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Editorial
Recent topics have included development of diabetes and related 

exams and treatments. Authors and co-researchers have continued 
diabetic clinical studies such as low carbohydrate diet (LCD).1,2 
Furthermore, we have presented some reports about Phase Angle 
(PhA) in the Bioelectrical Impedance Analysis (BIA).3,4 Combined 
these fields, latest perspectives of diabetes and PhA would be 
introduced in this article.  PhA levels has been reported to be 
lower in type 2 diabetes (T2D) patients than in non-diabetics, and 
the difference appears to increase with longer duration of diabetes. 
Comparative BIA study with T2D and control were studied with >40 
years (n=158, n=59). PhA value was measured by 5, 50 and 250kHz 
impedance method.5 As a result, PhA value was significantly lower 
in T2D cases. This difference would be from aging and the duration 
period of T2D. Especially, the mediation effect of the duration of 
diabetes on the decrease in PhA values was found for 29.8%-53.3% in 
left/right arms of male/female cases. PhA level at 50 kHz decreased 
in T2D, and the changes were aggravated as T2D duration increased. 
Thus, bioimpedance PhA values can show non-invasive method for 
monitoring T2D progression. From anthropometric results of body 
composition, PhA and glycemic parameters, relationship was found 
among HbA1c, fasting glucose and PhA value in T2D patients.6 
T2D cases including 133 male and 188 female (30-83 years) were 
investigated for PhA, body composition and glycemic parameters. 
Average results in male/female were PhA 6.84/5.99 and HbA1c 
7.35/5.95%, respectively. Male showed higher values of PhA, HbA1c, 
fasting blood glucose, TBW, ECW, ICW, ECM, lean body mass 
(LBM) and body cell mass (BCM). Female showed higher values of 
fat mass, IRI, ECW/TBW, ECW/ICW and ECM/BCM. PHA showed 
significant relationships (male/female) with age, ECW/TBW, ECW/
ICW, ECM/BCM and others. Thus, PhA may become an indicator for 
glucose variability in T2D cases.

T2D patients were studied for the relationship of PhA and 
HbA1c.7 The protocol included 400 males, 255 females, 57.1 years 
old in average, HbA1c 8.1 +/- 1.9% and BMI 25.6 kg/m2. By detail 
analyses, PhA showed same results for 5.3 as T1D, 5.3 as T2D. PhA 
is negatively affected by HbA1c and age, and it showed positive 
relationship with serum albumin, skeletal muscle mass index (SMI), 
body metabolic rate (BMR), body muscle amount. These results 
suggest that PhA may be used as a prognostic indicator and evaluation 
of complications in diabetic patients. In order to evaluate PhA values 

in diabetes for diagnostic or prognostic tool, 1085 applicants attended 
the program.8 They included 68.11 +/- 7.7 years old in average and 
60.7% of female. When male cases were analyzed for lowest quartile 
with the data of PhA ≤4.9, they showed odds ratio (OR) 2.02 with 
significantly higher prevalence of diabetes, after adjustments for BMI, 
age and other comorbidities. These correlations were weakened by 
adjustment of taking oral hypoglycemic agents (OHAs). The factors 
of male and OHAs showed significantly decreased PhA as -0.44. In 
contrast, female cases did not show such correlations. For 371 T2D 
patients, BIA study was conducted including PhA, ECW/TBW, SMI, 
hemoglobin (Hgb) and hematocrit (Hct).9 PhA and SMI showed 
positive correlation with Hgb and Hct, and ECW/TBW had negative 
correlation with Hgb and Hct. Then, aberrant results of PhA and 
ECW/TBW may indicate anemia risk for T2D. 

The prevalence of T2D has continued to increase with the 
aged society. Among macro- and micro- diabetic angiopathy, 
diabetic peripheral neuropathy (DPN) has been the most common 
complication.10 The pathogenesis of DPN is complex, and may include 
impaired bioenergetics and metabolism, which shows failed operation 
against the glia cell and long peripheral nerve axons. In addition, T2D 
may bring some influences of dyslipidemia and hyperglycemia. The 
latest report was concerning the relationship between DPN and the 
changes in PhA values.11 The protocol included T2D patients (n=697), 
who were divided into DPN group and non-DPN group. DPN group 
were further categorized for high, medium and low peripheral artery 
disease (PAD) groups by the vibration perception examination. 
Then, the association between risk of DPN risk and PhA values 
were analyzed. The results showed that DPN risk showed negative 
correlation with PhA values of arms, legs and total body. In contrast, 
the trunk PhA value did not show correlation with DPN. Further, the 
negative association was observed between PhA value of total body 
and DPN risk by the except for the cases with obesity of ≥ 28 kg/m² 
of BMI.

Compared study was conducted for DPN patients and control. The 
correlation of PhA of BIA was studied for T2D (n=205) and healthy 
control (n=104).12 DPN was found in 63 cases. Nerve conduction 
velocity (NCV) was measured for peroneal and tibial nerves. As 
a result, T2D cases with DPN showed lower PhA (5.71) than T2D 
without DPN (6.07) and controls (6.18). By confounder-adjusted 
analysis, PhA showed relationships with NCV and amplitudes of two 
nerves. Consequently, PhA test may become a useful and beneficial 
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Abstract

Recent topics regarding diabetes and Phase Angle (PhA) by the Bioelectrical Impedance 
Analysis (BIA) method were introduced. Decreased PhA value means impaired cell 
function of human body. PhA was significantly lower in Type 2 diabetes (T2D). T2D cases 
of 30-83 years showed average data of PhA 6.84/5.99, and HbA1c 7.35/5.95% as male/
female. When male cases were analyzed for lowest quartile with the data of PhA ≤4.9, they 
showed odds ratio (OR) 2.02 with significantly higher prevalence of diabetes. Regarding 
diabetic polyneuropathy (DPN), PhA value showed control 6.18, T2D without DPN 6.07 
and T2D with DPN 5.71 with significant difference. 
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marker for DPN detection in T2D as a easy handling procedure in 
comparison with other exam systems. 

T2D patients (n=159) was studied for PhA, SMI, muscle mass/
strength, physical performance.13 Furthermore, other markers included 
leg extension strength, grasping power, and the short physical 
performance battery (SPPB). As a result, PhA showed correlation 
with SMI, muscle power and SPPB score by simple correlation 
analysis, and PhA in each side showed correlation with SMI and each 
grasping power. Consequently, PhA may become a marker of muscle 
mass/strength and physical performance in T2D. Recent topics 
include obesity and nonalcoholic fatty liver disease (NAFLD). For 
overweight cases (n=953), PhA and NAFLD-related markers were 
studied with relationship analyses.14 As a result, PhA values of legs 
and body showed significant relationships with NAFLD risk. Further, 
PhA values had significant association with the controlled attenuation 
parameter (CAP), that is the non-invasive assessment measure of 
liver steatosis and fibrosis. Thus, PhAs would be useful indicators for 
NAFLD management among overweight person. 

In summary, recent topics concerning diabetes and PhA were 
described. Diabetes is multifaceted disease, in which various 
relationship would be clarified for future development. Current article 
becomes hopefully a useful reference for future clinical research. 
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