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a b s t r a c t

Ethnopharmacological relevance: In Korean medicine, the steamed root of Panax ginseng C.A. Meyer,
known as Korean red ginseng (KRG), is used to invigorate the body, enhance qi, and improve blood flow.
It is a potential treatment for cold hypersensitivity in the hands and feet (CHHF), a common complaint
among Asians, especially women. However, few studies of its efficacy and safety for CHHF have been
conducted.
Materials and methods: This randomized, double-blind, placebo-controlled trial included 80 female
patients with CHHF at Kyung Hee University Hospital at Gangdong, Seoul, Korea. The participants took
six capsules of 500-mg KRG powder or placebo twice daily for 8 weeks and were followed up for
4 weeks. The primary outcome measure was change in skin temperature of the hands. The secondary
outcome measures included change in skin temperature of the feet, visual analog scale (VAS) scores of
CHHF severity, recovered temperature (RT) of the hands after cold stress test, distal–dorsal difference
(DDD) in temperature of the hands, power variables of heart rate variability (HRV), and 36-item Short-
Form Health Survey (SF-36) scores.
Results: The KRG group had significantly higher skin temperature of the hands and feet, lower VAS
scores, higher RT of the right 5th finger, and less parasympathetic activity than the placebo group at
8 weeks. No significant differences were noted in DDD of the hands and SF-36 scores. No serious adverse
events were reported during the study.
Conclusions: Peripheral vasodilation by KRG may alleviate CHHF. Further controlled studies are required
to elucidate the effects of KRG on the autonomic nervous system.

& 2014 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Cold hypersensitivity in the hands and feet (CHHF) is a condition
in which affected individuals feel excessively cold at low tempera-
tures because of spastic peripheral vasoconstriction. It is significantly
more prevalent among women than men in the Korean population
(Hur et al., 2012). CHHF can disturb employers in cold climates, and
lower the quality of life by interfering with daily activities. Various
neurovascular, psychosocial, cultural, environmental, and medical
factors might contribute to CHHF (Traynor and MacDermid, 2008).
However, few studies have been performed to elucidate its etiology
(Hur et al., 2012). Further, satisfactory treatments for this condition
are not available; the current treatment approaches often involve
behavioral modification (Craigen et al., 1999). Therefore, identifica-
tion of an effective therapeutic modality for CHHF is essential.
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Korean red ginseng (KRG) is the steamed root of Panax ginseng C.A.
Meyer. It acquires additional physiological properties through chemi-
cal transformation of its active components, including ginsenosides,
polysaccharides, peptides, and polyacetylenic alcohols (Park, 1996).
Steamed ginseng, containing ginsenosides Rg3 and Rg5, has more
potent endothelium-dependent vasodilator and radical-scavenging
effects than raw ginseng (Kim et al., 2000). In Korean medicine,
KRG is considered to have a warm quality: it is used as a tonic to
invigorate the body, enhance qi, and improve blood flow (Kwan,
1999). However, its efficacy for treating CHHF has rarely been
investigated. Only one clinical trial of subjective tolerance to cold
stress has been conducted (Kaneko and Nakanishi, 2004).

This randomized, double-blind, placebo-controlled trial was
aimed at evaluating the efficacy and safety of KRG comprehensively.

2. Materials and methods

2.1. Ethical approval

The study protocol adhered to the guidelines of the amended
Declaration of Helsinki and was approved by the institutional review
board and ethics committee of Kyung Hee University Hospital at
Gangdong (approval number KHNMC-OH-IRB 2012-004). The trial is
registered under identification number NCT01664156 (ClinicalTrials.
gov). Written informed consent was obtained from all participants
before enrollment, and patients were given adequate time to declare
whether they wished to participate.

2.2. Patients

The inclusion criteria were as follows: (1) female patients aged
16–60 years; (2) complaint of CHHF; and (3) over 0.3 1C difference
between the palm and the arm. We excluded patients who
reported any of the following conditions: (1) skin ailments,
radiculopathy, thrombophlebitis, and injuries affecting infrared
imaging; (2) alcohol abuse or alcoholism; (3) history of cancer
within the past 5 years; (4) severe cardiac, pulmonary, hepatic, or
renal diseases; (5) severe depression or mental illness; (6) use of
antihypertensive, antidiabetic, or thrombolytic agents; (7) preg-
nancy or breastfeeding; (8) allergy to KRG or ginseng; (9) ingestion
of herbal medicines or nutritional supplements within a week
before participation; and (10) participation in another clinical trial
within the past 3 months.

Participants were recruited by sending text messages to
patients with CHHF at Kyung Hee University Hospital at Gangdong.
Advertisements were placed in the local newspaper and on the
hospital homepage. In addition, posters, brochures, and banners
were placed inside the hospital.

2.3. Randomization and blinding

Group allocation was performed by an independent statistician
using a randomization program. The participants were randomly
and equally assigned to the KRG or placebo group and were not
stratified. The investigator was subsequently notified of the
number assigned to each participant, and the participants were
given a random number at their second visit. The allocation table
of participants was kept by an independent statistician until the
end of the study.

The participants, the investigator, and the clinical pharmacist
were blinded to the treatment and only the independent statisti-
cian was aware of the randomization. Blinding was assessed at the
end of the study.

2.4. Intervention

KRG was manufactured by Korea Ginseng Corporation (Seoul,
Korea) from the root of 6-year-old Panax ginseng C.A. Meyer (Aralia-
ceae) harvested in Korea. Fresh ginseng was steamed at 90–100 1C for
3 h and dried at 50–80 1C. Capsules containing KRG powder (KRG
capsule; 500 mg/capsule) were prepared from hydroxypropyl methyl-
cellulose, pectin, purified water, sucrose fatty acid ester, glycerin,
calcium gluconate, and glacial acetic acid. The following ginsenosides
were identified by high-performance liquid chromatography:
Rb1, 5.61 mg/g; Rb2, 2.03 mg/g; Rc, 2.20 mg/g; Rd, 0.39 mg/g; Re,
1.88 mg/g; Rf, 0.89 mg/g; Rg1, 3.06 mg/g; Rg2(s), 0.15 mg/g; Rg3(r),
0.08 mg/g; Rg3(s), 0.17 mg/g; Rh1, 0.30 mg/g; and minor ginseno-
sides. Voucher specimens are kept at Korea Ginseng Corporation.

Each participant in the KRG group took six KRG capsules twice
daily (1 h after breakfast and dinner), totaling 6 g of KRG per day,
for 8 weeks. The dosage was determined on the basis of the total
amount of Rb1 and Rg1 (6 mg/g), according to the Korean Food
Standards Codex. Participants in the placebo group took placebo
capsules similar in color, flavor, and smell to the KRG capsules for
the same duration. The placebo was composed of cornstarch,
natural color (Brown CG-11771; Jey's F.I., Inc., Seongnam, Korea),
brown caramel color (Bolak Co., Seoul, Korea), and red ginseng
flavor (C80509; French Korean Aromatics Co., Yongin, Korea).
Every participant was asked to annotate a diary after taking the
capsules to check compliance with the study protocol. Those with
over 70% compliance were included in the per-protocol analysis.

The participants were prohibited from undergoing therapies
that might affect symptoms of CHHF, including herbal therapy,
acupuncture, moxibustion, cupping, and infrared treatment. They
were also prohibited from taking antihypertensive, antidiabetic, or
thrombolytic agents. However, medications that would not affect
CHHF, such as those for common cold, stomachache, diarrhea, and
menstrual pain, were allowed.

2.5. Outcomes measures

The primary outcome measure was change in skin temperature
of the hands. The secondary outcome measures included change in
skin temperature of the feet, visual analog scale (VAS) scores of
CHHF severity, recovered temperature (RT) of the hands, distal–
dorsal difference (DDD) of the hands, power variables of heart rate
variability (HRV), and 36-item Short-Form Health Survey (SF-36)
scores.

2.5.1. Infrared thermography
Skin temperature was measured by infrared thermography

(IRCT 510; Dongseo Co., Seoul, Korea). The participants were asked
to avoid hot showers, hot packs, smoking, exercise, acupuncture,
and stimulants such as caffeine for 2 h before the examination.
Each participant was acclimatized to room temperature (2571 1C)
for 15 min and seated comfortably on a chair without physiological
or psychological stress. The participant stood in the anatomical
posture during thermal imaging of the limbs. Then, the average
temperatures in 5-mm squares on the arm (LU4), palm (PC8),
anterior thigh (ST32), and dorsum of the foot (LR3) were calcu-
lated (Fig. 1). Finally, thermal differences between the arm and the
palm and between the anterior thigh and the dorsum of the foot
were measured on both sides and the bilateral measurements
were averaged as follows:

ΔTright hand¼skin temperature of the right arm�skin tempera-
ture of the right palm;
ΔTleft hand¼skin temperature of the left arm�skin temperature
of the left palm;
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ΔThands¼(ΔTright handþΔTleft hand)/2;
ΔTright foot¼skin temperature of the right anterior thigh�skin
temperature of the right dorsum of the foot;
ΔTleft foot¼skin temperature of the left anterior thigh�skin
temperature of the left dorsum of the foot;
ΔTfeet¼(ΔTright footþΔTleft foot)/2.

2.5.2. VAS
A 100-mm VAS was used to assess severity of CHHF. The scores

ranged from 0 (no discomfort) to 100 (most intense discomfort)
and were rounded to the nearest integer in millimeters.

2.5.3. Cold stress test
The cold stress test was used to examine recovery after cold

stress. The participant was acclimatized to room temperature
(2571 1C) for 15 min and seated comfortably on a chair. Both hands
were submerged in cold water (20 1C) for 1 min and carefully dried
with a towel. Thermal images of the dorsum of both hands were
obtained immediately and 6 min after immersion. The average
temperatures of the dorsum and each finger were measured. RT
was calculated as T6�T0, where T6 and T0 are the skin temperatures
6 min and immediately after cold stress, respectively.

2.5.4. DDD assessment
DDD is the difference in temperature between a finger and the

dorsum of the hand (Anderson et al., 2007). It has a positive value if
the finger is colder than the dorsum, and a high DDD indicates
severe cold hypersensitivity in the fingers. After the hands were
equilibrated at room temperature (2571 1C), their thermal images
were obtained. Then, the average temperatures of the dorsum and
fingers were measured. Thermal images of both hands were also
obtained 6 min after cold stress, performed as previously described.
DDD was calculated by subtracting the temperature of each finger
from that of the dorsum. Finally, the maximum DDD and number of
fingers with DDD of 41 1C were determined.

2.5.5. HRV analysis
For this examination, the participant was seated in a comfortable

chair in a quiet room and asked to relax for 10 min. Clip-type
electrocardiogram leads of an HRV analyzer (SA-3000P; Medicore
Co., Seoul, Korea) were attached to the wrist and left ankle. The
analyzer detected signals at 500 Hz and automatically calculated the
frequency-domain parameters including low-frequency power (LF;
0.04–0.15 Hz) and high-frequency power (HF; 0.15–0.4 Hz). The
parameters were log-transformed to obtain a normal distribution.

2.5.6. SF-36
The SF-36 is a generic instrument to measure health-related quality

of life and is widely used to survey physical and emotional health. The
validated Korean version used in this study was obtained from the
Health Assessment Laboratory (Boston, MA, USA). It consisted of 36
questions grouped into eight dimensions: physical function (10 items),
role limitations owing to physical health problems (four items), bodily
pain (two items), general health perception (six items), energy and
vitality (four items), social function (two items), role limitations owing
to emotional problems (three items), and mental health (five items).
The number of response options per question was either two (yes or
no) or six (none, very mild, mild, moderate, severe, or very severe).
Each dimension score was expressed as a value between 0 and 100,
with higher scores representing better health status (Ware and
Sherbourne, 1992).

2.6. Assessment of safety

Complete blood count, erythrocyte sedimentation rate, and
liver and renal functions were examined to determine the safety
of the treatment. The laboratory data were recorded in a case
report form by the investigator. The participants were asked to
record any adverse events in their diaries throughout the study. All
adverse events were later described in the case report form.

Fig. 1. Measurement of skin temperature by infrared thermography. Thermal images show the paired measurement areas (squares) on the (a) upper and (b) lower limbs.
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2.7. Sample size calculation

This study had a pilot characteristic to evaluate the efficacy of
KRG for CHHF by using infrared thermography. Although there was
no previous study with a similar design, we calculated the sample
size based on a study that used similar variables. The previous
study measured the tolerance time to cold stress to assess the
efficacy of KRG for CHHF using a 2-sided test, yielding a 5%
significance level (Kaneko and Nakanishi, 2004). The formula for
estimating the sample size was as follows:

nt ¼ nc ¼ fðZα=2þZβÞ2σ2 λþ1
� �g=ðμt�μcÞ2

In the previous study, the tolerance time to cold stress was
prolonged 0.35 min in the KRG group compared with the control
group (μt�μc), and the mean standard deviation (σ) was 0.84. In
our study, the ratio (λ) of KRG to placebo was 1:1. With an 80%
power (1�β) and a 5% significance level (α), assuming
μt�μc¼0.35 and σ¼0.84, a sample size of nt¼nc¼32 participants
per group was needed (nt, number of participants in the KRG
group; nc, number of participants in the placebo group). Anticipat-
ing a drop-out rate of approximately 20%, the total sample size was
calculated as more than 80 women.

2.8. Statistical analysis

Efficacy was assessed by intention-to-treat analysis using the
method of last observation carried forward. Baseline characteristics
of the groups were compared by independent t-test or chi-square
test. Baseline and 8-week data were compared in each group by
paired t-test and between the groups by independent t-test.
Blinding was assessed by chi-square test. An independent

statistician performed the statistical analyses by using SPSS version
17.0 (SPSS, Inc., Chicago, IL). Po0.05 represents statistical
significance.

3. Results

3.1. Study participants

Of 115 eligible patients, 80 participants were randomly allocated
to the KRG or placebo group between October 2012 and May 2013.
Seventy-four participants completed the 12-week protocol (Fig. 2).

3.2. Baseline characteristics

General characteristics of the participants are presented in
Table 1. No significant differences were observed between the
two groups in the baseline demographic characteristics, ΔThands,
ΔTfeet, and VAS scores of CHHF. The difference in alcohol use was
nearly significant: a higher proportion of participants drank in the
placebo group. We excluded patients with a history of alcohol
abuse or alcoholism, which can affect CHHF, during screening.
Moreover, the average alcohol consumption per person in the KRG
group was 2.40 glasses/week compared with 3.08 glasses/week in
the placebo group, which hardly affected the outcome.

3.3. Outcomes

3.3.1. Change in skin temperature
ΔThands significantly decreased in the KRG group compared

with the placebo group over 8 weeks (1.3072.16 1C vs.
0.3771.45 1C; P¼0.027). No significant intergroup difference in

Fig. 2. Flow chart of the trial. Abbreviation: KRG, Korean red ginseng.
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ΔTfeet (1.2372.53 1C vs. 0.2972.10 1C; P¼0.076) was noted
(Table 2 and Fig. 3a).

3.3.2. VAS scores of CHHF
VAS scores of the hands significantly decreased in both the

KRG (reduction of 20.65717.69) and the placebo (reduction of

8.80712.35) groups and showed a significant difference between
the groups (P¼0.001). Those of the feet also significantly decreased
by 18.78726.65 and 7.85716.81, respectively (intergroup P¼0.032;
Table 2 and Fig. 3b).

3.3.3. RT of the hands after cold stress
RT of the right 5th finger increased by 1.0772.79 1C in the KRG

group but decreased by 0.2572.84 1C in the placebo group. A
significant difference between the groups was noted in this
variable (P¼0.040; Table 3).

3.3.4. The DDD of the hands
The maximum DDD immediately after cold stress decreased by

0.4971.52 1C in the KRG group and 0.6271.95 1C in the placebo
group. The maximum DDD at 6 min after cold stress decreased by
0.6071.84 1C after KRG intake and increased by 0.1572.06 1C after
placebo intake. The number of fingers with DDD41 1C at 6 min after
cold stress decreased by 1.7375.35 in the KRG group and increased
by 0.2575.54 in the placebo group. However, no significant differ-
ences in these variables were found between the groups (Table 4).

3.3.5. Power variables of HRV
The KRG group showed significantly decreased logarithmic LF

(0.3471.02) and HF (0.3871.06). Contrarily, the placebo group
showed increased logarithmic LF (0.0670.93) and HF (0.1370.85).
The groups showed a significant difference in logarithmic HF
(P¼0.019; Table 5).

Table 1
Baseline characteristics of the participants.

KRG group (n¼40) Placebo group (n¼40) P

Age (years) 40.35712.67 38.05711.63 0.400
Height (cm) 160.9975.01 161.8974.82 0.413
Body weight (kg) 52.7975.00 55.0076.82 0.103
BMI (kg/m2) 20.3771.80 21.0172.79 0.225
BP systolic (mmHg) 119.83711.57 118.00714.04 0.528
BP diastolic (mmHg) 75.1578.53 71.9879.24 0.114
Pulse rate (/min) 76.8379.62 78.8378.88 0.337
Body temperature (1C) 36.2270.35 36.2270.34 0.974
Exercise (yes/no) 23/17 20/20 0.501
Smoking (yes/no) 2/38 0/40 0.152
Alcohol (yes/no) 8/32 16/24 0.051
ΔThands (1C) 1.7772.02 1.2871.43 0.219
ΔTfeet (1C) 3.2572.19 3.0072.22 0.615
Hand VAS score 77.60712.62 74.75713.79 0.338
Foot VAS score 80.20717.93 76.23715.15 0.287

Abbreviations: KRG, Korean red ginseng; BMI, body mass index; BP, blood pressure;
ΔThands, averaged thermal difference between the arm and the palm; ΔTfeet,
averaged thermal difference between the anterior thigh and the dorsum of the
foot; VAS, visual analog scale.
Values are mean7SD or count.

Table 2
Comparison of ΔThands, ΔTfeet, and VAS scores.

KRG group (n¼40) Placebo group (n¼40) Pb

Baseline 8 weeks Pa Baseline 8 weeks Pa

ΔThands (1C) 1.7772.02 0.4771.71 0.000 1.2871.43 0.9171.41 0.113 0.027
ΔTfeet (1C) 3.2572.19 2.0272.29 0.004 3.0072.22 2.7172.11 0.387 0.076
Hand VAS score 77.60712.62 56.95723.95 0.000 74.75713.79 65.95716.33 0.000 0.001
Foot VAS score 80.20717.93 61.43724.29 0.000 76.23715.15 68.38718.77 0.005 0.032

Abbreviations: KRG, Korean red ginseng; ΔThands, averaged thermal difference between the arm and the palm; ΔTfeet, averaged thermal difference between the anterior thigh
and the dorsum of the foot; VAS, visual analog scale.
Values are mean7SD.

a Paired t-test.
b Independent t-test.

Fig. 3. Changes in skin temperature and VAS scores. (a) ΔThands and ΔTfeet. (b) VAS scores. Abbreviations: KRG, Korean red ginseng; ΔT, averaged thermal difference; VAS,
visual analog scale. nPo0.05 and nnPo0.01 by independent t-test.

K.-S. Park et al. / Journal of Ethnopharmacology 158 (2014) 25–32 29

kgc
강조

kgc
강조

kgc
강조

kgc
강조

kgc
강조

kgc
강조

kgc
강조



3.3.6. SF-36 scores
The score for energy and vitality decreased by 4.63713.70 in

the KRG group comparing to the reduction of 0.2579.74 in the
placebo group, which failed to show a significant difference
between the two groups (P¼0.104). The scores for other dimen-
sion and total scores were not significantly different between the
groups (Table 6).

3.4. Safety and adverse events

One adverse event was reported in the KRG group: the patient
complained of itching, but the symptomwas slight and disappeared

within a few days. No serious adverse events were reported during
the study. Besides, there were no safety issues in our study.

3.5. Assessment of blinding

In the KRG group, 26 of 39 participants assumed that they had
received the active intervention while 13 believed that they had
received the placebo. Fourteen of 35 participants in the placebo
group assumed that they had received the active intervention, and
21 guessed that they had received the placebo (P¼0.035; Table 7).

Table 3
Comparison of RT (1C).

KRG group (n¼40) Placebo group (n¼40) Pb

Baseline 8 weeks Pa Baseline 8 weeks Pa

Left Dorsum 2.3271.31 2.6871.15 0.130 2.3271.39 2.5771.09 0.336 0.783
1st finger 3.2672.31 3.9571.98 0.082 3.3172.27 3.4071.88 0.832 0.299
2nd finger 3.0372.41 3.7372.34 0.087 3.3872.39 3.1172.13 0.565 0.115
3rd finger 2.9572.72 3.8372.41 0.054 3.2672.54 3.1172.24 0.762 0.123
4th finger 3.2672.85 4.0172.54 0.123 3.6372.69 3.2972.53 0.526 0.130
5th finger 3.3272.65 3.8272.88 0.356 3.5172.71 3.3672.45 0.759 0.375

Right Dorsum 2.2870.94 2.7471.04 0.024 2.2771.12 2.5971.00 0.127 0.615
1st finger 3.1572.14 3.9971.94 0.033 3.5372.09 3.5171.94 0.956 0.104
2nd finger 2.9972.35 3.9272.07 0.023 3.1272.35 3.3072.08 0.660 0.181
3rd finger 2.8872.43 3.7872.16 0.032 2.8872.38 3.0472.21 0.701 0.200
4th finger 3.0172.50 4.0372.38 0.026 3.1172.56 3.1372.22 0.963 0.107
5th finger 3.0372.39 4.1072.32 0.020 3.2872.45 3.0372.34 0.582 0.040

Abbreviations: RT, recovered temperature; KRG, Korean red ginseng.
Values are mean7SD.

a Paired t-test.
b Independent t-test.

Table 4
Comparison of DDD.

KRG group (n¼40) Placebo group (n¼40) Pb

Baseline 8 weeks Pa Baseline 8 weeks Pa

Maximum DDD (T0; 1C) 1.3171.33 0.8271.43 0.050 1.7071.56 1.0871.34 0.051 0.735
Number of fingers with DDD41 1C (T0) 3.6874.09 2.3073.71 0.059 4.3374.43 3.1874.08 0.168 0.836
Maximum DDD (T6; 1C) 1.6671.64 1.0671.79 0.047 1.8471.81 1.8571.75 0.964 0.166
Number of fingers with DDD41 1C (T6) 4.8574.67 3.1374.24 0.048 4.4574.25 4.4874.24 0.977 0.155

Abbreviations: KRG, Korean red ginseng; DDD, distal–dorsal difference; T0, skin temperature immediately after cold stress; T6, skin temperature 6 min after cold stress.
Values are mean7SD.

a Paired t-test.
b Independent t-test.

Table 5
Comparison of power variables of HRV.

KRG group (n¼40) Placebo group (n¼40) Pb

Baseline 8 weeks Pa Baseline 8 weeks Pa

lnLF 5.4770.95 5.1371.03 0.045 5.1771.06 5.2271.20 0.694 0.076
lnHF 5.4071.02 5.0271.19 0.028 5.3771.14 5.5171.11 0.325 0.019
LF norm 51.08720.50 52.33720.44 0.697 45.83721.15 43.77719.06 0.556 0.484
HF norm 49.17720.82 46.42720.93 0.431 55.07720.19 56.23719.06 0.726 0.415
LF/HF 1.6271.57 1.7671.92 0.627 1.3571.83 1.1171.14 0.416 0.357

Abbreviations: KRG, Korean red ginseng; lnLF, logarithmic low frequency power; lnHF, logarithmic high frequency power; LF norm, LF power normalized unit; HF norm, HF
power normalized unit; LF/HF, LF to HF ratio.
Values are mean7SD.

a Paired t-test.
b Independent t-test.
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4. Discussion

In this study, KRG intake significantly decreasedΔThands,ΔTfeet,
and VAS scores compared with placebo intake. Further, RT of the
right 5th finger increased and parasympathetic activity decreased
after intake of KRG. No significant differences in DDD of the hands
and SF-36 scores were noted. No safety issues were also identified.

Change in skin temperature was assessed by infrared thermo-
graphy. This method may yield more information about the
pattern of rewarming of the hand than monitoring of fingertip
temperature (Coughlin et al., 2001). Subjective estimation of finger
temperature is closely related to finger temperature measured by
infrared thermography (Polunina et al., 2011). The absolute tem-
peratures of the hands and feet vary considerably among indivi-
duals, so the temperatures of the palm and dorsum of the foot
relative to those of the arm and anterior thigh, respectively, which
remain consistent, were measured. In a previous study (Kim et al.,
2001), when the criterion for thermal difference between the arm
and the palm was set at over 0.3 1C, the sensitivity and specificity
of infrared thermography were 94.0% and 90.0%, respectively. We
therefore used this cut-off value for CHHF screening.

The cold stress test is a sensitive method to assess vascular
thermoregulation (Voelter-Mahlknecht et al., 2006). Cold exposure
causes peripheral vasoconstriction. The subsequent vasodilation is
used for assessing physiological reactivity of blood vessels. Removal
of the extremities from a cold environment results in prompt
rewarming in healthy individuals, with over 80% temperature
recovery within 5 min (Zaproudina et al., 2011). Therefore, we
evaluated RT at 6 min following cold stress in this study. KRG
administration increased RT of the right 5th finger after cold stress
comparing with the placebo. KRG is thought to promote vasodilata-
tion following vasoconstriction of the peripheral blood vessels after
cold stress.

DDD, which shows the thermal gradient of the hands, is
effective to assess CHHF, especially in the fingers. It has been used
to evaluate the severity of vasoconstriction (Clark et al., 1999;
Pauling et al., 2011). DDD of 41 1C in any finger at room tem-
perature is considered a specific indicator of vascular disease
(Anderson et al., 2007). Calculating the maximum DDD across all
digits and the number of fingers with DDD41 1C appeared to
provide a greater discriminatory capacity than any other analysis
that had been adopted in previous studies investigating DDD
(Pauling et al., 2011). We did not find significant differences in
these variables between the groups. Therefore, whether KRG
reduces the thermal gradient between the dorsum of the hand
and the fingers is not clear. KRG may have effectively increased the
temperature of the hands rather than the fingertips.

No study has evaluated autonomic nervous activity after oral
administration of KRG. The sympathetic nervous system plays a
major role in regulating cutaneous blood flow (Abramson, 1972).
Digital blood flow decreases after activation of the sympathetic
nervous system and increases following its withdrawal. A previous
study showed higher sympathetic nervous activity in subjects
with slow temperature recovery after cold exposure than normal
subjects (Brändström et al., 2012). Accordingly, we hypothesize
that exaggerated sympathetic nervous activity contributes to
CHHF. In our study, KRG intake lowered logarithmic HF as well
as logarithmic LF, although not significantly, compared with
placebo intake. KRG may reduce parasympathetic nervous activity
to maintain LF/HF ratio in the normal range. Previously, the normal
range for the LF/HF ratio was reported to be 1.5–2.0 (Camm et al.,
1996). Controlled studies with more participants are needed to
determine the effects of KRG on the autonomic nervous system in
individuals with CHHF.

CHHF may lower quality of life by restricting daily activities in
cold environments. Therefore, improving quality of life is an
important goal of CHHF treatment. We did not find significant
differences in SF-36 scores between the groups, probably because
improvement in quality of life after KRG administration is detect-
able after 8 weeks. Comparison of SF-36 scores between normal
and CHHF populations is needed. The SF-36 does not reflect the
severity of CHHF because it is a generic instrument measuring
health-related quality of life, so a specific tool to measure quality
of life due to CHHF is also required.

Suggestions for the pathophysiology of CHHF include both
vascular and neural etiologies. Previous studies have suggested that
KRG and its ginsenosides have a vasodilating action on peripheral
vessels and can increase the blood flow under cold stress in animal
experiments (Kaneko and Nakanishi, 1984). The ginsenosides

Table 6
Comparison of SF-36 scores.

KRG group (n¼40) Placebo group (n¼40) Pb

Baseline 8 weeks Pa Baseline 8 weeks Pa

PF 86.00711.67 86.25712.02 0.888 87.75713.15 88.38711.12 0.614 0.816
RP 79.38734.38 82.50729.53 0.323 92.50718.08 88.75721.15 0.110 0.080
BP 78.00723.19 77.13723.55 0.784 74.75720.73 80.88720.69 0.062 0.122
GH 55.25716.91 57.25715.73 0.310 53.25719.33 54.63719.69 0.462 0.779
VT 49.38717.77 44.75715.69 0.039 48.75717.68 48.38715.54 0.812 0.104
SF 77.08719.88 81.13715.18 0.250 82.00718.97 81.45717.61 0.848 0.299
RE 83.35732.91 84.23727.19 0.866 85.88724.91 90.05721.57 0.323 0.616
MH 33.20714.83 33.10714.38 0.962 34.10714.32 34.00714.32 0.952 0.970
Total 541.45793.66 546.03778.74 0.685 558.78767.55 566.28758.48 0.413 0.840

Abbreviations: PF, physical function; RP, role limitations owing to physical health problems; BP, bodily pain; GH, general health perception; VT, energy and vitality; SF, social
function; RE, role limitations owing to emotional problems; MH, mental health.
Values are mean7SD.

a Paired t-test.
b Independent t-test.

Table 7
Results of the blinding analysis.

Participants' guess P

KRG, n (%) Placebo, n (%) Total, n (%)

Allocation KRG group 26 (66.7) 13 (33.3) 39 (52.7) 0.035
Placebo group 14 (40.0) 21 (60.0) 35 (47.3)
Total, n (%) 40 (54.1) 34 (45.9) 74 (100.0)

Abbreviations: KRG, Korean red ginseng.
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isolated from KRG have been reported to cause vasodilatation in an
endothelium-dependent and nitric oxide (NO)-mediated manner in
a rabbit model (Chen, 1996). Especially, the ginsenoside Rg3 was
proven to inhibit vascular contraction as a consequence of NO
production in rats in vitro and in vivo (Kim et al., 2003). The
vasodilating action of KRG is thought to contribute to the alleviation
of CHHF, but the neural action of KRG cannot be determined from
the results of this study. Moreover, the causal relationship between
the vascular and neural actions of KRG needs to be examined.

Some results such as HRV outcomes may have been influenced
by seasonal variation in the 8-week dosage period (Kristal-Boneh
et al., 2000; Kristiansen et al., 2009). Our study was conducted
between October 2012 and May 2013. Baseline values were mostly
obtained in late fall or winter and participants were re-examined
in spring.ΔThands,ΔTfeet, and VAS scores of patients with CHHF are
higher in winter than during other seasons (Kim et al., 2012). In
our study, the seasonal variation resulted in improvement for each
variable in both groups. However, the statistically significant
difference in the changed values of ΔThands, ΔTfeet, and VAS scores
of CHHF between the groups proves the efficacy of KRG for CHHF.

Incomplete blinding is another limitation. Several participants
had been exposed to KRG before the trial, so they were already
aware of the flavor and smell of real KRG. Nonetheless, VAS scores,
which are affected by participants' expectations, were significantly
different between the groups. ΔThands and ΔTfeet, which are not
affected by participants' expectations, were irrelevant to the
success of blinding. Objective evaluation of CHHF by infrared
thermography would be unaffected by incomplete blinding.

5. Conclusions

Peripheral vasodilation by KRG may alleviate CHHF. Examina-
tion of the effects on the autonomic nervous system under more
controlled conditions is required to elucidate the neural mechan-
ism of KRG in CHHF.
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