difficult to show
clear diagnostic guidelines at present. Consequently, the various
situation of LADA includes heterogeneous matters in phenotypic,
immunological and genetic features. These phenomena probably
come from the variability of autoimmunity, insulin resistance and
pancreatic β-cell impairment rate.14
In clinical practice, LADA has been sometimes unnoticed
among patients with T2DM. Its incidence may be supposed to be
about 5-10% of misdiagnosis rate.11 Actually, it is recommended to
order the measurement of the blood C-peptide value and autoantibody examination such as GADA in the patients with newly diagnosed as T2DM. It is necessary to make confirmation the diagnosis whether there is the possibility of LADA or not.15 It is indeed
that it cost some expense for the detecting GADA antibody, but it
is crucial to be checked at the early stages of diagnosis. Obtaining
the data for GADA antibody, prevention for β-cells failure and
other clinical diabetic disorder for the future can be prepared in
advance.16
According to the study on GADA in 32 patients with
LADA, 59% of them showed positive results for the measurement
of GADA-ELISA method.17 Patients with positive ELISA had significantly lower insulin secretion, suggesting the presence of more
cytotoxic GAD epitopes. Consequently, measuring the value of
GADA may predict the ability of insulin secretion in patients with
LADA.
In the action LADA study, the majority of subjects
showed positive for GADA, while only 24.1% of subjects were
positive for at least two autoantibody types.18 There are some controversies concerning the pathogenesis of LADA, which has not
been clarified yet. A recent study revealed a significant association
between Islet cell antigen 512 (IA-2) positivity and increased body
mass index (BMI).19 It may suggest two possibilities in obese or
lean subjects for LADA. One is persisting low-grade inflammation
with genetic susceptibility to T2DM in obese people, and another
is specific immunological involvement with genetic susceptibility
to T1DM in lean people.16
Formerly, T1DM has been thought of as a childhood
disease. In the last decade, however, about 30% of T1DM cases
have been diagnosed after 30-years-old by statistical investigations.15 Thus, T1DM onset in adults becomes an important matter
at present. From various studies, the incidence rate of adult-onset
autoimmune diabetes has been different in countries and ethnicity.
It is rather higher in North Europe than American, Latino, and
Asia.12,20 The prevalence of LADA has been reported as follows:
2.6% in the United Arab Emirates, 3.2% in India, 4.4%-5.3% in
Korea, 5.7% in China, 7.0-14.0% in North Europe.20,21 In these
studies, however, there have been various differences in study design, method, and criteria, where we have to compare the data of
incidence and prevalence from a different area in the world.
In summary, LADA has been recently found in various
e5

areas. When the patient is diagnosed as LADA, autoantibodies and
the clinical course should be carefully monitored. The pathogenesis for LADA has been gradually elucidated and the development
of future research is expected.
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ABSTRACT

Diabetes mellitus is a chronic debilitating metabolic disorder which, when it involves the foot, is one of the most dreaded complications associated with increased morbidity and mortality. Various treatment modalities are used for the treatment of diabetic ulcer.
Better wound care and control of blood sugar levels helps in preventing amputation and limb loss. Here we discuss a case of diabetic
foot ulcer in which music therapy was used as an adjunct modality of treatment.
Keywords

Music therapy; Diabetic foot ulcer; Wound healing.

INTRODUCTION

I

ndia is the world capital for diabetes mellitus. Diabetic foot ulcers (DFU) are the most costly and devastating complication
of diabetes mellitus which affects 15% diabetic patients in their
lifetime.1 Early effective management can reduce the severity of
complications such as preventable amputations and reduce the
mortality.More than 50% of non-traumatic lower-extremity amputations are related to diabetic foot ulcer infections and 85% of all
lower-extremity amputations in patients with diabetes are preceded
by an ulcer; up to 70% of diabetic patients with a DFU-related
amputation die within 5 years of their amputation.2 Together with
achieving strict glycemic control, thorough wound debridement in
combination with other modalities of treatment such as advanceddressings, off loading technique, Negative pressure wound therapy
are an integral part of diabetic ulcer management.1 Music therapy
is one of the adjunct modality of therapy that has shown promise
in relieving pain and helped in emotional and physical healing and
wellbeing of the patient. In addition music permits the patient to
be involved in the treatment; music can be adapted to each indi-

viduals need and can be used to distract the patient during painful
procedures and experiences with the hope that they will experience
decreased levels of pain. Here we describe a case of diabetic ulcer
in the management of which music therapy was used as an adjunct.
CASE PRESENTATION

This study was conducted in the Department of Plastic Surgery
in a tertiary care hospital during February to March 2019. An informed consent was taken from the subject under study who was
a 38-year-old male, manual laborer, recently detected with diabetes
mellitus who presented with ulcer over right foot of 2 months
duration (Figure 1). At presentation the wound was infected and
the patient had very poor glycemic control, his HbA1c being 11.8.
Wound debridement was done and antibiotics were started according to culture sensitivity. In the course of the treatment, strict glycemic control was achieved with the use of insulin and oral hypoglycemic agents. Wound bed preparation was done with multiple
surgical debridements (Figure 2). In addition to this, music therapy
was used as an adjunct treatment.Patient was made to listen to mu-
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sic of his own choice daily for a period of 10 minutes, three times
a day. His usual preferences were Tamil cinematic music and Carnatic music (Figures 3 and 4). Patient was also made to listen to
music during dressing and wound debridement sessions. Debridement and dressings were carried out in operation theatre under local anesthesia and music of patients liking was played in a portable
music device connected to patient’s earphone. Debridement and
dressings were done every 3rd day according to unit protocol, with
and without music therapy alternatively. Data was collected after
every debridement and dressing change both when music therapy
was used and without using music therapy. Patients pulse rate and
blood pressure were recorded after every dressing change with or
without music therapy. The mean values of pulse rate and blood
pressure were recorded and mean standard deviation was calculated.
Figure 1. Diabetic Foot Ulcer at Presentation

Figure 4. Session of Music Therapy

Feedback was collected from the patient regarding how
he felt when he listened to the music, whether it helped him in
decreasing his pain and alleviating stress and anxiety, whether it
helped in easing his discomfort during dressing and debridement
sessions.
Wound bed preparation was done for a period of 3
weeks, music therapy was continued all throughout and split thickness skin grafting at the wound site was done.The study was conducted on descriptive basis and only descriptive analysis was done.
RESULTS

Figure 2. After Wound Bed Preparation

Music therapy was found to play an effective role as an adjunct
in diabetic wound management. It helped in relieving anxiety and
stress associated with wound debridement and dressings. Slight decrease in blood pressure and pulse rate was noted when debridement and dressings were done with music therapy (Tables 1 and 2).
Table 1. Assessment of Parameters without Music Therapy

Figure 3. After Reconstruction with SSG
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Week 1
(Debridement 1)

Week 2
(Debridement 1)

Week 3
(Debridement 1)

Pulse Rate (Mean
(Standard Deviation))
(bpm)

109.2 (+/- 2)

107.4+/-4

107.4+/-4

Mean Systolic Blood
Pressure (Mean+/-SD)
(mmHg)

114.8+/-3

114.2+/-3

112.2+/-2

Mean Diastolic Blood
Pressure (Mean+/-SD)
(mmHg)

84.8+/-5

87.4+/-6

82.2+/-4

Table 2. Assessment of Parameters with Music Therapy
Week 1
(Debridement 2)

Week 2
(Debridement 2)

Week 3
(Debridement 2)

Pulse Rate (Mean
(Standard Deviation))
(bpm)

101.4+/-2

91.4+/-6

87.7+/-6

Mean Systolic Blood
Pressure (Mean
Standard Deviation)
(mmHg)

102.8+/-3

103.4+/-3

111.4+/-3

Mean Diastolic
Blood Pressure(Mean
Standard Deviation)
(mmHg)

79+/-2

79.4+/-4

78+/-4
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DISCUSSION

CONSENT

Diabetic Foot Ulcers (DFUs) cause morbidity and frequent visit
to healthcare professionals and may lead to lower extremity amputation.3 A multimodality approach is recommended to address
potential underlying problems. Proper clinical examination and
shoe gear, gait, orthopaedic, neurologic, and vascular exams are
also recommended. Appropriate offloading and continuing diabetes education are also an important aspect included in the treatment for all DFUs.4

The authors have received written informed consent from the patient.

Music therapy has been used as an adjuvant for healing
and symptom management. Listening to music affects multiple
physiological parameters including autonomic nervous system.5
Bradt et al6 reviewed the evidence for music therapy with cancer
patients and concluded that music therapy may have beneficial effects on anxiety, pain, quality of life, heart rate (HR), respiration
rate (RR), and blood pressure (BP) in cancer patients.6 Acute stress
can activate the immune system and cause inflammation through
the complement cascade.7 On the other hand, chronic stress can
impair immune function and delay wound healing.8 It is important
that when people are in a state of healing their immune systems
are functioning optimally. Therefore, environmental stress should
be kept to a minimum.5
Music therapy also helps in building better interpersonal
communication between patient and healthcare workers. As a preliminary work, the authors of this study have designed and carried
out this study to find out the role of music therapy as an adjunct in
the management of diabetic foot ulcers. Based on feedback from
patient and positive outcome, author feels that there is a positive
association between the effects of music therapy as an adjunct in
management of DFUs. There are limitations in the present study
as it’s a single centre study performed on one subject with no control, comparison, randomisation and statistical analysis. The music used was of the subjects liking which may not be appropriate for another person. The type of music and its various aspects
such as pitch, rhythm, dynamics, etc. were not studied in detail.
CONCLUSION

This is a preliminary study to find the effect of music therapy as
an adjunct treatment in the management of diabetic foot ulcers.
A positive effect was found but a large multi-centric double-blind,
control study with statistical analysis is recommended to substantiate the result of this study.
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