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Relationship between HRV and lower extremity arterial disease in aged patients with type 2 diabetes mellitus
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Abstract: Objective: To explore relationship between heart rate variability (HRV) and lower extremity arterial disease (LEAD) in aged patients with type 2 diabetes mellitus (T2DM) and their clinical significance. Methods: A total of 65 T2DM inpatients with age 60~65 years were enrolled. According to LEAD condition, they were divided into T2DM + LEAD group (LEAD group, n=36), T2DM without LEAD group (NLEAD group, n=29) ，besides, normal control group was set up (n=23). The 24h dynamic electrocardiography was performed. Indexes of HRV were measured; meanwhile, blood pressure, indexes of glucose and lipid metabolism, CRP and plasma adiponectin were measured in all groups. Correlation analysis and multi-factor Logistic regression analysis were performed. Results: (1) Levels of SBP, HbA1c, LDL-C, CRP in LEAD group and NLEAD group were significantly higher than those of normal control group (P<0.05). Compared with NLEAD group, there were significant increase in course of disease [(3.00±2.00) years vs. (7.50±4.00) years], SBP [(140.24±8.95)mmHg vs. (147.61±7.58)mmHg], HbA1c [(6.40±0.70)% vs. (7.15±2.05)%], plasma fibrinogen（Fg）[(2.57±0.51) g/L vs. (3.02±0.71) g/L], LDL-C[(2.27±0.50) mmol/L vs. (2.81±0.71) mmol/L] and CRP[(2.01±1.79) mg/L vs. (3.14±2.92) mg/L] in LEAD group, P<0.05 all; (2) SDNN, SDANN, VLF and plasma concentration of adiponectin in LEAD group and NLEAD group were significantly lower than that of normal control group (P<0.05 all); Compared with NLEAD group, there were significant decrease in other indexes except rMSSD in LEAD group, P<0.05 all; (3) Spearman rank correlation analysis indicated that LEAD was positively correlated with course of disease, SBP, 2hPG, HbA1c, LDL-C, Fg, CRP (r=0.311~0.760, P<0.05 all), and negatively correlated with adiponectin and HRV indexes (r=-0.597~-0.317, P<0.01 all); (4) Multi-factor Logistic regression analysis indicated that course of DM, SBP, HbA1c, LDL-C, CRP were independent risk factors for LEAD in aged T2DM patients (OR=2.932~14.404, P<0.05). Conclusions: 1. The course of DM, SBP, HbA1c, LDL-C, CRP, adiponectin and HRV are related with LEAD in aged T2DM patients ; 2. Decreased HRV is an independent risk factor of LEAD in aged T2DM patients. 
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摘要：目的：探讨老年2 型糖尿病患者心率变异性(HRV)与下肢动脉病变（LEAD）的关系及其临床意义。方法:选择老年糖尿病患者65例。根据下肢病变情况分为糖尿病合并下肢动脉病变组（LEAD组, 36例）、糖尿病无下肢动脉病变组（NLEAD组, 29例），另设正常对照组（23 例），进行24h动态心电图检查，测定心率变异各指标；同时检测各组血压，糖、脂代谢指标， CRP，血浆脂联素等指标，进行相关及多元Logistic回归分析。结果:（1）糖尿病两组患者的SBP、HbA1c 、LDL-C、CRP均显著高于正常对照组（P＜0.05），与NLEAD组比较，LEAD组病程[(3.00±2.00)年比(7.50±4.00)年]、SBP [(140.24±8.95)mmHg比(147.61±7.58)mmHg]、HbA1c [(6.40±0.70) %比(7.15±2.05) %]、血浆纤维蛋白原（Fg）[(2.57±0.51) g/L比(3.02±0.71) g/L]、 LDL-C [(2.27±0.50) mmol/L比(2.81±0.71) mmol/L]、CRP [(2.01±1.79) mg/L比(3.14±2.92) mg/L]水平显著升高（P＜0.05）;（2）LEAD组及NLEAD组的SDNN、SDANN、VLF及血浆脂联素含量均显著低于正常对照组（P＜0.05），与NLEAD组比较，LEAD组HRV指标除rMSSD外显著下降（P＜0.05）;（3）糖尿病下肢病变的发生与病程、SBP、2hPG、HbA1c、LDL-C、Fg、CRP呈正相关(r=0.760~0.331,P均<0.05)，而与脂联素及心率变异指数呈负相关(r=-0.597~-0.317，P均<0.05)；(4)多元Logistic回归分析显示，糖尿病的病程、SBP、HbA1c、LDL-C、CRP、老年2型糖尿病下肢动脉病变的独立危险因素（OR=2.932~14.404，P<0.05）。 结论 （1）糖尿病的病程、SBP、HbA1c、LDL-C、CRP、脂联素、HRV与老年2型糖尿病患者下肢动脉病变相关；（2）HRV降低是老年2型糖尿病患者下肢动脉病变的独立危险因素。
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Diabetic lower extremity arterial disease (LEAD) is a manifestation of generalized arteriosclerosis, a frequent complication and main cause of death and disability in patients with diabetes mellitus (DM), and a tough problem in DM treatment. Heart rate variability (HRV) is variability of cardiac cycle, which is a non-invasive and quantitative assessment method for automatic nervous system injury developed in recent years, and it received widespread attention from domestic and foreign medical circles. Now there are lots of data proving that HRV is closely related with automatic nervous disease in patients with type 2 DM (T2DM), but there are few researches on relationship between HRV and LEAD in aged T2DM patients. Through HRV analysis on aged T2DM patients, the present study aimed to analyze relationship between HRV and LEAD in aged T2DM patients to provide evidence for early diagnosis and treatment of LEAD and decreased lower extremity amputation rate in aged DM patients. 

1  Subjects and methods

1.1 Subjects

1.1.1 DM group:  A total of 65 T2DM patients, who admitted in second affiliated hospital of Harbin Medical University from Apr 2009 to May 2010 and accorded with WHO diagnostic standard of DM in 1999, were enrolled. Their age were 60~65 years and course of disease was 1~20 years. All patients received Doppler ultrasonography of artery of dual lower extremity. According to ultrasound examination results [1], the patients were divided into DM + LEAD group (LEAD group, n=36, 19 males and 17 females) and DM without LEAD group (NLEAD group, n=29, 15 males and 14 females). Exclusion standards were as following: Severe liver or renal diseases, ketosis, hyperthyroidism, neurological disorders, angina pectoris, myocardial infarction, congestive heart failure, blood pressure ＞160/ 100 mmHg, atrial fibrillation, frequent atrial and ventricular premature, ≥Ⅱ° atrioventricular or sinoatrial block; Usage of β-receptor blocker, atropine and digitaloid drugs within three months; acute cerebrovascular diseases, chronic respiratory diseases, recent wound infection, tumor, stress and immune system diseases. 

1.1.2 Normal control group: Another 23 healthy subjects with age 60~65 years were regard as normal control group (10 males and 13 females). Their fasting venous plasma glucose was <6.1 mmol/L, 2hPG was <7.8mmol/L and glycosylated haemoglobin (HbA1c) was <6.5% in all subjects. 

1.2 Methods

1.2.1 Measurement of routine indexes in all patients: The routine indexes included gender, age, course of disease, body mass index (BMI), systolic blood pressure (SBP), diastolic blood pressure (DBP), fasting plasma glucose (FPG), 2h postprandial blood glucose (2hPG), HbA1c, total cholesterol (TC), triglyceride (TG), low density lipoprotein cholesterol (LDL-C), high density lipoprotein cholesterol (HDL-C), blood uric acid (UA), blood creatinine (Cr), blood urea nitrogen (BUN), platelet counting (PLT), plasma fibrinogen (Fg) and C reactive protein (CRP). After fasting for 12h, venous blood was taken in all patients in the morning for examination. Glucose oxidase method was used to measure FPG and chemoluminescence method was used to measure HbA1c. Measurement of adiponectin: 4ml fasting venous blood was taken, EDTA was added for anticoagulation, centrifuged at 3500 r/min for 10min, then plasma was taken, and plasma level of adiponectin was measured using enzyme linked immunosorbent assay (ELISA) method by B10-RAD microplate reader (the reagent was bought from Shanghai Zhuokang Biotechnology Co Ltd, every procedure was strictly conducted according to instructions, sensitivity: <0.003μg/ml). 

1.2.2 Measurement of HRV: All patients underwent 24h dynamic electrocardiography. The instrument was American Merrill Lynch type H12+ electrocardiographic analysis system; effective signals and sinus rhythm time were not less than 23h. Man-machine dialogue analysis style was used, ectopic beats interference were excluded, following HRV time domain and frequency domain indexes were selected: standard deviation of normal to normal RR intervals calculated over the 24 h period (SDNN), standard deviation of normal to normal RR intervals in all 5 min segments of the entire recording (SDANN), root-mean square of differences between successive normal to normal intervals (rMSSD), adjacent normal RR interval difference > 50ms stroke accounted for a percentage of 24h total RR interval (PNN50), low frequency (LF), high frequency (HF), very low frequency (VLF). In above indexes, SDNN mainly reflects general activity changes of sympathetic and parasympathetic nerves, SDANN reflects change of sympathetic nerve tension, rMSSD and PNN50 mainly reflect parasympathetic nerve tension. LF reflects combined effect of sympathetic and vagus nerves, and sympathetic nerves are dominant, HF mainly reflect vagus nerve tension. 

1.2.3 Doppler ultrasonography of dual lower extremity arteries: After admission, all patients received Doppler ultrasonography of dual lower extremity arteries. ViVid7 color ultrasound diagnosis instrument produced by American GE Company (probe frequency 14.0 MHz) was used and conducted by physician of ultrasound department. Patients lay in supine position and prone position in order, tracing observation with probe started from groin to lower and explored femoral artery, popliteal artery, superficial femoral artery, anterior tibial artery and dorsal pedis artery. Vascular intima, lumen form and walking direction were first observed by two-dimension image and displayed by color Doppler, pulse Doppler was used to measure spectrum form of diseased segments. Diagnostic standards for lower extremity vascular disease [1] were: (1) Arterial intima thickness ≥1mm; (2) Intima was not thick but echo enhanced; (3) Plagues (single, multiple, diffused); (4) Stenosis.     

1.3 Statistical method

SAS 9.1 statistical software was used to perform analysis. Measurement data were expressed as mean ± standard deviation (
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) and median ± quartile range (Qrange). Comparison between two groups was performed using rank sum test (data of non-normal distribution and variance heterogeneity), comparison among multiple groups was performed using analysis of variance or Kruskal-Wallis rank sum test (in case of variance heterogeneity), and pairwise comparison among multiple groups was performed using SNK test or Nemenyi method (in case of variance heterogeneity) at the same time. Spearman rank correlation analysis and multi-factor Logistic regression analysis were used to screen risk factors for LEAD in T2DM. Factors with statistical significance in single factor analysis were entered multi-factor analysis; gradual screening method was used to screen risk factors. All statistical inference method used two-sided test. P<0.05 was regard as possessing significant difference. 

2. Results

2.1 Comparison of clinical indexes among LEAD, NLEAD and normal control groups
There were no significant difference in age, BMI, DBP, TC, TG, HDL-C, PLT, BUN and Cr among three groups (P>0.05). Compared with normal control group, there were significant increase in levels of SBP, FPG, 2hPG, HbA1c, LDL-C and CRP, and significant decrease in plasma concentration of adiponectin in NLEAD group and LEAD group, P<0.05 all; compared with NLEAD group, there were significant increase in course of disease, levels of SBP, HbA1c, LDL-C, Fg and CRP, and significant decrease in plasma concentration of adiponectin in LEAD group, P<0.05 all. They were shown in table 1 and 2. 

2.2 Comparison of HRV indexes among three groups

Compared with normal control group, there were significant decrease in SDNN, SDANN, rMSSD, PNN50, LF, HF and VLF in LEAD group; there were significant decrease in SDNN, SDANN and VLF in NLEAD group, P<0.05 all; compared with NLEAD group, all above –mentioned indexes significantly decreased except rMSSD in LEAD group, P<0.05 all. They were shown in table 3.
Table 1  Comparison of general clinical indexes among three groups (
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	Index
	Normal control group (n=23, 10 males/13 females)
	NLEAD group

 (n=29, 15 males

/14 females)
	LEAD group 

(n=36, 19 males/17 females)
	F
	P

	Age (years)
	63.13±1.58
	63.66±1.67
	63.50±1.78
	0.64
	0.5315

	SBP (mmHg)
	127.17±7.60
	140.24±8.95△
	147.61±7.58△▲
	45.16
	<0.0001

	DBP (mmHg)
	76.52±6.36
	80.97±8.56
	80.61±8.73
	2.34
	0.1028

	TC (mmol/L)
	4.91±1.06
	4.62±1.10
	4.66±1.22
	0.46
	0.6332

	LDL-C (mmol/L)
	1.73±0.28
	2.27±0.50△
	2.81±0.71△▲
	26.91
	<0.0001

	Fg (g/L)
	2.40±0.54
	2.57±0.51
	3.02±0.71△▲
	8.27
	0.0005


	Index
	Normal control group (n=23, 10 males/13 females)
	NLEAD group (n=29, 15 males/
14 females)
	   LEAD group     (  （n=36, 19 males/
1  17 males)
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	Course of disease (years)
	-
	3.00±2.00
	 7.50±4.00▲
	-6.07860﹟
	<0.0001

	BMI (kg/m2)
	23.00±3.00
	 24.00±2.00
	24.00±3.00
	3.02270
	0.2206

	FPG (mmol/L)
	 5.17±0.65
	  6.47±0.90△
	 6.80±2.85△
	25.79790
	<0.0001

	2hPG (mmol/L)
	 6.76±0.79
	 10.13±2.52△
	 12.85±5.9△
	45.09820
	<0.0001

	HbA1c (%)
	 5.50±1.00
	 6.40±0.70 △
	 7.15±2.05△▲
	33.70650
	<0.0001

	TG (mmol/L)
	 1.79±1.46
	 1.98±1.53
	 1.90±1.11
	1.00610
	0.6047

	HDL-C (mmol/L)
	 1.31±0.44
	 1.22±0.46
	 1.24±0.40
	4.18890
	0.1231

	PLT (×109/L)
	222.00±74.00
	206.00±59.00
	221.00±71.50
	0.23930
	0.8872

	CRP (mg/L)
	 1.05±1.11
	 2.01±1.79 △
	3.14±2.92△▲
	29.32080
	<0.0001

	UA (μmol/L)
	286.60±74.40
	326.20±97.90△
	321.30±111.35
	9.32770
	0.0094

	BUN (mmol/L)
	 5.47±1.44
	 5.77±1.60
	5.70±1.87
	3.41250
	0.1815

	Cr (μmol/L)
	 70.00±18.00
	 73.00±19.00
	77.00±26.50
	3.99990
	0.1353

	Adiponectin (μg/ml)
	 14.40±5.40
	  8.40±3 .00△
	  5.64±2.45 △▲
	55.38930
	<0.0001


LEAD: Lower extremity arterial disease, NLEAD: Non-LEAD, SBP: Systolic blood pressure, DBP: Diastolic blood pressure, TC: Total cholesterol, LDL-C: Low density lipoprotein cholesterol, Fg: Fibrinogen. Compared with normal control group △P＜0.05, compared with NLEAD group ▲P＜0.05. Similarly hereinafter.;BMI: Body mass index, FPG: Fasting plasma glucose, 2hPG: 2h postprandial blood glucose, HbA1c: Glycosylated haemoglobin, TG: Triglyceride, HDL-C: High density lipoprotein cholesterol, PLT: Platelet counting, CRP: C reactive protein, UA: Uric acid, BUN: Blood urea nitrogen, Cr: Creatinine. ﹟ expresses Z of rank sum test of two groups. 
                Table 2  Comparison of HRV indexes among three groups (
[image: image4.wmf]s

x

±

)
	Index
	Normal control 

group (n=23, 10 males

/13 females)
	NLEAD group 

(n=29, 15 males/14 females)
	 LEAD group 

(n=36, 19 males/17 females)
	 F
	P

	VLF(ms)
	1552.97±167.12
	761.61±173.59 △
	561.37±184.50△▲
	232.16
	<0.0001

	SDNN(ms)
	119.00±25.00
	 109.00±17.00△
	  87.00±22.50 △▲
	35.81220
	<0.0001

	SDANN(ms)
	113.00±26.00
	  97.00±18.00 △
	  82.00±17.00△▲
	44.15800
	<0.0001

	rMSSD(ms)
	25.00±12.00
	21.00±9.00
	16.00±8.50 △
	15.70750
	0.0004

	PNN50(ms)
	5.00±5.00
	4.00±3.00
	3.00±4.00△▲
	24.91320
	<0.0001

	LF  (ms)
	391.40±209.40
	301.90±120.10
	168.15±99.50 △▲
	36.10970
	<0.0001

	HF  (ms)
	134.40±37.80
	104.40±50.50
	  66.70±48.9 0△▲
	29.59790
	<0.0001


SDNN: Standard deviation of normal to normal RR intervals calculated over the 24 h period, SDANN: Standard deviation of normal to normal RR intervals in all 5 min segments of the entire recording, rMSSD: Root-mean square of differences between successive normal to normal intervals, PNN50: Adjacent normal RR interval difference > 50ms stroke accounted for a percentage of 24h total RR interval, LF: Low frequency, HF: High frequency. △  Compared with normal control group P＜0.05, ▲compared with NLEAD group P＜0.05,Similarly hereinafter.  
2.3 Spearman correlation analysis

Spearman correlation analysis indicated that course of DM, SBP, 2hPG, HbA1c, LDL-C, Fg and CRP were positively correlated with diabetic LEAD (r=0.311~0.760, P<0.05 all); adiponectin, SDNN, SDANN, rMSSD, PNN50, VLF, LF and HF were negatively correlated with diabetic LEAD (r=-0.597~-0.317, P<0.01 all). They were shown in table 3, 4. 
Table 3 Spearman correlation analysis among general indexes and LEAD in aged T2DM patients 
	
	Age (years)
	Course of disease (years)
	SBP
(mmHg)
	DBP
(mmHg)
	BMI

(kg/m2)
	FPG
(mmol/L)
	2hPG

(mmol

/L)
	HbA1c

（%）
	TC

(mmol
/L)
	TG(m

mol/L)

	r
	-0.122
	0.760
	0.350
	-0.056
	0.120
	0.081
	0.339
	0.443
	0.004
	-0.019

	P
	0.330
	<0.001
	0.004
	0.653
	0.338
	0.517
	0.005
	0.000
	0.974
	0.875

	
	HDL-C

(mmol/L)
	LDL-C

(mmol/L)
	PLT(×

109/L)
	Fg

(g/L)
	CRP

(mg/L)
	UA

(μmol/L)
	BUN(m

mol/L)
	Cr(μ

mol/L)
	Adiponectin (μg/ml)

	r
	-0.029
	0.379
	0.017
	0.311
	0.398
	-0.130
	0.072
	0.106
	-0.456

	P
	0.814
	0.001
	0.891
	0.011
	0.001
	0.301
	0.570
	0.398
	0.001


 T2DM: Type 2 diabetes mellitus. Similarly hereinafter.             
   Table 4   Spearman correlation analysis among HRV indexes and LEAD in aged T2DM patients 
	
	SDNN(ms)
	SDANN(ms)
	rMSSD(ms)
	PNN50(ms)
	VLF(ms)
	LF(ms)
	HF(ms)

	r
	-0.554
	-0.567
	-0.317
	-0.439
	-0.482
	-0.597
	-0.456

	P
	<0.001
	<0.001
	0.009
	0.000
	<0.001
	<0.001
	0.001


2.4 Multi-factor Logistic regression analysis

   The Logistic analysis indicated that course of DM, SBP, HbA1c, LDL-C, CRP, adiponectin, SDNN, SDANN and LF were independent risk factors for LEAD in aged T2DM patients. They were shown in table 5. 

3. Discussion

There are more and more aged DM patients along with aging of world population, their vascular complications, especially LEAD also gradually increase and is one of frequent and intractable vascular diseases in clinic. According to statistics, lower extremity amputation rate in DM patients was 5~10 times higher than that of normal people [2]. UK Prospective Diabetes Study (UKPDS) [3] has proved that hypertension is a traditional risk factor of LEAD, and closely correlated with LEAD occurrence and development. Results of present study were consistent with UKPDS, suggesting that strict control of blood pressure can significantly decrease incidence rate of large vascular and peripheral vascular diseases in DM. 

Table 5  Multi-factor Logistic regression analysis of risk factors for LEAD in T2DM 
	Factor
	P
	OR
	95%CI for OR

	
	
	
	Low
	UP

	Course of disease (years)
	0.0003
	2.932
	1.645
	5.228

	SBP (mmHg)
	0.0063
	10.216
	1.927
	54.164

	HbA1c（%）
	0.0117
	4.641
	1.408
	15.299

	LDL-C (mmol/L)
	0.0214
	14.404
	1.485
	1  39.721

	CRP (mg/L)
	0.0282
	3.726
	1.151
	12.060

	Adiponectin (μg/ml)
	0.0318
	0.614
	0.393
	0.958

	SDNN (ms)
	0.0316
	0.918
	0.848
	0.992

	SDANN (ms)
	0.0134
	0.882
	0.799
	0.974

	LF (ms)
	0.0103
	0.984
	0.972
	0.996


The present study indicated that course of disease was longer, HbA1c level was higher in T2DM + LEAD patients, suggesting that longer course of DM may be a fundamental factor of LEAD [4-6]. Meanwhile, the present study found that compared with NLEAD patients and normal controls, there were significant increase in serum levels of LDL-C and CRP in T2DM + LEAD patients, and those of NLEAD group were significant higher than those of normal control group. Spearman correlation analysis indicated that levels of LDL-C and CRP were positively correlated with occurrence and development of LEAD, suggesting that they play an important role in LEAD. Besides, the present study indicated that plasma expression level of adiponectin in T2DM + LEAD group was significantly lower than those of NLEAD group and normal control group, and that of NLEAD group was significantly lower than that of normal control group, Logistic multi-factor regression analysis indicated that plasma adiponectin was an independent risk factor for LEAD complicated in DM patients. 

The present study also indicated that there were significant decrease in HRV indexes in LEAD group and NLEAD group, and significantly lower than those of normal control group, P<0.05 all, suggesting that DM patients complicated sympathetic and vagal injury. HRV indexes in LEAD group were significantly lower than those of NLEAD group except rMSSD, suggesting that patients complicated with LEAD suffered more severe nervous injury. Logistic multi-factor regression indicated that SDNN, SDANN and LF were independent risk factors for LEAD in aged T2DM patients. A study reported that occurrence of autonomic nervous diseases in T2DM can directly affect systolic and diastolic function of peripheral arteries [7], making lower extremity arteries, especially toe artery blood flow dysregulation, decreased blood supply of lower extremity arteries, lead to and aggravate diabetic foot disease; on the contrary, pathological change of capillary vessel nourishing nerve in DM may lead to decrease of nervous blood supply, then aggravates nervous pathological change of DM and forms a vicious cycle, making HRV indexes further decrease after LEAD occurs in T2DM patients. Because clinical manifestations of disease are not typical, progression of disease is rapid and easy to occur severe complications in aged patients,, when HRV indexes decrease in aged T2DM patients, the peripheral arteries should be examined and treated as early as possible in order to improve prognosis, decrease lower extremity amputation rate and improve quality of life. 
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