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Chapter 4

Abstract

Background Visit-to-visit blood pressure variability is associated with cognitive impair-
ment. We assessed to what extent the association between blood pressure variability and
cognitive impairment is mediated by the association of blood pressure lowering mediation

with both blood pressure variability and cognition.

Methods We studied 5,606 participants from the PROspective Study of Pravastatin in the
Elderly at Risk. Blood pressure was measured every three months during 3.2 years; blood
pressure variability was defined as the standard deviation of blood pressure measurements
during follow up. Cognitive function was assessed at baseline and during follow-up using
the Stroop test, Letter-Digit Coding test, immediate and delayed Picture-Word Learning
tests. Multivariate regression models were used with and without adjustments for blood
pressure lowering medication to calculate the percentage to which blood pressure lower-
ing medication mediated the association between blood pressure variability and cognition.

Results Participants taking calcium-antagonists had a higher score in baseline Letter-Digit
Coding test (mean difference (95% confidence interval (Cl) 0.45 (0.06; 0.88). Participants
taking beta-blockers had a steeper decline in Stroop test (additional change per year (95%
Cl) 0.40 (0.09; 0.70) and Letter-Digit Coding test (0.08 (-0.15; -0.02)). Furthermore, a
steeper decline in Stroop test was found in participants taking RAS-inhibitors (0.50 (0.16;
0.85). Systolic blood pressure variability was higher in participants taking beta-blockers and
RAS-inhibitors (mean difference in systolic blood pressure variability in mmHg (95% ClI)
0.75 (0.45; 1.04) and 1.37 (1.04; 1.71) respectively). Participants taking diuretics, calcium
antagonists and RAS-inhibitors had a higher diastolic blood pressure variability (mean dif-
ference in diastolic BP variability in mmHg (95% Cl) 0.27 (0.04; 0.49), 0.37 (0.12; 0.62)
and 0.65 (0.37; 0.93) SD, respectively). Beta estimates remained essentially the same when
we adjusted for blood pressure lowering medication in the association of blood pressure

variability with cognitive function.

Conclusion The association between blood pressure variability and cognitive impairment

was not mediated by blood pressure lowering medication.
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Introduction

Visit-to-visit blood pressure variability independent of average blood pressure is associated
with higher cardiovascular risk in older adults. Several observational studies have shown
that higher levels of blood pressure variability are related with increased risk of stroke,
coronary events, heart failure hospitalization and cardiovascular and all-cause mortality.
(1-5) Furthermore, blood pressure variability has been associated with white matter hy-
perintensities, intima media thickness and carotid artery atherosclerosis in older adults.
(6-8) Recent evidence has shown that older subjects with higher levels of blood pressure
variability have worse cognitive function.(9-11) Again, these findings were independent of

average blood pressure.

Besides average blood pressure, reducing the variability of blood pressure might therefore
be of importance. Blood pressure lowering medication may have class-specific effects on
blood pressure variability, but evidence on the association of blood pressure lowering
medication with blood pressure variability is limited. A recent meta-analysis of clinical trials
showed that compared with other drugs, systolic blood pressure variability was reduced
the most in subjects using calcium-channel blockers and non-loop diuretics; systolic blood
pressure variability was higher in subjects using angiotensin-converting enzyme (ACE)
inhibitors and beta-blockers.(12) Besides the effects on blood pressure variability, blood
pressure lowering medication, especially calcium channel blockers, also seem to have class-
specific effects in decreasing the risk of dementia.(13-16) Therefore, we hypothesized that
the association between blood pressure variability and cognitive impairment might partially
be caused by different effects of blood pressure lowering medication on both blood pres-
sure variability and cognitive function.

We have previously described the association between blood pressure variability and cogni-
tive function within this study population. Now, we evaluated whether the association
between blood pressure variability and cognitive function could be mediated by blood
pressure lowering medication.(9) We used data from the PROspective Study of Pravastatin
in the Elderly at Risk (PROSPER), a multicenter trial including 5,804 participants with a
mean age of 75 years, who all had repeated measurements of blood pressure and different
domains of cognitive function over a mean follow-up period of 3.2 years.
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Methods

Study design

Data in this study were obtained from the Prospective Study of Pravastatin in the Elderly
at Risk (PROSPER): a randomized, double-blind, placebo-controlled trial designed to in-
vestigate the effect of pravastatin treatment to prevent vascular events in elderly men
and women with pre-existing cardiovascular disease or risk factors thereof.(17) Primary
outcome of this trial was the combined endpoint of definite or suspect death from coro-
nary heart disease, non-fatal myocardial infarction and fatal or non-fatal stroke during
a mean follow-up period of 3.2 years. PROSPER included 5,804 individuals aged 70-82
years old who were enrolled from three collaborating centers in Ireland, Scotland and
the Netherlands.(17) In the present study we included 5,606 participants for whom data
on blood pressure lowering medication and blood pressure variability were available. The
institutional ethics committees of the three collaborating centers approved the study and

all participants gave written informed consent.

Blood pressure lowering medication

Information about use and type of blood pressure lowering medication was self-recorded
at baseline. A research nurse reported change in blood pressure lowering medication dur-
ing every three-monthly study visit. Dosage of blood pressure lowering medication was
unknown. For the present study, we only investigated participants who used one or more
of the following classes of blood pressure lowering medication: diuretics, beta-blockers,
calcium antagonists and renin-angiotensin system (RAS)-inhibitors (including angiotensin-

converting-enzyme and angiotensin-receptor antagonists).

Blood pressure measurements

Blood pressure was measured at baseline and every three months during a mean 3.2 year
follow-up period. Blood pressure was measured in sitting position using a fully automatic
electronic sphygmomanometer (Omron M4®). All measurements were performed in the
same clinical setting. Average blood pressure was calculated for each participant as the
mean value of all blood pressure measurements during follow-up. Blood pressure vari-
ability was defined as the standard deviation of all blood pressure measurements during

follow-up for each participant.
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Cognitive function

The Mini-Mental State Examination (MMSE) was used to evaluate global cognitive function
at baseline; a cutoff score of 24 points or more (out of 30) was used as an inclusion crite-
rion to exclude subjects with poor cognitive function at baseline.(18) Cognitive function
was tested at baseline, after 9, 18, 30 months and at the end of the study by a cognitive
test battery consisting of four different tests.(18) For the current study, we used data on
cognitive function assessed at the end of follow-up; to ensure that the determinant (blood
pressure variability during follow-up) preceded the outcome variable (cognitive function).
The time point of the measurement at the end of the study varied between 36 months
and 48 months. The Stroop-Colour-Word-Test was used to test selective attention and
reaction time of the participants. The participants were asked to read a color name which
was displayed in a color different from the color it actually names. The outcome parameter
was total number of seconds to complete the test; a higher score therefore indicates
worse performance. General cognitive speed was tested by the Letter-Digit Coding Test.
The participants had to match certain digits with letters according to a provided key. The
outcome variable was the total number of correct entries in 60 seconds, and therefore
higher scores represent better performance. The Picture-Word Learning Test was used to
assess immediate and delayed memory performance. Fifteen pictures were presented at
the participants, and they were asked to recall as many pictures as possible in three trials.
After 20 minutes they were asked to repeat the test to measure their delayed recall. The
outcome parameter is the accumulated number of correct recalled pictures, immediate and
after 20 minutes. Higher scores thus indicate better performance. A detailed description of
the cognitive tests and the procedures has been published previously.(18)

Statistical analyses

In the present study, we compared participants using the specific class of blood pressure
lowering medication with participants not using this specific medication class. Baseline
characteristics of the study participants are reported as mean (standard deviation) for
continuous variables and number (percentage) for categorical variables. We used an inde-
pendent t-test (for continuous variables) and a Chi-square test (for categorical variables)
to assess whether there was a difference in baseline characteristics between participants

using a specific medication class compared to participants not using this medication class.
We first investigated the association between blood pressure lowering medication and

blood pressure variability by multivariate linear regression models. Independent variables

were blood pressure lowering medication class; systolic and blood pressure variability were

53



Chapter 4

the dependent variables. Second, we assessed the association between blood pressure
lowering medication and cognitive function at baseline and cognitive decline during
follow-up. For the baseline associations, we used multivariate linear regression models,
with class of blood pressure lowering medication as an independent variable and cognitive
tests as dependent variables. Furthermore, for the association of blood pressure lower-
ing medication with cognitive decline over time,. linear mixed models were used, which
included class of blood pressure lowering medication, time (in years) and the interaction
term between class of blood pressure lowering medication and time. We performed our
analyses according to two different models. In a minimally adjusted model, we adjusted
our analyses for age, sex and country. In the final model (fully adjusted model), we ad-
ditionally adjusted our analyses for the following potential confounders: study treatment,
cardiovascular diseases and risk factors (history of vascular disease, history of hypertension,
history of diabetes mellitus, smoking status, cholesterol levels, body mass index), estimated
glomerular filtration rate (eGFR), number of blood pressure lowering medications, and
average blood pressure during follow-up. Concerning the association between blood pres-
sure lowering medication and blood pressure variability, we additionally adjusted for use
of other blood pressure lowering medications. Furthermore, the analyses between blood
pressure lowering medication and cognition were adjusted for education (defined as age
left school).

In a third statistical analysis, we determined whether blood pressure lowering medication
mediated the association of blood pressure variability and cognitive function. For this,
we added class of blood pressure lowering medication to the model which examined the
association between blood pressure variability and cognitive function. Each class of blood
pressure lowering medication was first included separately in the analysis; however we
also included combinations of blood pressure lowering medication and all blood pressure
lowering medication. We did not incorporate interaction between blood pressure lowering
medication and blood pressure variability in the model. Finally, we calculated the percent-
age of the association explained by blood pressure lowering medication.(19) We defined a
percentage of 10% or greater as evidence of potential medication. To account for change
in blood pressure lowering medication during follow-up, we performed an additional
sensitivity analysis in which we excluded all participants who changed their blood pressure

lowering medication during follow-up.

All analyses were performed using SPSS (version 20.0.0, SPSS Inc., Chicago, IL).
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Results

Out of the 5,804 participants of PROSPER, we excluded 198 participants who had only
one or two blood pressure measurements during follow-up. This resulted in a final study
sample of 5,606 participants.

Table 1 shows the baseline characteristics in different classes of blood pressure lowering
medication. Participants taking RAS-inhibitors had the lowest age and participants taking
loop diuretics had the highest age at baseline. Prevalence of vascular diseases and risk fac-
tors varied among the groups, most probably reflecting differences in indications for which
blood pressure lowering medication was prescribed. Systolic blood pressure was lowest

Table 1. Baseline characteristics in different classes of blood pressure lowering medication

Blood pressure lowering medication

Diuretics Beta-blockers Calcium RAS-inhibitors
antagonists
N=2266 N=1451 N=1406 N=1032
Demographics
Age (years) 75.63 (3.41)**  75.29(3.37) 75.41 (3.28) 75.35(3.35)

Female, n (%)
Country, n (%)

The Netherlands

1457 (64.3%)**

326 (15.4%)**

792 (54.6%)*

321(22.1%)*

684 (48.6%)*

224 (15.9%)**

565 (54.7%)*

286 (27.7%)**

Ireland 932 (41.4%)** 538 (37.1%)* 428 (30.4%)** 467 (45.3%)**

Scotland 1008 (44.5%)** 592 (40.8%)* 754 (53.6%)* 279 (27.0%)**
Education (age left school) 15.12 (1.96) 15.15 (2.09) 15.04 (1.92)* 15.28 (2.24)*
Total number of medications 4.29(2.26)** 421 (2.11)** 4.81(2.29)** 4.47 (2.29)**
Total number of BP measurements during 11.24 (2.83) 11.38 (2.64) 11.22 (2.87) 11.16 (2.74)

follow-up
Vascular risk factors
History of hypertension, n (%) 1998 (88.2%)** 1192 (82.2%)** 1069 (76.0%)** 952 (92.2%)**
174 (7.7%)** 120 (8.3%)** 138 (9.8%) 173 (16.8%)**
234(10.3%) 137 (9.4%)* 170 (12.1%) 133 (12.9%)*
253 (11.2%)** 232 (16.0%)* 267 (19.0%)** 173 (16.8%)*
880 (38.8%)** 710 (48.9%)** 853 (60.7%)** 443 (42.9%)
339 (15.0%)** 182 (12.5%)** 216 (15.4%)** 136 (13.2%)**
27.82 (4.43)** 27.31(4.02)** 27.19 (4.13)**  27.67 (4.37)**
5.78 (0.91)** 5.72 (0.89) 5.67 (0.89) 5.68 (0.91)

History of diabetes mellitus, n (%)
History of stroke or TIA, n (%)
History of MI, n (%)
History of vascular disease, n (%)
Current smoker, n (%)
Body mass index (kg/m?)
Total cholesterol (mmol/L)
Blood pressure
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Estimated glomerular filtration rate (ml/
min/1.73m?)

154.97 (21.24)* 155.52(23.33) 153.83(21.71)** 158.77 (23.52)**
84.28 (11.41)*  83.69(0.30) 82.40(11.47)** 85.53(12.33)**
56.86 (14.06)** 58.69 (15.23)** 58.00 (13.44)** 59.19 (14.19)*

Data are presented as mean (standard deviation) unless stated otherwise. Abbreviations: n, number; BP, blood pressure;
TIA, transient ischemic attack; MI, myocardial infarction. **p<0.001 *p<0.05 representing the differences in charac-
teristics between participants taking a specific blood pressure lowering medication class, and participants not taking
this specific class.

55



Chapter 4

'9p02 1UdWIeal} pue

UOISIaNA 159} Joy d1erdoidde ajaym pue ‘suoiedpaw Jo Jaquinu “Y4oa ‘Buiyows Juaind ‘sniijjaw salaqelp 40 Aioisly ‘uoisuanadAy Jo A1olsiy ‘aseasip Jejndsen o Alolsiy ‘sapladA|bul ‘|py
‘Ip| ‘xapul ssew Apoq ‘suljaseq 1e ainssaid poojq JIo1Selp PUe dIj01SAS ‘UoNEINPS ‘AIUN0d ‘xas ‘abe 1o} apew a1am sluswlsnipy ‘sdnoib uonedipaw bulamol ainssaid poojq UBRYIP Y}

ul JeaA uad 3591 uonouny SAIHUBOD yoes ul sbueyd eu

Ippe 3y} Juasaidal sa1ewnsa ‘sashjeue [euUIPNHBUO| BY} 104 "210DS 1S3} SAIHUBOD dUlaseq Ydea JO (JBAIDIUI 9DUIPIUOD 9%GE) Ueall

juasaldal eleq “|eAldiul 9DUSPIUOD ‘| ‘paziplepuerisun pisun ‘pakelap ‘1593 Bululeaj-aunidid ‘plid ‘elelipawwl 159} buiuies|-ainidid ‘117d 1593 Buipod HbIp-1913] ‘1 D7 iSUoneIARIqaY

80 (50°0 '¥0°0-) 00°0 6EV°0 (200 '¥0°0-) LO0- 0600 (#1'0710°0-) 900 7000 (58°0°'9L°0)05°0  9bueyd |enuuy

LS80 (£1'0:0T°0-) CO'0- EVy0 (80°0 ‘81°0-) SO0~ GE6°0 (L¥'0:15°0-) CO°0- 9€L'0  (PL'EEr0) 9E’L auljaseg SI0NQIYUI-SYY
GLEO (z0'0 '90°0-) TO'0- 6120 (1L0°0 '¥0°0-) 200~ LL60 (£00'90°0-) 00°0 LLlzo  (150°LL'0)0Z0  3bueyd fenuuy

2LT0 (92°0:£0°0-) 60°0 Y44 (91'0:£0°0-) GO0 w00 (88°0 '90°0) S¥°0 9650 (911 '20°C) EV'O- auleseq sysiuobejue wnjed
LET0 (20’0 '90°0-) CO'0- 0910 (10°0 'S0°0-) 200~ €100 (z0'0- 'S1°0-) 80°0- 6000  (0£°0'60°0)0F'0  abueys jenuuy

LYS0 (lz0'LL'0-) S00 0€S0 (51°0'80°0-) ¥0'0 ¥0Z°0 (69°0°S51°0-) LZO S91'0  (S¥'0°79'Z)60'L- auljsseg S19%10|g-e1og
€560 (€00 '¥0°0-) 00°0 vvL0 (00 :€0°0-) 00°0 A4l (010 20°0-) Y00 L9.0  (ZE0'€T0O) Y00  8buey jenuuy

LEV'O (zz0'01'0-) 900 199'0 (#1°0 '60°0-) €0°0 0640 (9€°0 '£¥°0-) 90°0- (VSO0 (66°L'90°L-) L¥'O auljaseg sohainig

(1D %G6) (1D %S6) (1D %G6) (1D %G6)
anjeA-4 e1aq "pIsun anjea-d e1aq "pisun anjeA-d e1aq "pIsun anjeA-4 e1aq "pIsun
pId 11d 1591 buipoD ubIg-1ene doons

BUIPSP pUB UOIdUNY SAIIUBOD M UOedIpaW BULIMO| 3Inssaid poo|q 4O UONBIDOSSY *€ d|qeL

'SUOIBDIPAW JO JBquinu Y493 ‘dn-mojjo) bulnp ainssaid poojq sbelsae ‘BuiyOWS 1UsLIND ‘sNYjlsW S318gelp Jo Alolsly
‘uoisuapadAy Jo Aioisiy ‘asessip Jejndsen Jo Aolsly ‘sapuadA|bLl ‘[py ‘|p| ‘xapul ssew Apoq ‘(ogede|d/uneiseeld) Juswiesl) ‘UoedIpaW bullamol ainssaid poo|q JaYlo O asn + syuswisnipe
Ajlewiuiw :paisnipe Ajin4 “Aunod ‘xas ‘abe 1o} pajsnipe :paisnipe Ajjewiul “(JPAISIUI 9OUSPILUOD 9% G6) PIDQ Pazipiepuelsun se uoledipaw buliamoy ainssaid poojq Jo ssepd ayy buiel jou
syuedidnued 01 pasedwod usym (Adg) Aljigelea ainssaid poojq Ul 8duaialip Jussaldal ple@ ‘[eAla]ul 8dUspIiU0d ‘|D ‘paziplepueisun “pisun ‘Alljigeliea ainssaid poojq ‘Adg :SUOIRIASIGAY

1000 (¥8'0:17°0) €50 100°0> (€6'0°£€70)S9°0 100°0> (S€'1'29'0) 860 100°0> (LLLw0'L) LEL SI0)qIYUI-SYY

8000 (£9°0'01°0) 8€'0 7000 (29°0'z1°0) LEO 8LL°0 (82°0 '8€°0-) GO0~ LTE0 (S7°0'5L°07) GL°0 sysiuobejue wnpjed

0€S°0 (81°0 '9€°0-) 60°0- 0€5°0 (£1'0'2€°0-) 800~ 100°0> (16'0'87°0) 650 100°0> (#0°L 'S¥"0) SL°0 SI2%420[q-e199

6800 (05°0 '¥0°0-) €20 0200 (6¥°0 '¥0°0) LT0 1000 (LZ'0-¥8°0-) ¢G50~ 1820 (ZL'0'Tr'o-) GLo- sonaInig
(1D %S6) (1D %56) (1D %56)

an|eA-4 e19( "pIsun an|eA-d (1D %S6) e1eq pIsun an|eA-d £19( "pPIsun an|eA-d e1ag ‘pisun

paisnipe Ajn4

paisnipe Ajjewiuly

paisnipe Ajin4

paisnipe Ajjewiuiy

Adg 2l[olseld

A8 21101sAS

uonedIpaw bulamo| ainssaid poojq pue Ajigeliea ainssaid poojq UsaMm}aq UONRIDOSSY *Z dqeL

56



Blood pressure lowering medication

in participants taking loop diuretics and highest in participants taking RAS-inhibitors.
Participants taking calcium antagonists had the lowest mean diastolic blood pressure and
participants taking RAS-inhibitors had the highest mean diastolic blood pressure.

The association between blood pressure lowering medication and visit-to-visit blood pres-
sure variability is shown in table 2. Participants taking beta-blockers and RAS-inhibitors had
a higher variability in systolic blood pressure (mean difference in systolic blood pressure
variability when compared to participants not taking this medication class in mmHg (95%
Cl) 0.75(0.45; 1.04) and 1.37 (1.04; 1.71) respectively). Results remained significant when
further adjusting for use of other blood pressure lowering medication, number of blood
pressure lowering medications, average systolic blood pressure during follow-up and car-
diovascular diseases and risk factors. Participants taking diuretics, calcium antagonists and
RAS-inhibitors had a higher diastolic blood pressure variability (mean difference in diastolic
blood pressure variability when compared to participants not taking this medication class
in mmHg 0.27 (0.04; 0.49), 0.37 (0.12; 0.62) and 0.65 (0.37; 0.93) SD, respectively). Re-
sults remained materially the same when further adjusting for use of other blood pressure
lowering medication, number of blood pressure lowering medications, average diastolic

blood pressure during follow-up and cardiovascular diseases and risk factors.

Table 3 shows the association of blood pressure lowering medication with cognitive func-
tion and decline. At baseline, there were no differences in Stroop test, Letter-Digit Coding
test, and immediate and delayed Picture-Word Learning tests between participants taking
diuretics, beta-blockers and RAS-inhibitors when compared to participants taking not this
medication class. Participants taking calcium-antagonists had a higher score in Letter-Digit
Coding test at baseline (mean difference (95% Cl) 0.45 (0.06; 0.88). Participants taking
beta-blockers had a steeper decline in Stroop test (additional change in seconds per year
(95% Cl) 0.40 (0.09; 0.70) and in Letter-Digit Coding test (additional change in digits coded
per year (95% Cl) -0.08 (-0.15; -0.02). Furthermore, participants taking RAS-inhibitors had
a worse performance in Stroop test during follow-up (additional change in seconds per
year (95% Cl) 0.50 (0.16; 0.85). No differences in cognitive decline were found between
participants using diuretics and calcium antagonists when compared to participants not
using these medication classes.

Furthermore, we investigated whether the association between blood pressure variability

and cognition was mediated by blood pressure lowering medication (table 4). When we
additionally adjusted for each different class of blood pressure lowering medication, beta

57



Chapter 4

aInssaid poojq Ul aseanul BHWW | Yoea Yim uonduny aAlubod jo abueyd juasaidal eleq “[EAISIUL 9DUSPIUOD ‘| ‘pazipiepuelsun “pisun ‘A)

'SUOIIBDIPAW JO Jaquinu "Y45Hd ‘dn-mojjo4 buunp ainssaid poojq abeiae ‘Buiyows JuaLInd ‘snijjaw saxagelp 40 A1olsiy ‘uoisuapadAy jo A1oisly ‘aseasip Jejnosea
Jo Aioasy ‘sapuiadA|bLl ‘|py ‘|p| ‘uonednpa ‘xapul ssew Apoq ‘(ogade|d/unelseaeld) uswieal) ‘A1unod ‘xas ‘abe 1oy paisnipy ‘(JeAslul 92USPIUOD 9%G6) B13G PazZipJepuerisun se Alljigeliea

elieA ainssald poojq ‘Adg :SUOIeIAIqqy

%00 (00°0 '¥0°0-) 20°0- %00 (00°0 *€0°0-) 200~ %Ll (20°0'01°0-) 90°0- %90 (€S°0:51°0) ¥E'0 SIONQIYUI-SYY +
%00 (00°0 '¥0°0-) ¢0°0- %00 (00°0 '€0°0-) 200~ %v'E (L0°0°01°0-) 90°0- %S°L (¥S'0°5L°0) ¥E0 sisluobejue wnpjed +
%6°S (00°0 ‘¥0°0-) 20°0- %00 (00°0 :£0°0-) 200~ %Ll (L0°0-:01°0-) 90°0- %60 (€5°0:51°0) ¥E€'0 SI9%20|q-.1eq +
%00 (00°0 '¥0°0-) 20°0- %00 (00°0 '€0°0-) 200~ %00 (L0°0°01°0-) 90°0- %€0 (€S0°5L0) ¥EO salLInip +
%6°S (00°0 ‘¥0°0-) 20°0- %6°S (00°0 °€0°0-) 200~ %Ll (20'0°11°0-) 90°0- %lC (¥S'0°5L°0)SE0 N1dg [le +
- (00°0 '¥0°0-) ¢0°0- - (00°0 *€0°0-) 200~ - (10°0°01°0-) 90°0- - (€5°0:51°0) ¥E€'0 Adg dlo1selq
%10 (L0°0- '¥0°0-) €0°0- %00 (1L0°0- :€0°0-) 200~ %Ll (90°0- ‘€1°0-) 60°0- %E’L (890 :L€°0) 87°0 SIOHQIYuI-SWY +
%00 (1L0°0- '¥0°0-) T0°0- %8V (10°0- '€0°0-) 200~ %Ll (90°0- *€1°0-) 60°0- %€0 (¥9°0 ‘0€°0) L¥'O sisiuoBejue wnjed +
%10 (L0°0- *¥0°0-) €0°0- %00 (L0°0- *€0°0-) 200~ %l°C (90°0- ‘¥1°0-) 01°0- %S°L (S9°0°LE0) 870 SI9320|q-B19q +
%00 (1L0°0- '¥0°0-) T0'0- %00 (10°0- '€0°0-) 200~ %00 (90°0- ‘€1°0-) 60°0- %Ll (S9°0°L€°0) 87°0 soi_Inip +
%00 (1L0°0- '¥0'0-) 20°0- %00 (L0°0- '€0°0-) 200~ %Ll (90°0- '€1°0-) 01°0- %8¢ (99'0 'Z€0) 670 N1dg [le +
- (1L0°0- '¥0°0-) TO°0- - (1L0°0- :€0°0-) 200~ - (90°0- ‘€1°0-) 60°0- - (¥9°0:L€°0) L0 Adg J10ISAS
(%) (I3 %S6) (%) (I2 %S6) (%) (I3 %S6) (%) (I3 %S6)
poa1eipalN B1aq "pisun poieipaN elag ‘pisun poieipalN e1aq 'pisun poleipaN e1aq "pisun 2103s 159)

pake|ap ‘1531 Bululea pIop aInPlg

a1eIpawwl 159} buluIea] pIoAr-2InIdid

159} buipo) HbIg-19197]

1591 doong

aAIMUbOd ul 3dUIBYIQ

uoledIpaw BuLamo| 2inssaid poojg JO SUOIeUIqUIOD JUaIRKIP Ybnoiy) palelpaw uonouny aaiubod pue Aljigeriea ainssaid poojq usamiaq UOIeDOSSY 7 d|qeL

58



Blood pressure lowering medication

estimates for cognitive function did not essentially change. Furthermore, when we ad-
justed for all blood pressure lowering medication, beta estimates also remained essentially
the same.

An additional sensitivity analysis in which we excluded all participants (n=2,766) who
changed their blood pressure lowering medication during follow-up, revealed materially
the same results (supplemental tables 1, 2 and 3; available on request).

Discussion

In this prospective cohort study including 5,606 men and women with a mean age of
75 years, we showed that blood pressure lowering medication, including diuretics, beta-
blockers, calcium-channel blockers and RAS inhibitors, did not mediate the association

between high levels of blood pressure variability and cognitive impairment.

The last few years, visit-to-visit blood pressure variability has received increasing attention,
especially in the association with cardiovascular diseases and cognitive impairment. The
association between blood pressure lowering medication and visit-to-visit blood pressure
variability has previously been investigated by Rothwell and colleagues.(4) They hypoth-
esized that class-specific differences of antihypertensive medication in preventing stroke
might be due to their different effects on visit-to-visit blood pressure variability.(5) In their
systematic review and meta-analysis, they showed that inter-individual systolic blood pres-
sure variability was reduced the most by calcium-antagonists and non-loop diuretic drugs,
and increased by ACE-inhibitors, angiotensin-2-receptor blockers and beta-blockers.(12)
Besides the association with lower systolic blood pressure variability, these findings are in
line with our results, in which we also showed higher systolic blood pressure variability in
participants taking beta-blockers and RAS-inhibitors.

The underlying mechanism by which blood pressure lowering medication is associated
with blood pressure variability, has not been fully understood. Although most blood pres-
sure lowering medications have an effect on reducing blood pressure variability, there is
evidence that the most effective are those acting on the arterial baroreflex and calcium
channel.(20) Furthermore, previous studies showed that calcium antagonists and diuretics
have arterial effects, including reduction of arterial stiffness and vasoconstriction, by which
blood pressure variability is also reduced.(21, 22) Cumulative evidence from animal studies

shows that higher levels of blood pressure variability produce lesions of arterial endothelial
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cells, activation of the renin-angiotensin system, and inflammation.(20) Subsequently,
this may lead to impaired cerebral microvasculature and hemodynamics, with comprised
cerebral flow and eventually, impaired cerebral function. Future studies are needed to
identify underlying mechanisms of the effects of blood pressure lowering medication on

blood pressure variability.

Although this study provides evidence for an association between classes of blood pressure
lowering medication and higher blood pressure variability, we found no proof that blood
pressure lowering medication mediates the previously demonstrated relation of blood pres-
sure variability with cognitive impairment. A possible explanation for this might be that the
magnitude of effect of blood pressure lowering medication on blood pressure variability
was relatively low, and only accounts for a small proportion of all variability. A second
explanation might be that blood pressure lowering medication itself did not associate with
cognitive function, which strengthens the finding that blood pressure variability, indepen-

dent of blood pressure lowering medication, is associated with cognitive impairment.

One important issue that merits further discussion is the principle of confounding by
indication, in which allocation of treatment may reflect a decision influenced by patient
characteristics and prognostic factors.(23) Indeed, we found that characteristics of the
study participants differed across classes of blood pressure lowering medication in the
population under study, of which the high prevalence of diabetes mellitus in participants
taking RAS-inhibitors is an example. In addition, besides blood pressure lowering medica-
tion, many other factors influence blood pressure variability, such as incident diseases, in-
flammation pathways and baroreceptor regulation.(3, 24) Although adjusting for possible
confounders like histories of cardiovascular diseases and risk factors did not essentially
change our results, our findings could still have been affected by unknown or unmeasured
factors. Furthermore, another limitation could be that the combination of several drugs of
one participant may be modifying the associations of blood pressure lowering medication
with both blood pressure variability and cognitive function. However, when we adjusted
our analyses for number of blood pressure lowering medications, our results did not
materially change. Strength of our study is the large sample of participants taking blood
pressure lowering medication, who all had repeated measures of blood pressure over a
mean follow-up period of 3.2 years. Furthermore, the prospective nature of this study
allowed us to study our research question in a clinical setting, rather than a trial context.

In conclusion, we found that use of beta-blockers and RAS-inhibitors was associated with

higher levels of blood pressure variability. Furthermore, blood pressure lowering medica-
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tion did not mediate the association between high levels of blood pressure variability and

cognitive impairment.
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