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A significant inter-arm difference in systolic blood pressure
(IADSBP) has recently been associated with worse cardio-
vascular outcomes. The authors hypothesized that part of
this association is mediated by arterial stiffness, and
examined the relationship between significant IADSBP and
carotid-femoral pulse wave velocity (CF-PWV) in a sample
from the Baltimore Longitudinal Study of Aging. Of 1045
participants, 50 (4.8%) had an IADSBP >10 mm Hg at
baseline, and 629 had completed data from >2 visits (for a
total of 1704 visits during 8 years). CF-PWV was significantly
higher in patients with an IADSBP >10 mm Hg (7.3+1.9 vs
8.2+2, P=.002). Compared with others, patients with
IADSBP >10 mm Hg also had higher body mass index,
waist circumference, and triglycerides; higher prevalence of

diabetes; and lower high-density lipoprotein (HDL) choles-
terol (P<.001 for all). A significant association with IADSBP
>10 mm Hg was observed for CF-PWV in both cross-
sectional (odds ratio [OR], 1.19; 95% confidence interval
[CI], 1.06-1.87; P=.01) and longitudinal (OR, 1.15; 95% ClI,
1.03-1.29; P=.01) multivariate analyses. Female sex, Cau-
casian race, high body mass index (plus diabetes and low
HDL cholesterol only cross-sectionally) were other indepen-
dent correlates of IADSBP >10 mm Hg. Significant IADSBP
is associated with increased arterial stiffness in community-
dwelling older adults. J Clin Hypertens (Greenwich).
2013;15:880-887. Published 2013. This article is a U.S.
Government work and is in the public domain in the USA.

Hypertension guidelines have recommended routine
bllateral blood pressure (BP) measurement for many
years,! but the justification has been poor and adoptlon
in primary care practice negligible to date.? Yet, an
inter-arm difference in systolic BP (IADSBP) is fre-
quently encountered in clinical practice and may suggest
the presence of a hidden congenital heart disease, aortic
dissection, or atherosclerotlc disease involving the
supra-aortic arteries.” A stenosis of the supra-aortic
arteries has been associated with significant IADSBP in
patients undergomg 1nva51ve angiography for cardio-
vascular procedures.*® Thus, an IADSBP >10 mm Hg
has been recently proposed as a sign of potential supra-
aortic vascular disease, although a cutoff of >15 mm Hg
is more specific for 51gn1ﬁcant arterial stenosis with
slightly lower sensitivity.* Furthermore, several studies
and meta-analysis mostly involving individuals with
high cardiovascular risk profile recently reported signif-
icant independent associations between an IADSBP
>10 mm Hg and the presence of peripheral vascular
disease, pre-existing coronary artery disease”® and
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increased cardiovascular morbidity and mortality.”

Reasons for these associations are mainly unknown, and
may lie beyond the ability of the IADSBP to detect a
stenotic artery.'>'? Indeed, no study has ever confirmed
the presence of a stenosis of supra-aortic arteries among
unselected patients with significant IADSBP and without
overt atherosclerotic disease.

Carotid-femoral pulse wave velocity (CF-PWV) is
c0n51dered the gold-standard measurement of arterial
stiffness,'* and several studies have demonstrated its
strong ability to predict cardiovascular morbidity and
mortality in the general population.'>'® To gain
insights into the association between IADSBP and
adverse cardiovascular outcomes, we explored the
hypothesis that IADSBP is cross-sectionally and longi—
tudinally associated with CF-PWV. If this hypothesis is
correct, we may hypothesize that part of the association
between IADSBP and cardiovascular risk is mediated by
arterial stiffness.

METHODS

Selection of Study Population

The study sample for the present analysis was drawn from
the Baltimore Longitudinal Study of Aging, an ongoing
prospective study of normative aging in community-
dwelling volunteers who undergo approximately 3 days
of medical, physiological, and psychological examina-
tions at regular intervals.”” Participants are enrolled if
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they are healthy at baseline (eg, no evidence of diabetes,
stroke, or heart disease), but remain in the study if disease
develops. For the present analysis, we included 1045
participants with both sequential and simultaneous BP
measurements and CF-PWYV available at the same study
visit. Of these 1045 participants, only those with at least
two prospective evaluations of simultaneous BP mea-
surements were retained for longitudinal analysis. Par-
ticipants lost at follow-up (n=416), compared with those
who were available, were younger, less likely to be
African American and to have hypertension, but more
likely to be obese. The remaining 629 participants had
completed data from up to 8 visits (mean visits per
participant=2.7, standard deviation [SD]=1, range 2-8),
foratotal of 1704 visits during 8 years. The mean interval
between visits was 4.1 years (SD=1.6, range 1-8 years).
All clinical variables used in the present analysis were
routinely collected at each visit as per study protocol.
The study protocol was approved by the Intramural
Research Program of the National Institute on Aging and
the institutional review board of the MedStar
Health Research Institute (Baltimore, MD). All part-
icipants provided informed participation consent at each
visit.

BP Measurements

Sequential Measurements. Brachial BP was measured
by trained nurse practitioners according to a highly
standardized protocol using two standard aneroid
sphygmomanometers with appropriately sized cuffs.
One sphygmomanometer was placed at each arm and,
after at least 5 minutes of rest in the supine position, 3
BP measurements from each arm were taken, alternating
right then left, and allowing 1 minute between each
measurement on the same arm.
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Simultaneous Measurements. Simultaneous bilateral
brachial BP measurements were performed as part of
the routine diagnostic procedure to assess bilateral
ankle-brachial index (ABI). After 10 minutes of rest in
the supine position, 3 BP measurements were taken
simultaneously and automatically using a validated
automatic oscillometric device (Colin VP-2000; Colin
Medical Technology, Komaki, Japan). The ABI was
calculated as the average of the 3 resting ankle systolic
pressure readings divided by the average of the 3 resting
brachial systolic pressure readings.

For both sequential and simultaneous measures of
BP, values of systolic BP differing >25 mm Hg from
the lowest measure at the same arm were removed
from the analysis.'® Thirty-one patients with 38
sequential recordings and 7 patients with 10 simulta-
neous recordings meeting these prespecified criteria
were excluded from the original population of 1083
participants. For the purpose of this analysis, the
IADSBP was calculated as the difference in systolic BP
between the right and the left arm at each reading
(first, second, and third) for both sequential and
simultaneous BP measurements.

Definition and Prevalence of Significant IADSBP

In preliminary exploratory analysis, we confirmed that
the prevalence of an IADSBP >10 mm Hg decreased,
moving from the first to the third reading (Figure). The
decrease in prevalence was much more significant for
sequential (from 18.2% to 11.4%; 6.8% decrease)
compared with simultaneous measurements (from 8%
to 6.1%; 1.9% decrease), and the prevalence of signif-
icant ITADSBP was generally lower with simultaneous
than sequential measurements (Figure), as previously
reported.'” Bland-Altman plots did not show any

Prevalence (%)

FIRST SECOND
READING READING

THIRD DURING AT LEAST TWO
READING

B SEQUENTIAL O SIMULTANEOUS

AT THE SECOND AND
THIRD READING

READINGS

FIGURE. Prevalence of inter-arm difference in systolic blood pressure (IADSBP) >10 mm Hg in the cross-sectional study sample. The chart
shows the prevalence of IADSBP >10 mm Hg at the first, second, and third blood pressure reading, separately for the sequential (black
columns) and simultaneous (grey columns) method. The prevalence of IADSBP >10 mm Hg decreased moving from the first to the third sets of
readings for both methods and when using combinations of these readings.
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tendencies for the IADSBP at each reading to vary as a
function of the mean systolic BP, although a wider
spread of TADSBP values was generally observed for
sequential as compared with simultaneous measure-
ments and at the first as compared with the third set of
readings (Figure S1). The first set of readings was then
discarded, and for both the sequential and the simulta-
neous method, TADSBP was considered >10 mm Hg
only if found by both the second and the third reading,
to prevent overestimation and improve consistency.
This resulted in a final prevalence of IADSBP >10 mm
Hg of 3.2% with the sequential method and of 4.8%
with the simultaneous method (50 of 1045 participants,
24 with right>left, 26 with left>right). For an TADSBP
>15 mm Hg, the final prevalence rates were 0.5% and
1.1%, respectively. Given the results of our exploratory
analysis and because it has been shown that simulta-
neous BP measurements are more reliable and repro-
ducible than sequential ones,'” subsequent analyses
were performed by considering as “cases” those partic-
ipants with an JADSBP >10 mm Hg at both the second
and the third simultaneous readings. The distribution of
the mean IADSBP in the whole cross-sectional sample is
presented in Figure S2.

Between-visit variations of TADSBP in the same patient
were previously shown to be large,'®*° and this finding
was confirmed in our preliminary analysis. Of 1704 total
longitudinal observations in 629 participants (Figure
S3A), only 56 participants had an IADSBP >10 mm Hg.
Of these 56 participants over 200 longitudinal observa-
tions (Figure S3B), 51 had an ITADSBP >10 mm Hg at a
single visit sometimes during the course of the study. Only
5 participants had an IADSBP >10 mm Hg at more than
one visit (3 participants with right>left at 2 consecutive
visits, 1 participant with left>right at 2 consecutive visits,
and 1 participant with left>right at 2 separate visits
[Figure S3B]).

Carotid-Femoral Pulse Wave Velocity
Carotid-femoral pulse wave velocity was measured after
the patient had rested in the supine position in a quiet
room for at least 10 minutes. Patients abstained from
food and drinking coffee or other caffeine-containing
beverages for at least 45 minutes before the test. CF-
PWV was calculated as the distance traveled by the
pulse wave divided by the time difference between the
feet of carotid and femoral arterial waveforms gated to
electrocardiography.'* Over the long follow-up period,
two devices were used to record CF-PWV (2003-2010:
Complior SP device; Artech Medical, Paris, France;
starting 2011: SphygmoCor system, AtCor Medical,
Sydney, New South Wales, Australia); therefore, CF-
PWV measures were standardized as previously
described.*!

Clinical Variables

To calculate clinical systolic and diastolic BP, the first
set of readings was discarded and the second and third
readings at both arms were averaged. This mean BP

values were used to calculate the steady and pulsatile
components of BP (expressed as mean BP=2/3 diastolic
BP+1/3 systolic BP, and pulse pressure=systolic BP—
diastolic BP, respectively) and to estimate the prevalence
of hypertension. The latter was defined as the presence
of a BP >140/90 mm Hg and/or the use of antihyper-
tensive medications. Heart rate was recorded at the
same time of BP measurement by the nurse practitioner.
Body mass index (BMI) was calculated as weight
divided by squared height (kg/m?) and a BMI >30 was
used as an index of general obesity. Waist circumfer-
ence, defined as the minimal abdominal circumference
between the lower edge of the rib cage and the iliac
crests, was measured according to a highly standardized
procedure, and Adult Treatment Panel III (ATP III)
criteria were used to estimate the prevalence of central
obesity (waist circumference >102 cm in men and
>88 cm in women).”? Fasting serum samples were
drawn to assay plasma glucose, triglycerides, total
cholesterol, and high-density lipoprotein (HDL) choles-
terol, while low-density lipoprotein cholesterol concen-
trations were estimated using the Friedewald formula.
Diabetes mellitus was defined by the American Diabetes
Association criteria and/or the use of diabetes medica-
tions.”> Dyslipidemia was defined as total cholesterol
>200 mg/dL and/or by use of lipid-lowering treatment.
Metabolic szndrome was diagnosed according to ATP
I criteria.”” Estimated glomerular filtration rate, cal-
culated by the simplified modification of diet in renal
disease formula, was used to determine renal function,
and renal failure was deﬁned as glomerular Bltration
rate <60 mL/min/1.73 m?®. Smoking status was ascer-
tained by a questionnaire and participants were classi-
fied as ever smoker vs never smoker (<100 cigarettes in
lifetime). Cardiovascular diseases were ascertained at
each visit using a standardized questionnaire. Coronary
artery disease was defined as a history of myocardial
infarction, heart failure, current angina associated with
a positive stress test, or previous cardiac procedures
(including surgical or percutaneous cardiac revascular-
ization). Peripheral arterial disease was determined by
the presence of intermittent claudication and/or an ABI
<0.9 in either leg.

Statistical Analysis

Continuous data are presented as meanzstandard
deviation and categorical data as percentages. Compar-
isons between participants with and without an IADSBP
>10 mm Hg were performed using Student ¢ test or the
chi-square test as appropriate. For cross-sectional anal-
yses, multivariate logistic regression models were used
to investigate the relationship between CF-PWV and an
TADSBP >10 mm Hg after adjusting for variables that in
univariate analysis were associated with an TADSBP
>10 mm Hg (heart rate, BMI, diabetes, triglycerides,
HDL) or known to potentially affect both IADSBP and
CF-PWV (age, sex, race, smoking, antihypertensive
drugs, systolic BP). Collinearity was assessed calculating
the variance inflation factor, which was considered
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acceptable when <2. Backward selection was used to
select variables significantly associated with the out-
come. The longitudinal relationship between PWV and
an TADSBP >10 mm Hg was examined using general-
ized estimating equations with a standard (marginal)
model,** which consider the within-person correlation
when examining multiple observations per patient, do
not require a balanced design and can be used for
dichotomous outcomes such as the presence or absence
of an TADSBP >10 mm Hg. A binary distribution, logit
link, and exchangeable correlation matrix was used and
odds ratios were calculated. Analyses were adjusted for
the time-varying values of age and other covariates
included in previous cross-sectional analysis. As the
interaction between CF-PWV and age was found to be
not significant at either the P<.05 or P<.10 level, this
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coefficient was not included in the final model.
A reduced model was obtained after removing variables
that did not retain statistical significance. All analyses
were performed using the SAS package (version 9.3; SAS
Institute Inc, Cary, NC). Statistical significance was set
at P<.0S.

RESULTS

Study Population

Descriptive characteristics of the cross-sectional and
longitudinal samples are shown in Table I. Compared
with the cross-sectional sample, individuals retained for
longitudinal analysis did not differ significantly at
baseline, except for the slightly older age and higher
prevalence of hypertension and renal failure. In the

TABLE |I. Characteristics of Study Population for Cross-Sectional and Longitudinal Analyses
Cross-Sectional IADSBP <10 mm IADSBP >10 mm Longitudinal
Sample (n=1045) Hg (n=995) Hg (n=50) P Value Sample (n=629)
Age, y 66+13 66+13 64+14 .27 68+12
Follow-up, y - - - - 4.1+1.6 (1-8)
Number of visits - - - - 2.7+1 (2-8)
Men, % 51 51 42 21 50
African American, % 24 25 16 .16 28
Body mass index, kg/m? 27+5 27+4 31+6 <.0001 27+4
Waist circumference, cm 91412 91412 100+14 <.0001 92411
Total cholesterol, mg/dL 191437 191437 193+43 .76 192438
HDL cholesterol, mg/dL 59+17 59+17 50+15 <.001 59417
LDL cholesterol, mg/dL 112433 111+33 116+39 41 112+33
Triglycerides, mg/dL 104459 102159 134451 <.001 103156
Fasting plasma glucose, mg/dL 92+17 92+17 95+14 .25 95+18
Glomerular filtration rate, mL/min/1.73 m? 77417 76+18 78+20 .53 74417
Mean systolic BP, mm Hg 118+15 118+15 120+13 .30 120+15
Mean diastolic BP, mm Hg 66+9 66+9 66+7 .57 67+9
Mean BP, mm Hg 83+10 83+10 8447 .82 8449
Pulse pressure, mm Hg 51413 514+13 54414 11 53+13
Heart rate, beats per min 6610 65+9 69+12 .004 65+10
Carotid-femoral pulse wave velocity, m/s 7.44+1.9 7.3+1.9 8.24+2 .002 7.241.8
Ankle-brachial index 1.18+0.1 1.18+0.1 1.19+0.1 .38 1.18+0.1
Ankle-brachial index <0.9, % 2 2 0 .34 2
Hypertension, % a7 47 46 .93 53
BP >140/90 mm Hg, % 8 8 8 .91 10
Antihypertensive drugs, % 44 44 44 .99 50
Diabetes, % 19 18 42 <.0001 22
Smoking, ever, % 45 45 34 12 47
Dyslipidemia, % 74 74 84 A1 76
Total cholesterol >200 mg/dL, % 38 38 38 .98 39
Lipid-lowering drugs, % 42 42 42 .98 44
Renal failure, % 17 17 18 .81 21
Obesity, % 23 21 56 <.0001 22
Central obesity, % 33 31 71 <.0001 34
Metabolic syndrome, % 10 9 24 <.001 10
Coronary artery disease, % 11 1 12 .74 9
Cardiac procedures, % 6 5 8 .38 7
Peripheral arterial disease, % 2 2 0 .27 2
Abbreviations: BP, blood pressure; HDL, high-density lipoprotein; IADSBP, inter-arm difference in systolic blood pressure; LDL, low-density lipoprotein.

Official Journal of the American Society of Hypertension, Inc.

The Journal of Clinical Hypertension Vol 15 | No 12 | December 2013 883



Inter-Arm Difference in BP and Arterial Stiffness | Canepa et al.

cross-sectional sample, participants’ mean age was
66 years, 51% were men, and 24% were African
Americans. Mean BMI was 2745 kg/m?, and the
prevalence of obesity was 23%. About 20% of partic-
ipants were diagnosed with diabetes, 47% with treated
hypertension, and 74% with dyslipidemia, although
mean systolic (118+£15 mm Hg) and diastolic
(6649 mm Hg) BP values were within normal ranges
and only 8% of the participants had BP values >140/
90 mm Hg and 38% total cholesterol values >200
mg/dL (Table I).

Clinical Correlates of Significant IADSBP

Compared with participants with an TADSBP <10 mm
Hg, those with an IADSBP >10 mm Hg had higher BMI,
waist circumference and triglycerides, and lower HDL
(Table I). Accordingly, prevalence rates of diabetes,
obesity, central obesity, and metabolic syndrome were
also significantly higher in this group. No significant
differences were found for age or systolic and diastolic BP
and prevalence of hypertension and cardiovascular dis-
eases. Heart rate and CF-PWV were also significantly
higher in patients with an IADSBP >10 mm Hg (Table I).

Cross-Sectional Relationship Between CF-PWV and
Significant IADSBP

Adjusting for multiple confounders, CF-PWV was
significantly associated with TADSBP >10 mm Hg
(OR, 1.24; 95% CI, 1.05-1.48; P=.01 [Table I1]). After
backward selection of variables that did not reach a P
value level <.05, CF-PWV, together with female sex,
Caucasian race, high BMI, diabetes, and low HDL
persisted as independent correlates of an IADSBP
>10 mm Hg (Table II). No significant interaction was
found between sex or race and other variables, and
results remained substantially unchanged when mean
BP or pulse pressure was substituted for systolic BP or
obesity for BMI (data not shown).

Longitudinal Relationship Between CF-PWV and
Significant IADSBP

Longitudinal data in standard (marginal) format were
analyzed using generalized estimating equation mod-
els** adjusting for sex, race, and time-varying age, heart
rate, smoking, BMI, antihypertensive drugs, systolic BP,
diabetes, triglycerides, and HDL cholesterol. Results of
the reduced model showed that each unit increase of CF-
PWV, in terms of both difference between patients or
within the same patients across subsequent assessments,
was associated with TADSBP >10 mm Hg (OR, 1.15;
95% CI, 1.03-1.29; P=.01 [Table III]). Female sex,
Caucasian race, and high BMI were also independently
associated with an TADSBP >10 mm Hg, while the ORs
for diabetes and HDL were in the expected direction but
did not reach statistical significance (Table III).

DISCUSSION

This is the first large-scale study that explores the
prevalence of significant TADSBP in community-
dwelling individuals with low cardiovascular risk and

analyzes its cross-sectional and longitudinal relationship
with CF-PWV.

Relationship Between IADSBP and CF-PWV

Studies of patients undergoing angiography for other
clinical reasons were able to confirm the presence of
significant atherosclerosis involving the supra-aortic
arteries as the reason for the IADSBP.***° However,
this kind of evidence has never been produced either by
angiography or by Doppler ultrasonography in unse-
lected individuals from the general population, for
whom the pathological basis of a significant IADSBP
remains unknown. For this reason, experts recommend
that the definition of “arterial stenosis” should not be
used in studies according to measurement of the inter-
arm difference alone.” In searching for an explanation
of the increasingly reported association between a

TABLE Il. Cross-Sectional Association Between Predictors and an IADSBP >10 mm Hg
Full Model Reduced Model

OR 95% ClI P Value OR 95% ClI P Value
Pulse wave velocity, m/s 1.24 1.05 1.48 .01 1.19 1.01 1.38 .03
Age, y 0.99 0.96 1.01 .31
Male sex 0.40 0.19 0.83 .01 0.34 0.17 0.68 .003
African American race 0.31 0.13 0.76 .01 0.32 0.14 0.76 .01
Heart rate, beats per min 1.01 0.98 1.04 .59
Smoking, ever 0.56 0.29 1.11 10
Body mass index, kg/m? 1.16 1.08 1.23 <.0001 1.16 1.09 1.23 <.0001
Antihypertensive drugs 0.69 0.35 1.38 .30
Systolic BP 1.01 0.98 1.03 .63
Diabetes 2.68 1.34 5.36 .005 242 1.26 4.66 .01
Triglyceride, mg/dL 1.00 0.99 1.01 .78
HDL cholesterol, mg/dL 0.98 0.95 1.00 .09 0.97 0.95 0.99 .03
Abbreviations: BP, blood pressure; Cl, confidence interval; HDL, high-density lipoprotein; IADSBP, inter-arm difference in systolic blood pressure;
OR, odds ratio.
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TABLE Ill. Longitudinal Association Between Predictors and an IADSBP >10 mm Hg
Full Model Reduced Model

OR 95% ClI P Value OR 95% ClI P Value
Pulse wave velocity, m/s 1.17 1.04 1.31 .007 1.15 1.03 1.29 .01
Age, y 0.98 0.95 1.02 .31
Male sex 0.34 0.16 0.73 .006 0.43 0.22 0.83 .01
African American race 0.34 0.15 0.75 .008 0.40 0.19 0.84 .02
Heart rate, beats per min 1.01 0.98 1.04 .61
Smoking, ever 0.71 0.38 1.32 .27
Body mass index, kg/m? 1.13 1.06 1.20 <.001 1.16 1.09 1.23 <.001
Antihypertensive drugs 0.97 0.51 1.88 .94
Systolic BP 1.01 0.99 1.03 .20
Diabetes 1.72 0.87 3.42 12
Triglycerides, mg/dL 1.00 0.99 1.01 .80
HDL cholesterol, mg/dL 0.99 0.96 1.01 .29
Abbreviations: BP, blood pressure; Cl, confidence interval; HDL, high-density lipoprotein; IADSBP, inter-arm difference in systolic blood pressure;
OR, odds ratio.

significant IADSBP and poor cardiovascular outcomes,”
we tested and confirmed in multivariate cross-sectional
and longitudinal analyses an independent relationship
between an IADSBP >10 mm Hg and CF-PWV, a
parameter considered the gold standard for noninvasive
assessment of arterial stiffness.'* Our primary hypoth-
esis, although not verified, is that ongoing endothelial
dysfunction and arterial stiffening underlie the
association between increased CF-PWV and significant
IADSBP. Previous studies have shown independent
associations of significant IADSBP with other markers
of atherosclerosis, namely carotid artery intima-media
thickness,'? coronary artery calcium score,'* brachial-
ankle pulse wave velocity,"® and an ABI <0.9.'%13:2
Compared with our population, despite their almost 10-
year younger age, these studies included individuals
with worse cardiovascular profile, particularly because
of the higher prevalence of hypertension and coronary
artery disease (69% and 19%, respectively, in the study
by Su and colleagues'®), uncontrolled systolic BP
(>140 mm Hg in up to 40% in the total cohort by
Shadman and colleagues®®), and lower HDL and higher
triglycerides mean values.'>'3?® The results of our
study are new because they were obtained in a healthier
aging population and using an earlier marker of
subclinical vascular damage such as CF-PWV. Increased
CF-PWYV has been demonstrated to be a strong predic-
tor of cardiovascular morbility and mortality in the
general population.'*'® Our current findings raise the
possibility that part of the association between an
IADSBP >10 mm Hg and cardiovascular risk reported
in the literature may be mediated by arterial stiffness.
We speculate that similar systolic BP in both arms
may reflect a fine-tuning process to maintain a state of
homeostasis, and a significant TADSBP may be the result
of a disturbance to this homeostasis, either by mechan-
ical obstruction (as assumed so far) or dysfunction of
fine-tuning, of which endothelial function, arterial
stiffness, and wave reflection may be a part. If there is

any association between CF-PWYV and significant IADS-
BP beyond atherosclerosis, one may speculate that since
the left and right subclavian arteries originate from
different points of the aortic arch, by physics this should
result in slightly different pressures, but this would be
masked by proper endothelial function that will act on
the different blood flow in each arm to bring the BP to
target (more or less like an electronic stability control on
a car, where brakes act differently on each wheel to keep
the car balanced when braking). Endothelial dysfunc-
tion and consequent arterial stiffness would unmask
these differences, which may also be accentuated by
wave reflection that might present in one more than the
other arm due to hemodynamic differences.

Other Clinical Correlates of IADSBP

In our multivariate analysis, an IADSBP >10 mm Hg was
associated with increasing BMI, decreasing HDL, and
presence of diabetes. Waist circumference, central adi-
posity, and metabolic syndrome were also significantly
higher in participants with an IADSBP >10 mm Hg, but
BMI (or obesity) was preferred for multivariate analyses
because of the higher ORs and the lower correlation with
other variables included in the models (especially sex and
CF-PWV). The associations with BMI, '3 diabetes,'?
and HDL,*® all previously reported in other studies,
suggest a potential causal relationship between unfavor-
able changes in body composition and lipid metabolism
and significant TADSBP. In contrast with some previous
reports,'>!3%¢ but in agreement with others,'®*” hyper-
tension (as well as continuous BP-related parameters or
antihypertensive medications) did not appear to influence
IADSBP. The lower mean systolic and diastolic BP values
(with only 8% of the participants having BP values >140/
90 mm Hg) and the better cardiovascular risk profile of
our population, as well as rigorous BP measurement
protocol (requiring supine position, adequate resting
time, and multiple readings) may partially explain these
contrasting findings. Finally, the higher probability of
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significant TADSBP in women is consistent with what has
already been reported in several other studies.'*'*%¢ The
reason is unclear, and we do not have an explanation for
the lower tendency of African American participants in
our cohort to have an TADSBP >10 mm Hg. African
Americans in our population were more likely to be
hypertensive (56% vs 44%, P=.001) and receive antihy-
pertensive drugs (52% vs 42%, P=.006) but also had
higher HDL values (61418 vs 58+17, P=.01) and lower
triglycerides (90+£51 vs 108+61, P<.001). The absence of
a relationship between hypertension and the IADSBP in
our analysis made us hypothesize that, among all factors,
the effect of a favorable lipid profile in this race group may
have overcome that of hypertension and in part explain
our findings. However, further studies are needed to
address the complex relationship between sex, race, and
significant TADSBP.

Ascertainment of IADSBP
Despite the major emphasis placed on the prognostic
value of a significant IADSBP, considerable debate exists
regarding the reproducibility and generalizability of these
findings to the general community.?® It has been shown
that the more BP measurements are taken, the lower the
prevalence of significant IADSBP becomes, and multiple
readings appear necessary to overcome the initial so-
called white-coat effect.”” In addition, published data
clearly suggest that sequential measurement of BP over-
estimates the prevalence of IADSBP, and simultaneous
measurement of both arms seems preferable.'” Our
preliminary exploratory analysis confirmed these previ-
ous findings, plus the low consistency and reproducibility
of IADSBP over time when looking at longitudinal
trajectories of 629 participants in our study with more
than two simultaneous BP evaluations.'®*°

In our analysis, we used multiple BP measurements
taken simultaneously on both arms with an automated
device to define participants with an IADSBP >10 mm Hg.
Previous population studies used either sequential BP
measurements to calculate the TADSBP,'* combined
different sequential BP measurement protocols,?® or did
not have multi}gle simultaneous BP readings to estimate
the TADSBP,'” therefore, generally reporting higher
prevalence than ours. Nevertheless, significant associa-
tions with subclinical markers of atherosclerosis were
consistently reported.'>'%?¢ Reasons for this may
presumably reside on the ability of the IADSBP esti-
mated by sequential BP readings to capture some of the
short-term variability in BP, a measure that is per se
indeg)endently associated with increased arterial stiff-
ness*” and cardiovascular disease.’’

Study Limitations

There are several limitations in this study. The majority of
participants included in the current analysis were treated
chronically with antihypertensive and lipid-lowering
medications. Although adjustments for these medications
did not have any significant effect in our multivariate
models, we cannot completely exclude the influence of

these agents on the estimation of both the IADSBP and the
CF-PWV. In addition, central pulse pressure and wave
reflection data were not available for most of the patients
included in this analysis, and we could not explore the
association between IADSBP and wave reflection param-
eters at the time of the study.

Although appropriate cuff size was chosen based on the
arm circumference of each participant, larger arms of
individuals with higher BMI increase the likelihood of
inaccurate BP measurements. The same applies to 1ar§er
bellies and/or breasts for the estimation of CF-PWV.'

The low number of participants with IADSBP>10 mm
Hg detected at baseline and in subsequent visits prevented
us from performing further subanalysis stratified by either
sex, race, or obesity, and different longitudinal models
testing the association between CF-PWYV and the devel-
opment of IADSBP >10 mm Hg among those with
IADSBP <10 mm Hg at baseline. However, such a low
prevalence and incidence were expected in a cohort of
patients with a low cardiovascular risk profile. Moreover,
we preferred to eliminate most potential sources of bias in
the estimation of the IADSBP by considering only the
second and third simultaneous and automated BP read-
ings, thus determining a significant reduction in the
prevalence of participants with an IADSBP >10 mm Hg.
Despite this careful approach, the consistency and repro-
ducibility of the simultaneous IADSBP in our longitudinal
sample remained low. Nevertheless, the association
between CF-PWV and an TADSBP >10 mm Hg was
consistent both in cross-sectional and longitudinal anal-
yses, although the sensitivity and specificity of this
parameter for the detection of abnormal arterial compli-
ance are probably limited.

CONCLUSIONS

We herein demonstrate a positive relationship between
CF-PWV and significant IADSBP in community-dwelling
healthy aging individuals. This finding may help explain-
ing at least part of the association between IADSBP and
poor cardiovascular outcomes reported in the literature.
Indeed, besides its potential ability to detect obstructive
disease of the supra-aortic arteries, our results suggest
that an TADSBP >10 mm Hg could potentially be
considered as a marker of increased arterial stiffness
and support the opportunity to assign individuals with a
significant TADSBP to further cardiovascular assessment.
For this purpose, IADSBP should be measured simulta-
neously and multiple times, and its low consistency and
reproducibility over time should be taken into account.
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Figure S3. Longitudinal trajectories of inter-arm differ-
ence in systolic blood pressure.
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