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Background: Metabolic syndrome is diagnosed using clinical and laboratory data. Electro 
interstitial scan (EIS) is a rapid and noninvasive screening. It measures and calculates the 
parameters to reflect hypertension, sympathetic activity, stiffness of the arteries, body fat 
composition, leptin and insulin resistance. Metabolic syndrome will be diagnosed if calcu-
lated score ≥10 CU.
Purpose: To evaluate the accuracy, validity and appropriate cut-off score to diagnose 
metabolic syndrome.
Materials and Methods: A cross-sectional study was conducted using the population- 
based approach. Metabolic syndrome was diagnosed according to the modified National 
Cholesterol Education Program (NCEP ATP III) and International Diabetes Federation (IDF) 
criteria. The appropriate cut-off score to diagnose metabolic syndrome by instrument was 
determined.
Results: A total of 253 participants were enrolled with mean age of 40.06±6.33 years, and 
64.43% (163/253) were female. Metabolic syndrome was diagnosed among 123 (48.62%) 
and 104 (41.11%) patients according to the NCEP ATP III and IDF criteria, respectively. The 
diagnostic indices of metabolic syndrome score ≥10 CU had a sensitivity of 23.6% and 
27.9%, a specificity of 100% and area under ROC of 0.62 and 0.64, according to the NCEP 
ATP III and IDF criteria, respectively. The best cut-off level of metabolic syndrome score 
was ≥9 CU with a sensitivity of 79.67% (95% CI, 71.5–86.4%) and 88.46% (95% CI, 
80.7–93.9%), a specificity of 96.92% (95% CI, 92.3–99.2%) and 93.29% (95% CI, 88.0–-
96.7%) and area under ROC 0.89 (95% CI, 0.85–0.93) and 0.92 (95% CI, 0.88–0.95), 
respectively, according to the NCEP ATP III and IDF criteria.
Conclusion: Screening of metabolic syndrome using ES TECK in a Thai population 
demonstrated inadequate accuracy when using metabolic syndrome score ≥10 CU. We 
recommend using a metabolic syndrome score ≥9 CU to provide the best accuracy. This 
instrument is safe, fast and easy to use for metabolic syndrome screening.
Keywords: diagnostic, accuracy, validity, EIS, ES TECK

Introduction
Metabolic syndrome is a cluster of conditions characterized by abdominal obesity, 
dyslipidemia, hypertension and insulin resistance. It increases the risk of various 
chronic diseases, especially type 2 diabetes, cardiovascular disease and stroke.1–4 

Metabolic syndrome was diagnosed according to clinical criteria and laboratory 
investigations. However, a rapid and noninvasive tool is needed for mass screening. 
Currently, an alternative screening tool is available using electro interstitial scan 
named ES TECK. Nevertheless, no clinical study has been published validating 
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metabolic syndrome diagnosed using the electro interstitial 
scan. This device has been approved for clinical use by the 
US Food and Drug Administration and certified by ISO 
9001. It also passed European regulatory approval CE 0459.

ES TECK (LD Technology, Miami, FL, USA) is 
a computer-aided medical screening device conducted 
using two measuring methods; an oximeter and electro 
interstitial scan, which is an impedance method, as one 
single measurement. The screening procedure is noninva-
sive, and takes around five minutes to complete the exam-
ination. Algorithms of electro interstitial technology 
provide measuring data related to the sympathetic system 
activity. Some data are calculated and based on electro-
chemical principles.

The parameters measured by this device are of three 
types. The first constitutes body composition analysis 
involving evaluating the proportion of different types of 
tissues in the body such as fat mass, percentage of body fat 
and body mass index as the main parameters. Second, 
mathematical cross analysis evaluates the overall operation 
of various organ systems using a mathematical algorithm 
to determine a risk score using values 1 to 5, from highest 
to the lowest. Third, body system analysis involves 
a metabolic syndrome indicator by measuring and calcu-
lating sympathetic activity, the stiffness of the carotid 
artery, elasticity of target artery, estimated renin secretion, 
body fat composition, leptin resistance and estimated insu-
lin resistance. Each parameter indicates the cut-off score’s 
value in normal and abnormal range. Metabolic syndrome 
can be diagnosed when metabolic syndrome score is ≥10 
conventional units (CU).

The study of Kawada and Otsuka5 showed that second-
ary derivative photoplethysmography (SDPTG) is an indi-
cator of arterial stiffness and clarified indices of the 
SDPTG in combination with components of the metabolic 
syndrome. They revealed age, d/a, serum uric acid, serum 
C-reactive protein, and regular exercise as independent 
determinants of the risk of metabolic syndrome. The 
study of Otsuka et al6 showed that SDPTG is useful to 
estimate the risk of coronary heart disease in the general 
population. They also showed the prevalence of hyperten-
sion and hyperlipidemia was approximately 30%. The 
study of Rand et al7 showed that electrical stimulation 
induced an increase in sweat response between the two 
electrodes. Control and subjects with diabetes showed 
a 20.2% and 18.2% increase in sweat rate, respectively. 
Electrical stimulation does act as a predictive tool for early 
signs of autonomic nervous system dysfunction among 

people with diabetes by measuring their sweat response 
and constitutes a modality that can be used in any physical 
therapy practice providing an inexpensive method to 
assess endothelial impairment. In addition, the study of 
Adami et al8 showed that the homeostasis model assess-
ment of insulin resistance (HOMA2-IR), HbA1c and 
plasma glucose level highly correlated to the algorithms 
derived from bio-impedance and spectrophotometric 
devices. However, no studies have reported the association 
between electro interstitial scan measured by this device 
and metabolic syndrome. Therefore, our study aimed to 
evaluate the accuracy, validity and appropriate cut-off 
score to diagnose metabolic syndrome.

Materials and Methods
Participants and Setting
A cross-sectional study using a population-based approach 
was conducted. The Inclusion criteria comprised healthy parti-
cipants, aged more than 30 years old. We excluded participants 
with cardiovascular diseases, dermatological lesions at the 
examined area, having metal pins, prostheses, cardiac pace-
maker, implanted electronic devices, defibrillators, pregnancy, 
presence of fever, infection or acute diarrhea. Furthermore, 
participants receiving diuretics, beta-blocker, antihistamine, 
pseudoephedrine, energy drinks, alcohol, caffeine, excessive 
perspiration (hyperhidrosis), stream or sauna treatment within 
12 hours before test were excluded.9 In all, 295 participants 
were screened at the center of anti-aging medicine (Apex 
Medical Center, Bangkok, Thailand) and primary care unit 
(Mith Mitree Medical Clinic, Bangkok Thailand) from 
September 2019 to February 2020. Informed consent was 
provided by all participants before entering the study.

Sample Size Estimation and Statistical 
Analysis
The sample size was calculated based on a study related to 
the EIS system.6,8,10 Stata Software, Version 12.0 was 
used to calculate sample size, and one-sample comparison 
of proportions to hypothesized values in which the sensi-
tivity of EIS was determined to be 90%. Therefore, based 
on the two-sided test, 5% α error and 90% power with 
30% estimated prevalence of disease,6,11,12 the number of 
patients needed for the study was calculated to be 117. We 
considered a p value of less than 0.05 to establish the level 
of significance. All statistical analyses and graphics were 
performed using Stata Software, Version 15.0 (StataCorp). 
Data are presented as number, percentage and mean ± 
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standard deviation. Diagnostic results of the tests (sensi-
tivity, specificity, positive predictive value, negative pre-
dictive value, and accuracy) were presented as 
percentages. The study was approved by the human 
research ethics committee of Thammasat University 
(Faculty of Medicine) with protocol number of MTU-EC- 
ES-0-122/62, and adhered to the ethical principles of the 
Declaration of Helsinki. Each participant signed an 
informed consent form, and confidentiality was maintained 
for all participants.

Procedures of Anthropometric and 
Laboratory Measurements
All participants underwent height, weight, blood pressure 
and waist circumference measurement. Blood pressure, 
measured using an appropriately sized cuff, was recorded 
in duplicate and values were reported as means. Waist 
circumference was measured at the midpoint between the 
iliac crest and lowest rib when a participant was in the 
standing position with feet 15 cm apart.13 Blood samples 
after 10 to 12 hours fast were obtained and then electro 
interstitial scan was performed. The biochemical measure-
ments contained tests of fasting plasma glucose, HDL 
cholesterol and plasma triglycerides.

Metabolic Syndrome Diagnosis
Metabolic syndrome was defined using The National 
Institute of Hyperlipidemia (NCEP ATP III, 2001, the 
modified NCEP ATP III, 2004) and The World Diabetes 
Federation (IDF, 2005) criteria. The IDF criteria required 
central obesity assessed by waist circumference ≥90 cm 
among Asian men or ≥80 cm among Asian women. Also, 
the criteria included the presence of any two or more of 
the following: 1) HDL cholesterol <40 mg/dl (1.0 mmol/ 
L) among men, <50 mg/dl (1.3 mmol/L) among women, 2) 
plasma triglycerides ≥150 mg/dl (1.7 mmol/L) or drug 
treatment for elevated triglycerides, 3) fasting plasma glu-
cose ≥100 mg/dl (5.6 mmol/L) or drug treatment for 
elevated plasma glucose and 4) blood pressure >130/85 
mmHg or drug treatment for hypertension. In contrast to 
the IDF criteria, the NCEP ATP III criteria requires any 
three of five criteria.14–16

Electro Interstitial Scan
The electro interstitial scan instrument consists of three 
parts of Electro-Sensor (ES) software which manages and 
integrates data as described below. First, the Electro sensor 

Oxi (ESO) device was used. The oximeter module requires 
a spectrophotometric pulse oximeter. The ESO device dis-
plays the arterial waveform and heart rate. From the arter-
ial waveform, photo-electrical plethysmography analysis 
estimates the arterial stiffness index. The device also 
assesses heart rate variability. The mathematical calcula-
tion from SDPTG evaluates vascular aging in hyperten-
sion. SDPTG is obtained from double differentiation of the 
finger photoplethysmogram (PTG). It provides functional 
and structural properties of both central and peripheral 
arteries.17 Additionally, SDPTG correlated with age and 
vascular aging, and other risk factors of atherosclerosis18– 

20 Second, the Electro Interstitial Scan – Galvanic Skin 
(EIS–GS) Module was performed. The module used the 
electrodermal response device technique by measuring the 
electrical response of the body through the skin.9,21 The 
measurements are performed by electrical stimulation of 
the post sympathetic cholinergic fiber with weak DC cur-
rent and voltage (1.28V) applied in the bipolar mode.22 

Third, ES-BC was conducted. The bio-impedance module 
is used to estimate body composition and accurately assess 
body composition compared with standardized 
instruments.

EIS can be used as a tool for metabolic syndrome 
screening. This constitutes a galvanic skin response device 
based on bio-impedance and is performed by electrical 
stimulation of the post-sympathetic cholinergic fiber. It 
uses bio-impedance and electrical conductivity of eleven 
pathways of the body through six tactile electrodes placed 
symmetrically on the palms of the hands, soles of the feet 
and on the forehead. A weak DC current is sent alterna-
tively between two electrodes using a sequence. It records 
the electrical conductance of eleven various pathways of 
the body, recorded and sent for signal processing 
analysis.22

Metabolic syndrome parameter is one type of body 
system analysis, an indirect parameter obtained by com-
bining measurement of data regarding eight direct para-
meters. This system measures eight parameters. First, (-d/ 
a): is the SDPTG parameter which decreases with age, and 
represents the index of hypertension. Second, low fre-
quency (LF) of the fast Fourier transform and low- 
frequency baroreceptor reflex activity reflects sympathetic 
activity.23 Its value increase with hypertension. Third, the 
Augmentation Index (AI) indicates the systemic arterial 
stiffness and risk factor of cardiovascular disease. Fourth, 
the Estimated Renin secretion regulates blood pressure. 
Fifth, the Ejection Elastic Index (EEI) indicates the 
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elasticity of target arteries, left ventricular ejection and 
compliance/elasticity of large arteries. A low EEI denotes 
vasoconstriction, arteriosclerosis or left ventricular ejec-
tion insufficiency, while a high EEI indicates vasodilation 
of large arteries, anemia, increased ejection power, 
hyperthyroidism or congested heart failure.24 Sixth, fat 
mass represents the whole body fat composition. 
Seventh, the Leptin Resistance Index and eighth is the 
Estimated Insulin Resistance Index. The software algo-
rithm combines the eight direct parameters of data 
reported as CU using the Cole equation to estimate meta-
bolic syndrome parameters from the EIS device.25 The 
cut-off score is estimated and validated using the manu-
facturer’s standardization.26

Results
Totally, 253 participants (90 males and 163 females) were 
enrolled and met the inclusion criteria (Figure 1). 
According to NCEP and IDF definitions, metabolic syn-
drome was diagnosed among 123 (48.6%) and 104 
patients (41.1%), respectively (Table 1), and 29 (23.6%) 
and 29 (27.9%) of those tested positive using the cut-off 
metabolic syndrome score ≥10 CU, respectively. 
Diagnostic indices of metabolic syndrome scores ≥10 CU 
using the EIS instrument showed a sensitivity of 23.6 
(95% CI, 16.4–32.1) and 27.9 (95% CI, 19.5–37.5) and 
a specificity of 100% (95% CI, 97.2–100) and 100% (97.-
6–100), respectively. The ROC area indicated 0.62 (95% 
CI, 0.58–0.66) and 0.64 (95% CI, 0.60–0.68), respectively, 
according to NCEP and IDF criteria (Table 2).

Metabolic syndrome score ≥9 CU exhibited the best 
discriminative and predictive indices. According to NCEP 
and IDF definitions, this cut-off level revealed a sensitivity 
of 79.7 (95% CI, 71.5–86.4) and 88.5 (95% CI, 80.7–-
93.7), a specificity of 96.9% (95% CI, 92.3–99.2) and 

Figure 1 Study flow diagram of diagnostic accuracy of electro interstitial scan when 
using metabolic score ≥10 CU as a cut-off level to diagnose metabolic syndrome 
compared with NCEP and IDF as reference standards.

Table 1 Demographic Characteristics of the 253 Patients with 
Metabolic Syndrome Diagnosed by NCEP and IDF Criteria

Variables NCEP IDF

Yes No Yes No

n=123 
(48.6%)

n=130 n=104 
(41.1%)

n=149

Gender: female, 
n=163 (%)

64 
(52.03)

99 
(76.15)

53 
(50.96)

110 
(73.83)

Age (year) 42.65 

(5.89)

37.61 

(5.74)

43.06 

(5.89)

37.97 

(5.79)
Body mass index (kg/ 

m2) mean, (SD)

27.69 

(2.41)

22.27 

(2.63)

28.09 

(2.22)

22.69 

(2.80)

Waist circumference 
(cm)

86.02 
(6.30)

76.08 
(5.39)

86.84 
(6.21)

76.77 
(5.62)

Female 80.77 

(0.29)

74.14 

(0.42)

81.40 

(0.27)

74.49 

(0.39)
Male 91.71 

(0.49)

82.29 

(0.75)

92.49 

(0.48)

83.21 

(0.68)

Systolic BP (mmHg) 130.94 
(7.44)

119.42 
(7.83)

130.38 
(7.81)

121.28 
(8.90)

Diastolic BP (mmHg) 81.85 

(6.68)

76.41 

(7.34)

81.54 

(7.13)

77.32 

(7.32)
FPG (mg/dL) mean 

(SD)

98.12 

(14.71)

79.39 

(9.39)

96.53 

(13.68)

82.89 

(14.07)

HDL (mg/dL) 47.32 
(10.38)

57.77 
(9.65)

47.98 
(10.77)

55.98 
(10.47)

Female 46.30 

(1.15)

58.37 

(0.97)

47.17 

(1.31)

56.75 

(1.00)
Male 48.44 

(1.50)

55.84 

(1.71)

48.82 

(1.67)

53.82 

(1.62)

Triglycerides (mg/dL) 187.8 
(51.61)

111.39 
(48.88)

189.8 
(52.13)

119.72 
(53.37)

WHR (kg/cm) 0.46 

(0.05)

0.36 

(0.045)

0.46 

(0.049)

0.37 

(0.048)
Smoking, n (%) 12 (0.10) 5 (0.04) 11 (0.11) 6 (0.04)

Family history of

Hypertension, n (%) 47 

(38.21)

12 

(9.23)

41 

(39.82)

18 

(12.08)
Diabetes mellitus, 

n (%)

17 

(13.82)

1 (0.77) 16 

(15.38)

2 (1.34)

Dyslipidemia, n (%) 49 
(39.84)

13 
(10.00)

43 
(41.35)

19 
(12.75)

Note: Values are presented as mean (standard deviation) or case/total number (%). 
Abbreviations: WHR, waist-height ratio; FPG, fasting plasma glucose.
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93.9% (88.0–96.7) and ROC area of 0.88 (95% CI, 0.0.-
85–0.93) and 0.91 (95% CI, 0.88–0.95), respectively 
(Table 3).

Discussion
Presently, metabolic syndrome, a new noncommunicable 
disease, has become a major health hazard of the modern 
world12 Because early diagnosis and treatment of 

metabolic syndrome is important, screening for metabolic 
syndrome using EIS, and having a specific module to 
diagnose metabolic syndrome may provide an alternative. 
Currently, few companies could manufacture electro inter-
stitial scan devices such as Medeia Inc, USA, LD technol-
ogy, etc. Our study, enrolling participants aged 30 to 65 
years, according to NCEP and IDF criteria, diagnosed 123 
and 104 metabolic syndrome cases, representing 
a prevalence of 48.6% and 41.1%, respectively. We 
found that the prevalence of metabolic syndrome using 
the NCEP criteria was 7.5% greater than that using the 
IDF criteria as reported in other studies11,27-29 The meta-
bolic syndrome score measured by this instrument is 
derived from eight subparameters, namely, 1) -d/a, 2) LF, 
baroreceptor reflex activity, indicator of sympathetic activ-
ity increased with hypertension, 3) AI, indicator of the 
stiffness of the carotid artery and hypercholesterolemia, 
4) estimated renin secretion: indicator of the blood pres-
sure regulation 5) EEI, indicator of elasticity of target 
artery 6) fat mass (%), 7) leptin resistance (%) and 8) 
estimated insulin resistance (CU), calculated using the 
software’s algorithm. The results of diagnostic accuracy 
showed that the analysis of the metabolic syndrome score 
using the cut-off score of ≥10 CU demonstrated inade-
quate accuracy; the discriminative and predictive indices 
are reported in Table 2. Results of cut-off score analysis 
showed the best cut-off score was a metabolic syndrome 
score of ≥9 CU using both the NCEP and IDF criteria. 
Therefore, based on the new cut-off score result in a Thai 
population and age group from 30 to 65 years, in terms of 
clinical applications from diagnostic accuracy, we suggest 
that the metabolic syndrome score ≥9 CU should be used 
in clinical practice. The new cut-off score, lower than 
default, may be due to the Asian race having a smaller 
physical appearance. Possibly, the amount of accumulated 
fat mass may be related to waist circumference, waist- 
height ratio and body mass index. However, we suggest 
further study employing any body system analysis. We 
observed that the cut-off score at metabolic syndrome 
score ≥8 CU according to the NCEP and IDF criteria, 
showed a sensitivity of 100%, which may be useful but 
the specificity was only 0.67 and 0.77, respectively, pro-
viding inadequate accuracy in terms of clinical application. 
The metabolic syndrome score from the instrument could 
only be reported for patients aged 30 years and older. The 
instrument issue may be beneficial in selecting the age 
groups intended to be at risk, related to the study, for 
which the risk of metabolic syndrome was associated 

Table 2 Diagnostic Indices of Metabolic Syndrome Score ≥10 
CU Derived from Electro Interstitial Scan Instrument with the 
Reference Standards

Metabolic Syndrome Score 
≥10 CU

NCEP IDF

Sensitivity (%) 23.6 
(16.4–32.1)

27.9 
(19.5–37.5)

Specificity (%) 100 

(97.2–100)

100 

(97.6–100)
ROC area 0.62 

(0.58–0.66)

0.64 

(0.60–0.68)

Positive predictive value (%) 100 
(88.1–100)

100 
(88.1–100)

Negative predictive value (%) 58.0 

(51.3–64.6)

66.5 

(59.9–72.7)
Odds ratio – –

Likelihood ratio positive – –
Likelihood ratio negative 0.76 

(0.69–0.84)

0.72 

(0.64–0.81)

Table 3 Diagnostic Indices of Metabolic Syndrome Score ≥9 CU 
Derived from Electro Interstitial Scan Instrument with the 
Reference Standards

Metabolic Syndrome Score 
≥9 CU

NCEP IDF

Sensitivity (%) (95% CI) 79.7 

(71.5–86.4)

88.5 

(80.7–93.7)
Specificity (%) (95% CI) 96.9 

(92.3–99.2)

93.3 

(88.0–96.7)

ROC area (95% CI) 0.88 
(0.85–0.93)

0.91 
(0.88–0.95)

Likelihood ratio positive (95% 

CI)

25.89 

(9.8–68.23)

13.18 

(7.21–24.08)
Likelihood ratio negative (95% 

CI)

0.21 (0.15–0.3) 0.12 

(0.07–0.21)

Odds ratio (95% CI) 123.5 
(43.0–351.3)

106.6 
(44.5–254.9)

Positive predictive value (%) 

(95% CI)

96.1 

(90.3–98.9)

90.2 

(82.7–95.2)
Negative predictive value (%) 

(95% CI)

83.4 

(76.5–89.0)

92.1 

(86.5–95.8)
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with increasing age.30 The strength of this study was in 
recruiting participants who intended to receive a diagnosis 
of metabolic syndrome, and to compare using two criteria, 
as is widely used in Thailand as a reference standard.

This instrument encountered limitation of measurement 
in certain conditions such as age less than 30 years old, 
presence of fever, infection, diarrhea, excessive perspira-
tion (hyperhidrosis) and stream or sauna treatment within 
12 hours before the test. Furthermore, participants with 
dermatological lesions at the examined area, having metal 
pins, prostheses, cardiac pacemaker, implanted electronic 
devices, defibrillators, being pregnant, receiving diuretics, 
beta-blocker, antihistamine, pseudoephedrine, energy 
drinks, alcohol and caffeine could not be accurately 
tested.22 Results from our study are considered applicable 
to Thais aged from 30 to 65 years. Because data were 
collected from participants with 10 to 12 hours fast, it 
could not be applied to fasting participants. A research 
study to define the cut-off score for metabolic syndrome 
among non-fasting participant should be conducted.

Conclusion
Metabolic syndrome screening among Thais using the 
electro interstitial scan named ES TECK, demonstrated 
inadequate accuracy when using the default metabolic 
syndrome score ≥10 CU. We recommend using 
a metabolic syndrome score ≥9 CU to provide the best 
accuracy. This instrument is safe, fast and easy to use for 
metabolic syndrome screening.
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