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BACKGROUND AND PURPOSE: Novel noninvasive measures of vascular function are emerging as subclinical markers for
cardiovascular disease (CVD) and may be useful to predict CVD events. The purpose of our prospective study was to assess
associations between digital peripheral arterial tonometry (PAT) measures and first-onset major CVD events in a sample of
FHS (Framingham Heart Study) participants.

METHODS: Using a fingertip PAT device, we assessed pulse amplitude in Framingham Offspring and Third Generation
participants (n=3865; mean age, 55+ 14 years; 52% women) at baseline and in 30-second intervals for 4 minutes during
reactive hyperemia. The PAT ratio (relative hyperemia index) was calculated as the post-to-pre occlusion pulse signal ratio
in the occluded arm, relative to the same ratio in the control (nonoccluded) arm, and corrected for baseline vascular tone.
Baseline pulse amplitude and PAT ratio during hyperemia are measures of pressure pulsatility and microvascular function
in the finger, respectively. We used Cox proportional hazards regression to relate PAT measures in the fingertip to incident
CVD events.

RESULTS: During follow-up (median, 9.2 years; range, 0.04—10.0 years), 270 participants (7%) experienced new-onset CVD
events (n=270). In multivariable models adjusted for cardiovascular risk factors, baseline pulse amplitude (hazard ratio [HR]
per 1 SD, 1.04 [95% ClI, 0.90-1.21]; P=0.57) and PAT ratio (HR, 0.95 [95% Cl, 0.84-1.08]; £=0.43) were not significantly
related to incident composite CVD events, including myocardial infarction or heart failure. However, higher PAT ratio (HR,
0.76 [95% Cl, 0.61-0.94]; P=0.013), but not baseline pulse amplitude (HR, 1.15 [95% Cl, 0.89-1.49]; P=0.29), was related
to lower risk for incident stroke. In a sensitivity analysis by stroke subtype, higher PAT ratio was related to lower risk of
incident ischemic stroke events (HR, 0.68 [95% ClI, 0.53—-0.86]; ~=0.001).

CONCLUSIONS: Novel digital PAT measures may represent a marker of stroke risk in the community.

GRAPHIC ABSTRACT: An online graphic abstract is available for this article.
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Nonstandard Abbreviations and Acronyms

CVvD cardiovascular disease
FHS Framingham Heart Study
FMD flow-mediated dilation

PAT peripheral arterial tonometry

patients, PAT was associated with increased risk of
adverse cardiovascular disease (CVD) outcomes.” '3
However, these studies included patients with symptoms
of chest pain or established CVD and may not be repre-
sentative of the general population.

PAT measures may indicate early endothelial and
microvascular damage and remodeling, which are impor-
tant potential targets for prevention of CVD. Prior studies
suggest the presence of abnormal endothelial function,
including PAT responses in patients who have had strokes
or in the presence of cerebrovascular disease.!*'® Thus,
we assessed associations between PAT measures and
first-onset major CVD events, including stroke, in a sam-
ple of FHS (Framingham Heart Study) participants.

METHODS

The procedure for requesting data from FHS can be found at
https://framinghamheartstudy.org/.

Participants

The sample was drawn from the FHS Offspring and Third
Generation Cohorts, which have been described.'”'® During
Offspring examination 8 (2005-2008; n=3021) and
Generation 3 examination 1 (2002—-2005; n=4095), a subset
of participants underwent assessment of digital PAT (n=5097),
which was successfully performed in 4447 (87.2%) partici-
pants. Participants were excluded for the following reasons:
age <30 years (n=23b), prevalent CVD (n=237), missing risk
factor or covariate data (n=96), or no follow-up (n=14). All
participants provided written informed consent, and proto-
cols were approved by the Boston University Medical Center
Institutional Review Board.

Digital PAT

Digital vascular function was assessed by PAT using a device
placed on the index finger of each hand (Endo-PAT2000;
ltamar Medical).? Baseline (prehyperemic) pulse amplitude
was measured from each fingertip for 22 minutes. Hyperemia
was induced with forearm cuff occlusion for 5 minutes on the
experimental arm. The response in the control finger not expe-
riencing hyperemia was used to adjust for systemic effects.
Pulse amplitude in both fingers was recorded electronically
throughout the study and analyzed by computerized algorithm
(Itamar Medical) blinded to clinical data. The PAT ratio (or rela-
tive hyperemia index) is the ratio of the post-to-pre occlusion
pulse signal in the hyperemic arm versus the nonoccluded arm.
Baseline pulse amplitude and PAT ratio during hyperemia are
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measures of pressure pulsatility and microvascular function in
the finger, respectively.

Clinical Evaluation, Definitions, and Outcomes
At the FHS examination, we assessed medical history, physi-
cal examination, and electrocardiography.'” Criteria for diabetes
were fasting glucose >126 mg/dL (7.0 mmol/L) or treatment
with insulin or oral hypoglycemic agent. We measured serum
cholesterol levels from a fasting blood test. We calculated body
mass index as the ratio of body weight (kilograms) and the
square of height (meters). We assessed heart rate and mean
arterial pressure during arterial tonometry. We assessed hyper-
tension treatment, lipid disorder treatment, and smoking via
questionnaire. We defined smoking as self-reported regular
use of cigarettes in the year preceding the examination. Left
ventricular hypertrophy on ECG was defined as described
previously.'® To assess the presence of atrial fibrillation, we
reviewed all available electrocardiograms from examination
cycles, outpatient and inpatient hospital records, or ambulatory
ECG monitoring.

Criteria for CVD events have been described previously.2%?'
We defined CVD events as fatal or nonfatal myocardial infarc-
tion, unstable angina, heart failure, and ischemic and hemor-
rhagic stroke. We obtained medical records for hospitalizations
and physician visits related to CVD during follow-up. A commit-
tee of 3 investigators reviewed these records and adjudicated
CVD events following written protocols.

Statistical Analyses

We examined the associations between PAT measures (ie,
baseline pulse amplitude and PAT ratio) and the time to inci-
dent CVD event using Cox proportional hazards regression. We
tested the proportional hazards assumption by assessing the
significance of interactions of each PAT measure with survival
time. Covariates were selected a priori and included compo-
nents of the atherosclerotic CVD risk score.?? We performed
natural logarithm transformations of PAT measures to normal-
ize their skewed distributions and limit heteroskedasticity.

We assessed relations between PAT measures and inci-
dence of CVD events (composite events) in models initially
adjusted for age, sex, and cohort. We further adjusted mul-
tivariable Cox models for standard risk factors (mean arte-
rial pressure, total/high-density lipoprotein cholesterol ratio,
smoking, diabetes, and hypertension treatment) and for fac-
tors associated with PAT measures (body mass index, heart
rate, and lipid disorder treatment).? We also assessed relations
between PAT measures and incidence of each of the three
most common CVD event types—myocardial infarction, heart
failure, and stroke (hemorrhagic or ischemic)—separately using
multivariable Cox models with similar adjustment. Models for
stroke outcomes were further adjusted for known risk fac-
tors of stroke: prevalent left ventricular hypertrophy and atrial
fibrillation. We calculated the C statistic to assess the incre-
mental prognostic value of the PAT variables when added to
a baseline model incorporating measured risk factors. As an
alternative method to assess confounding, we estimated the
generalized propensity scores by regressing the standardized
continuous PAT measures on covariate risk factors.22* We fur-
ther adjusted significant multivariable models with the gener-
alized propensity scores. As a different approach, we further
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assessed confounding using inverse probability weighting. We
estimated partial correlations between PAT measures and the
Framingham Stroke Risk Score? accounting for age and sex.
We performed a sensitivity analysis for incident ischemic stroke
subtype by excluding incident hemorrhagic stroke events. For
PAT measures that showed statistically significant associations
with incident CVD events, we examined effect modification by
median age and sex by incorporating corresponding interac-
tion terms in the models. To further assess relations between
PAT measures and CVD events, continuous PAT predictors
were categorized into quartiles, and curves of cumulative prob-
ability of a CVD event were constructed. We used Cox mod-
els to relate categorized PAT measures to the onset of major
CVD adjusting for standard risk factors. Non-CVD death was a
censoring event; the curves of cumulative probability were not
modified for competing events.

All analyses were performed with SAS, version 9.4, for
Windows (SAS Institute, Cary, NC). Two-tailed A<0.05 was
considered statistically significant except for interaction models
where 0.1 was considered statistically significant.

RESULTS

Reporting for this study conforms to Strengthening
the Reporting of Observational Studies in Epidemiol-
ogy guidelines.?® Study exclusion criteria resulted in a
sample of 3865 participants (2014 [562.1%] women).
Characteristics of the study sample are presented in
Table 1; we present a comparison of these character-
istics for included versus excluded participants in Table
| in the Data Supplement. The excluded participants
were similar but included higher proportions of diabet-
ics and individuals using medications for hypertension
and lipid disorders.

Table 1. Clinical Characteristics of the Sample (n=3865)

Variable Value*

Clinical variables
Age, y 55+14
Women, n (%) 2014 (52.1)
Offspring, n (%) 2187 (56.6)
Body mass index, kg/m? 27.715.4
Heart rate, bpm 61.5+9.8
Mean arterial pressure, mmHg 95.0+£11.8
Total/HDL cholesterol ratio 3.66%1.24
Hypertension treatment, n (%) 1145 (29.6)
Diabetes, n (%) 301 (7.8)
Smoker, n (%) 469 (12.1)
Lipid disorder treatment, n (%) 993 (25.7)

Digital PAT measures
Baseline pulse amplitudet 5.63+0.89
PAT ratio 0.71%+0.41

HDL indicates high-density lipoprotein; and PAT, peripheral arterial tonometry.

*Values are mean£SD except as noted.

tArbitrary units. Baseline pulse amplitude and PAT ratio were natural logarithm
transformed.
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Cox proportional hazards models for PAT measures
as predictors of an incident CVD event (composite out-
come) are presented in Table 2. After minimal adjustment,
both baseline pulse amplitude and PAT ratio were associ-
ated with incident CVD risk. Upon further adjustment for
potential confounders, the aforementioned associations
were attenuated (ie, statistically nonsignificant). Table 3
presents Cox proportional hazards models that relate
PAT measures to the incidence of myocardial infarction,
stroke, and heart failure (separate models for each out-
come). After adjusting for potential confounders, higher
PAT ratio, but not baseline pulse amplitude, was related
to a lower risk of incident stroke. Models that further
adjusted for left ventricular hypertrophy and atrial fibril-
lation were similar (Table Il in the Data Supplement). The
addition of PAT ratio modestly improved the incremen-
tal predictive utility over models incorporating risk fac-
tors alone; the model C statistic increased from 0.8349
(risk factors-only model) to 0.8377 (risk factors plus PAT
ratio model) for the incident stroke outcome. Models that
further considered the generalized propensity score as
a covariate in the Cox models were similar (Table Ill in
the Data Supplement). However, when we performed
inverse probability weighting, we observed that higher
baseline pulse amplitude was associated with higher risk
for incident stroke. Neither baseline pulse amplitude nor
PAT ratio was related to incident myocardial infarction or
heart failure events. We did not observe significant effect
modification by age (P=0.89) or sex (P=0.71) of the
relation of PAT ratio with incident stroke events.

In the sensitivity analysis, 76 of the 92 (83%) stroke
events were ischemic. After adjusting for age, sex,
cohort, body mass index, heart rate, mean arterial pres-
sure, total/high-density lipoprotein cholesterol ratio,
smoking, diabetes, lipid disorder treatment, and hyper-
tension treatment, higher PAT ratio was related to a
lower risk of incident ischemic stroke events (hazard
ratio, 0.68 [95% Cl, 0.63-0.86]; P=0.001). We did not
observe significant effect modification by age (FP=0.46)
or sex (F=0.89) of the relation of PAT ratio with incident
ischemic stroke events. In partial correlation models that
considered age and sex, PAT ratio (rp=—0.1 1; R<0.001)
and baseline pulse amplitude (rp=O.Q1; P<0.001) were
weakly to modestly correlated with the Framingham
Stroke Risk Score.

The Figure depicts the adjusted cumulative prob-
ability of incident stroke events grouping participants by
quartiles of PAT ratio. In a model adjusted for potential
confounders, participants in the highest PAT ratio group
(versus participants in the lowest PAT ratio group) had a
significantly lower risk of stroke (hazard ratio, 0.43 [95%
Cl, 0.22-0.86]; P=0.02). We present an unadjusted
Kaplan-Meier plot for incident stroke by PAT ratio group
in Figure | in the Data Supplement. We observed no
significant differences between the quartile groups for
baseline pulse amplitude and stroke. Figure Il in the Data
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Table 2. PAT Measures as Predictors of Individual Predictors of Incident Composite Cardiovas-

cular Events (n=3865)

Hazard ratio including age, Hazard ratio including stan-
PAT measure sex, and cohort (LCL-UCL) Pvalue | dard risk factors* (LCL-UCL) P value
Baseline pulse amplitude 1.26 (1.10-1.45) 0.001 1.04 (0.90-1.21) 0.57
PAT ratio 0.83 (0.74-0.94) 0.002 0.95 (0.84-1.08) 0.43

Models consider vascular measures individually, one at a time. On the left, all models also include age, sex, and cohort. Hazard
ratios expressed per 1-SD higher value. CVD events (n=270 [7%)]) were observed over a median 9.2 y of follow-up. LCL indi-
cates lower limit of the 95% ClI; PAT, peripheral arterial tonometry; and UCL, upper limit of the 95% CI.

*Models are adjusted for age, sex, cohort, body mass index, heart rate, mean arterial pressure, total/high-density lipoprotein
cholesterol ratio, smoking, diabetes, lipid disorder treatment, and hypertension treatment.

Supplement depicts the adjusted cumulative probability
of an incident (composite) CVD event when participants
were grouped by quartiles of PAT ratio. We observed no
significant differences between the quartile groups of
either PAT measure and CVD events.

DISCUSSION
Principal Findings

We investigated the relations between PAT measures—
baseline pulse amplitude and PAT ratio (measures of
pressure pulsatility and microvascular function in the
finger, respectively)—and incident CVD events in 2 gen-
erations of the community-based FHS. In multivariable
models adjusted for potential confounders, neither base-
line pulse amplitude nor PAT ratio (relative hyperemia
index) was significantly related to incident composite
CVD events. However, after assessing risk for individual
event outcomes, lower PAT ratio (ie, worse digital micro-
vascular dysfunction) was related to higher stroke risk in
multivariable-adjusted models. PAT measures were not
significantly related to incident myocardial infarction or
heart failure. Thus, our results suggest that PAT ratio may
be associated with stroke risk in the community.

PAT Measures and CVD Risk

Novel measures of small vessel and microvascular func-
tion are important clinical predictors of CVD risk in the
community and have contributed to our understanding
of CVD incidence and progression. Ultrasound-based
methods to assess macro- and microvascular function
have been shown to predict incident CVD. For exam-
ple, brachial artery flow-mediated dilation (FMD)—a

common measure of conduit artery (macrovascular)
endothelial function?’—has been shown to predict
incident CVD among high-risk populations.?82° How-
ever, recent studies in large, community-based cohorts
reported that hyperemic flow velocity (an indicator of
microvascular function), but not FMD, was a signifi-
cant predictor for incident cardiovascular events.303!
A meta-analysis showed that FMD is associated with
composite cardiovascular events that is more robust
in patients with established CVD.?2 Thus, noninvasive
methods to assess large and small vessel function are
important research tools and may be clinically relevant
for CVD risk prediction.

In the present study, we performed digital PAT as a
noninvasive method to assess microvascular function in
the finger following reactive hyperemia. In patients with
chest pain, PAT responses have been associated with
incident cardiovascular events.”!" In a meta-analysis
of 6 small studies, PAT response remained associated
with cardiovascular risk in patients with clinical cardio-
vascular symptoms or disease.® In contrast, PAT mea-
sures were not associated with incident composite CVD
events in the present community-based sample. The dif-
ference from prior studies may represent differences in
the associations of the PAT hyperemic response based
on the underlying risk of the samples studied (similar to
what has been shown for FMD). In addition, the present
study has greater ability to account for potential con-
founding risk factors. Importantly, compared with asso-
ciations observed in models with limited adjustment,
associations between PAT measures and composite
CVD events were rendered statistically nonsignificant
in multivariable models, suggesting that standard risk
factors or pharmacological treatments may account for
previously observed associations.

Table 3. PAT Measures as Predictors of Incident Myocardial Infarction, Stroke, and Heart Failure (n=3865)

Hazard ratio (LCL-UCL) Hazard ratio (LCL-UCL) Hazard ratio (LCL-UCL)
PAT measure for myocardial infarction P value for stroke P value for heart failure P value
Baseline pulse amplitude 1.34 (0.99-1.79) 0.051 1.15 (0.89-1.49) 0.29 0.99 (0.78-1.26) 0.96
PAT ratio 0.98 (0.77-1.24) 0.85 0.76 (0.61-0.94) 0.01 1.05 (0.86-1.28) 0.63

Models consider vascular measures individually, one at a time. All models were adjusted for age, sex, cohort, body mass index, heart rate, mean arterial pressure, total/
high-density lipoprotein cholesterol ratio, smoking, diabetes, lipid disorder treatment, and hypertension treatment. Hazard ratios expressed per 1-SD higher value. We
observed 78 myocardial infarction events (2.0%), 92 stroke events (2.4%), and 102 heart failure events (2.7%) over a median of 9.65, 9.41, and 9.34 y of follow-up,
respectively. LCL indicates lower limit of the 95% ClI; PAT, peripheral arterial tonometry; and UCL, upper limit of the 95% CI.
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Figure. Adjusted estimators of the cumulative probability of
an incident stroke when participants were grouped according
to quartiles of peripheral arterial tonometry (PAT) ratio
(n=3865).

The probability curves are adjusted for age, sex, cohort, body mass
index, heart rate, mean arterial pressure, total/high-density lipoprotein
cholesterol ratio, smoking, diabetes, lipid disorder treatment, and
hypertension treatment. Group | (<0.4066; 33/966), group I
(>0.4066-0.7258; 30/966), group IIl (>0.72568-0.9905; 16/967),
and group IV (>0.9905; 13/966). Participants in the highest PAT ratio
group vs participants in the lowest PAT ratio group had an adjusted
hazard ratio of 0.43 ([95% Cl, 0.22-0.86]; P=0.02).

PAT represents digital microvascular function of the
finger, whereas FMD and hyperemic flow velocity assess
forearm microvascular response. Therefore, PAT mea-
sures may assess a different physiological response
to transient ischemia, suggesting a distinct pathologi-
cal mechanism to cardiovascular risk, and may underlie
differential associations with incident composite CVD
events compared with measures of endothelial and
microvascular dysfunction derived from conduit arter-
ies (ie, FMD and hyperemic flow velocity, respectively).
In a few community-based studies, distinct risk factor
correlates of PAT measures and FMD have been repor
ted."243334 Previously, we reported that the presence of
abnormal FMD and hyperemic flow velocity (ie, vascular
measures lower than the fifth percentile of a reference
sample) were significantly related to standard CVD risk
factors, such as higher age and systolic blood pressure,
whereas abnormal PAT ratio was more sensitive to met-
abolic and behavioral risk factors, such as higher body
mass index, higher total/HDL (high-density lipoprotein)
cholesterol ratio, presence of diabetes and hyperlipid-
emia, and active smoking.® Furthermore, abnormal PAT
ratio was not associated with abnormal FMD or hyper-
emic flow velocity, though each is assessed via the same
physiological stimulus (ie, forearm transient ischemia).
Therefore, the response to transient ischemia may
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depend on differential physiological mechanisms and
anatomies within and downstream of the brachial artery
versus in the finger. For example, contrary to measure-
ments from the brachial artery alone, PAT ratio may incor-
porate contributions from the digital vascular responses,
which have dual circulations and include arteriovenous
anastomoses, as well as nutritive vessels. Furthermore,
during reactive hyperemia, endothelial-derived NO gov-
erns the FMD response®38; however, NO only partially
contributes to the PAT ischemic response,®® which is also
regulated by the sympathetic nervous system.*%4! Thus,
PAT ratio may represent a complex response to transient
ischemia that involves mechanisms related to both endo-
thelial dysfunction and alterations of autonomic tone.
Although further studies are required to assess their rel-
ative contributions to indices of microvascular function,
several studies suggest significant cross talk between
the autonomic nervous system and the endothelium.*243

PAT Ratio and Stroke Risk

Although PAT measures were not related to incident
composite CVD events, we observed a significant asso-
ciation between lower PAT ratio and higher risk for inci-
dent stroke. A prior cross-sectional study showed lower
PAT ratio in patients who had an atherothrombotic com-
pared with cardioembolic stroke.'® Also, lower FMD has
been associated with vascular events in patients with
prior stroke.** Although stroke has been included in the
composite outcome measures of several prior longitu-
dinal studies of FMD and PAT response,® stroke was
not separated as an individual outcome. Thus, the cur-
rent finding of an association between PAT response and
stroke risk is novel and hypothesis generating.

Multiple potential mechanisms may link microvascular
function with stroke risk. The healthy endothelium pro-
duces NO in response to vasoactive stimuli in the cere-
bral microcirculation.*® Animal studies also show that NO
guards against ischemic stroke by increasing collateral
flow to ischemic portions of the brain.***® However, lower
PAT ratio may be particularly relevant to brain vascular
regulation. Since the brain is a high-flow and low-resis-
tance organ, it is particularly sensitive and susceptible to
perturbations of the systemic circulation that may affect
cerebral blood flow, which may explain why lower PAT
ratio was significantly related to incident stroke but not
related to other CVD event outcomes. Additional stud-
ies that assess putative relations between PAT measures
and structural and functional brain indices are warranted.

Furthermore, noninvasive methods to assess large
and small vessel function are clinically relevant for CVD
risk prediction. Only a few studies have shown vascu-
lar measures (eg, coronary artery calcification, carotid
intima-media thickness, ambulatory arterial stiffness
index, and ankle-brachial index) to predict incident
stroke events in the general community,*®52 but these
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studies did not consider the contributions of antihyper-
tension and lipid-lowering treatments, which are known
to modify vascular function and stroke risk. In addition,
current ultrasound-based methods can be technically
challenging to acquire and interpret, may be uncomfort-
able for patients, and require expensive equipment not
typically found in physicians’ offices. Our study is the
first to characterize the extent to which PAT measures
are associated with first-onset major CVD events in a
community that is at low-to-moderate CVD risk. As a
predictor of incident stroke, assessment of PAT ratio
may indicate early subclinical cerebrovascular damage
and remodeling, atherosclerosis, or autonomic nervous
system abnormalities. The PAT measures we present in
the current study may assist clinicians in diagnosing and
characterizing microvascular dysfunction and aid them in
decision-making and treatment planning. Thus, patients
with aberrant PAT measurements may require more rig-
orous medical management of traditional and nontradi-
tional risk factors to improve microvascular function and
lower stroke risk. PAT is an attractive point-of-care tech-
nique for potential risk stratification: it is relatively easy
to perform (eg, the fingers are readily accessible and the
technique is automated); intra- and interobserver vari-
ability is low (compared with ultrasound techniques); and
the extracted PAT measures are highly correlated with
invasive measures.®®® However, additional studies are
needed to determine whether devices that assess digital
vascular function potentially have wider utility at the point
of care for improved risk stratification.

Limitations

Our study has limitations that should be considered.
Although we were able to establish a temporal relation,
our prospective study is observational. We cannot dis-
miss the possibility that there may be residual confound-
ing by unknown or unmeasured risk factors, and we did
not perform inverse probability weighting or propensity
score matching to test the robustness of our findings.
We did not account for multiple statistical testing; thus,
our study is more susceptible to type-1 error. In addition,
since the low number of incident stroke events reduces
the precision of the estimates, an estimation of risk
reclassification was not performed. However, PAT ratio
is strongly associated with stroke risk but only weakly
correlated with the Framingham Stroke Risk Score,
suggesting that PAT ratio may add to standard risk pre-
diction models and reclassify stroke risk in a clinically
relevant manner. Although we adjusted for lipid disorder
and hypertension treatment, medication use may have
reduced the number of observed stroke events during
the follow-up period. However, we have sufficient sta-
tistical power to resolve differences between PAT ratio
groups. Since the majority of participants were White
individuals of European ancestry, our findings may
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not be generalizable to other racial or ethnic groups.
Given these limitations, our results should be consid-
ered hypothesis generating. However, these limitations
should be considered along with the strengths of the
study. Here, we were able to investigate the relations
between novel measures of vascular function using a
noninvasive technique in a large, community-based
cohort across 2 generations. The participants have high
retention rates, which increases the validity of our lon-
gitudinal study. FHS has used standardized protocols to
adjudicate CVD events that have been applied reliably
over several decades and generations of participants.

Conclusions

Although PAT measures were not associated with
composite CVD events, lower PAT ratio—a measure of
microvascular structure and function in the finger—was
associated with greater risk of incident stroke. Thus,
greater microvascular dysfunction assessed noninvasively
in the finger predicted stroke events in our sample. Our
study shows that PAT measures join an increasing body
of novel, noninvasive markers of vascular function that
may detect subclinical vascular dysfunction; these mark-
ers may indicate early targets for prevention, substantially
reducing CVD disease burden. However, further studies
are needed to evaluate the association of PAT measures
with cerebrovascular function and cognition, as well as
the feasibility of assessing PAT measures in the clinic.
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