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RESEARCH ARTICLE

Vascular Responses to Hand Posture are
Preserved Despite Acute Endothelial Dysfunction:
Insights from Pulse Wave Velocity and
Finger-to-Finger Timing

Zain Al-Abideen Falah Ali® * Fezaa Shalal Neda®, Bassam Talib Al-Gailani

Department of Physiology, College of Medicine, Mustansiriyah University, Baghdad, Iraq

ABSTRACT

Limb posture alters hydrostatic pressure and vascular tone through mechanical and reflex pathways, but the con-
tribution of endothelial function remains uncertain. To determine whether vascular responses to hand elevation and
dependency persist during transient endothelial dysfunction induced by ischemia-reperfusion injury (IRI), eighteen
healthy adults (9 males, 9 females) underwent ECG-gated pulse recordings at three hand positions: heart level (H-0°),
90° below (H-90°), and 50° above (H+50°), before and after IRI. Primary outcomes were pulse wave velocity (PWV) and
finger-to-finger pulse arrival-time difference (f—f AT); secondary outcomes were wrist mean blood pressure (MBP), heart
rate (HR), and APWV/ABP slope. The result at baseline, hand elevation reduced PWV by 10-13% and increased f-f AT
by 600-727%, while dependency increased PWV by ~7% and decreased f-f AT by ~200%. After IRI, these postural
responses persisted, with only a modest 3% PWYV reduction at H-90° and H-0° (p < 0.05). MBP shifted with posture
as expected, and HR rose slightly with dependency but decreased overall after IRI. The APWV/ABP slope was steeper
in elevation, consistent with enhanced compliance. In conclusion, vascular responses to hand posture remain preserved
despite acute endothelial dysfunction, indicating that short-term postural adjustments in arterial stiffness are mediated

predominantly by hydrostatic and reflex mechanisms rather than endothelial pathways.

Keywords: Arterial stiffness, Finger-to-Finger differential, Hydrostatic pressure, Ischemia-reperfusion injury, Pulse transit

time, Pulse wave velocity, Venoarteriolar reflex

Introduction

Arterial function is regulated by several fundamen-
tal mechanisms that preserve stable tissue perfusion
under varying pressures. Autoregulation of blood
flow involves myogenic, metabolic, and endothelial
responses that operate at the arteriolar level to main-
tain vascular tone and compliance. '~ Experimental
studies have also explored cardiovascular dynam-
ics using exercise-induced stress and Doppler-based
hemodynamic techniques to assess vascular reac-
tivity in humans.>® Endothelial modulation plays

a central role in vascular function and dysfunc-
tion.”® Endothelial impairment is an early marker
of cardiovascular disease and is strongly associated
with increased arterial stiffness and cardiovascular
risk. %19 To obtain reliable, non-invasive data on vas-
cular compliance, we often monitor pulse transit time
(PTT) and pulse wave velocity (PWV).!'! The direc-
tion of a limb significantly decides arterial stiffness
because it shifts hydrostatic pressure and venous fill-
ing. When we raise a subject’s arm, the resulting
reduction in transmural pressure and wall tension
promotes vasodilation and improves compliance.
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Conversely, dependency increases local pressure and
triggers myogenic tone. While several mechanisms
drive these postural adaptations, disease states may
cause them to fail. '>'* We can quantify these shifts
using PWV and PTT, or by employing the finger-
to-finger arrival-time difference (f-f AT), a sensitive
index of vascular timing and responsiveness. '>'¢ Al-
though we recognize these postural effects, we still
do not fully understand the extent of endothelial in-
volvement. Some data suggest that the endothelium
releases nitric oxide to assist vasodilation during el-
evation,'”>'® yet other reports identify mechanical
factors and the venoarteriolar reflex (VAR) as the
dominant drivers.'* Clarifying this mechanism holds
clinical importance. We used ischemia-reperfusion
injury (IRI) to model acute endothelial dysfunction,
allowing us to test if postural vascular responses sur-
vive even when the endothelium is impaired.” We
proposed that the characteristic vascular markers of
hand elevation, reduced PWV, and elevated f—f AT
would survive the ischemic challenge of IRI. We then
employed a hand-elevation protocol alongside ECG
and pulse wave analysis'®?° to investigate whether
endothelial function actually regulates these specific
postural responses.

Materials and methods

Ethical approval and participants

Following the principles of the Declaration of
Helsinki (2013), we received ethical permission for
this research from the College of Medicine, Mus-
tansiriyah University in Baghdad. We ensured every
volunteer gave verbal informed consent prior to the
start of the investigation. Between March and April
2025, we enrolled 18 normotensive subjects, split
equally between nine men and nine women. We lim-
ited our cohort to non-smokers who were free from
any chronic illness. For our female participants, we
mandated regular menstrual cycles and conducted all
trials during the early follicular stage—specifically
between days 1 and 4—to account for potential hor-
monal shifts.

Anthropometric and hemodynamic assessment

Height and weight were recorded, and body mass
index (BMI) was calculated as weight (kg) / [height
(m)]2. After 10 minutes of rest, brachial blood pres-
sure (SBP, DBP) and heart rate (HR) were measured
using an automatic device (Rossmax, Switzerland).
Wrist blood pressure was assessed at three hand
positions (H-0°, H-90°, H+50°) using an automatic
OromED sphygmomanometer.
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Experimental protocol

Participants remained seated throughout. Digi-
tal pulse wave (DPW) signals were recorded from
both hands using piezoelectric transducers, and
ECG (Lead II) was recorded simultaneously. Sig-
nals were sampled at 1 kHz using a data acqui-
sition unit 26T and LabChart Pro 7.2 (ADInstru-
ments, Australia) for recording and offline signal
analysis.

+ Phase I - Baseline: Following 10 minutes at heart
level (H-0°), 1-minute DPW and ECG signals were
recorded. The left hand was then lowered (H-90°)
and elevated (H+50°) for 2 minutes each, fol-
lowed by 1-minute recordings.

» Phase II - Endothelial Dysfunction: IRI was
induced by inflating a pneumatic cuff on the
left brachial artery (230 mmHg for 20 min-
utes), followed by 15 minutes of reperfusion.
Post-IRI recordings were repeated for all three
positions.”

PWV and PTT measurement

PTT was defined as the interval between the ECG R
wave and the peak of the first derivative of the DPW
waveform (FDDPW), corresponding to the 50% rise
point.?! PWV was calculated as:

PWV (m/s) = D/PTT
where D = 0.5 x body height??

Finger-to-Finger pulse arrival time difference (f—f AT)

Calculated as the difference in pulse arrival times
between left and right middle fingers?° using FDDPW
peaks:

f —f AT =PTT (left) — PTT (right)

Negative values indicated a higher PTT (longer
pulse arrival time) at the right finger. Measurements
were obtained from 13 participants rather than from
18 volunteers due to technical limitations in some
recordings.

Arm positioning and angle verification

The elevated hand (H+50°) was supported on a
padded frame, with fingers free. Subjects were in-
structed to minimize movement. Elevation angles
were verified via lateral photographs and protractor-
based analysis. The right arm remained supported at
heart level.



1148 BAGHDAD SCIENCE JOURNAL 2026;23(4):1146-1154

Table 1. Anthropometric and systemic measurements of the participants.

Parameters: Male(n=9) Female(n=9) P<
Age (years) 23.2+4.4 20.6 £ 3.3 NS
BMI (kg/mz) 23.6 £ 3.7 24.4 + 3.8 NS
SBP (mmHg) 121.1+75 110.6 £ 9.5 0.02
DBP (mmHg) 64.3 £ 6.6 67.9 £11.5 NS
MBP (mmHg) 83.3+6.5 82.1 +9.8 NS
HR (beat/min) 80.0 £+ 14.4 789 £11.2 NS
PWV (m/sec) at H-0° position before IRI 3.1 &+ 0.3 3.0+0.2 NS
PWV (m/sec) at H-0° position after IRI 3.1+0.2 2.94+0.2 NS
f-f AT (msec) at H-0° position before IRI  10.9 &+ 6.6 3.8 £10.8 NS
f-f AT (msec) at H-0° position after IRI 5.6 +£ 4.6 5.6 +£9.7 NS

Note: P-values represent the differences between genders at baseline (H-0°).

Pre- vs post-IRI in between groups of pooled data are presented in Figs. 1 to 3.
BMI = Body mass index; SBP, DBP, and MBP = Systolic, diastolic, and mean blood
pressure; HR = Heart rate; PWV = Pulse wave velocity; H-0 position = The hand
at the level of the heart; IRI = Ischemic reperfusion injury; f-f AT = The time
difference between pulses that reach each hand’s middle fingers.

Statistical analysis

Data were expressed as mean =+ standard devia-
tion. Normality was assessed using the Kolmogorov-
Smirnov test. Depending on distribution, paired
and unpaired t-tests or non-parametric Wilcoxon
matched-pairs and Mann-Whitney U tests were used
for intra- and inter-group comparisons. Significance
was set at p < 0.05. Analyses were performed using
GraphPad InStat (version 3.06).

Results
Participant characteristics

Eighteen healthy, normotensive participants com-
pleted the study. Anthropometric and baseline cardio-
vascular parameters are summarized in Table 1. No
significant differences were observed between gen-
ders, except for SBP, which was significantly higher in
males (p < 0.02). Therefore, data from both genders
were pooled and considered as one group.

PWYV across arm positions

At baseline (pre-IRI), PWV in the left heart-finger
pathway at H-0° was 3.1 £+ 0.3 m/s Fig. 1. Hand de-
pendency (H-90°) significantly increased PWV by 7%,
while hand elevation (H+ 50°) significantly reduced
PWV by 13%. After IRI, similar trends were observed
in which the PWYV of the left heart-finger pathway at
the H-0° hand position was 3.0 £ 0.2 m/s. On moving
the left hand to the lowest position (i.e., H-90°, 90°
below heart level), the PWV increased significantly
by 7%, and decreased significantly by 10% when the
hand was moved to the H+ 50° position Fig. 1.

Notably, IRI caused a small but significant reduc-
tion in PWV at H-90° and H-0° compared to pre-IRI
values (3% decrease), but no significant change was
found at H+50° Fig. 1. The maximal PWV difference
between H+50° and H-90° positions was not signifi-
cantly altered by IRI.

Wrist mean blood pressure (MBP)

Wrist MBP at H-0° was 84.8 + 10.8 mmHg. At
H-90°, MBP rose significantly by 36%, while at
H+50°, it dropped by 30%. Despite these shifts,
the APWV/ABP at H+50° (0.016 m/s/mmHg) was
nearly twice that at H-90° (0.007 m/s/mmHg), in-
dicating enhanced vascular sensitivity with steeper
PWV change during elevation.

Heart rate (HR)

Baseline HR at H-0° was 78.6 £+ 10.9 bpm and
decreased to 75.7 £+ 9.6 bpm after IRI. HR increased
by 3-5% upon moving the hand to H-90°, in both
pre- and post-IRI Fig. 2. No significant HR change
was observed with hand elevation. IRI was associated
with a significant reduction in HR at all positions.

Finger-to-Finger pulse arrival time difference (f—f AT)

At baseline, f-f AT was 7.1 &+ 9.5 ms at H-0°, de-
creasing to—14.2 + 7.9 ms at H-90° (200% reduction),
and increasing to 49.6 £+ 18.3 ms at H+50° (600% in-
crease) Fig. 3. Post-IRI, f—f AT values followed a simi-
lar pattern: f-f AT at H-0° was 5.6 + 7.5 ms, dropped
to -13.4 + 8.3 ms at H-90° (a decrease of 239%), and
rose to 46.3 = 16.1 ms at H+ 50° (727% increase). No
significant changes in the f-f AT response were ob-
served after IRI. The maximum differences in f-f AT
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Fig. 1. Heart-Finger pulse wave velocity (PWV) when the hand is at —90°, 0°, and 50° from the heart level before and after ischemic

re-perfusion injury. (n = 18).

(by subtracting the value at H-90° from the value at
H+50°) indicate that no significant changes occurred
before and after IRI at any hand position Fig. 3.

Discussion

Using PWV and f-f AT as non-invasive markers of
compliance, we found that hand elevation decreased
PWV and increased f-f AT—indicating enhanced
compliance—while hand dependency had the
opposite effect. These trends were maintained
after IRI-induced endothelial dysfunction, suggesting
minimal endothelial involvement in posture-driven

vascular changes. PWV changes align with
established hemodynamic principles: elevation
reduces hydrostatic pressure and wall tension,
favoring vasodilation and compliance; dependency
increases transmural pressure, enhancing myogenic
tone and stiffness.'’?>?> This study evaluated
whether vascular stiffness responses to hand posture
are modulated by endothelial function. Although
differences in PWV in young males and females
were reported in some reports,?® however, in our
experiment such differences were not observed
and it was consistent with other reports.?” Again,
if PWV shows a gender-dependent trend, having
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Fig. 2. Comparison of heart rate (HR) at the three hand positions before and after ischemic re-perfusion injury (IRI). (n = 18).

an equal number of male and female participants
minimizes the impact of this difference. Our findings
support a key role for the VAR—a neuro-myogenic
response to venous distension—which induces
arteriolar vasoconstriction in dependent limbs.'?
Its attenuation during elevation allows vasodilation
to dominate. Previous studies show that hand
elevation delays systolic peaks and increases
PTT (i.e., decreases in PWV), consistent with our
results.?®>?° HR increased only at H-90°, suggesting
a systemic VAR-mediated sympathetic response. >’
The persistence of maximum APWV and maximum
difference in f-f AT after IRI reinforces the notion

that endothelial NO does not dominate short-term
postural vascular adjustments.!”'® At present, there
is no evidence that hand posture directly influences
pulse wave velocity (PWV) via endothelial nitric
oxide (NO) release. The mention of NO in this context
was intended only as a hypothetical explanation of
the vascular response to changes in hand posture.
Nitric oxide (NO) has no role in the context of
vascular response during hand posture changes.
Although the NO plays a central role in modulating
the vascular diameter and stiffness in many other
conditions, yet no production of this agent was
reported during hand posture changes according to
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Fig. 3. The time difference between pulses that reach each hand’s middle fingers (f-f AT) at the three hand positions before and after

ischemic re-perfusion injury (IRI). (n = 13).

the available literatures so far. Basically, the vascular
stiffness (and PWV) is due to vascular smooth
muscle tone, which is affected by transluminal
distending pressure. An increase in transluminal
distending pressure stimulates reflex contraction of
vascular smooth muscle and consequently increases
the vascular stiffness. On the contrary, a decrease
in transluminal distending pressure abolishes the
reflex contraction of vascular smooth muscle and
consequently decreases the vascular stiffness. This
transluminal distending pressure is affected by vascu-
lar smooth muscle contraction (sympathetic nervous

system activation) and relaxation by the release
of NO. IRI, used to transiently impair endothelial
function,”>*! modestly reduced PWV but did not alter
overall postural trends. The general small reduction
in PWV specifically after IRI may reflect HR reduction
due to sympathetic withdrawal and parasympathetic
dominance, as reported in short cyclic intermittent
ischemia-reperfusion studies. ”-32 Anatomical
asymmetries, such as differences in subclavian artery
length, likely contributed to the directionality of f—f
AT values. ®® f-f AT changes paralleled PWV patterns,
validating it as a reliable compliance marker.?° Our
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data revealed an elevated APWV/ABP ratio during
arm elevation, which points toward improved
vascular compliance despite the relatively small
pressure changes. This specific observation
underscores the non-linear behavior of arterial
stiffness, a property dictated by vascular elasticity
and smooth muscle tone in addition to transmural
pressure.®>* To summarize, we conclude that
mechanical and reflexive drivers, namely hydrostatic
gradients and the venoarteriolar reflex (VAR) serve
as the primary mediators for these acute postural
adaptations. Our results further demonstrate that
transient endothelial function plays only a negligible
role in these vascular shifts.

Conclusion

Our research confirms that vascular reactions to
hand posture remain remarkably stable, even when
we induce acute endothelial dysfunction through
ischemia-reperfusion injury (IRI). We documented
that pulse wave velocity (PWV) and finger-to-finger
timing (f~f AT) shifted in the anticipated directions:
hand elevation lowered PWV and extended f-f AT,
whereas dependency raised PWV and shortened f—f
AT. Most importantly, these posture-induced patterns
endured throughout the IRI challenge. Our analysis
of f-f AT helps resolve existing contradictions in
scientific literature; specifically, rising positive val-
ues signal a pulse delay in the raised hand, while
shifts toward zero or negative values indicate ac-
celerated transit in the dependent limb. Therefore,
f-f AT functions as a metric that reinforces rather
than opposes PWV findings. These results validate
our conclusion that mechanical and reflexive drivers,
primarily the venoarteriolar reflex (VAR) and hy-
drostatic loading, govern postural vascular changes,
with no detectable role for the endothelium. The
steeper APWV/ABP slope we observed during eleva-
tion, despite the lower pressure environment, further
emphasizes a state of heightened vascular compli-
ance. From a clinical perspective, we recommend
hand-elevation testing as a dependable method for
probing vascular compliance, even in populations
with impaired endothelial function, such as those
suffering from early atherosclerosis, diabetes, or
hypertension.

Acknowledgement

We extend our deepest gratitude to the volunteers
who dedicated their time and cooperation to make
this research possible.

BAGHDAD SCIENCE JOURNAL 2026;23(4):1146-1154

Authors’ declaration

+ Conflicts of Interest: None.

* We hereby confirm that all the Figures and Ta-
bles in the manuscript are ours. Furthermore, any
Figures and images that are not ours have been
included with the necessary permission for repub-
lication, which is attached to the manuscript.

» No animal studies are present in the manuscript.

+ Author(s) signed off on ethical considerations
approval.

« Ethical Clearance: The project was approved by
the local ethical committee at Mustansiriyah
University.

Authors’ contributions statement

ZAFA: theorized the study design, carried out all ex-
perimental procedures, handled data acquisition and
analysis, and wrote the initial manuscript draft. FSN:
provided overall research supervision and checked
the validity of our results. BTA: Managed research
resources, oversaw the project’s progression, and con-
tributed to the critical editing of the text. All authors
reviewed the final version of the manuscript and
granted their approval for this submission.

References

1. Costanzo LS. Physiology. 6th ed. Philadelphia: Elsevier.
2018:177-88.

2. Gupta AK, Gelb AW. Physiologic basis and clinical
implications of vascular autoregulation. Anesthesiology.
2008;108(3):523-38. https://doi.org/10.1097/ALN.
0b013e3181650e68.

3. Levick JR. An Introduction to Cardiovascular Physiology. 2nd
ed. Oxford: Butterworth-Heinemann. 1991.

4. Sembulingam K, Sembulingam P. Essentials of medical physi-
ology. 6th ed. New Delhi: Jaypee Brothers Medical Publishers
(P) Ltd. 2012.

5. Defrianto, Saktioto T, Soerbakti Y, Thoibah A, Meyzia B, Syah-
putra RF, et al. Numerical investigation of physical parameters
in cardiac vessels as a new medical support science for com-
plex blood flow characteristics. Baghdad Sci J. 2023;20(6):4.
https://doi.org/10.21123/bsj.2023.7076.

6. Lee J. Hemodynamics in Doppler ultrasonography. Ultra-
sonography. 2024 Nov;43(6):413-423. https://doi.org/10.
14366/usg.24126.

7. Aboo Bakkar Z, Fulford J, Gates PE, Jackman SR, Jones
AM, Bond B, et al Prolonged forearm ischemia attenu-
ates endothelium-dependent vasodilatation and plasma nitric
oxide metabolites in overweight middle-aged men. Eur
J Appl Physiol. 2018;118(8):1565-72. https://doi.org/10.
1007/s00421-018-3886-z.

8. Bonetti PO, Lerman LO, Lerman A. Endothelial dysfunc-
tion: a marker of atherosclerotic risk. Arterioscler Thromb
Vasc Biol. 2003;23(2):168-75. https://doi.org/10.1161/01.
ATV.0000051384.43104.FC.


https://doi.org/10.1097/ALN.0b013e3181650e68
https://doi.org/10.1097/ALN.0b013e3181650e68
https://doi.org/10.21123/bsj.2023.7076
https://doi.org/10.14366/usg.24126
https://doi.org/10.14366/usg.24126
https://doi.org/10.1007/s00421-018-3886-z
https://doi.org/10.1007/s00421-018-3886-z
https://doi.org/10.1161/01.ATV.0000051384.43104.FC
https://doi.org/10.1161/01.ATV.0000051384.43104.FC

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

BAGHDAD SCIENCE JOURNAL 2026;23(4):1146-1154

Cecelja M, Chowienczyk P. Role of arterial stiffness in car-
diovascular disease. JRSM Cardiovasc Dis. 2012;1(4):1-10.
https://doi.org/10.1258/cvd.2012.012016.

Ogoh S. Acute and chronic effect of physiological factors on
arterial stiffness. J Clin Med. 2023;12:3044. https://doi.org/
10.3390/jcm12083044.

Tripathi A, Obata Y, Ruzankin P, Askaryar N, Berkowitz DE,
Steppan J, et al. A pulse wave velocity based method to assess
the mean arterial blood pressure limits of autoregulation in
peripheral arteries. Front Physiol. 2017;8:855. https://doi.
org/10.3389/fphys.2017.00855.

Dayan L, Brill S, Hochberg U, Jacob G. Is adenosine a
modulator of peripheral vasoconstrictor responses? Clin Au-
ton Res. 2016;26(2):141-7. https://doi.org/10.1007/s10286-
016-0345-y.

Fujii N, McGarr GW, McNeely BD, Ichinose M, Nishiyasu
T, Kenny GP. KCa and KV channels modulate the venoar-
teriolar reflex in non-glabrous human skin. Eur J Phar-
macol. 2020;866:172828. https://doi.org/10.1016/j.ejphar.
2019.172828.

Reynés C, Perez-Martin A, Ennaifer H, Silva H, Knapp Y,
Vinet A. Mechanisms of Venoarteriolar Reflex in Type 2
Diabetes with or without Peripheral Neuropathy. Biology.
2021;10(4):333 https://doi.org/10.3390/biology10040333.
Jiang X, Wei S, Zheng D, Huang P, Liu C. Changes in
the bilateral pulse transit time difference with a moving
arm. Technology and Health Care. 2018;26(1_suppl):113—
119. https://doi.org/10.3233/THC-174256.

Abdullah SA, Essa SI, Talib B. Pulse transit time as an index
of vascular reactivity. J Pak Med Assoc. 2024;74(Suppl 8):S-
356-8. https://doi.org/10.47391/JPMA-BAGH-16-81.

Bank AJ, Kaiser DR, Rajala S, Cheng A. In vivo human brachial
artery elastic mechanics. Circulation. 1999;100(1):41-7.
https://doi.org/10.1161/01.CIR.100.1.41.

Zakaria H, Mengko TLR. Endothelial dysfunction by photo-
plethysmogram. IEEE ICEEI 2017. https://doi.org/10.1109/
ICEEIL.2017.8312366.

Hickey M, Phillips JP, Kyriacou PA. Investigation of PPG mor-
phology changes during hand-elevation. J Clin Monit Com-
put. 2016;30(5):727-36. https://doi.org/10.1007/s10877-
015-9761-0.

S Sathasivam, S Phababpha, P Sengmeuan, P Detchaporn, Z
Siddiqui, U Kukongviriyapan, et al. A novel approach to as-
sess endothelial function. J Phys Conf Ser. 2011;307:012014.
https://doi.org/10.1088/1742-6596,/307/1,/012014.

Adnan SK, Neda FS, Al-Gailani BT. Vascular stiffness in
cold pressor test hyper-reactors. Pol J Med Phys Eng. 2023;
29(3):151-5. https://doi.org/10.2478/pjmpe-2023-0016.

22.

23.

24.

25.

26.

27.

28.

20.

30.

31.

32.

33.

34.

1153

Gesche H, Grosskurth D, Kuchler G, Patzak A. Continuous
BP measurement using pulse transit time. Eur J Appl Phys-
iol. 2011;112(1):309-15. https://doi.org/10.1007,/s00421-
011-1983-3.

Jackson RE, Lima NS, Sherman SR, Clifford PS. Limb position
influences arterial stiffness. Artery Res. 2024;30:6-10. https:
//doi.org/10.1016/j.artres.2023.100082.

Laurent S, Boutouyrie P, Lacolley P. Structural and genetic
bases of arterial stiffness. Hypertension. 2005;45(6):
1050-5. https://doi.org/10.1161/01.HYP.0000160938.
32015.04.

Lott ME, Hogeman C, Herr M, Bhagat M, Kunselman A,
Sinoway LI. Vasoconstrictor responses in limbs to transmural
pressure. J Appl Physiol. 2009;106:302-10. https://doi.org/
10.1152/japplphysiol.90449.2008.

Dawson-Saunders B, Trapp RG. Basic and Clinical Biostatis-
tics. Norwalk, Conn: Appleton & Lange. 1990.

Chen YS, Lu WA, Hsu LY, Kuo CD. Determinants of hand pulse
wave velocity and hand pulse transit time in healthy adults.
Sci Rep. 2024;14:10144. https://doi.org/10.1038/s41598-
024-60927-5.

Foo JYA, Wilson SJ, Williams GR, Harris MA, Cooper
DM. Pulse transit time changes with limb positions. Phys-
iol Meas. 2005;26:1093-102. https://doi.org/10.1088/0967-
3334/26/6/018.

Poon CCY, Zhang YT, Liu Y. Using the changes in hydrostatic
pressure and pulse transit time to measure arterial blood
pressure. 29th Annual International Conference of the IEEE
Engineering in Medicine and Biology Society; 2007 Aug 22—
26; Lyon, France. IEEE. 2007:2336-2337. https://doi.org/10.
1109/IEMBS.2007.4352794.

Silva H, Rezendes C. Venoarteriolar reflex in upper limb de-
pendency. Biology (Basel). 2024;13(9):715. https://doi.org/
10.3390/biology13090715.

Kharbanda RK, Peters M, Walton B, Kattenhorn M, Mullen
M, Klein N, et al. Ischemic preconditioning prevents endothe-
lial injury. Circulation. 2001;103:1624-30. https://doi.org/
10.1161/01.CIR.103.12.1624.

Basalay M, Barsukevich V, Mastitskaya S, Mrochek A, Pernow
J, Sjoquist PO, et al. Remote ischaemic pre- and delayed
postconditioning — similar degree of cardioprotection but
distinct mechanisms. Exp Physiol. 2012;97(8):908-17. https:
//doi.org/10.1113/expphysiol.2012.064923.

Le Vay D. Anatomy & Physiology: A Complete Introduction.
London: Teach Yourself. 2015.

O’Rourke MF, Pauca A, Jiang XJ. Pulse wave analysis. Br J Clin
Pharmacol. 2002;53(4):398-404. https://doi.org/10.1046/].
0306-5251.2001.01400.x.


https://doi.org/10.1258/cvd.2012.012016
https://doi.org/10.3390/jcm12083044
https://doi.org/10.3390/jcm12083044
https://doi.org/10.3389/fphys.2017.00855
https://doi.org/10.3389/fphys.2017.00855
https://doi.org/10.1007/s10286-016-0345-y
https://doi.org/10.1007/s10286-016-0345-y
https://doi.org/10.1016/j.ejphar.2019.172828
https://doi.org/10.1016/j.ejphar.2019.172828
https://doi.org/10.3390/biology10040333
https://doi.org/10.3233/THC-174256
https://doi.org/10.47391/JPMA-BAGH-16-81
https://doi.org/10.1161/01.CIR.100.1.41
https://doi.org/10.1109/ICEEI.2017.8312366
https://doi.org/10.1109/ICEEI.2017.8312366
https://doi.org/10.1007/s10877-015-9761-0
https://doi.org/10.1007/s10877-015-9761-0
https://doi.org/10.1088/1742-6596/307/1/012014
https://doi.org/10.2478/pjmpe-2023-0016
https://doi.org/10.1007/s00421-011-1983-3
https://doi.org/10.1007/s00421-011-1983-3
https://doi.org/10.1016/j.artres.2023.100082
https://doi.org/10.1016/j.artres.2023.100082
https://doi.org/10.1161/01.HYP.0000160938.32015.04
https://doi.org/10.1161/01.HYP.0000160938.32015.04
https://doi.org/10.1152/japplphysiol.90449.2008
https://doi.org/10.1152/japplphysiol.90449.2008
https://doi.org/10.1038/s41598-024-60927-5
https://doi.org/10.1038/s41598-024-60927-5
https://doi.org/10.1088/0967-3334/26/6/018
https://doi.org/10.1088/0967-3334/26/6/018
https://doi.org/10.1109/IEMBS.2007.4352794
https://doi.org/10.1109/IEMBS.2007.4352794
https://doi.org/10.3390/biology13090715
https://doi.org/10.3390/biology13090715
https://doi.org/10.1161/01.CIR.103.12.1624
https://doi.org/10.1161/01.CIR.103.12.1624
https://doi.org/10.1113/expphysiol.2012.064923
https://doi.org/10.1113/expphysiol.2012.064923
https://doi.org/10.1046/j.0306-5251.2001.01400.x
https://doi.org/10.1046/j.0306-5251.2001.01400.x

1154 BAGHDAD SCIENCE JOURNAL 2026;23(4):1146-1154

daal) JIA) a8 ) A glaa A0 ) g il dile gl cililaiuy)
O a3 @A g (il Ag g de j aladiady A 4o salal)
()

sl Gl aley o ai Pl g 3 ¢ Ao M Cpailad) 0

LGBl lan g patiia) daalall cual) A0S dalal) (:...ns

-

DAl

i (VAR) lpdll-ag sl (uSain caila () egsladl aphall aas s 0 Aaslll (Sl 5 pael) Tavall (& ol il i
2y el @l il (omey ) ddlia) dsulSad) s AK0iKee LT jae Gy A sea) due 5V A Lass Y 5 dile 5l e el
okl 48 65 sall ) jall e Gl pisall (e (Ff AT) Ol 0 Al a5 (50 (A @M (PWV) Gl da 50 de
Dl Adls o aaiad all amid o @by e Aaslil) dgile o) Cllaiu¥) S 13 Lo s ) Al all sda Caa oyl a0 A00a
Bale) 5 Ay s il (alti ddbial 73 gl aladinly e g JIA Slaa) a2y s J8 £ AT s PWV (e IS (b DA e el 5 dfile
:ll gl B 3 (BECG) lil bty sl il Ll dianddl | sl Ll 16 ghaia 18 4l e TRT)) 4 il
£ AT 5305 ) sl il @iy of sl cujelal Q5 gina e da 53 50 5 «lil) (5 siun Jind 353 905 el (5 ginas
gl G adl pamis ol Laiy | le il JEiaY) 8305 ) el Les «%13-%10 dsis PWV alédil s %727-%600 s
Lo ¢ SY IS8 blail) sda i ol (TRT) Sladl JIAN udas 3y 9423996200 4oy ff AT alidil s %7 dais PWV
Slo baldiel (o ST LulSai¥) 5 4SSl AUV e Tl 5 gemy aainiy ddasine iy dle Il Lt o e

Baladl dgladl e axdl)

B n e e cmnaY) O el G el S A ) A g sl ale )y s g Gl s -Apaliiall clalS)
il JUEI e ) ¢ oSt 2 Tk ¢yl 5l Adla ¢ imsil



	Vascular Responses to Hand Posture are Preserved Despite Acute Endothelial Dysfunction: Insights from Pulse Wave Velocity and Finger-to-Finger Timing
	How to Cite this Article

	Vascular Responses to Hand Posture are Preserved Despite Acute Endothelial Dysfunction: Insights from Pulse Wave Velocity and Finger-to-Finger Timing
	Introduction
	Materials and methods
	Ethical approval and participants
	Anthropometric and hemodynamic assessment
	Experimental protocol
	PWV and PTT measurement
	Finger-to-Finger pulse arrival time difference (f–f T)
	Arm positioning and angle verification
	Statistical analysis
	Results
	Participant characteristics
	PWV across arm positions
	Wrist mean blood pressure (MBP)
	Heart rate (HR)
	Finger-to-Finger pulse arrival time difference (f–f T)
	Discussion
	Conclusion
	Acknowledgement
	Authors' declaration
	Authors' contributions statement
	References

