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• Modifiable factors associated with BPV are still being established.
• 1454 elderly participants underwent HBPM and serial BP measures over 8 years.
• GAD was associated with systolic BPV over 8 years.
• The GAD association with systolic BPV was consistent for morning and evening measures.
• GAD but not depression was associated with increased systolic BPV over 8 years.
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Background: The modifiable factors associated with blood pressure variability (BPV) are still being established
and their clinical relevance is poorly understood. Generalized anxiety disorder (GAD) and depression have
been implicated with higher BPV in the short term (e.g. hours, days) however their effects on BPV over longer
periods are unknown.
Methods: In a prospective cohort study, 1454 elderly participants (age 78.5±3.78 years, 59%women)underwent
structured interview for GAD and major depression. Participants performed home blood pressure monitoring
(HBPM) over 3 consecutive days and underwent serial clinic BP measures on 4 separate follow-ups over an
8 year period. Systolic and diastolic BPVwas calculated using the coefficient of variation (CV) and standard devi-
ationmethod. Generalized linearmodels assessed the association betweenGAD and depressionwith BPV over an
8 year period.
Results:GADwas associatedwith significantly increased systolic BPVover 8 years in age, sex andmean systolic BP
(β= 0.25, SE = 0.09; p= 0.007) and fully adjusted models (β = 0.23, SE = 0.10; p= 0.017). BPV from HBPM
was strongly associated with 8 year systolic BPV in age-sex (β = 3.10, SE = 0.82; p b 0.001) and fully adjusted
models (β = 3.09, SE = 0.84; p b 0.001). The association between GAD and longer term BPV was consistent
when analyzing morning and evening HBPMmeasures of BPV. There was no association between diastolic BPV
over 8 years with GAD or depression.
Conclusions:GAD but not depressionwas associatedwith increased systolic BPV over an 8 year period controlling
for HBPM. GAD has clinical relevance for control of systolic BPV in elderly participants.

© 2016 Elsevier Inc. All rights reserved.
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1. Introduction

Blood pressure (BP) varies within individuals over time [1]. An
increase in BP variability (BPV) is an emerging focus in clinical and epi-
demiological studies because of links to incident and recurrent stroke
[2–4] and major cardiovascular outcomes [5–8] independent of mean
, University of Bordeaux, France,
nce.
y).
systolic BP. The clinical relevance of BPV beyond the effects of mean
BP remains controversial and poorly understood [7,9]. Increased BPV
is associatedwith decreased arterial compliance and complex parasym-
pathetic, behavioral and psychological processes [1,10]. It is unclear
which factors leading to higher BPV can be modified, if any. Among po-
tentiallymodifiable risk factors, generalized anxiety disorder (GAD) and
major depression have been implicated with higher BPV in the short
term (e.g. hours and days) [11–13], however their effects on BPV over
longer periods (i.e. years) is lesser reported. Clarifying the long term
association between GAD, major depression and BPV is imperative
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because persons with these disorders have higher healthcare costs [14]
and are at a high risk of stroke and cardiovascular events [15–19].More-
over, BPV is one plausible mechanism portending an increased cardio-
vascular morbidity risk [2,20].

A body of empirical work documents the cross-sectional association
between depression and anxiety with BPV derived from beat-to-beat,
ambulatory and home BP measures [11–13,21]. One limitation of the
extant evidence is the paucity of longitudinal research describing how
GAD and depression relate to BPV measured over longer periods. This
is necessary to clarify because of the longer intervals whereby BP is typ-
ically measured in clinical practice [22] and the equivocal findings as to
whether BPV increases or decreases over time [22–25]. A second limita-
tion of the extant research is the use of predominantly younger and
healthy participants who are at a lower stroke risk than elderly popula-
tions. This is an important limitation to reconcile since both GAD and
major depression are among the most common psychiatric disorders
in elderly persons [26,27].

The current study adds to the extant literature by examining BPV in
relation to GAD and major depression in a prospective cohort of elderly
individuals who underwent home blood pressure monitoring (HBPM)
on three consecutive days, and clinic visits over 8 years. The aim of
this studywas to assess the association betweenGAD andmajor depres-
sion with BPV over an 8 year period, controlling for HBPM BPV.

2. Materials and methods

2.1. Population

The Three-City (3C) Study is a French prospective cohort study in-
vestigating the determinants of stroke and dementia [28]. Briefly,
9294 noninstitutionalized community dwelling adults aged 65 years
or older were recruited and underwent baseline neurological examina-
tions. The cohort was monitored for major cardiovascular disease and
neurological outcomes. The current analyses use only participants
from the Dijon center at the 2nd wave of follow-up who were invited
to participate in a HBPM study. Serial follow-upwas performed thereaf-
ter at years 2, 5, and 8. Persons with confirmed stroke history were
Baseline assessment 

n = 1814

Analyzed in study 

n = 1454

Eligible 

n = 2085

Fig. 1. Flow chart of particip
excluded because GAD and depression are more common in the post-
stroke period [29] and BPV may decline over time after stroke. From
2085 participants invited to participate in HBPM, 1814 agreed (87% ac-
ceptance rate), 1737 had at least 12 HBPM readings and 1454 returned
for the 8 year follow-up. Participantswhowere not eligible for the study
or lost to follow-up were generally older, more likely female and lower
BMI, and less likely to have cardiovascular disease, otherwise character-
istics were similar. The study protocol has been approved by the Ethical
Committee of the University Hospital of Kremlin-Bicêtre and each par-
ticipant provided signed and informed consent (Fig. 1).
2.2. Blood pressure measurement and variability

Themethods of HBPMhave been reported previously [30]. Briefly, at
the study center, participants were given instructions on how to mea-
sure their own BP with the validated digital electronic tensiometer
OMRONM4 (OMRON Corp., Kyoto, Japan). They had one individual su-
pervised demonstration, and they were assigned the same device for
use at home. A booklet with simplified instructions and a logbook to re-
cord their BP measures were also provided. HBPM was scheduled on 3
consecutive days and participants instructed to record their BP 3 times
in the morning and 3 times in the evening (6 readings p/day up to a
maximum of 18 HBPM readings). Each of the three BP measures were
separated by 2min after the subject rested at least 5min in a seated po-
sition,with an adaptable sized cuff placed on the left arm.Morningmea-
sures had to be performed b1 h after awaking and before taking any
drug. Evening measures had to be realized close to bedtime. Patients
were asked to keep a record of all BP readings in a logbook.

Clinic BPwasmeasured according to a standardized protocol after at
least 5 min of rest in a seated position, with an appropriately sized cuff
placed on the left arm. Clinic visits were performed prior to HBPM,
and again at year 2, 5, and 8. Participants BP was measured in the left
arm (3 readings p/year up to a maximum of 12 BP readings). BPV was
calculated separately for HBPM and clinic visits. BPV was calculated
using 3 methods with possible prognostic association with stroke [31].

Coefficient of variation: CV = SD
Mean
Excluded pre-assessment

Refused HBPM examination n = 

271

Excluded from current analyses

HBPM not successful n = 77

Stroke n = 76

Missing MINI diagnosis n = 204

Lost to follow-up n = 3

ants through the study.
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Standard Deviation: SD =

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
∑n

i¼1
ðyi−yÞ2
ðn−1Þ

s
where n = the number

of observations, yi = the systolic BP for a given individual at each visit,
and y = the individual's mean BP across all observations. The study re-
sults were consistent with the two methods and the SD results can be
found in the online supplement (eTable 1, eTable 2, eTable 3).

2.3. Assessment of anxiety and depression disorder

Participants underwent a structured clinical interviewwith theMINI
International Neuropsychiatric Interview [32]. TheMINI has established
psychometric validity for affective disorders including inter-rater agree-
ment and concurrent validity with other structured clinical interviews
[33,34]. For brevity, only the GAD, major depression and dysthymia
modules were administered and no hierarchical exclusion rules were
adopted thus permitting depression and GAD comorbidity. Very few
participants met dysthymia criteria in the cohort (n = 6), and thus
this disorder was not considered further in this study.

2.4. Assessment of drug exposure

Medications use during the preceding month was determined at in-
terview, and, where feasible, the medications themselves were seen by
the interviewer. The name of the medication was recorded, and all
drugs were subsequently coded according to the French translation of
theWHOATC classification [35]. Drug use for BPwas explicitly differen-
tiated from use for other cardiovascular diseases [36]. Drug classes
were; alpha-blockers, beta-blockers, calcium channel blockers, thiazide
diuretics, angiotensin converting enzyme inhibitors and angiotensin-II
receptor blockers. Psychotropic medication was recorded and included
anti-depressants (serotonin reuptake inhibitors, tri- and tetra-cyclics)
and benzodiazepines. No participants were using monoamine oxidase
inhibitors.

2.5. Assessment of covariates

Participants underwent face-to-face interviews using a standardized
questionnaire with trained interviewers covering demographic charac-
teristics, daily life habits andmedical history. Assessment of the number
of alcoholic drinks, tobacco and coffee consumption was collected by a
designated survey with the Mini Nutritional Assessment [37] as report-
ed elsewhere [38]. Diabetes was defined as medication use for diabetes
or fasting plasma glucose ≥7.0 mmol/L. Comorbidities were classified
according to international classification of disease criteria and included
cardiovascular disease (myocardial infarction, coronary artery bypass or
percutaneous intervention, peripheral vascular disease and stroke). Per-
sons who reported the occurrence of cardiovascular events during fol-
low-up further medical data were obtained from general practitioners,
specialists and hospital records [39]. The diagnosis and classification of
cardiovascular events was made according to International Classifica-
tion of Diseases 10th revision criteria.

2.6. Statistical analyses

Continuous data are represented as mean and SD or median and
interquartile range (IQR) as appropriate. The characteristics of
participants were compared according to follow-up status, GAD and
major depression with independent sample t-tests, chi-square and
Wilcoxon-Mann-Whitney tests depending on variable distribution. A
log transformation was applied to the BPV data because of skewed dis-
tribution. The association between HBPM BPV and clinic BPV was
modeled with curve fitting to determine the most appropriate fit
based on R2 and F values. We proceeded with a generalized linear
model (GLM) with a normal-identity distribution and maximum likeli-
hood estimation using Wald criteria.
Each GLM entered GAD and major depression into the model with
age, sex andmean BP (over 8 years). In the secondmodel we added co-
variates; hypertension or antihypertensive drug use for hypertension,
CVD, diabetes, BMI, hypercholesterolemia, smoking, alcohol and coffee
consumption. There was no association between arrhythmia or pace-
maker insertion and BP and thus these were not included in any
model. In the final model we added anti-depressant and benzodiaze-
pine use. We repeated the main analysis stratifying by morning and
evening measures of BP during the HBPM adjusted for all covariates.
In ancillary models we stratified by the presence of a dichotomized hy-
pertension variable defined as systolic BP N140 mmHg or diastolic BP
N90mmHg or use of antihypertensivemedication for BP. Ancillary anal-
yses adjusted for all covariates apart from psychotropic medication as
the ratio of covariates to participants in themodel was too low. All anal-
yses were performedwith PASWversion 22.0, a p value ≤ 0.05was con-
sidered as statistically significant. No adjustmentwasmade for multiple
comparisons using the guidelines outlined by Rothman [40].

3. Results

The final sample includes 1454 participants with a mean age of
78.5 ± 3.8 years and was comprised of 59% women. At baseline there
were 82/1454 persons with depression (5.64% of total) and 84/1454
persons with GAD (5.78% of total). A comparison of participants based
on GAD and depression status is shown in Table 1. Participants with
GAD were more likely to be antihypertensive drug users and have
major depression. Participants with depression were more likely to be
female, have GAD, and have lower systolic BP for mean, morning and
evening measures as well as lower BPV using the SD method.

3.1. Association between GAD and depression with 8 year systolic BPV

GAD was significantly associated with 8 year BPV in age, sex and
mean systolic BP adjustedmodels (β=0.25, SE=0.09; p=0.007). Ad-
justment for covariates and psychotropicmedication use onlymarginal-
ly attenuated the strength of the association between GAD and 8-year
BPV. Major depression was not significantly associated with systolic
BPV. Systolic BPV derived from HBPM was strongly associated with
8 year BPV in the models (Table 2).

3.2. Morning and evening HBPM and 8 year systolic BPV

The morning HBPMmodel suggested that GAD was associated with
significantly increased systolic BPV over 8 years in age, sex and mean
systolic BP (β = 0.24, SE = 0.09; p = 0.01) and fully adjusted models.
Systolic BPV measured in the morning was significantly associated
with BPV at 8 years (β = 0.33, SE = 0.08; p b 0.001). A similar pattern
of results was evident with the evening systolic HBPM measures, dem-
onstrating a significant association between GAD and 8 year BPV in the
age, sex andmean systolic BP (β=0.26, SE=0.09; p=0.006) and fully
adjusted models. Systolic BPVmeasured in the eveningwas significant-
ly associatedwith BPV at 8 years (β=0.16, SE=0.06; p=0.009) but to
a lesser extent than the morning BPV measure.

3.3. Association between GAD and depression with 8 year diastolic BPV

There was no association between diastolic BPV with GAD or major
depression (eTable 3). Diastolic BPV derived from HBPM was strongly
associated with 8 year BPV in the models using the CV and SD method.

3.4. Ancillary model in hypertensive participants

Analyses stratified by baseline hypertension showed that GAD was
significantly associated with 8 year systolic BPV among the population
with hypertension (β = 0.25, SE = 0.10; p = 0.012). There was no as-
sociation in the non-hypertensive population.



Table 1
Descriptive characteristics of the sample based on GAD and depression status at baseline (n = 1454).

Variable No GAD
n = 1370

GAD
n = 84

p No Depression
n = 1372

Depression
n = 82

p

Female sex 810 (59.1) 58 (69.0) 0.072 804 (58.6) 64 (78.0) b0.001
Age in years, M ± SD 78.5 ± 3.8 78.0 ± 3.6 0.27 78.5 ± 3.8 77.9 ± 3.4 0.18
Anti-hypertensive drug use 803 (58.5) 59 (70.2) 0.035 815 (59.4) 47 (57.3) 0.71
Systolic BP mmHg, M ± SD 142.0 ± 16.7 142.7 ± 17.4 0.71 142.4 ± 16.7 136.5 ± 16.9 0.002
Morning systolic BP mmHg, M ± SD 143.9 ± 18.5 144.9 ± 20.3 0.61 144.3 ± 18.6 137.5 ± 18.6 0.001
Evening systolic BP mmHg, M ± SD 140.2 ± 17.2 140.5 ± 16.7 0.87 140.5 ± 17.1 135.7 ± 17.3 0.016
Diastolic BP mmHg, M ± SD 73.6 ± 8.8 73.2 ± 9.3 0.70 73.7 ± 8.8 72.3 ± 9.1 0.16
Morning diastolic BP mmHg, M ± SD 75.4 ± 9.5 75.2 ± 10.5 0.83 75.5 ± 9.5 73.6 ± 9.9 0.09
Evening diastolic BP mmHg, M ± SD 71.9 ± 9.1 71.2 ± 9.1 0.50 71.9 ± 9.1 70.8 ± 9.0 0.29
CV Systolic BP, M ± SD 8.1 ± 2.9 8.3 ± 2.5 0.65 8.2 ± 2.9 7.7 ± 2.4 0.12
CV Diastolic BP, M ± SD 8.3 ± 3.6 8.7 ± 3.7 0.31 8.3 ± 3.6 8.4 ± 4.2 0.83
Cardiovascular disease 97 (7.1) 8 (9.5) 0.40 100 (7.3) 5 (6.1) 0.69
Hypercholesterolemia 527 (38.5) 31 (36.9) 0.78 529 (38.6) 29 (35.4) 0.56
Diabetes 130 (9.5) 12 (14.3) 0.15 135 (9.8) 7 (8.5) 0.70
Body mass index, M ± SD 26.7 ± 3.9 25.9 ± 4.4 0.74 26.7 ± 3.8 26.1 ± 3.9 0.82
Median alcoholic drinks g p/day (IQR) 5.8 (0–13.0) 2.7 (0–11.0) 0.11 5.5 (0–13.0) 4.1 (0–9.6) 0.35
Tobacco smoking, never 817 (59.6) 54 (64.3) 0.45 814 (59.3) 57 (69.5) 0.046
Former 501 (36.6) 27 (32.1) 504 ( 36.7) 24 (29.3)
Current 52 (3.8) 3 (3.6) 54 (3.9) 1 (1.2)
Median coffee intake p/week (IQR) 1 (0–2) 1 (0–2) 0.19 1 (0–2) 1 (0–2) 0.98
Psychiatric disorder1 57 (4.2) 25 (29.8) b0.001 59 (4.3) 25 (30.5) b0.001

GAD, generalized anxiety disorder; IQR, interquartile range;
1 Psychiatric disorder variable refers to MDD in analysis of GAD groups, and vice versa.
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4. Discussion

In this prospective cohort study GAD was associated with systolic
BPV over 8 years. The significant association between GAD and systolic
BPV was generally consistent when adjusted for covariates, psychotro-
picmedication, and utilizingmorning and eveningHBPMmeasures. To-
gether, the findings points to the general consistency in association
between GAD and 8-year systolic BPV. Secondly, the results
demonstrate a significant association between HBPM with BPV over
an 8-year period, as this associationwas evident for systolic and diastol-
ic HBPM BPV.

BothGAD andmajor depression have been linkedwith hypertension
in epidemiological studies [41,42] and associatedwith higher BPV in the
short term [11–13,21]. Here depression was associated with lower sys-
tolic BPV using the SD method which parallels findings that depression
may lead to decreased systolic BP in older populations [43]. In contrast
to depression, GAD was only associated with systolic BPV over 8 years
and not during HBPM. Our results generally contrast to prior studies
demonstrating cross-sectional links between negative emotions and
short term BPV or baroflex control [11–13]. The discrepancy between
our findings with prior research could be explained by the longer fol-
low-up and different method of ascertaining BPV, given that BPV
assessed by different methods and timeframes may reflect a broad
range of phenomena [44]. This is the first study to assess GAD and de-
pression in relation to BPV over an 8 year period. Other methodological
differences include the larger sample size and recruitment of an older
Table 2
Association between generalized anxiety disorder and major depression with 8 year systolic b

CV method of BPV1 Model 1
age-sex adjusted

Β SE p

Home blood pressure monitoring BPV2 3.10 0.82 b0.001
Generalized anxiety disorder 0.25 0.09 0.007
Major depression 0.11 0.09 0.26

BPV, blood pressure variability; CV, coefficient of variation; GLM, general linear model; HBPM,
1 In each model the dependent variable was long term systolic BPV and the independent va

mean systolic BP, Model 2: additionally adjusted or cardiovascular disease, diabetes, antihype
tobacco smoking, Model 3: additionally adjusted for anti-depressant and benzodiazepine use.

2 A maximum of 18 systolic BP measures were recorded over 3 consecutive days at home (3
included in the analysis if they had at least 12 systolic BP readings at home over 3 consecutive
population here that were characterized by substantial comorbidities.
Another important methodological difference relates to our sampling
which was restricted to participants able to perform HBPM themselves
[30] whereas other studies have derived BPV from 24-h BP monitoring.
Our findings are potentially biased towards GAD because depression is
associated with a reduced ability to perform HBPM [30]. Although
GAD and depression are both associated with increased sympathetic
drive and arterial stiffness [45,46], these psychiatric disordersmay differ
in behavioral characteristics important to BP control. For example, de-
pression is associated with non-adherence to prescription drugs [47]
and lower adherence to antihypertensive medication is one purported
mechanism of higher BPV over long periods [7,9,48]. By contrast, GAD
and its hallmark symptom of worry may be associated with increased
adherence to prescription drugs and other cardiovascular health recom-
mendations [49]. Given that antihypertensive drug adherence is a key
behavioral mechanism of increased BPV [1,10], it is striking that GAD
was associated with higher systolic BPV over an 8 year period.

Another part of this studywas assessing the link between HBPM and
8 year clinic BPV. The extant literature has largely documented BPV in
placebo-controlled trial settings of antihypertensive drugs [2,3,20,50]
and the relevance of BPV to the general population is onlymore recently
being explored [22–24]. Our results demonstrating a strong association
between HBPM and 8 year BPV parallel McDonald et al.'s [23] findings.
Recently McDonald et al. [23] found that 24-h, day and night BPV was
significantly increased at 10 year follow-up independent of age, sex
and medication despite stable mean BP. In contrast, Goldstein et al.
lood pressure variability (n = 1454).

Model 2
+ covariates

Model 3
+ psychotropic medication

β SE p β SE p

3.08 0.84 b0.001 3.09 0.84 b0.001
0.23 0.10 0.015 0.23 0.10 0.017
0.11 0.09 0.25 0.09 0.09 0.36

home blood pressure monitoring; SD, standard deviation; SE, standard error.
riable included CV BPV from each participants' HBPM adjusted for: Model 1: age, sex and
rtensive drug use, BMI, hypercholesterolemia, alcohol consumption, coffee consumption,

measures recorded in the morning, 3 measures recorded in the evening). Subjects were
days.



Table 3
Association between depression and generalized anxiety disorder with systolic BPV stratified by morning and evening BP readings1.

Time of HBPM measure Model 1
age-sex adjusted

Model 2
+ covariates

Model 3
+ psychotropic medication

Morning β SE p β SE p β SE p
Home blood pressure monitoring BPV2 0.33 0.08 b0.001 0.33 0.08 b0.001 0.33 0.08 b0.001
Generalized anxiety disorder 0.24 0.09 0.01 0.22 0.10 0.02 0.21 0.10 0.028
Major depression 0.11 0.10 0.24 0.12 0.10 0.22 0.09 0.10 0.36
Evening
Home blood pressure monitoring BPV2 0.16 0.06 0.009 0.16 0.06 0.01 0.16 0.06 0.01
Generalized anxiety disorder 0.26 0.09 0.006 0.23 0.10 0.016 0.23 0.10 0.018
Major depression 0.11 0.09 0.26 0.12 0.09 0.23 0.10 0.10 0.33

BP, blood pressure; BPV, blood pressure variability; CV, coefficient of variation; GLM, general linear model; HBPM, home blood pressure monitoring; SD, standard deviation; SE, standard
error.

1 In each model the dependent variable was long term systolic BPV and the independent variable included CV BPV which was calculated from each participants' morning or evening
HBPM adjusted for: Model 1: age, sex and mean systolic BP, Model 2: additionally adjusted or cardiovascular disease, diabetes, antihypertensive drug use, BMI, hypercholesterolemia,
alcohol consumption, coffee consumption, tobacco smoking, Model 3: additionally adjusted for anti-depressant and benzodiazepine use.

2 A maximum of 18 systolic BP measures were recorded over 3 consecutive days at home (3 measures recorded in the morning, 3 measures recorded in the evening). Subjects were
included in the analysis if they had at least 12 systolic BP readings at home over 3 consecutive days.
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[24] found that BPV decreased over a 5 year follow-up in 130 healthy
adults using a hierarchical regression analysis. Weak correlations be-
tween ambulatory BPV indices have also been reported for up to
15 years follow-up [22]. The divergence in findings demonstrates the
longer term correlates of BPV are still being established and lack of con-
sensus on how best to calculate BPV.

The pathophysiological mechanisms through which BPV leads to
cardiovascular risk are complex. In a broad sense BPV is a physiological
marker of autonomic nervous system control [44]. Specifically, higher
BPV is theorized to relate to compensatory hemodynamic changes asso-
ciated with decreased arterial compliance, aortic stiffness and pressure
wave reflection which lead to increased central aortic pressures [51].
Evidence from animal studies corroborates that higher BPV activates
the renin–angiotensin–aldosterone system, leads to inflammation and
produces lesions of arterial endothelial cells [52]. The implications of
these BPV related effects on the cerbrovasculature is likely related to al-
terations in hemodynamics and the progression of cerebral small vessel
disease [20]. The abovementioned pathophysiological mechanisms are
documented in anxiety and depression populations. Anxiety is associat-
ed with systolic BPV and a leadingmechanism is increased sympathetic
modulation led by a reduction in baroreflex sensitivity [13]. Moreover
beat-to-beat BPV parallels the spectral components of HRV [13], and a
large body of work demonstrates that HRV is diminished in depression
[53] and anxiety disorders [54]. Specifically, changes to low frequency
power of BPV and HRV are suspected to relate to changes in central
sympathetic nervous system control [55] (Table 3).

The clinical implications of ours, and parallel findings [31], are that a
reduction in BPV should be considered alongside total BP management
strategies in the elderly. Moreover, among the potentially modifiable
risk factors for BPV, GAD was strongly associated with systolic BPV
over 8 years in elderly participants raising the possibility thatGAD treat-
ment and symptom management may reduce BPV and consequently
lower total stroke risk. However, given that psychosocial interventions
alone do not necessarily improve BP [56], more aggressive BP manage-
ment strategies could be considered contemporaneously with GAD
treatment.

The strengths of this study include a large and well defined elderly
cohort who performed HBPM [30]. The limitations of this study include
that we did not calculate the proportion of variance explained in each
model. Also, we only utilized 3 days of HBPM and included persons
who did notmeet criteria for hypertension.We did not evaluate shorter
intervals of BPV (e.g. beat-to-beat) which may have more prognostic
utility than HBPM to determine clinically relevant outcomes such as
end organ damage [9]. Also there is no consensus as to the optimal
methodology for calculating BPV. Though correlations are typically
higher for CV than SD methods [2], both methods have prognostic
value for stroke risk [31]. Another limitation is that we only obtained
depression disorder and GAD status at baseline and did not serially re-
assess participants for changes in psychiatric disorder status. This
could be important as the HUNT study demonstrated that persistently
high depression and anxiety symptoms are associated with decreases
in systolic and diastolic blood pressure over 22 years follow-up [43]. A
related point is thatwe cannot rule out other unmeasured biases that af-
fect longer term BPV including reduced adherence, improper dosing/
titration of antihypertensive drugs, and seasonal changes [1,10]. Anoth-
er aspect to consider is that the prevalence of depression here was
above the 3.3% pooled estimate in a recent meta-analysis of persons
aged ≥50 years [57]. By contrast, the prevalence of GAD here exceeds
the 2.3% pooled estimate for current GAD in elderly populations [57]. Fi-
nally, it is unknown how long-term BPV, GAD and depression relate to
the established stress-induced blood pressure reactivity paradigm.
This hypothesis posits that individuals who exhibit large and frequent
increases in BP during psychological stress are at risk of hypertension
[58].

5. Conclusions

In conclusion, GAD was associated with systolic BPV over 8 years in
this prospective cohort study. The association between GAD and 8 year
systolic BPVwas consistent after adjusting forHBPMBPV, antihyperten-
sive drug use and covariates. Together, the findings points to the general
consistency in association between GAD and longer term BPV. GAD is a
potentiallymodifiable risk factor for increased systolic BPV in the elder-
ly, and its treatment alongside BP may reduce total stroke risk.
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