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Background: The aim of this pragmatic study was to explore the intervention of acupuncture combined with hydrothera-
py and perceived effects in type 2 diabetic patients with recently diagnosed, mild, lower-extremity arterial dis-
ease (LEAD) in comparison with a control group.

Material/Methods: One hundred twenty-six diabetes patients who were diagnosed mild LEAD according to ankle-brachial blood
pressure index (ABPI) and peripheral neuropathy symptom were randomly assigned to either an experimen-
tal (n=64) or control group (n=62). The experimental group attended and completed (1) a 30-min session of
acupuncture in certain selected points, and (2) a 30-min hydrotherapy exercise every 2 days for 15 weeks. The
outcome parameters were assessed at baseline, after intervention, and at 6-week follow-up.

Results: The intervention was associated with an improvement in leg flow conductance and partial physical capacities,
including chair-sit-and-reach, the walking impairment questionnaire (WIQ), and physical component summa-
ry score (PCS), compared to the control group. The treatment benefits were sustained throughout the 6-week
follow-up endpoint. There was no difference in fasting glucose levels, Hb1Ac, blood pressure, or BMI after the
intervention. At the endpoint of 6-week follow-up, acupuncture plus hydrotherapy appeared to reduce inflam-
matory response by decreasing IL-6, TNF-c, malondialdehyde, and SOD, and increasing glutathione.

Conclusions: Acupuncture plus hydrotherapy, without significant glycemic-controlling effects in the type 2 diabetic patients
with mild LEAD, exerts a measurable benefit in disease-specific physical functions and health-related quality
of life. Our results suggest that the combined therapy regulates the inflammatory process and oxidative stress
and contributes to immune protection.
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Background

With the economic globalization, urbanization, and aging
population, the incidence of diabetes has progressively in-
creased over the last decade in developed and developing
countries [1,2]. With high prevalence of type 2 diabetes world-
wide, diabetic complications such as retinopathy, nephropa-
thy, neuropathy, skin ulcer, and atherosclerosis have become
a major health problem leading to reduction of life quality and
increase in premature death in adults. The clinical and public
health importance of peripheral artery disease (PAD), partic-
ularly lower-extremity artery disease (LEAD), among the peo-
ple with diabetes has been increasingly recognized over the
last 20 years in China and has become one of the most com-
mon forms of peripheral vascular disease in the last decade.
The epidemiological evidence of diabetes-induced LEAD is rep-
resented clinically as chronic or acute-on-chronic ischemia oc-
curring in the whole or part of an extremity, with resultant
numbness, resting pain, and claudication with or without as-
sociated ulceration and gangrene. In Western countries, ap-
proximately 35.0% of diabetic people aged >40 years have
at least 1 LEAD condition, and this rate is higher among per-
sons aged >60 years than among those aged 40-59 years. Of
these, about 53% of those with diabetes were symptomatic.
In China, multiple complications of LEAD in the diabetic pop-
ulation are the leading cause of non-traumatic amputations.
For patients aged over 65 years, diabetes causes a more than
20-fold higher risk for amputation and limb loss.

Based on the traditional theory, the effect of acupuncture has
been well documented in studies through targeting an imbal-
ance of yang and yin, qi, and xue. Hydrotherapy is widely used
for people with some chronic illnesses such as arthritis [3]
and OA [4], as well as multiple sclerosis [5], in observation-
al investigations. It is suggested that hydrotherapy can pro-
vide pain relief, reduce edema, and alleviate loading pressure
on the key joints. It has been recognized that complementary
and alternative therapies, including traditional herbal, Tai Chi,
massage, and yoga, can be integrated in the management of
diabetes mellitus. Several investigations have addressed the
effectiveness of complementary methods prescribed in clini-
cal settings [6]. To the best of our knowledge, no data is avail-
able evaluating the effect of acupuncture plus hydrotherapy
as an intervention in diabetics with LEAD.

Our major hypothesis is that there is a complementary-induced
change in physical functions mediated by integrating 2 different
alternative actions. If this were the case, combination of acu-
puncture and hydrotherapy might improve clinical outcomes
among diabetes patients with LEAD in addition to routine care.

The secondary aim of this study was to determine if the treat-
ment can rebalance serum inflammatory markers among
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diabetics with LEAD. We hypothesized that systemic inflamma-
tory responses could result from acupuncture action in stim-
ulating pitch points of meridians as well as thermal hydro-
therapy. Our study explored changes in serum inflammatory
markers C-reactive protein (CRP), inflammatory cytokines, and
plasma lipid peroxidation mediators [7-16] during the clini-
cal observation in order to elucidate the possible mechanisms
of the complimentary effects of these 2 combined therapies.

Material and Methods

The trial design and the participants

This randomized, controlled, single-center trial enrolled patients
from November 2014 to March 2015 at Hebei Chronic Disease
Rehabilitation Center (HCDRC), Qinhuangdao, China. A senior
PMR was selected as the trial examiner, who remained blind
to participants’ group allocation and carried out all outcome
assessments. All the eligible participants were randomly as-
signed by a blinded senior PMR researcher, using a comput-
er-generated randomized list, to the acupuncture plus ther-
mal hydrotherapy group or the control group.

Diabetes was confirmed if the patient was taking diabetes
medications, had a medical report of 6.5% or higher Hb1Ac, or
had a record of physician-diagnosed diabetes. LEAD was de-
fined as: 1) PAD (ankle-brachial blood pressure index (ABPI) of
<0.9 in either leg), 2) PN (1 or more insensate areas in either
foot), 3) self-reported history of a foot ulcer or sore on a leg
or foot that took >4 weeks to heal, or 4) observed foot lesions
or foot/toe amputation. PAD cases were classified as symp-
tomatic if participants answered “yes” when asked whether
they ever had calf pain in either leg while walking. Two hun-
dred thirty-five diabetic type 2 patients aged 62-68 years who
were suffering from lower-extremity ischemia were admitted
in HCDRC. The clinical diagnosis was according to clinical in-
clusion criteria: persistently recurring numbness, resting pain
and intermittent claudication for at least 2 weeks, and/or foot
ulcers or gangrene. All diagnoses were confirmed by Doppler
sonography and angiography at recruitment. Exclusion crite-
ria were treatment with another CAM, either current or with-
in the previous 3 months, and cardiovascular emergency, cur-
rent or within the past 3 months. History of pharmacological
treatment was collected. Smoking history was collected be-
cause smoking is an important risk factor for peripheral arte-
rial disease. Patients who had never smoked cigarettes daily
or quit smoking more than 5 years ago were considered non-
smokers, and those who reported current daily smoking or quit
less than 5 years were classified as smokers. Alcohol drinking
was defined as consumption of 30 g of alcohol per week for
1 year. None of the subjects were on antioxidant supplemen-
tation. Data on the optimal ABPI threshold for the diagnosis
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of mild LEAD are scare since different criteria have been used
to determine the optimal cutoff value. In current study, the
cutoff value for diabetic people with mild LEAD was between
0.74 to 0.90. Furthermore, only those who have symptomat-
ic PAD were recruited as participants in clinical judgement.
Symptomatic PAD cases were positive if patients answered
yes’ when asked whether they ever had calf pain in either leg
while walking. Since the sensitivity of ABPI could be signifi-
cantly increased in post-exercise, out patients have been test-
ed ABPI after one minute of treadmill exercise to determine
the degree of LEAD.

Sampling

One hundred ninety-three diabetes type 2 patients with mild
LEAD were recruited in the clinical trial. Among the 193 ac-
cessible patients, 39 did not meet the inclusion criteria and
19 refused participation at recruitment or during the study.
According to the study design, the 2 randomized groups had
approximately equal medians for basic variables. Informed
consent was obtained from each patient before entering the
study, which was performed in accordance with National
Human Subjects Protection Committee on Clinical Trials and
Patient Confidentiality. The study protocol was approved by
the Hebei Clinical Ethics Committee. The division of groups
was balanced for the severity of LEAD measured and those
variables including HbA1C levels and smoking history as well
as medicine treatment, using a stratification system for each
combination of LEAD levels and variables.

Interventions

We performed an experimental clinical trial with acupuncture
plus low-radon hot spring thermal hydrotherapy for the treat-
ment group and a control group. The study was performed from
April 2015 through October 2015 in HCDRC, Qinhuangdao,
China. The aim and process of the study was explained to all
participants and then individual written informed consent was
collected. The intervention package for acupuncture plus hydro-
therapy was scheduled in the 15 consecutive weeks. The treat-
ment session consisted of 2 sub-sessions: (1) a total of 12 acu-
point locations on the body for 30-min acupuncture needling
in situ in the morning, and (2) a 30-min thermal hydrotherapy
in the afternoon of the same day. There was 1 session every
2 days and participants were convened in small groups of 12.

The acupoints used out in the study were Zusanli (ST 36),
Taibai (SP 3), Sanyinjiao (SP 6), Fenglong (ST 40), Taixi (KI-3),
and Yanglingquan (GB 34). The auxiliary points used were Hegu
(LI 4), Quchi (LI 11), Chongyang (ST 42), and Yinglingquan (SP
9) to improve circulation stasis and phlegm; and Bafeng (EX-
LE10) and Xiyan (EX-LE5) to improve numbness of the lower-
extremity. The acupuncture point selection was tailored based
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upon the significant communication of yuan-source, zang-fu
organs (shen) and gi within the key meridians through which
dampness, phlegm, and stagnation of blood as well as lower
extremities’ numbness can be alleviated, and internal organs
(e.g., spleen, liver and kidney) are nourished and invigorated.

A licensed and experienced acupuncturist identified and
marked each location of the acupoints based upon the tra-
ditional method. The precise location of needles was deter-
mined by participant’s achievement of “De Qi” sensation af-
ter a reinforcing-reducing rotation every 6 min performed by
the acupuncturist. The manipulation can produce correct ef-
fects: a slight depression perceived by the participant as an
ache or heaviness in the area surrounding the needle, and a
grasping-needle sensation by the acupuncturist.

In a second sub-session treatment, a trainer supervised relax-
ation exercise for 10 min before and after hydrotherapy. The
relaxation regimen was standardized and well instructed by the
licensed physiotherapist, focused on the progressive muscle re-
laxation under guided mediation and progressive stretching and
resistance movement. The exercise was designed to enhance
the range and power of movement on the elbow, hip, knee, an-
kle, and foot. The speed and strength were adjusted by the in-
structor based upon the participants’ capabilities. To avoid fa-
tigue, pillows were used to support back, knees, or hip on the
mats. The patients then slowly entered the hot spring water
at 60-65°C with the water up to the suprastomal notch. For
those who had ABPI <0.40, a weighted chair was placed in the
water. When immersed in the hot water, the patients kept the
upper and lower limbs straight up and allowed a slight move-
ment. At the end of the 30-min immersion, participants slow-
ly stood up and left the pool. All the patients were required to
rest for 5-10 min a thermally neutral room with temperature
25°C before and after the intervention. The main components
levels in the hydrotherapy are shown in Table 1.

Treatment was immediately terminated if there was any breath-
ing difficulty or palpitation or intolerable leg/foot pain and the
patient would rest in a quiet room. For participants in the con-
trol group, the daily routine activities were maintained with
no acupuncture or hydrotherapy or body relaxation exercise
during the study period. The control group subjects met once
a month following up and equivalent data collection timed to
match that in the intervention group.

Pre-test and pilot study

A pre-test was administered by assessing physical status and
self-report questionnaires before and after the intervention.
Brief surveys on 9 type 2 diabetic patients selected were col-
lected before a pilot study to purposively explore interest,
motivation, and expected benefits through the treatments.
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Table 1. The basic characteristics of the concentrations of main
materials in the hydrotherapy.

Main components Levels

Temperature (°C) 65 2)
"""" pHvalee 78 (09
"""" ™S mg/) 1599 (144)
"""" Nat(mg/) 3547 (@15
"""" Kkmg) 298 (1)
"""" Mg+ (mg) 560 (042)
"""" G (mg) 892 (152)
"""" sioamgl) 343 (8
"""" Cmgry 171 @3
"""" HCO32-(mg) 10853 (952)
"""" soa(mgn) 819 (93
"""" Radon Bq/m3) 127 (116)
"""" Br-(mg) 382 @9
"""" Fe2e(mg/) 191 @2
"""" Stmg) 353 (48
"""" Limgy 129 (009)
"""" Mn(mg) 155 (012)
"""" BHBO2 124 (1)
"""" Conductivity uS/cm) 1907 (122)

Data are means (SD); TDS - total dissolved solids.

Afterwards, a pilot study was conducted to identify the weak-
ness and therapeutic benefits for the participants. Accordingly,
the limitations of the pilot study were rectified to facilitate the
feasibility and logistics of the protocol. All subjects (acupunc-
ture plus hydrotherapy and control) were given a gift certifi-
cate for free diabetes consultation and free monitoring of blood
glucose levels and dietary recommendations.

Data collection in outcomes

The collection and analysis of all outcomes described in the
protocol were conducted by blinded assessment.

The lab examiners, clinical psychologist, and statistic staff were
blind to participants’ intervention and control groups. The
data was recorded in coded documents for the final analysis.

The interview assessment, self-report measure, physical sta-
tus, and hemodynamic and biochemistry measures were con-
ducted at the baseline, after 15-week hydrotherapy, and at
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6-week follow-up time points during subjects’ visits at the re-
habilitation center. The primary outcomes were: (1) symptom-
atic LEAD assessment through ABPI, Edinburgh claudication
questionnaire (ECQ) evaluation and leg vascular conductance
(LVC) values, (2) laboratory physical status through lower-body
flexibility and aerobic walking endurance measures, and (3)
self-report measures through the walking impairment ques-
tionnaire (WIQ), EQ-5D, DASS21, and SF-12.

In brief, ABPI was calculated by dividing the average of systol-
ic blood pressure measured in the dorsalis pedis and posterior
tibial artery pressures by the average systolic blood pressure
measured in brachial artery pressures in a supine position [17].
It was determined by the following equation: ABPI=ankle sys-
tolicblood pressure/brachialsystolic pressure. According to ABPI
values, the severity of LEAD was classified as normal, mild, mod-
erate and severe degrees. Edinburgh claudication questionnaire
(ECQ) was carried out based on a previous study [18-20] for di-
abetic survey in intermittent claudication. Based on the ECQ, the
intermittent claudication with LEAD was defined as grade 1 or
grade 2. For leg vascular conductance, the method was based
on a previous report [21] which estimated leg vascular conduc-
tance using diving leg blood flow by simultaneous measured
mean arterial pressure as the following equation: LVC=leg blood
flow/mean arterial pressure. Leg blood flow was measured by
venous occlusion plethysmography and mean arterial pressure
was measured simultaneously beat-to-beat though radial ar-
tery applanation tonometry (T-Line system, San Diego, USA).
LVC was expressed as milliliters per min per mmHg.

Lower-body flexibility was defined as chair-sit-and-reach in
which the distance from the subject’s finger tips and toe tips
of extended legs. Hip joint flexibility was assessed by the ro-
tation angle from the pelvis to femur as the subject lifting the
leg straight up in the supine position. The measures’ accura-
cy and reliability were evaluated elsewhere [22-24]. Aerobic
walking endurance was measure according to the description
in previous reports [25,26] and adjusted to 6-min walking dis-
tance and 4-min walking speed by a standardized protocol.

Self-reported physical symptoms were estimated by WIQ in
the participants based on the previous studies [27-29] and its
validation was well evaluated in Chinese diabetic adults [30].
In order to further assess health-related quality of life dur-
ing the clinical intervention process, we used the EuroQol-5
Dimensions questionnaire (EQ-5D) and SF-12. EQ-5D tracked
the health status with 5 dimensions — mobility, self-care, usual
activities, pain/discomfort, and anxiety/depression — and there
were 3 levels in each dimension. The SF-12 questionnaire was
designed to perform the physical components summary (PCS)
and mental health component summary (MCS). The translated
version of EQ-5D and SF-12 were recently recommended in the
analysis of quality of life among Asians with diabetes [31-35].
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Secondary outcomes were: (1) anthropometric measurement
of height and weight for body mass index (BMI) and waist
circumference; (2) blood assays of fasting glucose level, insu-
lin, HbA1c level, total serum glyceride (TG), and serum LDL-
cholesterol; and (3) inflammatory factors of serum C-reactive
protein (CRP), inflammatory cytokines (tumor necrosis factor
(TNF)-ow and interleukin (IL)-6), plasma lipid peroxidation me-
diators (malondialdehyde (MDA)), and stress oxidation factors
superoxide dismutases (SOD), and glutathione (GSH). In brief,
fasting plasma glucose level was measured using EKF s Biosen
analyser (Boerne, Tx, USA). Insulin was measured through elec-
tro-chemiluminescence immunoassay with the Elecsys® analyz-
er (Roche Diagnostics, Mannheim, Germany). HbA1c level was
measured using direct enzymatic assay (Diazyme Laboratories,
CA, USA). TG and LDL-cholesterol were analyzed by using the
Hitachi 717 Autoanalyzer (Roche Diagnostic GmbH, Germany).
Serum CRP was measured by particle-enhanced immunoturbi-
dimetric assay (Roche Diagnostics, Mannheim, Germany). The
serum levels of IL-6 and TNF-o. were measured using a high-
sensitivity Luminex-based magnetic bead assay (Bio-Rad Inc,
Hercules, California, USA) according to the manufacturer’s pro-
tocols. For all measurements, an average of at least 2 readings
was taken for value analyses. The level of MDA was determined
by using the TBARs (thiobarbituric acid reactive substances)
method; GSH activity was measured by using cumene hydro-
peroxide and 1-chloro-2, 4-dinitrobenzene as substrates; and
SOD activity was determined through inhibition of the reac-
tion of xanthine oxidation [12,15].

Sample size

Sample size estimates were based on the primary outcome mea-
sure, symptoms, and physical status. To detect a change of 25% in
the ABPI and physical functioning scales between the 2 matched
groups and based on an o, level of 0.05 and 10% dropout rate, a
sample size of 120 participants was required (60 in each group).

Statistical methods

In this study we examined the hypothesis that hydrotherapy
would give significantly more therapeutic benefit than acu-
puncture alone. The effect size (ES, mean change between fol-
low-up and baseline divided by the standard deviation of the
group’s baseline scores) was calculated for responsiveness in
terms of measured outcomes with significant improvement be-
tween the intervention group and the control group. The val-
ues represent improvements (positive) or reduction (negative)
in the number of standard deviations of the baseline scores
(ES) and ES >0.80 represents large, >0.50 and <0.79 is con-
sidered as moderate, >0.20 and <0.49 as small, and <0.19 as
very small. Continuous variables are reported as mean (SD) or
median (interquartile range) and categorical variables as num-
ber (%). Between-group differences were assessed using the
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t test, Wilcoxon test, 2 test, or Fisher exact test, as appropri-
ated. The associations between the outcomes of intervention,
(LVC, physical measurements, and self-reported evaluation) and
these variables were tested by using logistic regression analysis.

Results

Patients and LEAD features

In the current study, we screened 193 diabetic patients be-
tween November 2015 and March 2016. Of these, 39 did not
meet the inclusion criteria mainly because of severe renal dys-
function, ventricular failure, and surgical reasons, as well as
having received complementary or/and physical therapies in
the past 3 months. About 10% (n=19) were not interested,
were unwilling to participate in a randomized trial, or were not
available during the intervention period. A total of 135 were
enrolled and 9 patients refused to provide written informed
consent. One hundred twenty-six were randomized in the re-
habilitation center for eligibility. For diabetic duration, LEAD
severity classified by ABPI degrees, and ECQ grades, the mor-
bidities and other risk factors were not significantly different
between the age-matched groups. Management of empirical
treatment did not differ significantly between the interven-
tion and the control groups at baseline. Description of recruit-
ed participants is shown in Table 2. As the intervention pro-
cessed, 5 patients (2 in the intervention group and 3 in the
control group) withdrew because of unwillingness to partici-
pate, transportation problems, and family commitments. The
final post-intervention evaluation and 6-week follow-up were
completed by 121 patients.

Primary outcomes

Post-intervention significantly reduced the severity of inter-
mittent claudication symptoms in the intervention group of
acupuncture plus thermal hydrotherapy. First, the magnitude
of intervention was the changed level of ABPI. In one side,
15-week intervention and 6-week follow-up, as compared to
the baseline level, resulted in an increased level of ABPI from
0.78 to 0.82 and 0.81; On the other side, the control group
decreased the level from 0.74 to 0.73 (Table 3). The results
were evaluated for a standardized effect size (ES) showing
that the combined therapy caused in an overall improvement
of ABPI degrees compared with the control (Table 4). There
were three participants (4.60%) showing a normal ABPI after
treatment and follow-up, and four participants (6.45%) in the
control group progressing to a moderate degree in the obser-
vation period. Secondly, upon the ECQ evaluation score, the
intervention group demonstrated significant improvements
with decreased proportion of moderate/severe claudication
with rest pain (Grade 2) by 7.40% (95%, -0.11 to -13.7; ES,
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Table 2. Baseline characteristics of study groups.

Characteristics Intervention (N=64) Control (N=62)
Age (yrs.) 60.4 (8.3) 60.1 (8.9)
""""" Female %) a9 s
""""" Duration of diabetes (year) 98 (@19 94 @0

Fasting glucose (mg/dl) 176.5  (20.7) 1623 (21.2)
""""" msulin @U/m) 48 @9 458 ()
""""" mPl o7 (1w o7 ©1w)
””””” Duration of LEAD (years) 11 (02 09 (2

Waist circumference (cm) 956 (12.3) 98.5 (11.9)
Waist-to-Hip Ratio 0.75 (0.81) 0.74 (0.87)
BMI 30.8 (4.1) 31.2 (4.2)

Lower-body flexibility -491 (0.45) -4.64 (0.38)
Hip joint flexibility 796  (8.1) 837  (8.6)
Lower-body strength and endurance 12.9 (1.4) 13.1 (1.7)

B-blockers 88.5 89.1
""""" RASblockers* _e1s 99
""""" Calcium channel blockers —~~~se3  a97
""""" Antifibrinolyticuse se1 ssg
""""" lpid-modifying agent  se1 &2

Smoking
""""" Current a3 19
""""" Previous sa3 3
""""" Never w5 3wg

Current 1.1 1.0
""""" previous  s.9 65
""""" Never . 390  ms
""""" Hypertension  s99 sy
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Table 2. Baseline characteristics of study groups.

Characteristics Intervention (N=64) Control (N=62)
Hyperlipidemia
””””” sum@ s oz
””””” SeumiotLc  s9 7
””””” Athritis in lower extremity 37 29
””””” Respiratory disease 159 11
””””” Renal dysfunction* 27 o316
””””” Coonary artery disease 49 a5
””””” Hepatic disease 3.1 34

Acupuncture plus hydrotherapy; Data are means (SD) or n (% percentage); ABPI — ankle-brachial pressure index; * represents
angiotensin-converting enzyme inhibitors and angiotensin receptor blockers; TG — total glyceride, LDL-C — low-density lipoprotein
cholesterol; # glomerular filtration rate (GFR) <60 ml/min/1.73 m2.

Table 3. The main outcomes in baseline, post-15-week acupuncture plus hydrotherapy, and 6-week follow-up periods.

Acupuncture+Hydrotherapy Control
Parameter

Baseline intervention Follow-up Baseline intervention Follow-up

Biochemistry measure

Fasting glucose (mg/dl) (20.7) (18.2) (19.8) 0.31 (21.2) (20.7) (22.9) 0.31
. 4238 40.4 42,0 458 40.1 40.7
Insulin (ulU/ml) (7.9) 6.9) (7.8) 0.27 82) (8.9) 67) 0.24
6.8 6.9 6.9 7.0 6.7 6.7
HbALC (1.3) (1.6) as 1 g (1.4) e %
. : 15.2 15.9 15.7 16.6 15.9 16.9
C-reactive protein (mg/dl) (3.3) (32) (3.5) 0.29 (3.5) (.2) (3.4) 0.32
) 1.39 1.32 1.27 1.32 1.39 1.37
Interleukin (IL)-6 (pg/ml) 0.19) 0.17) (0.20) 0.11 0.22) (0.29) 0.24) 0.21
0.66 0.60 0.62 0.63 0.67 0.69
(TNF)-o. (pg/m) (0.05) (0.06) ©00s) oM (007 (0.05) ©0o7) Y
279 233 230 2.85 2.84 2.81
el (0.81) (0.73) 074 %1% (0s0) (0.81) 077 O3
1.75 1.59 1.60 1.79 1.78 1.80
eI () (0.37) (0.38) ©039 % (032 (0.35) 033 Y
1.92 2.07 2.19 2.00 1.98 2.02
S5 (et (0.46) (0.50) 044 %2 (4 (0.36) (035 %16
Hemodynamics
0.78 0.82 0.81 0.74 0.73 0.73
e 1  ©19) @9 % e e o %
Leg vascular conductance 3.03 3.64 3.67 <0.05 3.02 3.31 3.10 0.07
(ml//min/mm Hg) 4.2) (4.2) (4.1) ’ (4.3) (4.5) (4.6)
Blood pressure (mmHg)
: 159.3 161.4 160.8 161.2 160.7 161.9
Ll (17.3) (18.2) azy %9 ars 17.7) asy 210
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Table 3 continued. The main outcomes in baseline, post-15-week acupuncture plus hydrotherapy, and 6-week follow-up periods.

Parameter

Diastolic

Lower-body flexibility,
median (IQR)

WIQ distance score
(0-100 scale)

WIQ speed score
(0-100 scale)

EQ-5D dimension problems
(%)

EQ-5D index (0-1) score,
median (IQR)

Acupuncture+Hydrotherapy Control
Baseline intervention Follow-up Baseline intervention Follow-up
91.9 92.0 92.4 92.2 92.6 93.7
(103) (109) ary %P o (11.7) (109) %%
-5.99 -5.35 -5.82 0.09 -5.47 -5.49 -5.16 015
(-3.51,-9.96) (-3.43,-9.37) (-3.89,-9.11) (-3.25,-8.79) (-3.30,-9.01) (-3.09,-8.19)
78.9 80.9 83.7 0.07 79.8 79.9 77.9 021
(46.3,128.8) (49.7,134.6) (48.8,134.9) (485,132.8) (48.1,146.3) (46.8,140.9)
10.5 11.9 12.7 0.04 11.0 10.9 10.9 041
(6.2, 19.1) (7.2, 21.8) (8.2, 23.5) ' (6.6, 19.6) (6.5, 18.4) (6.6, 19.1) ’
0.79 0.84 0.82 0.81 0.80 0.79
(0.11) 0.12) 01 7 01 0.14) 014 18
30.1 32.8 323 0.04 31.7 32.2 31.9 011
(18.2,54.2) (20.3,54.4) (22.2,51.5) (19.2,54.9) (19.6,54.1) (18.6,54.7)
34.7 34.9 34.9 0.08 33.8 33.8 33.5 018
(20.2,54.6) (21.1,61.3) (22.2,61.0) (19.8,59.6) (19.4,59.3) (19.0,58.8)
21.4 22.2 21.9 0.06 22.0 21.5 21.9 0.11
0.57 0.64 0.69 0.04 0.57 0.54 0.53 011
(0.35,1.12) (0.38,1.17)  (0.41, 1.28) (0.34,1.04) (0.31,0.99) (0.30,0.97)
30.7 35.8 36.3 0.03 313 30.9 329 0.27
(18.6,54.5) (23.9,72.1) (24.2,73.3) ’ (18.7,55.3)  (19.9,55.1) (19.8, 56.8) ’
42.8 49.7 51.7 <0.05 42.1 43.2 43.7 0.07

(25.6, 74.8)

(29.8, 90.4)

(31.4, 93.8)

(25.2, 75.5)

(25.9, 75.8)

(26.2, 78.9)

Data are means (SD) or n (%, percentage) or interquartile range (IQR);. * a linear trend value. TNF — tumor necrosis factor;
MDA - malondialdehyde; SOD — superoxide dismutase; GSH — reduced glutathione; WIQ — the walking impairment questionnaire;
PCS - the physical component summary score; MCS — mental health component summary score.

0.55, P<0.02), thus occurring a left shift with increased por-
tion of Grade 1(mild intermittent claudication) relative to the
control group (Table 4). The benefit effect on the prevalence
of intermittent claudication based upon ECQ was remained at
the end of 6-week follow-up (Table 4). Thirdly, we measured
the leg vascular conductance to evaluate vascular action. The
average of LVC at the basal stage was lower than the values
of previous reports in the elderly non-diabetic and insulin-re-
sistant subjects [37]. There was overall statistical change of
leg vascular conductance only in acupuncture plus hydrother-
apy group through baseline to the follow-up point (P<0.05)
(Table 3); As compared with the control, 15-week combined
therapy resulted in increases of 0.32 ml/min/mmHg (95% Cl,

0.08 to 0.56; ES, 0.43, P<0.02) at the end point of post-inter-
vention and 0.56 (ml/min/mmHg (95% Cl, 0.13 to 0.99; ES,
0.59, P<0.01) at the 6-week follow-up (Table 4). Fourthly, no
significant change in blood pressure was found on all of these
outcomes between baseline, and post-intervention / follow-
up points in both groups.

Finally, across the 15-week’s intervention and 6-week follow-
up, the physical status was evident changed in lower body
flexibility and aerobic walking endurance (Table 3). The sig-
nificant difference between the intervention group and the
control were found in some physical functions represent-
ed by the chair-sit and reach, strength/endurance and 6-min
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Table 4. Results of variables post-intervention group and follow-up vs. control group.

15-week intervention vs. control 6-week Follow-up vs. control

Outcome

Biochemistry measures

C-reactive protein 1.40 (0.3,2.6)  0.31(0.26,0.36)  0.07 0.20 (-0.09,3.5) 0.1 (0.06,0.16)  0.15
6 -0.14(-0.03,-0.26)  0.32(0.28,0.36) 006 -0.17 (0.09,-0.28)  0.50 (0.45, 0.55) <0.05
CTNFe  -0.13(-0.06,-0.21)  0.52 (0.46,0.59) <0.05 -0.13(-0.06,-0.21)  0.52 (0.46,0.59) <0.05
MDA -045(-021,-0.69) 0.44(0.29,0.59) <0.05 -0.45(-0.22,-0.69) 0.41(0.30,0.53) <005
soD  -0.15(-0.06,-0.24) 0.35(0.29,041) 005 -0.16(-0.05-0.27) 0.8 (0.26,0.51) <0.05
CGSH  013(04,023) 027(0.11,042) 009  0.25(0.12,038) 0.43(0.17,0.69) <005
Hemodynamics
M 0.05(0.01,0.09) 038 (0.10,0.66) <0.05  0.04(0.008,0.072) 032 (0.09,055 <0.05
CECQOE)
Gradel  75(12,138)  054(0.10,098) <0.05 9.0 (15165 049 (0.14,0.84) <002
Grade2 74(-11,-137)  055(0.10,10) <002  -9.0 -1.4,-166) 0.58 (0.14,102) <0.02
Legvascular conductance 032 (0.08,0.56) 043 (0.14,0.72) <0.02 056 (0.13,0.99)  0.59 (0.19,0.99) <0.01

Chair-sit-and-reach 1.08 (0.9, 2.08) 0.53 (0.22,0.84) <0.02 0.88 (0.2, 1.59) 0.49 (0.22,0.74) <0.05
Hipjoint flexibility 39(03,76) 019(0.12-027) 010  171(14,332) 051 (045-0.57) <0.05
Strength/endurance 28(11,48 052(027,077) <002 35(13,59)  055(036,074) <001
4Mwalingspeed 006 (-07,0.11) 0.38(032,044) 006  005(-08010) 020 (015025 008

WIQ distance score 7.7 (0.7, 14.8) 0.53 (0.46, 0.60) <0.05 11.0 (1.3-21.9) 0.65 (0.59, 0.71) <0.02
 WiQspeedscore 47(06,9.0) 050(042,058 <0.05 47 (06-9.1)  0.50(0.42,0.58) <0.05
| EQ-SDindexscore 010 (002,019) 050 (043-0.57) <005  0.16(0.04,031) 052 (0.46-0.58) <0.05
CSEL2
pcs 55(1.2,98) 057(074,094 001 - 40(05,7.5)  051(0.22,0.80) <0.05
‘mes 60(02,118 022(017,027) 008 7.5(03,155  033(0.27,039) 006

% — percentage; IL — interleukin; TNF — tumor necrosis factor; ES — effect size; additional definitions refer to Table 3.

walk distance assessments. Similarly, the effect remained af- Serum inflammatory analyses were performed comparing re-

ter 6-week follow-up (Table 4). sponses in the intervention and control groups. No significant
effect of acupuncture plus hydrotherapy was found on inflam-
Secondary outcomes matory factor CRP, IL-6, SOD, and GSH levels. However, the lev-

els of TNF-o. and MDA were down-regulated after the thera-
There were no significant between-group differences in fast- py. At the endpoint of 6-week follow-up, a significant decline
ing blood glucose level, Hb1Ac, and insulin levels across the in serum levels of IL-6, TNF-o,, MDA, and SOD and an increase
intervention and follow-up period, nor were there any signifi- in GSH level were observed (Tables 3, 4).
cant change in blood pressure and anthropometric values be-
tween groups (Tables 3, 4). The combined therapy significantly improved the results of the
self-reported measures of walking impairment questionnaire
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Table 5. Association of TNF-c, MDA, SOD, and GSH levels with outcomes in the acupuncture plus hydrotherapy intervention and

follow-up in diabetics with mild LEAD.

Outcome®

0.40-0.66 0.001 0.61

0.45-0.81

0.71-0.99 0.04 1.22 1.06-1.62

# Adjusted for age, sex. Treatment, medical history and other factors. OR — odds ratio; Cl — confidence interval; LVC — leg vascular

conductance. Additional definitions refer to Table 3.

and SF-12 subscale-PCS across the intervention period. The
analysis of health-related quality of life was evident in better
response in the intervention in all the EQ-5D dimensions and
index scores and SF-12 MCS score (Tables 3, 4).

After adjusting for age, sex, medical history, and other risk
factors, the ORs (odd ratios) for having a reduced TNF-c lev-
el were 0.58. 0.54. 0.49, 0.56, and 0.51 for LVC, chair-sit-and-
reach, strength and endurance, WIQ, and PCS, respectively, in
the intervention group. The logistic regression analysis showed
the significant association of outcomes with intervention ther-
apy (P=0.02, 0.005, 0.009, and 0.001 respectively) (Table 5).
Similarly, MDA and SOD levels were positively associated with
these outcome variables in the regression analysis in the over-
all intervention and follow-up (Table 5). Negative correlation
trends were observed for the associations of GSH level with
LVC, physical measurement, and self-reported evaluation.

Tolerance and adverse events

Across the period of trial, the duration and frequency of acu-
puncture were acceptable and hot spring thermal therapy was
well tolerated when following the instructions of the study pro-
tocol (see Methods). No unexpected serious adverse events
took place during or after the intervention. There were 8 oc-
currences of soreness and mild bruises around the acupoint
site in 5 patients and 3 reports of a mild dermal sensitivity in
3 patients, which were treated as outpatient at the hospital;
adverse effects were not clinically concerning.

Discussion

This study shows that the intervention can be applied to dia-
betic patients with symptomatic LEAD for 20 weeks. This ap-
proach is successful in real-world practice when combining

acupuncture with thermal hydrotherapy among the partici-
pants who had an average 7.9 years of diabetes and 2.1 years
of LEAD with mild symptomatic manifestation. Traditional acu-
puncture therapy works by enhancing circulation in the low-
er extremities and reducing pain/numbness. To the best of
our knowledge, the present study is the first to evaluate the
effect of the combination of acupuncture and hydrotherapy
in comparable samples of diabetic patients with symptomat-
ic LEAD, as it enables us to determine whether the interven-
tion will supply specific information about safety and benefits.
Our study aimed to develop an approach targeting reduction
of body load and avoidance of high-impact activity in mainte-
nance and improvement of leg function in subjects with LEAD.
During the intervention, the subjects reported that post-acu-
puncture therapy in the morning gave them a sense of pleas-
ant calmness or/and relaxation, and aquatic movement in the
afternoon altered overload of legs by transferring load from
affected areas to other areas. The intensity and frequency for
15 weeks in the current protocol in the combined acupuncture
with hydrotherapy did not increase the risk of skin bruise, ul-
ceration, or development of Charcot joint, which can occur in
weight-bearing exercise [36]. A previous report showed the
concern of a risk of declined ventricular function during warm
water immersion among the people with systolic heart fail-
ure [37]. As compared with aerobic exercise, which may elicit
beneficial effects in endothelial function [38,39], hydrother-
apy in this study did not require more specific skills and was
more easily adjusted in intensity for safe continuation among
diabetic patients with mild LEAD. In clinical practice, it is less
likely than aerobic exercise to cause a host of undesirable and
potentially adverse effects, including injuries and foot trauma.
We assessed blood pressure, heart rate, and skin response to
evaluate the tolerance of subjects to acupuncture plus hydro-
therapy. There were no significant or serious adverse events.
Although the 2 therapies may induce nerve damage and der-
mal sensitization/irritation due to needle penetration and the
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potential dissolved materials, the occurrence of adverse nerve
damage and skin response, and events requiring immediate
withdrawal had no significant effect on data collection, pow-
er analysis, or data validity.

Our findings show that the benefit of the intervention was
detected with post-intervention decreases in serum TNF-o
and MDA levels in the subjects compared with the controls.
Furthermore, the changes in clearing free radicals were in-
versely correlated with alternations in the leg vascular conduc-
tance, chair-sit-and-reach, strength/endurance, WIQ, and PCS
self-reported evaluations. These data indicate that the com-
bined complementary therapies, as compared with the con-
trol, demonstrated measurable improvements in inflammato-
ry homeostasis. Although the mechanisms through which the
diabetic condition deteriorates the distal hemodynamic ho-
meostasis and leads to arterials dysfunction are not fully elu-
cidated, the roles of accumulated glycosylation end-products
and arterial inflammation has been documented [40]. Recent
studies showed that chronic TNF-a elevation impairs glucose
uptake and induces insulin resistance and fat oxidation and
stimulates IL-6 and CRP production. MDA, an indicator of lipid
peroxidation and oxidative stress in vivo, is elevated in diabet-
ic patients with macroangiopathy [41] and is an independent
predictor in diabetics with PAD [42]. The effects of acupunc-
ture plus hydrotherapy on TNF-o. and MDA associated with di-
abetic mild LEAD are yet to be fully understood. It is consistent
with previous studies that acupuncture downregulates serum
TNF-o in the rat model of COPD [43] and MDA in the rat mod-
el of hyperlipidemia [44]. Among people with bronchial asth-
ma [45] and osteoarthritis [46], stimulation by thermal hydro-
therapy is associated with immune suppression. Endothelial
cells within the vessel wall of lower extremities in patients with
LEAD may produce cytokines and oxygen-derived free radicals
due to hypoxia and reoxygenation [47]. Furthermore, TNF-a.
induces NF-xB activation and inflammatory gene expression
in atherogenic and inflammatory process [48] and regulates o
atrial natriuretic polypeptide (-ANP) and vasopressin. Thus,
our findings suggest that the effect of acupuncture plus hy-
drotherapy can improve of the endothelial cells’ anti-inflam-
matory property, reduction of free radicals, and regulate the
hypothalamic-pituitary-adrenal axis function [49,50]. The oth-
er explanation is likely that an increase in serum antioxidant
capacity, represented by total reactive antioxidant potentials
(TRAP), would have been detected.

CRP, an inflammatory factor involved in endothelial dysfunc-
tion, can predict the high risk of progression to diabetes [51]
and possibly the severity of cardiovascular comorbidity [52].
Population studies showed inflammatory markers such as
CRP and IL-6 are negatively associated with beneficial effects
of regular physical activity [53]. A recent study showed that
CRP is associated with physical activity and risk of metabolic

CLINICAL RESEARCH

syndrome among Chinese people [54]. The levels of CRP in our
study were 15.2 mg/dl in the intervention group and 16.6 mg/
dlin the control group, which is slightly higher than that in peo-
ple 50-70 years old. However, no significant change in levels
of CRP was found after intervention activity for 15 weeks and
6-week follow-up compared with the control therapy. This re-
sult is consistent with a recent study of acupuncture in diabe-
tes [55], which may reflect different impacts on particular in-
flammatory markers due to therapy type, intensity, or duration.

Another of our findings was decreases in serum IL-6 and SOD
levels and an increase in GSH at 6-week follow-up. Some stud-
ies showed an inverse correlation between systemic SOD ac-
tivity and indices of glycemic control in diabetic patients [56].
However, our study does not allow conclusions to be drawn be-
cause there was no significant improvement in glycemic con-
trol. This may reflect differences in intervention methodolo-
gy or study design. Type 2 diabetic patients have decreased
GSH levels in different phases of the disease. There is an in-
verse correlation between GSH levels and the presence of DM
complications [57]. Our findings suggest the intervention cor-
rected the impaired GSH levels. Overall, our findings indicate
that acupuncture plus hydrotherapy can improve leg conduc-
tance and physical function by alleviating oxidative stress and
inflammation.

This suggests that the combination of acupuncture with hy-
drotherapy does bring closer the desired goal of reducing dys-
lipidemia and inflammation and stabilizing oxidative factors
homeostasis in patients with lower-limb diabetic macroangi-
opathy. Clinical treatment generally includes percutaneous bal-
loon angioplasty, endarterectomy, radiological, pharmacologi-
cal interventions, and amputation, while combined treatment
improved diabetic LEAD, which is a relentlessly serious condi-
tion, especially considering the high rate of amputation and
mortality [58]. To better understand the possible mechanisms
underlying the protective effect of complementary therapy in
lower-extremity circulation, it would be interesting to investi-
gate levels of uncoupling proteins (UCPs), such as anion car-
riers in the mitochondrial inner membrane, which inhibit free
radical generation, and levels of endothelial-derived nitric ox-
ide [59] and reactive oxygen species (ROS) [60].

We assessed symptoms and walking performance among the
patients with mild and moderate LEAD at the end of the com-
bined therapy and showed a reduction in the difficult barriers
of objective measures, especially in physical capability and im-
proved hemodynamic outcomes in ABPI and ECQ evaluation.
The benefits were also associated with composite outcomes
in self-reported measures in which WIQ distance score and
speed score were greater and relevant general health quali-
ty levels represented by EQ-5D and PCS were significantly im-
proved after the intervention. Subjects with LEAD had lower
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LEAD-related physical measure (WIQ) and lower QOL scores
(EQ-5D and SF-12) at baseline. After 15-week intervention of
acupuncture plus hydrotherapy, a significant improvement from
baseline was observed in WIQ distance (ES, 0.53, Cl, 0.46—0.60,
P<0.05) and WIQ speed (ES, 0.50, Cl, 0.42-0.58, P<0.05), and
QOL scores (Table 4) compared with the control group. Our
results suggest the intervention significantly improved cer-
tain LEAD-related symptoms measures and general health-re-
lated quality of life. It supported the previous studies which
showed improved sleep quality, physical function/symptoms,
and psychological disorders in patients with fibromyalgia by
using acupuncture [61] or hydrotherapy [62]. The benefits were
sustained at the end of 6-week follow-up.

The 15-week intervention and 6-week follow-up statistical-
ly increased leg vascular conductance (LVC) and showed pos-
itive associations between LVC and low extremity strength/
endurance, indicating the reduction in partial sympathetic
vasoconstriction [63] and restoration of blood flow [64]. As a
result, the muscle chemoreflex may functionally impact the
blood pressure response [64] to certain physical activity such
as sit-and-reach. However, our findings showed no significant
change in body weight, HbA1c, or glycemic control. A recent
study showed that aerobic training (3.4 times per week for 18
weeks) reduced HbA1c by 0.6% and decreased risk of diabetic-
related complications by 32% compared to the control groups
[65]. The result likely in part reflects the therapeutic difference
between complimentary therapies such as acupuncture and
hydrotherapy and other aerobic training in delivering biosys-
temic rejuvenation.

Limitations

This investigation had a sound complementary study design
and adequate power to examine the hypothesis in randomized
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control analysis. However, our study may have limited rele-
vance to socioeconomic position, which could affect diabe-
tes progress, especially for women [46]. Second, the study
was unable to account for subject’s genotype with polymor-
phism of cytokines’ regulating expression and plasma clear-
ance. Third, only a control group was used to compare with
intervention therapy in this study, and the evaluation should
include comparison with acupuncture alone or hydrotherapy
alone. Fourth, we did not perform long-term assessment of ef-
fects of the intervention.

Conclusions

In the elderly diabetic type 2 patients with LEAD, 15-week acu-
puncture plus hydrotherapy compared with the control was safe
and significantly prevented LEAD progression. The intervention
without significant glycemic-controlling effects exerts anti-in-
flammatory effects and improves physical function in type 2
diabetic patients with mild LEAD. The mitigation in inflamma-
tory cytokines is likely associated with improvements in he-
modynamics, physical measures, and self-reported measures.
This study suggests that acupuncture plus hydrotherapy may
be useful in the treatment of diabetic patients with mild LEAD.
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