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ABSTRACT 24 
25 

PURPOSE Cardiovascular disease (CVD) is the leading cause of death in chronic kidney 26 

disease (CKD). Abnormal arterial hemodynamics contribute to CVD, a relationship that can be 27 

mediated by microvascular dysfunction. The purpose of this study was to investigate potential 28 

sex differences in arterial hemodynamics and microvascular dysfunction in patients with Stage 29 

3-4 CKD.30 

METHODS Vascular function was assessed in 22 male (Mean±SD: Age, 56±13 years) and 10 31 

female (Age, 63±9 years) patients. Arterial hemodynamics were acquired with combined 32 

tonometry and oscillometry. Skin blood flow was utilized as a model of microvascular function. 33 

Participants were instrumented with three microdialysis fibers for the delivery of 1) Ringer’s 34 

solution 2) superoxide dismutase mimetic, tempol 3) nicotinamide adenine dinucleotide 35 

phosphate (NADPH) oxidase inhibitor, apocynin. Blood flow was measured via laser Doppler 36 

flowmetry during standardized local heating (42°C).  37 

RESULTS Central pulse pressure (Mean±SEM: 62±9 vs. 46±3 mmHg; p=0.01) and 38 

augmentation index (36±3 vs. 26±3 %; p=0.03) were higher in females. There was a trend for 39 

higher central systolic pressures in females (146±9 vs. 131±3 mmHg; p=0.06). Females 40 

reported higher forward (39±4 vs. 29±2 mmHg; p=0.004) and reflected wave amplitudes (27±3 41 

vs. 19±1 mmHg; p<0.001). Cutaneous vascular function was impaired in females compared 42 

with males (77±3 vs. 89±1 %, p=0.001). Microvascular function was improved following the 43 

delivery of tempol and apocynin in females but not males. 44 

CONCLUSION Female patients with CKD had poorer central hemodynamics and reduced 45 

microvascular function compared with their male counterparts. Oxidative stress may contribute 46 

to lower microvascular function observed in females.  47 

48 
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51 

NEW AND NOTEWORTHY 52 

There is limited data regarding the physiological mechanisms of potential sex differences in 53 

central hemodynamics and vascular function in chronic kidney disease (CKD). We report that 54 

older female patients with non-dialysis CKD have higher central pulse pressures compared 55 

with male patients with CKD. Additionally, older females with CKD have lower microvascular 56 

function compared with their male counterparts and oxidative stress contributes to the lower 57 

microvascular function in older female patients with CKD.  58 

59 
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60 
INTRODUCTION 61 

62 
Chronic kidney disease (CKD) is a global epidemic affecting ~15% of the US 63 

population(1). With an etiology unique to CKD, the incidence of cardiovascular disease (CVD) 64 

is substantially higher in these patients compared with the general population. Within the field 65 

of biomedical sciences, the mission to produce generalizable scientific studies had led to the 66 

fundamental recognition of sex as a biological variable(2). In cardiovascular medicine and 67 

nephrology, there has been a drive to better understand the role of sex differences in the 68 

underlying pathophysiology of the development and progression of disease(2). Furthermore, in 69 

the general population CVD prevalence is substantially higher in males compared with 70 

premenopausal females, a trend that is not observed in patients with CKD wherein CVD 71 

incidence is almost the same in males and females(1). This suggests that the cardioprotective 72 

effect of female sex before menopause is observed in the general population does not convey 73 

protection to females with CKD.  The pathophysiology of sex differences in CKD and CVD 74 

incidence is not yet fully understood.  75 

76 

Vascular dysfunction characterized by impaired microvascular function and arterial 77 

stiffness are hallmarks of CKD that contribute to the CVD burden.  Increased arterial stiffening 78 

and aberrant arterial hemodynamics are consistently reported in this disease state and 79 

contribute to development of CVD and the progression of renal dysfunction (3, 4). Specifically, 80 

large artery stiffness and abnormal arterial hemodynamics result in an increased left 81 

ventricular pulsatile load with the subsequent development of heart failure, a prominent 82 

contributor to mortality and morbidity in CKD(3). Furthermore, increased stiffening of the aorta 83 

and abnormal arterial hemodynamics promotes increased pulsatility in the microvasculature(4). 84 

The microvasculature of the kidney is highly susceptible to the upstream fluctuation in 85 
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pulsatility that, in combination with CKD related impaired renal autoregulation, ultimately 86 

culminates in end organ damage and therefore a progression of renal disease(5). Oxidative 87 

stress has been implicated as a major contributor to CKD related vascular dysfunction, 88 

particularly in Stage 3-4 CKD (6). However, there is limited knowledge regarding the 89 

physiological mechanisms of potential sex differences in vascular dysfunction in CKD. 90 

Therefore, the aim of this study was to determine if there are sex differences in arterial and 91 

microvascular function in mild to moderate CKD and explore the role oxidative stress as a 92 

mechanistic contributor to potential differences.  93 

94 

METHODS 95 

Participants 96 

This was a retrospective analysis of baseline data collected for a clinical trial 97 

(NCT02050035). All  procedures were approved by the University of Delaware Institutional 98 

Review Board and were performed according to guidelines set forth by the Declaration of 99 

Helsinki. All participants provided written informed consent. Patients with non-dialysis CKD 100 

were recruited from local Nephrology outpatient clinics. Eligibility criteria were assessed during 101 

a comprehensive screening visit that included a medical history, a physical exam, routine 102 

clinical blood work and urinalysis. Patients were considered eligible to participate if they 103 

presented with Stage 3-4 CKD (estimated glomerular filtration rate [eGFR] <60 ml/min/1.73m2) 104 

and >18 years. Patients were excluded if they were they presented with a history CVD (defined 105 

as a diagnosis of coronary artery disease; myocardial infarction; heart failure; peripheral artery 106 

disease; or a cerebrovascular accident/transient ischemic attack); uncontrolled hypertension; 107 

current cancer, lung or liver disease; currently receiving immunosuppressant, antiretroviral, 108 

hormone replacement therapy; current renal replacement therapy; current pregnancy; 109 

hemoglobin <11g/dL; current tobacco use; or if they were unable to provide informed consent. 110 
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Notably, we excluded patients with a history of CVD as we aimed to investigate vascular 111 

dysfunction prior to the development of overt CVD. As this was a retrospective analysis, 112 

menopause status and serum sex hormone levels were unavailable.  113 

114 

Experimental Visit 115 

Participants attended one experimental visit to a temperature-controlled laboratory. 116 

Participants were asked to refrain from alcohol and exercise for 24 hours and caffeine intake at 117 

least 12 hours prior to the scheduled visit. Participants were asked to withhold any morning 118 

medications and arrive to the visit having fasted for at least 6 hours.  119 

120 

Experimental Procedures 121 

Cutaneous Microvascular Function.  122 

We utilized the skin blood flow model as a representation of microvascular function. The 123 

cutaneous vasculature is an easily accessible vascular bed that is representative of systemic 124 

vascular function (7). This model allows an in vivo approach to examine underlying 125 

mechanistic contributions to microvascular function. The skin blood flow response to local 126 

heating was assessed by laser Doppler flowmetry. Simultaneous delivery of pharmacological 127 

substances via intradermal microdialysis allowed for the dissection of physiological 128 

mechanisms that contribute to microvascular function.  129 

130 

A 23G needle was used as a guide cannula to place three microdialysis probes (CMA 131 

Microdialysis, Sweden) on the forearm for the local delivery of pharmacological substances. 132 

Once instrumented, Ringers’ solution was infused (Bee Hive controller, Baby Bee 133 

microinfusion pumps, Bioanalytical Systems Inc, IN) through the probes at 2uL/min for 60–90 134 

minutes to allow resolution of insertion hyperemia. Skin blood flow, represented by cutaneous 135 
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red blood cell (RBC) flux, was assessed by laser Doppler flowmetry from a 1.5mm2 area of skin 136 

at each site. Multifiber laser Doppler probes placed in local heating units were fixed over the 137 

microdialysis membrane portion of each probe (Temperature Monitor SHO2, Moor Instruments, 138 

UK). Blood pressure was recorded every 15 minutes throughout the protocol on the 139 

contralateral arm.  140 

141 

Cutaneous microvascular function was experimentally assessed with a standardized 142 

local heating protocol (8-11). Once the insertion hyperemia had subsided, microdialysis sites 143 

received an infusion of either Ringers’ solution (control), 10µM tempol (superoxide dismutase 144 

mimetic; Sigma Aldrich, MO) or 100 µM apocynin (nicotinamide adenine dinucleotide 145 

phosphate [NADPH] oxidase inhibition; Sigma Aldrich, MO) at 2µL/minute. Local heaters were 146 

set to 33°C and baseline RBC flux was recorded for ~20 minutes. Temperature was then 147 

increased at a rate of 1°C/s to 42°C where it was maintained throughout the heating protocol. 148 

The biphasic blood flow response to heating is comprised of an initial peak within the first 5 149 

minutes which is primarily mediated by an axon reflex (12), followed by a steady increase to a 150 

plateau that is ~60% mediated by endothelial nitric oxide synthase (eNOS) and ~40% 151 

mediated by endothelial derived hyperpolarizing factors (12-14). Once a stable plateau was 152 

achieved, the maximum cutaneous vasodilation at each site was obtained with the infusion of 153 

28mM sodium nitroprusside (SNP) at 4uL/min and concurrent local heating to 43°C. Skin blood 154 

flow was reported as cutaneous vascular conductance (CVC) calculated as RBC flux divided 155 

by mean arterial pressure. CVC was reported as a percentage of the maximum CVC obtained 156 

during SNP infusion to normalize data between microdialysis sites. Baseline and plateau 157 

values were averaged over a 10-minute period and initial peak values were averaged over one 158 

minute.  159 

160 
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Arterial Stiffness and Central Hemodynamics.  161 

Measures of arterial stiffness and central hemodynamics were performed in the supine 162 

position. Arterial stiffness was represented by carotid to femoral pulse wave velocity (PWV). 163 

PWV was assessed by simultaneous acquisition of the carotid pulse by applanation tonometry 164 

and the femoral pulse by oscillometry (SphygmoCor XCEL, Atcor Medical, Australia). Pulse 165 

transit distances were calculated using the subtraction method. Aortic pressure waves were 166 

synthesized from brachial artery waveforms acquired with oscillometry and the use of the 167 

generalized transfer function (SphymgmoCor XCEL, Atcor Medical, Australia). Augmentation 168 

index was calculated as the ratio of the augmentation pressure to pulse pressure using the 169 

central pressure waveform. Wave separation analysis was performed on the central pressure 170 

waveform to determine forward and reflected wave amplitudes using a modified triangular flow 171 

waveform. 172 

173 

Statistical Analyses 174 

Statistical analyses were performed with the use of SPSS (v.27, IBM). Differences 175 

between groups were analyzed with Chi-squared and Student’s independent sample t-tests, 176 

ensuring all assumptions of the tests were met. A repeated measures ANOVA was performed 177 

to assess differences in blood flow responses to pharmacological substance infusions that 178 

were dependent on sex (Sex * Drug). Pairwise comparisons were performed following a 179 

significant omnibus test with Bonferroni adjustments for multiple comparisons. Univariate 180 

analysis of variance was performed to assess the effect of potential covariates on reported sex 181 

differences. Statistical significance was set at p≤0.05. Participant characteristic data are mean 182 

± standard deviation (SD), all other data are mean ± standard error of the mean (SEM). 183 

Cohen’s d effect sizes between groups were calculated ([Meanmale-Meanfemale]/SDpooled) and 184 
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interpreted as small (0.2), medium (0.5) and large (0.8). Power analyses were performed post 185 

hoc (G-Power, v3.1). 186 

RESULTS 187 

Participants 188 

Data from 22 males (56 ± 13 years; range, 31-72 years) and 10 females (63 ± 9 years, range, 189 

42-78 years) patients with Stages 3-4 CKD were included. Four participants from the parent190 

trial were not included in the current analysis. One was excluded because the cause of kidney 191 

disease was reported as sarcoidosis which could result in a different manifestation of CVD. 192 

The skin blood flow data from three participants included statistical outliers. The characteristics 193 

of study participants are presented in Table 1. As expected, high density lipoprotein 194 

cholesterol was higher in females compared with males (15). Otherwise, there were no 195 

significant differences in demographics, resting hemodynamics and medication use between 196 

sexes. Biochemistry and hematology values were characteristic of stage 3-4 CKD. Thirty-two 197 

percent of males and 30% of females were diabetic (p = 0.9). 198 

199 

Microvascular Function 200 

Microvascular assessments are reported for 19 males and nine females. Four data sets 201 

were excluded due to missing data points from technical errors (n=2) or unphysiological 202 

responses (i.e. plateau response to heating < 60% CVCmax; n=2), all from the apocynin 203 

microdialysis sites. There were no significant differences in the initial peak response to local 204 

heating between sexes or microdialysis drug infusions (Table 2). There was a significant sex * 205 

drug interaction for the plateau response to local heating (p = 0.008), indicating that there was 206 

a difference in the blood flow response to pharmacologic agent delivery that was dependent on 207 

sex (Figure 1). Post hoc analysis revealed that the plateau blood flow response to local 208 

heating was significantly lower in females compared with males (Ringer’s site, female vs. male: 209 
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77 ± 3 vs. 89 ± 1 %, p = 0.001; d = 1.2; power = 81%; Figure 1), signifying impaired 210 

microvascular function in female patients compared with their male counterparts. This sex 211 

difference remained (p=0.04) after adjustment for systolic blood pressure, age, race and 212 

antihypertensive medication use. In male patients, the local delivery of tempol (Ringer’s vs. 213 

tempol: 88 ± 1 vs. 90 ± 2 %, p =1.0) or apocynin (Ringer’s vs. apocynin: 88 ± 1 vs. 91 ± 1 %, p 214 

=0.8; Figure 1) had no significant effect on plateau blood flow response to local heating. In 215 

contrast, in female patients, the local delivery of both tempol (Ringer’s vs. tempol: 77 ± 3 vs. 90 216 

± 2 %, p =0.001) and apocynin (Ringer’s vs. apocynin: 77 ± 3 vs. 89 ± 1 %, p =0.002; Figure 217 

1) significantly improved plateau blood flow response to local heating. This suggests that218 

oxidative stress may contribute to microvascular dysfunction in female patients with stage 3-4 219 

CKD. Absolute maximum CVC values were not significantly different between sexes or 220 

microdialysis drug infusions (Table 2), therefore the differences in microvascular function 221 

observed herein cannot be attributed to a superior maximal vasodilatory capacity in males, or 222 

after antioxidant delivery.   223 

224 

Arterial Stiffness and Central Hemodynamics   225 

Central hemodynamics and arterial stiffness were assessed in 22 males and 9 females. 226 

One female dataset was excluded due to a technical error. In comparison to males, females 227 

showed a trend towards higher central systolic pressures and significantly higher central pulse 228 

pressures (Table 3). The central augmentation index was significantly higher in female 229 

patients (Table 3). Both forward and reflected waveform magnitudes were significantly higher 230 

in females compared with males (Table 3). There were no significant differences in pulse wave 231 

velocity between sexes (Table 3).   232 

233 

DISCUSSION 234 
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The findings of this study show that compared with their male counterparts, female 235 

patients with CKD and no overt CVD have significantly higher central pulse pressures and 236 

impaired microvascular function. A novel finding is that NADPH derived oxidative stress 237 

contributes the impaired microvascular function observed in females with CKD. A recent 238 

investigation into sex differences in vascular function in CKD patients reported better conduit 239 

artery endothelial function in younger (<55 years) female patients with CKD compared with 240 

males. However, with advancing age the differences in vascular endothelial function between 241 

males and females diminished. Furthermore, once females entered a peri and post-242 

menopausal age range, the decline in vascular function was faster in female patients (16). 243 

These findings are compatible with the results presented herein that studied a cohort of female 244 

patients with a median age of 65 years.   245 

246 

In the absence of overt CVD, females with CKD trended to have higher systolic aortic 247 

pressures, and had higher central pulse pressures and augmented forward and reflected pulse 248 

waveforms. This is clinically noteworthy as heightened central systolic pressure and pulse 249 

pressure have previously been associated with adverse CVD outcomes in patients with non-250 

dialysis CKD (17). Importantly, patients with increased central and pulse pressures are at a 251 

higher risk of developing heart failure (3), which is one of the most prevalent CKD related 252 

CVDs (1). Arterial wave reflection amplitudes have previously been associated with a decline 253 

in kidney function (18). The findings of this study reveal that female patients have higher 254 

forward and reflected waveform amplitudes compared males. Following left ventricular (LV) 255 

ejection, a forward pulse wave is propagated. The magnitude of the forward wave amplitude 256 

can be influenced by the stroke volume, aortic impedance and arterial stiffness and is typically 257 

elevated in the setting of high central pulse pressures(19, 20), as indicated by our findings. It is 258 

possible that forward wave amplitudes are magnified due to increased re-reflections from the 259 
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larger reflected wave(21). Whether the larger forward wave amplitudes observed in the female 260 

patients with CKD is a result of higher stroke volumes, greater aortic impedance, greater pulse 261 

pressures or increased reflections from the reflected wave warrants further investigation with 262 

more in-depth hemodynamic modeling methods. When the forward travelling pressure wave 263 

reaches reflection sites such as bifurcations, changes in arterial radius, or sites of mismatched 264 

impedance, the proportion of the waveform is reflected and usually arrives at the heart during 265 

diastole to facilitate coronary filling(19, 20). In the setting of arterial stiffness or increased 266 

peripheral vascular resistance, a faster traveling waveform of greater magnitude arrives at the 267 

heart during late systole, subsequently increasing the LV pulsatile load (19, 20). Increases in 268 

late systolic LV pulsate load have been implicated in the development of heart failure(22), 269 

particularly heart failure with preserved ejection fraction – a syndrome that is more prevalent in 270 

females. As there were no significant differences in arterial stiffness between male and female 271 

patients in this study, we suggest that the aberrant arterial hemodynamics observed our cohort 272 

of female patients are mediated by cardiac or microvascular abnormalities. Based on our 273 

findings pertaining to heightened microvascular dysfunction in female patients with CKD, we 274 

suggest that microvascular dysfunction is likely to playing a large role. These speculations 275 

should be followed up in future investigations.    276 

277 

Our findings also show that microvascular function was significantly impaired in female 278 

patients with CKD compared with males. This is noteworthy as microvascular dysfunction is a 279 

key mechanism in the pathology of ischemic heart disease with non-obstructed coronary 280 

arteries (INOCA) and HFpEF, both of which are disproportionally higher in females(23, 24). 281 

Furthermore, our results show significant microvascular dysfunction in female patients with 282 

CKD before the development of overt CVD. Therefore, microvascular dysfunction may be an 283 

important therapeutic target in the prevention of CVD in females with CKD. The delivery of the 284 
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superoxide dismutase (SOD) mimetic tempol, and the NADPH oxidase inhibitor apocynin both 285 

augmented microvascular function in females but had no effect in males. This implicate 286 

oxidative stress mediated NADPH derived reactive oxygen species as contributing 287 

mechanisms to microvascular dysfunction in female patients with CKD. Our findings are 288 

consistent with work from others that show a marked decline in vascular function with age in 289 

females from both the general and CKD population (16, 25). Recent work from Moreau et al. 290 

elegantly demonstrated that the loss of ovarian estradiol is implicated in the attenuation of age 291 

related vascular endothelial function (25). This work showed that an altered redox balance and 292 

the subsequent increase in oxidative stress in response to the loss of estradiol mediated the 293 

observed relationship between the sex hormone and vascular function (25). The role of sex 294 

hormones in mediating CKD-related vascular dysfunction is an important area of work for the 295 

future. The findings of this study provide a rationale for future work that investigates strategies 296 

aimed at reducing oxidative stress to improve microvascular function in female patients. 297 

Although not statistically significant, females did tend to report higher blood pressures. It is 298 

possible that the differences in microvascular function between groups are driven by 299 

chronically higher blood pressures in the females. However, recent evidence from 300 

hypertensive patients has shown that microvascular dysfunction can persist despite 301 

therapeutically mediated reductions in blood pressure(26). Future longitudinal studies or 302 

experimental studies that manipulate blood pressure should investigate if the lower 303 

microvascular function in females with CKD is a consequence of higher blood pressures. 304 

305 

In contrast to our findings, a recent meta-analysis and systematic review showed 306 

marginally greater CV mortality rates in male compared with female patients with CKD (27). A 307 

potential explanation for the difference in findings reported in our study is that the majority of 308 

studies included in the meta-analyses were focused on the dialysis population (41 studies), 309 
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compared with only 4 studies in the non-dialysis population (27). Furthermore, we studied non-310 

dialysis patients without overt CVD.  An additional study from the CRIC database reported 311 

CVD prevalence and incidence to be higher in female patients with CKD (28). The female 312 

patients in this large cohort were slightly younger than those studied here. As previously 313 

mentioned, after menopause vascular function appears to deteriorate at a faster rate in female 314 

patients, which could potentially explain our findings (16).   315 

316 

There are several limitations of this study. First, the forward and reflected waveform 317 

analyses are limited by the use of the triangulated flow method. Although triangulation 318 

waveforms are now widely used in the assessment of arterial hemodynamics, they have been 319 

shown to underestimate aortic flow and subsequently overestimate reflected waveform 320 

amplitudes, particularly in older adults (29). Future studies should aim to confirm these findings 321 

with the use of flow waveforms derived from echocardiography or magnetic resonance imaging 322 

(29). Second, as this was a retrospective analysis from a previous clinical trial, the findings of 323 

this study are limited by the lack of sex hormone analyses. All but one female patient were 324 

above the age range of the post-menopausal transition, however, measurements of sex 325 

hormones such as ovarian estradiol would have been beneficial in supporting the post-326 

menopausal status in the female participants.  327 

328 

In conclusion, the findings of this study demonstrate that older females with Stage 3-4 329 

CKD present with aberrant arterial hemodynamics and impaired microvascular dysfunction 330 

compared with their male counterparts. Importantly, this vascular dysfunction is evident before 331 

overt CVD is detected. For the first time, we show that oxidative stress may contribute to the 332 

observed sex difference in microvascular dysfunction in CKD. Therapeutic strategies aimed at 333 
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improving the redox balance should be investigated to improve vascular health in female 334 

patients with non-dialysis dependent CKD.          335 

336 
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Figure 1. Cutaneous vascular response to local heating coupled with the local delivery of 436 

targeted antioxidants. Microvascular function was impaired in females compared with males as 437 

indicated by a lower CVC response to local heating at the Ringer’s site. Delivery of the 438 

superoxide dismutase mimetic tempol and the NADPH oxidase inhibitor apocynin attenuated 439 

microvascular function in females but had no effect in males. 440 

CVC, cutaneous vascular conduction  441 

Data were analyzed with a repeated measures ANOVA and subsequent post hoc analyses with a Bonferroni 442 

correction. 443 
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Table 1. Participant Characteristics 

Male Female p 

Demographics & Anthropometrics
N 22 10 
Age (years) 58 ± 12 63 ± 9 0.2 
Race (n) 
Black 7 4 
White 14 6 
Latin x 1 0 0.7 
Body Mass Index (kg/m2) 32 ± 5 33 ± 7 0.3   
Resting Hemodynamics 
Systolic Blood Pressure (mmHg)      133 ± 18          141 ± 23 0.1 
Diastolic Blood Pressure (mmHg)        81 ± 12            79 ± 10 0.1 
Mean Arterial Pressure (mmHg) 99 ± 14          100 ± 12 0.8 
Resting Heart Rate (bpm)  67 ± 11            66 ± 13  0.7 
Hematology & Biochemistry 
eGFR (ml/min/1.73m2)   43 ± 12          43 ±14 0.9 
Albumin/Globulin Ratio 1.5 ± 0.2 1.5 ± 0.3 0.3 
Blood Urea Nitrogen (mg/dL)   29 ± 13          26 ± 9 0.4 
Fasting Blood Glucose (mg/dL)      118 ± 35        111 ± 29 0.6 
Hemoglobin A1c (%) 6.6 ± 1.4 6.2 ± 0.7 0.3 
Total Cholesterol (mg/dL)      189 ± 36        213 ±75 0.2 
HDL (mg/dL)        46 ± 13          68 ± 22 <0.01 
LDL (mg/dL)      107 ± 33        119 ± 59 0.5 
Medication (n) 
ACE Inhibitor 9 1 0.08 
Angiotensin Receptor Blocker 1 5 0.3 
Beta Blocker 6 6 1.0 
Calcium Channel Blocker 8 3 0.7 
Diuretic 6 3 0.8 
Anti-diabetic 7 3 0.9 
Statin 11 5 0.9 
eGFR, estimated glomerular filtration rate; HDL, high density lipoprotein; LDL, low density lipoprotein. 
Data are mean ± SD 
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Table 2. Axon mediated (initial peak) and maximal vasodilatory blood flow responses to 
local heating  

Males Females p 
Initial Peak (% CVCmax) 
Ringer’s  63 ± 3 58 ± 4 
Tempol 68 ± 3 63 ± 5 
Apocynin 69 ± 2 60 ± 4 0.6 
Maximum CVC (AU) 
Ringer’s  1.3 ± 0.2 1.5 ± 0.2 
Tempol 1.7 ± 0.2 1.9 ± 0.3 
Apocynin 1.7 ± 0.1 1.3 ± 0.2 0.1 
CVC, cutaneous vascular conductance; p values are omnibus ANOVA sex*drug interaction. 
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Table 3. Comparison of arterial stiffness and central hemodynamic measures between males and females.  
Male Female p Effect 

Size 
Power

Peripheral Systolic Pressure (mmHg)       143 ± 3  157 ± 11 0.1 -0.67 0.37 
Central Systolic Pressure (mmHg)       131 ± 3       146 ± 9 0.06 -0.85 0.56 
Central Pulse Pressure (mmHg)         46 ± 3 62 ± 9 0.01 -0.91 0.66 
Augmentation Index (%)         26 ± 3 36 ± 3 0.03 -0.76 0.43 
Forward Wave Amplitude (mmHg)      29 ± 2 39 ± 4 0.004 -1.12 0.78 
Reflected Wave Amplitude (mmHg)         19 ± 1 27 ± 3 <0.001 -1.13 0.90 
Pulse Wave Velocity (m/s) 9.35 ± 0.42 10.10 ± 0.64 0.1 -0.34 0.15 
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