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Aims—To evaluate cardiovascular risk factors and heart rate variability (HRV) in young adults 

with type 2 diabetes and arterial stiffness and to explore the relationship between HRV and arterial 

stiffness.

Methods—We studied 185 young adults with youth-onset T2D enrolled in the SEARCH for 

Diabetes in Youth study. Cardiovascular risk factors and HRV were compared between individuals 

with and without type 2 diabetes and arterial stiffness (defined as a pulse wave velocity greater 

than the 90th percentile of healthy controls, >6.767 m/s). Semiparametric regression evaluated the 

independent relationship between HRV and PWV.

Results—Participants with T2D and arterial stiffness were more likely to be older, non-Hispanic 

Black, have higher systolic and diastolic blood pressure, greater adiposity and obesity-related 

dyslipidemia (higher triglycerides and lower HDL-C). Participants with T2D arterial stiffness also 

had lower overall HRV (lower SDNN) with parasympathetic loss (lower RMSSD and PNN50), 

p<0.05. Lower HRV tended to be but was not significantly associated with arterial stiffness after 

adjustment for age, race/ethnicity, sex and cardiovascular risk factors (beta coefficient = −1.11, 

p=0.08).

Conclusions—Youth with T2D and arterial stiffness have a worse cardiovascular risk profile, 

specifically risk factors related to the metabolic syndrome and lower HRV.
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Introduction

Type 2 diabetes (T2D) is a risk for cardiovascular disease 1. Prior work shows young adults 

with youth-onset T2D have a disproportionally higher rates of diabetes-related 

complications and an increased risk for mortality 2–5. Rates of co-morbidities and 

complications are higher in youth with T2D compared to type 1 diabetes (T1D) despite 

similar glucose control and duration of diabetes 2–5. For this reason, understanding the risk 

factors associated with early markers cardiovascular disease in young adults with T2D is 

important.

Arterial stiffness is an early marker of cardiovascular disease. In adults, higher arterial 

stiffness predicts greater cardiovascular morbidity and mortality 6, 7. Pulse wave velocity 

(PWV) is the gold-standard method for assessing arterial stiffness. PWV is measured non-

invasively and is therefore useful to assess cardiovascular risk in the pediatric and young 

adult population. Youth with T2D have higher PWV compared to their peers with T1D, as 

well as lean and obese controls 2, 7–9. Older age, non-white race, higher blood pressure and 

greater BMI have been associated with higher PWV 8, 10.

Cardiac autonomic dysfunction is another frequent and early but often under-recognized 

manifestation of T2D that confers a risk of arrhythmia, myocardial infarction and sudden 

death 11–15. Cardiac autonomic dysfunction is associated with parasympathetic loss and 

sympathetic dysfunction 16, 17. The autonomic nervous system is responsible for regulating 
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heart rate and vascular tone implying a potential pathophysiological link between cardiac 

autonomic function and arterial stiffness.

Thus, the aims of the present study were to 1) evaluate the cardiovascular risk factor profile 

and HRV in adolescents and young adults with youth-onset type 2 diabetes and arterial 

stiffness, and 2) to explore the independent relationship between HRV and arterial stiffness.

Subjects, Materials and Methods

This is a cross-sectional analysis of participants enrolled in the SEARCH for Diabetes in 

Youth study, a multi-center study examining the prevalence, incidence, and complications of 

youth-onset diabetes 18. SEARCH has five sites in the United States (South Carolina; 

Cincinnati, Ohio and surrounding counties; Colorado with southwestern Native American 

sites; Seattle, Washington and surrounding counties; and Kaiser Permanente, Southern 

California). Participants included in this analysis were diagnosed with type 2 diabetes in 

2002–2006 or 2008 and had a baseline visit at a mean of 9.3 ±6.4 months from their diabetes 

diagnosis. Participants (n=409) were eligible for a SEARCH study follow-up visit between 

2011– 2015 when their duration of diabetes was at least ≥ 5 years 19. Participants could have 

been up to five times over the 13 year period. Type 2 diabetes was defined as negative islet 

cell antibody titers and an insulin sensitivity score of <8.15, indicating insulin resistance 20. 

Of the 409 eligible for a follow-up visit, 255 were seen for an in person study visit and 185 

underwent arterial stiffness and heart rate variability testing. Institutional review boards at 

each site approved the study. All participants, the parent, adolescent or young adult, or both 

provided consent or assent.

Anthropometric, demographic and metabolic variables were collected similarly at each visit, 

as previously described 19. Briefly, height and weight were measured in light indoor clothing 

without shoes and used to calculate BMI (kg/m2). Waist circumference was measured twice 

in centimeters using the natural waist defined as midway between the lowest rib margin and 

the right iliac crest at the mid-axillary line. A third measurement was made if the second 

measure differed from the first by > 1.0 cm. The ratio of waist-to-height (WHtR) to quantify 

central obesity 21–23. Blood and urine were collected after a minimum of an 8-hour fast and 

all samples (lipids, hemoglobin A1c, urine albumin, urine creatinine) were analyzed at the 

Northwest Lipid Metabolism and Diabetes Research Laboratories at University of 

Washington, Seattle, Washington 24. Measurements of triglycerides and HDL cholesterol 

(HDL-C) were performed enzymatically on a Hitachi 917 autoanalyzer (Roche Molecular 

Biochemicals Diagnostics, Indianapolis, IN). LDL cholesterol (LDL-C) were calculated by 

the Friedewald equation for individuals with triglyceride concentrations <400 mg/dL and the 

Beta Quantification procedure for those with triglyceride ≥400 mg/dL. High-performance 

liquid chromatography (TOSOH Bioscience, Inc., San Francisco, CA) was used to measure 

Hemoglobin A1c. Urinary albumin and creatinine were measured from a first morning void.

At follow-up only, physical activity, hours of TV watching and smoking status were 

determined by a participant questionnaire. Two questions classified participants into “never”, 

“former”, and “current” smokers. If the participant answered “no” to the question “Have you 

ever tried cigarette smoking, even one or two puffs?” then the participant was classified as a 
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“never” smoker. If the participant answered “yes” to the above question, they were asked 

“During the past 30 days, on how many days did you smoke cigarettes?” If the participant 

answered “none” then they were classified as a “former” smoker. If the participant answered 

“yes” to ever smoking a cigarette and said they had smoked at least one day in the past 30 

days then they were classified as a “current” smoker 25.

At the last follow-up visit, participants also underwent measurements of arterial stiffness and 

HRV testing, both measured by the SphygmoCor-Vx device (AtCor Medical, Sydney, 

Australia)2. All measurements occurred in the morning in a room with a stable room 

temperature, with the participant lying in the resting supine position for 10 min.

Arterial stiffness was assessed once at follow-up by a measuring carotid femoral pulse wave 

velocity (PWV). PWV calculates the speed of pressure waves generated by cardiac ejection 

to reach the periphery. Three ECG leads are applied to the torso of each participant. The 

distances from the lowest portion of the sternal notch to the carotid and femoral artery sites 

are then measured to the nearest 0.1 cm three times using a tape measure and averaged. A 

pressure waveform obtained from the proximal site (carotid artery) is recorded followed by a 

second arterial waveform recorded from the distal site (femoral artery) using a tonometer. 

Waveforms are also recorded on a simultaneous electrocardiogram. PWV is the difference in 

the carotid-to-femoral path distance divided by the time delay measured between the feet of 

the two waveforms reported in meters per second (m/s). The average of at least 10 beats was 

used in the analysis to cover a complete respiratory cycle. Three PWV recordings were 

obtained per participant and averaged. Repeat measures show a coefficient of variation of < 

7%26. A PWV of 90th percentile or greater of controls from the SEARCH Cardiovascular 

Disease study defined arterial stiffness2.

Heartbeats from an electrocardiogram were recorded for 10 minutes to determine HRV. The 

SphygmoCor-Vx device takes into account the normal heartbeats, ignoring ectopic beats, to 

derive a the normal R-R intervals (NN intervals) of the electrocardiogram and estimates 

several time-domain HRV indices. Both time- and frequency-domain HRV parameters are 

derived. Time domains include 1) the SD of the NN intervals (SDNN), 2) the root mean 

square differences of successive NN intervals (RMSSD), and 3) the percent of adjacent NN 

intervals with a difference greater than 50msec (PNN50). Frequency domains are calculated 

using Fast Fourier analysis which separates the heart rate spectrum into various components 

including: 1) normalized high frequency (HF) power, 2) normalized low frequency (LF) 

power, and 3) their ratio, LF: HF. SDNN is a measure of overall HRV. RMSSD and PNN50 

represent the parasympathetic component of the HRV16. HF and LF power have traditionally 

been thought to represent parasympathetic and sympathetic components of HRV, 

respectively27. However, more recent literature suggests that is an over simplistic view as, 

LF and HF may be influenced by respiratory sinus arrhythmia, posture/movement, and other 

vagal components 28. Tachograms and Poincare plots were examined at the time of 

conducting the study by study staff with the SphymaCor measurement repeated if needed. 

All data were checked to look for clinical or statistical outliers in the time and frequency 

domains and those with excessive artifact, were deleted.
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Statistical analyses were performed using SAS, version 9.4 (SAS Institute Inc., Cary, NC) 

and R: a language and environment for statistical computing. Differences in the 

characteristics and HRV of T2D youth with (PWV >6.767) and without arterial stiffness 

(PWV ≤ 6.767) were evaluated using Kruskal-Wallis tests for continuous outcomes and Chi-

square tests for categorical outcomes. Cardiovascular risk factors over time were quantified 

by the area under the curve (AUC) where the area under the curve was calculated using 

trapezoidal rule with the time between measurements on the x-axis and the observed values 

of the risk factors of interest on the y-axis. Observed values used for the calculation of AUC 

variables were potentially collected at prior SEARCH visits (baseline, 1-, 2-, and 5-year 

follow up visits) and the visit that aligns with the arterial stiffness and HRV measurements.

We used semiparametric regression, where SDNN was modeled as a non-parametric 

function with linear terms for all the covariates to explore associations between overall heart 

rate variability (SDNN) and PWV. Several models were considered: (model 1, unadjusted) 

and then adjusted for covariates such as age, gender, race/ethnicity as black vs other (model 

2), model 2 + systolic blood pressure (model 3), model 2 + BMI (model 4), model 2+ 

smoking as former/current vs never (model 5), model 2+ log (triglycerides) (model 6) and 

model 2 + hemoglobin A1c (model 7) to determine whether any one individual risk factor 

explained the association between HRV and PWV. The final model (model 8) adjusted for 

all covariates.

RESULTS

Characteristics of the 185 participants with T2D (62% female) who were included in these 

analyses are shown in Table 1. At the time of the PWV and HRV assessments participants 

were a median [Q1, Q3] age of 22.4 [19.4, 24.6] years, with a duration of T2D of 7.8 [6.5, 

9.5] years. Individuals that comprised the cohort were Hispanic (23%), non-Hispanic black 

(40%), non-Hispanic white (29%) and other race/ethnicity (8%) which included Asian/

Pacific Islander and Native American. Median [Q1,Q3] hemoglobin A1c was 9.1 [6.4, 

11.8)], BMI was 33.5 kg/m2 [27.3, 38.3], systolic blood pressure mean ± SD was 118±13 

and diastolic blood pressure was 76.7±10.4. Thirty-three percent of the cohort reported 

being a current smoker, 29.4% reported being a former smoker, and 37.2% reported never 

smoking. Sixty-one percent reported <2 days of physical activity and 76% reported >2 hours 

of television watching per day. There were 22 (of the 185) that were on ACE inhibitors for 

either high blood pressure or microalbuminuria.

When stratified by the presence of arterial stiffness, defined as a PWV > 6.767m/s, 

participants with arterial stiffness were older, were more likely to be Non-Hispanic Black, 

had higher systolic and diastolic blood pressure, greater adiposity (BMI and waist to height 

ratio), and more obesity related dyslipidemia (higher triglycerides and lower HDL-C) 

compared to participants without arterial stiffness, all p<0.05 (Table 1). Non-Hispanic white 

participants were less likely to have arterial stiffness (p=0.003). Smoking status, days of 

physical activity, hours of television, hemoglobin A1c, duration of T2D, and urine 

microalbumin: creatinine ratio were not different between those with and without arterial 

stiffness.
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Cumulative exposure to cardiovascular risk factors measured as AUC (area under the curve) 

shows that young adults with T2D and arterial stiffness also had higher AUC systolic and 

diastolic blood pressure, higher BMI AUC, higher waist to height ratio and triglycerides 

AUC, and lower HDL AUC compared to those without arterial stiffness, Table 2.

In unadjusted comparisons, youth with arterial stiffness also had overall lower HRV (median 

SDNN) and greater parasympathetic loss (lower median RMSSD and PNN50) compared to 

those without arterial stiffness, p<0.05. See Table 3. LF power, HF power and their ratio did 

not differ by arterial stiffness status.

Table 4 shows the association between overall HRV (SDNN) and arterial stiffness (PWV). 

Sequential regression models evaluated the association between HRV and PWV adjusted for 

age, race, sex and then systolic blood pressure z score, BMI z score, smoking, triglycerides 

and hemoglobin A1c. However, these risk factors did not account for the association 

between HRV and arterial stiffness. In the final model that included age, gender, race-

ethnicity and all the risk factor covariates, lower HRV trended but was not significantly 

associated with higher PWV(beta coefficient = −1.11, p=0.08), Table 4, model 8.

DISCUSSION

This study found young adults with T2D and arterial stiffness were more likely to be older, 

Non-Hispanic Black, have a worse cardiometabolic profile and lower HRV. These findings 

also show youth with T2D and arterial stiffness also have abnormalities in heart rate 

variability or evidence of cardiac autonomic dysfunction.

We have previously shown in the SEARCH for Diabetes in Youth Study, by age 21 young 

adults with T2D not only have a high prevalence of arterial stiffness but also evidence of 

diabetic kidney disease, retinopathy, peripheral neuropathy, and hypertension 2, 29. Rates of 

these complications were higher than the rates observed among participants with T1D -- 

especially for arterial stiffness, which was seen in nearly 50% of the cohort2. Prior work in 

youth with T2D also shows evidence of elevated left ventricular mass, abnormal cardiac 

geometry and impaired diastolic function, reduced cardiopulmonary fitness, abnormal limb 

blood flow, and cardiac autonomic dysfunction in adolescents with type 2 diabetes, all 

pointing to a group at high risk to develop cardiovascular disease 30–42. For these reasons, it 

is important to understand whether the presence of arterial stiffness identifies participants 

with higher cardiovascular risk.

In the present study, we found that young adults with T2D and arterial stiffness had greater 

adiposity, higher blood pressure, and more obesity related dyslipidemia over time. These 

results point to a relationship between risk factors that are part of the metabolic syndrome 

constellation and arterial stiffness. The Young Finns Study has previously demonstrated a 

link between the metabolic syndrome in childhood and increased arterial stiffness in 

adulthood. Importantly, the Young Finns study showed that recovery from childhood 

metabolic syndrome was associated with decreased arterial PWV in adulthood. These 

findings highlight the importance of the prevention and/ or controlling metabolic risk factors 

early in life to prevent arterial stiffness in adulthood. It should be also noted that while 
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hemoglobin A1c, LDL cholesterol and microalbuminuria were not statistically different by 

arterial stiffness status in our study, the median values for each tended to be higher for 

individuals with arterial stiffness. As each is a known cardiovascular risk factor 
8, 25, 38, 43, 44, comprehensive risk management is likely needed to reduce overall 

cardiovascular risk.

We found that HRV (SDNN) was lower in participants with arterial stiffness. In addition, 

time domains PNN50 and RMSSD were lower suggesting evidence of parasympathetic loss 

in those with arterial stiffness. Frequency domains HF power, LF power and their ratio did 

not differ by the presence of arterial stiffness. Recent data suggests LF and HF power may 

be influenced by respiration, vagal tone, and posture suggesting these are less sensitive 

measures of HRV28. Additionally, these frequency domains are best assessed on 24 hour 

HRV measurements which may also explain our findings.

HRV is thought to reflect baroreflex control, particularly vagal control 45. As a result, stiffer 

vessels may lead to an attenuated baroreceptor function and thus decrease HRV. 

Additionally, changes in cardiac autonomic function (HRV) can affect the elasticity of the 

arterial wall by changing the smooth muscle tone of large arteries 46, 47. Animal studies also 

show sympathectomized rats exhibit a significant reduction in the elastic properties of the 

aorta when compared with animals with intact sympathetic ganglia 48. Thus, there is 

biological plausibility for a bi-directional relationship between HRV and arterial stiffness. A 

recent study published in young adults with T2D enrolled in the Treatment Options for 

Diabetes in Adolescents and Young Adults (TODAY) study found higher PWV in those with 

3 or more abnormal HRV indices 38. Similarly, Meyer et al reported that both central and 

peripheral PWV correlated with cardiac autonomic score in 45 adults with T2D 49. A recent 

study in 290 adults with T2D also showed that impaired cardiac autonomic function was 

associated independently with abnormal PWV 50. In SEARCH we have previously reported 

that increased PWV is associated with reduced heart rate variability in youth with type 1 

diabetes but not in healthy controls 43, 51. The relationship between HRV and arterial 

stiffness in patients with type 1 and now borderline (p=0.085) in T2D as demonstrated here 

but not controls suggests indirect support that link diabetes to cardiovascular disease.

Limitations of the current study include a single onetime assessment of arterial stiffness and 

HRV. However, follow-up HRV measurements and arterial stiffness are planned for this 

cohort. Second, HRV was limited to a relatively short length of recording (10 minutes), 

however, this method is considered standard clinical and research practice by the Task Force 

of the European Society of Cardiology and the North American Society of Pacing and 

Electrophysiology 52. Strengths of the study include a large sample size, an ethnically 

diverse cohort, validated measures of arterial stiffness and cardiovascular autonomic 

neuropathy, and collection of longitudinal cardiovascular risk factors.

In summary, youth with type 2 diabetes and arterial stiffness have evidence of worse 

cardiovascular risk factors and lower heart rate variability. These findings suggest the 

presence of arterial stiffness may confer higher cardiovascular risk. However, long-term 

study of this cohort is needed to confirm this.
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Highlights

• Arterial stiffness is a marker of CVD that predicts morbidity and mortality

• Decreased HRV confers higher CV risk and may regulate arterial stiffness

• Youth with T2D and arterial stiffness have a worse CV risk profile and lower 

HRV.
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Table 1.

Characteristics of the youth with type 2 diabetes overall and stratified by their arterial stiffness status collected 

at the follow-up visit (2011–2015)

Variable All N= 185 PWV ≤6.767 m/sec N= 88 PWV >6.767 m/sec N= 97 p-value

Age, years 22.4 (19.4, 24.6) 21.7 (18.66, 23.8) 23.3 (20.3, 25.0) 0.013

Female, % 62% 56% 68% 0.08

Duration, years 7.8 (6.5, 9.5) 8.1 (6.3, 9.2) 7.8 (6.9, 9.6) 0.44

Race/ethnicity

Non-Hispanic Black, % 40% 32% 47% 0.031

Non-Hispanic White, % 29% 40% 20% 0.0026

Hispanic, % 23% 17% 29% 0.057

Other, % 8% 11% 4% 0.063

Current smoker, % 33% 31% 35% 0.60

Former smoker,% 29% 30% 29% 0.82

Never smoker, % 37% 38% 36% 0.76

Systolic BP, mm Hg 118±13 114±11 122±14 <0.0001

Diastolic BP, mm Hg 76.7±10.4 73.8±9.0 79.4±10.8 0.0012

Waist to Height ratio 0.6 ± 0.11 0.5 ± 0.11 0.77 ± 0.11 <0.0001

BMI (kg/m2) 33.5 (27.3, 38.3) 28.2 (25.1, 34.1) 36.4 (32.5, 41.5) <0.0001

BMI z score 1.8 (1.2, 2.2) 1.3 (0.7, 1.9) 2.1 (1.8, 2.3) <0.0001

Hemoglobin A1C (%) 9.1 (6.4, 11.8) 8.7 (6.0, 11.88) 9.5 (6.6, 11.99) 0.35

HDL-cholesterol, mg/dL 40.0 (34, 47) 42.5 (37, 49) 39.0 (33, 44) 0.0034

LDL cholesterol, mg/dL 100.0 (79, 130) 99.0 (76, 117) 106.0 (81, 136) 0.068

Triglycerides, mg/dL 122.0 (80, 207) 105.0 (74, 179) 141.0 (88, 255) 0.015

Total Cholesterol, mg/dL 177.0 (144, 210) 171.0 (139, 198) 183 (145, 223) 0.086

Albumin: Creatinine ratio, mg/g 8.6 (4.6, 30.2) 7.4 (4.1, 23.9) 9.9 (4.9, 35.8) 0.17

Percent with microalbuminuria 25% 21% 29% 0.33

Days of physical activity 0.86

0-2 61% 60% 61%

3-7 39% 40% 39%

Hours/ day of television watching 0.23

< 2 hours 24% 28% 21%

2 or more hours 76% 72% 79%

All data are represented as mean± SD or median (IQR) or %. BP: blood pressure, BMI: body mass index, high density lipoprotein, LDL: Low 
density lipoprotein. p indicates the difference between those with and without arterial stiffness. Microalbuminuria was defined as an albumin: 
creatinine ratio >30 mg/g
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Table 2.

Longitudinal risk factor profile assessed as area under the curve (AUC) of youth with T2D overall and 

stratified by arterial stiffness status

Variable All PWV <=6.767 PWV >6.767 P-value

Systolic BPAUC 116(111. 122) 115 (109. 118) 119 (113. 126) <0.0001

Diastolic BPAUC 73.0 (69.0. 78.2) 71.5 (66.8. 76.0) 75.3(70.7. 80.4) 0.0002

Waist to Height Ratio AUC 0.6±0.1 0.55 ±0.067 0.65 ±0.094 <0.0001

Body mass index z score AUC 2.0 (1.4. 2.3) 1.6 (1.2, 2.1) 2.2 (1.9. 2.5) <0.0001

Hemoglobin Ale AUC 8.5±2.4 8.4 ±2.5 8.5 ±2.3 0.63

HDL cholesterol AUC 41±9 43±10 40 ±8 0.043

LDL cholesterol AUC 103±30 9S±27 108 ±328 0.067

Total cholesterol AUC 174 (147. 198) 166 (146. 195) 181 (148. 209) 0.15

Triglycerides AUC 131 (88. 201) 123 (83.5. 175.0) 147 (92. 209) 0.048

Albumin: Creatinine ratio AUC 9.0 (5.0. 37.2) 9.2 (4.7. 23.7) 8.8 (5.5, 43.9) 0.72

All data are represented as mean ± SD or median(IQR) and are adjusted for time in the study. The p value indicates the difference between those 
with and without arterial stiffness
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Table 3.

HRV indices of the youth with type 2 diabetes overall and stratified by their arterial stiffness status collected at 

the followup visit (2011–2016)

Variable All PWV <=6.767 PWV>6.767 P-value

Total Power 1277 (615. 3264) 1666 (888. 4340) 961 (460. 2282) 0.002

HF Power 393 (141. 1256) 632 (234. 1798) 268 (85. 920) 0.001

LF Power 373 (180. 892) 405 (241. 1227) 299 (131. 559) 0.003

HF Power Normalized (hz) (lower is worse) 52.4 (38.2, 64.2) 54.4(41.7, 65.0) 51.2 (35.6, 64.1) 0.17

LF Power Normalized (hz) (higher is worse) 47.6(35.8, 61.8) 45.6 (35.0, 58.3) 48.8 (35.9, 64.4) 0.17

LF: HF ratio (%. higher is worse) 0.9 (0.6. 1.6) 0.8 (0.5. 1.4) 0.9 (0.6, 1.8) 0.17

PNN50 (%. lower worse) 14.4(3.5, 42.6) 25.1 (5.9, 46.9) 9.2 (2.1, 32.8) 0.002

RMSSD (inssec, lower is worse) 40.2 (24.9, 65.5) 48.5 (27.8, 78.8) 33.1(215 57 1) 0.003

SDNN msec, lower is worse) 46.1 (33.4, 71.7) 51.9 (36.9, 79.3) 41.9 (29.2, 61.8) 0.002

All data are median (IQR). HF: high frequency, LF: low frequency, PNN50: percent of adjacent NN intervals with a difference greater than 50msec, 
RMSSD: root mean square difference of successive normal RR intervals. SDNN: standard deviation of normal RR interval. The p value indicates 
the unadjusted difference between those with and without arterial stiffness.
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Table 4.

Linear regression models for association between SDNN (overall heart rate variability) and PWV (arterial 

stiffness)

Variable β Estimate SE p-value

Model 1: Unadjusted relationship between PWV and SDNN −2.91 0.71 0.00006

Model 2 : Model 1 + Age. Sex. Race (black vs other) −2.44 0.70 0.00058

Model 3 : Model 2 + Systolic BP z score −2.03 0.68 0.0034

Model 4 : Model 2 + BMI z score −2.32 0.61 0.00019

Model 5 : Model 2 + Smoking −2.36 0.72 0.0012

Model 6 : Model 2 +Triglycerides (log transformed) −1.55 0.71 0.030

Model 7 : Model 2 + Hemoglobin A1c −2.08 0.72 0.0046

Model 8 : PWV= SDNN + Age+ Sex +Race + systolic BPz-BMIz + smoking + log triglycerides + 
Hemoglobin A1c −1.11 0.64 0.085
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