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가속도맥파로 평가한 당뇨군과 정상군의 신정격 자침으로    

인한 혈관변화
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목적 : 신정격 자침이 당뇨군과 정상군의 혈관변화에 미치는 영향을 알아보기 위해 가속도맥파를 이용한 

실험을 설계하였다. 

방법 : 20명의 당뇨군과 20명의 정상군에서 신정격 자침 이전과 이후, 2회에 걸쳐서 Cardio Peri SA6000

을 이용하여 가속도맥파를 측정하였다. 가속도맥파의 b/a, c/a, d/a 및 연령지수를 통해 혈관상태를 평가하였다.

결과 : 1. 당뇨군과 정상군의 신정격 자침 이전 가속도맥파 측정에서 당뇨군이 정상군보다 b/a값(p= 

0.000), 연령지수(AI)(p=0.000)는 유의하게 높았으며, c/a값(p=0.000), d/a값(p=0.000)은 유의하게 낮았다.

2. 당뇨군에서 신정격 자침 이후 가속도맥파의 b/a값(p=0.004), 연령지수(p=0.012)는 유의하게 낮아졌으며, 

c/a값(p=0.026)은 유의하게 높아졌다.
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Fig. 1. A schema of the finger photoplethys-

mogram(PTG) and the second derivative of the 

finger photoplethysmogram(SDPTG)
The SDPTG consists of 5 waves and each wave is 
consecutively named ‘a’, ‘b’, ‘c’, ‘d’, and ‘e’ wave, 
respectively. The ‘a’ and ‘b’ waves are included in the 
early systolic phase and the ‘c’ and ‘d’ waves in the late 
systolic phase of the PTG

3. 정상군에서 신정격 자침 이후 가속도맥파의 b/a값(p=0.025)은 유의하게 낮아졌다.

결론 : 신정격 자침이 당뇨로 인해 유발된 혈관의 탄력도 감소 및 노화를 다소 회복시킬 수 있는 것으로 

사료된다.

핵심 단어 : 가속도맥파, 당뇨, 침, 신정격

Ⅰ. Introduction

Recently, the prevalence rate of diabetes mellitus 

(DM) in Korea has been increasing rapidly due to 

high growth of economy and changes in dietary 

lifestyle. Vascular complication is one of diabetic 

complications which have frequently occurred by 

obesity, hyperglycemia and impaired glucose meta- 

bolism1).

The second derivative of the finger photoplethys-

mogram(SDPTG) waveform permits the assess-

ment of peripheral circulation and changes elicited 

by vasoactive agents by detailed analysis of digital 

volume pulse(DVP) analysis2). In particular, SDPTG 

allows more accurate recognition of the circulation 

phases, and it is easier to interpret than the DVP 

waveform. The SDPTG consists of 5 waves and 

each wave is consecutively named ‘a’, ‘b’, ‘c’, ‘d’, 

and ‘e’ wave, respectively. The ‘a’ and ‘b’ waves 

are included in the early systolic phase and the ‘c’ 

and ‘d’ waves in the late systolic phase of the 

photoplethysmogram(PTG)(Fig. 1). Epidemiologic stu- 

dies have shown that the information extracted 

from the SDPTG waveform reflects both the ela- 

sticity of the aorta and peripheral arteries3,4), and 

that it is associated closely with age2,5), hyperten-

sion6), DM5), atherosclerosis3,4) and end-stage renal 

disease7).

Acupuncture has been used for the treatment of 

DM and related complications during the past 

several decades. It is known to be effective not 

only in treating DM, but also in preventing and 

managing complications of the disease8). The effects 

of acupuncture on DM have been observed experi- 

mentally and clinically9-14). 

We tonify the LU8(Jingqu) and the KI7(Fuliu) 

acupoint and sedate the SP3(Taibai) and the KI3 

(Taixi) acupoint. That is the way to treat the 

deficiency of the Kidney system in Sa-Ahm acu-

puncture and is called as Kidney Jeonggyeok15). A 

previous study showed that many oriental doctors in 

the past considered deficiency of the kindey system 

as the etiology of DM(called 消渴 in oriental 

medicine)10). Especially Joo insisted the deificiency 

of the Kidey-yin(腎陰不足) is the main reason for 

DM16). We hoped, if we make improvement on 

diabetic patients by acupuncture, a decrease of 

arteries distensibility due to DM could be improved 

too.

Although there were many studies done on 

acupuncture effect in DM9-14), there was not any 

study done on vascular changes to acupuncture 
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treatment in diabetic patients by the SDPTG 

waveform. Therefore, in this study, we tried to 

evaluate the vascular changes in diabetic patient 

before and after acupuncture treatment on Kidney 

Jeonggyeok by using the SDPTG waveform.

Ⅱ. Subjects, Materials and 
Methods

A. Period

This study was proceeded for four months, from 

August to December, 2010.

B. Subjects

Healthy volunteers were recruited from the local 

community around our medical center by adver- 

tisement. 

Diabetic patients were those who were diagnosed 

with DM at endocrinology in National Medical 

Center. 

The elasticity and stiffness of the aorta and 

peripheral arteries are strongly related to age2,5), we 

tried to match age of both groups. 

The subjects were studied fasting, having abs- 

tained from caffeine, alcohol or smoking for 12 

hours. The study was not approved by the clinical 

research ethics committee because our medical center 

doesn’t have one, but all the subjects gave written, 

informed consent.

C. Materials

1. Needle

The stainless steel needles which are 30mm long 

and 0.3mm in diameter(Dongbang Acupucture, In- 

corporation) were used.

2. Measuring device for the SDPTG 

waveform

Cardio Peri SA6000 was used

D. Methods

All recordings were made in a quiet laboratory 

with a temperature of 24ºC±1ºC. All subjects were 

allowed to rest and to acclimatize for at least 30 

minutes before recordings commenced.

1. The measurement of the SDPTG 

waveform before the acupuncture

The measurements were performed for 3 minutes 

with each subject in supine position. They were not 

allowed to make any sound or movement. A PTG 

transmitting infrared light placed on the index 

finger of the right hand was used to obtain the 

DVP. The SDPTG indices were automatically 

obtained by the device. 

2. Acupuncture treatment

After the measurement of the SDPTG waveform, 

the subjects were treated with acupunture for 15 

minutes. We firstly tonify the LU8(Jingqu) and the 

KI7(Fuliu) acupoint and secondly sedate the 

SP3(Taibai) and the KI3(Taixi) acupoint on left side 

in male subjects and right side in female subjects. 

The acupuncturist did the therapeutic method such 

as respiratory, rotational and directional methods 

for tonification and sedation. That is the way of 

treating the deficiency of the Kidney system in 

Sa-Ahm acupuncture and is called as Kidney 

Jeonggyeok15). The textbook of acupuncture and 

moxibustion(鍼灸學) was used for the standardi- 

zation for locating the point. 

3. The remeasurement of the SDPTG 

waveform after the acupuncture

The remeasurements were performed in the same 

condition as before the acupuncture.

4. The SDPTG waveform indices

Typically, the SDPTG waveform comprises five 

distinct waves: a to e. To describe these SDPTG 

components quantitatively, the height of each wave 

was measured from the baseline, the values above 
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Fig. 2. The duration of disease

DM group
Normal 
group

p-value

b/a -0.33±0.24 -0.73±0.14 0.000†

c/a -0.23±0.16 0.02±0.10 0.000†

d/a -0.37±0.16 -0.13±0.12 0.000
†

b-c-d-e/a

(SDPTG AI)
-0.36±0.17 -0.72±0.24 0.000†

Data are presented as mean ± standard deviation; †signifi-
cantly different between two groups, p<0.05; SDPTG 
AI= second derivative of the finger photoplethysmogram 
aging index, defined as (b . c . d . e)/a; b/a=the ratio of the 
absolute value for the height of the b wave to that of the 
a wave; c/a=the ratio of the absolute value for the height 
of the c wave to that of the a wave; d/a=the ratio of the 
absolute value for the height of the d wave to a wave.

Table 2. Comparison of Indices of SDPTG bet- 

ween DM Group and Normal group in the Pre- 

acupuncture Period
*

Group
Normal group

(n=20)

Diabetic group

(n=20)

Age(mean±SD) 57.9±2.8 60.5±3.0

Gender
Female 12(60%) 13(65%)

Male  8(40%)  7(35%)

Table 1. Distribution of Age and Gender

the baseline being positive and those under it 

negative and was termed a to e
17)
. The ratio of b to 

a, c to a, and d to a was calculated automatically. 

The SDPTG aging index(AI), defined as(b-c-d-e)/a 

according to a previous study by Takazawa et al
2)
, 

was also calculated automatically.

E. Statistical analysis

Data were expressed as mean±standard deviation. 

The paired t-test was used for comparison between 

pre- and post-acupuncture periods in both groups. 

The independent t-test was used for comparison 

between diabetic group and normal group in 

pre-acupuncture period. A p value of < 0.05 was 

considered significant. All statistical analyses were 

performed with SPSS 12.0K for Windows software.

Ⅲ. Results

A. Characteristics of the subjects 

The study group comprised 20 (12 female) 

healthy subjects, 20 (13 female) diabetic patients 

(refer to Table 1 for the mean age and standard 

deviation). There were no significant differences 

between the two subject groups for either gender 

(Table 1).

In normal group, none had cardiac disease, 

endocrinological disease or were taking any medi-

cations. 

In diabetic group, their fasting glucose level 

were above 120mg/dL and were diagnosed as type 

2 diabetes. They were all under diabetic medi- 

cations and none were injecting insulin. The mean 

and standard deviation of the duration of disease is 

7.4±2.30.(Fig. 2)

2. Comparison of indices of SDPTG 
between DM group and normal 
group in the pre-acupuncture period

The SDPTG indices before acupuncture between 

two groups are shown in Table 2. Comparing both 

indices, b/a, c/a, d/a and SDPTG AI all showed 

significant differences (Table 2).

C. Comparison of indices of SDPTG 

in DM group in the pre- vs. 
post-acupuncture periods

The SDPTG indices before and its changes after 
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Pre-

acupuncture

Post-

acupuncture
p-value

b/a -0.33±0.24 -0.50±0.13  0.004
†

c/a -0.23±0.16 -0.18±0.15  0.026
†

d/a -0.37±0.16 -0.34±0.18 0.129

b-c-d-e/a

(SDPTG AI)
-0.36±0.17 -0.51±0.29  0.012†

Data are presented as mean ± standard deviation; †sig-
nificantly different from pre-acupuncture values, p<0.05; 
SDPTG AI=second derivative of the finger photople- 
thysmogram aging index, defined as (b . c . d . e)/a; b/a 
=the ratio of the absolute value for the height of the b 
wave to that of the a wave; c/a=the ratio of the absolute 
value for the height of the c wave to that of the a wave; 
d/a=the ratio of the absolute value for the height of the d 
wave to a wave.

Table 3. Comparison of Indices of SDPTG in DM 

Group in the Pre- vs. Post-acupuncture Periods

acupuncture in DM group are shown in Table 3. 

Comparing pre- vs. post-acupuncture periods, b/a 

and SDPTG AI decreased significantly and c/a 

increased significantly among this group. Otherwise 

d/a increased but was not significant (Table 3).

D. Comparison of indices of SDPTG 

in normal group in the pre- vs. 
post- acupuncture periods

The SDPTG indices before and its changes after 

Pre-

acupuncture

Post-

acupuncture
p-value

b/a -0.73±0.14 -0.78±0.41  0.025†

c/a             0.02±0.10 0.22±0.10 0.453

d/a -0.13±0.12 -0.13±0.10 0.414

b-c-d-e/a

(SDPTG AI)
-0.72±0.24 -0.72±0.30 0.487

Data are presented as mean±standard deviation; †
significantly different from pre-acupuncture values, p< 
0.05; SDPTG AI=second derivative of the finger photo- 
plethysmogram aging index, defined as (b . c . d . e)/a; 
b/a=the ratio of the absolute value for the height of the b 
wave to that of the a wave; c/a=the ratio of the absolute 
value for the height of the c wave to that of the a wave; 
d/a=the ratio of the absolute value for the height of the d 
wave to a wave.

Table 4. Comparison of Indices of SDPTG in 

Normal Group in the Pre- vs. Post-acupuncture 

Periods

b/a ratio

DM group normal group

 AI b/a ratio  AI

before

after

Fig. 3. Mean change of b/a ratio and the SDPTG AI
The SDPTG AI was defined as (b-c-d-e)/a. There were 
significant differences of b/a ratio in both groups and 
the SDPTG AI in DM group between pre- and post- 
acupuncture at the Kidney Jeonggyeok. 
* : p<0.05.

acupuncture in normal group are shown in Table 4. 

Comparing pre- vs. post-acupuncture periods, c/a 

and d/a and SDPTG AI did not show significant 

differences among normal group. Otherwise, b/a dec- 

reased significantly in this group (Table 4, Fig. 3).

Ⅳ. Discussion

PTG is a simple and low-cost optical technique 

that can be used to detect blood volume changes in 

the microvascular bed of tissue. It is often used 

non-invasively to make measurements at the skin 

surface18). The fingertip PTG expresses changes in 

the volume of blood in the fingertip as pulse waves, 

providing information on beats of aortic origin, 

characteristics of the vascular system, properties of 

peripheral vessels, and the state of blood flow. The 

SDPTG is a convenient and objective technique of 

analyzing PTG waves. The SDPTG consists of the 

initial positive wave(a wave), early negative wave 

(b wave), re-upsloping wave(c wave), late re- 

downsloping wave(d wave), and diastolic positive 

wave(e wave) and the shift from the baseline to 

the peak of each wave is taken as the value for 

each wave19). 

Several investigators have studied the physio- 

logical meanings and clinical implications of the 
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SDPTG waveform. The b/a ratio consists of waves 

in the early systolic phase, which are pressure 

waves mainly caused by the first vascular response 

to blood ejection from the left ventricle. Thus, it 

reflects change in the phase that most expresses 

the elasticity of the arteries
19)
. The b/a ratio and 

The SDPTG age index(AI)(b-c-d-e)/a have been 

reported to increase with age
2,19,20)

, disease of dia- 

betes mellitus
21)
, coronary arteries

22)
 and also in 

smokers
23)
. The c/a ratio is known to decrease with 

aging in adults. This change is considered to be 

associated with the d wave decrease due to aging 

but the implication of the c wave is unknown
19)
. 

The d/a ratio increases because of functional 

vascular wall tension arising from the elevated 

intravascular pressure and organic vascular wall 

sclerosis due to arteriosclerosis. It decreased with 

aging and increasing systolic blood pressure
2,22,24)

. 

DM is a serious chronic metabolic disorder that 

has a significant impact on the health, quality of 

life, and life expectancy of patients, as well as on 

the health care system
25)
. It is expected that by 

2020, the number of diabetic patients will be almost 

250 million world wide
26)
. Several arterial changes 

have been described with diabetic patients. Kim 

SW et al reported that arterial stiffness of diabetic 

patients are worse than normal people
21)
. Kim KJ et 

al reported longer duration of DM could be a 

predictors of increased arterial stiffness in type 2 

DM patients
27)
. Izuhara M et al reported that the 

severity of carotid arteriosclerosis and the aortic 

stiffness parameters were significantly correlated 

with arteriosclerotic risk factors such as age, sex 

and DM
28)
. The microvascular and macrovascular 

complications related DM increase as the duration 

of DM increases. It is reported that the type 2 DM 

patients have risk of getting cardiovascular diseases 

2 to 4 times higher than normal people
29,30)
. 

Acupuncture has been used for the treatment of 

DM and related complications during the past se- 

veral decades. Acupuncture may be effective in 

treating not only diabetes, but also in preventing 

and managing complications of the disease
8)
. The 

effects of acupuncture on diabetes have been obser- 

ved experimentally and clinically. Animal experiments 

have shown that electroacupuncture improves insulin 

sensitivity in diabetic mice
12,13)
. Other methods have 

also been employed such as point injections with 

different kinds of oriental herbal medicine extracts 

also help to decrease the levels of serum glu- 

cose
11,14)
. 

In this study, among many acupuncture methods, 

we decided to apply Kidney Jeonggyeok which is a 

way to treat deficiency of the Kidney system in 

Sa-Ahm acupuncture
15)
. DM is called as So-gal(消

渴) in oriental medicine. Many oriental medical 

doctors presented different etiologies for So-gal. 

Deficiency of the Kidney system is one of them 

and is considered to be an important theory
10)
. 

Based on this theory, some studies showed signi- 

ficant improvement in treating DM using BL23 

(Shenshu) acupoint
10,11,14)

.

Sa-Ahm’s acupuncture treatment consists of 

deficiency/excess treatments and coldness/heat 

treatments in which Five-Shu(Five-Transporting or 

5-Shu) points are used according to tonification and 

sedation. This principle is based on creation and 

control cycles of the Five Element theory, as well 

as Nanjing’s theories presented in the 50th and 

69th issues. In Kidney Jeonggyeok, we firstly 

tonify the LU8(Jingqu) and the KI7(Fuliu) acupoint 

and secondly sedate the SP3(Taibai) and the KI3 

(Taixi) acupoint
15)
. 

The aim of this study was, by using the SDPTG, 

to compare the vascular state between DM group 

and normal group and see whether acupuncture in 

Kidney Jeonggyeok can make vascular changes.

The salient findings of this study were that, in 

DM group, b/a ratio and AI indices were higher 

than normal group, whereas c/a and d/a ratio 

indices were lower than normal group. And in DM 

group, b/a, c/a ratio and AI indices were improved 

with manual acupuncture in Kidney Jeonggyeok, 

whereas in normal group, only b/a was improved. 

The improvement of the b/a, c/a ratio AI indices 

with acupuncture in Kidney Jeonggyeok suggested 

that DM patients had a decrease of arteries 

distensibility, which could be partially reverted with 
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acupuncture.

There are some limitations concerning this study. 

First, there were only 20 subjects in each group. It 

could be done to large number of subjects to get 

more accurate results. Second, the SDPTG indices 

were measured just once after the acupuncture. The 

follow ups after certain periods of time are needed. 

In conclusion, this study demonstrated an acute 

effect of manual acupuncture in Kidney Jeonggyeok 

on SDPGT indices in DM group. We believe that 

this can be attributed to the therapeutic effect of 

Kidney Jeonggyeok on DM. These results empha- 

size the importance of employing acupuncture in 

basic and clinical studies on stiffness and aging of 

vascular beds related to DM.

Ⅴ. Conclusion

We tried to compare vascular state between DM 

group and normal group by using the SDPTG, and 

see acupuncture(Kidney Jeonggyeok) effect on vas- 

cular change in both group. The results were as 

follows.

1. The SDPTG indices defferences between DM 

group and normal group were significant.

2. After acupuncture at Kidney Jeonggyeok, b/a, 

c/a and AI in DM group were improved 

significantly.

3. After acupuncture at Kidney Jeonggyeok, only 

b/a in normal group was improved signifi- 

cantly.
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