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Treatment goals for ambulatory blood pressure
and plasma lipids after stroke are often not reached

Aase Worsaa Engberg* & Klaus Kofoed?

ABSTRACT

INTRODUCTION: In Danish health care, secondary preven-
tion after stroke is currently handled mainly by general
practitioners using office blood pressure (OBP) assessment
of hypertension. The aim of this study was to compare the
OBP approach to 24-hour assessment by ambulatory blood
pressure (ABP) monitoring. Furthermore, we aimed to re-
cord the degree of adherence to recommended therapy
goals for blood pressure and plasma lipids.

MATERIAL AND METHODS: In a prospective observational
study, 45 stroke patients aged 25-64 years who were parti-
cipating in specialized intensive outpatient rehabilitation
were monitored by OBP and ABP on average 1.3 (0.14-4.3)
years post stroke. Furthermore, data on additional risk
factors and medication for secondary prevention were col-
lected.

RESULTS: OBP and daytime ABP exceeded the therapy goal
of 130/80 mmHg in 71% and 44% of the patients, respec-
tively. ABP exceeded the night-time therapy goal of 115/65
in 57% of cases. Normal dipping at night was found in only
41% (systolic) and 32% (diastolic) of the patients. Consider-
ing both day- and night-time blood pressure, antihyperten-
sive medication was absent or inadequate in 60%. Low den-
sity lipid (LDL) levels exceeded the recommended limit of
2.5 mmol/lin 49%.

CONCLUSION: For blood pressure (BP) and cholesterol, sec-
ondary prevention is far from ideal in post-stroke patients.
Compared with OBP, ABP demands more resources, but in
turn yields more reliable results and also provides impor-
tant information about diurnal BP variation. ABP monitoring
at least once after stroke should therefore be implemented
routinely.
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Recurrent stroke rates have declined from annual rates
of 8.7% recorded in trials launched in the 1960s to 5.0%
in the 2000s [1]. According to the PROGRESS study [2],
the risk decreased by 43% through medication reduction
of the blood pressure (BP) by 12/5 mm. Nevertheless,
taking into account the first-stroke incidence in recent
years of approx. 12,000 annually in Denmark, which has
5.6 million inhabitants [3], recurrent stroke remains a
considerable public health problem.

In a nationwide population-based follow-up study
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ment with antiplatelets, oral anticoagulants, antihyper-
tensives, or statins in routine care was investigated. The
cumulated risk of recurrent stroke after a maximum of
five years of follow-up was 11.7%. While oral anticoagu-
lant as well as statin treatment was associated with a

lower risk of recurrent stroke, use of any type of antihy-
pertensive was associated with a higher or unaltered
risk. This surprising finding may reflect unaccounted or
residual confounding or lack of BP data.

In a Danish controlled study [5] of 303 patients
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(mean age 70.2 years), BP was not lowered following
four home visits by nurses during the first post-stroke
year. The visits included office blood pressure (OBP)
measurement and counselling on lifestyle and the need
for GP control visits. At follow-up, 62% of patients were
hypertensive, both in the intervention and the control
group. A Danish population study [6] on GP treatment of
5,413 hypertensive non-stroke patients with a mean age
of 65.9 years showed that optimal BP control (OBP <
140/90 mmHg) was achieved in only 29.1%.

In Denmark, post-discharge BP is presently con-
trolled primarily by GPs using OBP, i.e. clinical measure-
ment by a sphygmomanometer or an electronic device.
The result may be influenced by many factors, e.g. time
of the day, duration of the rest period, duration since
latest intake of medicine, physical activity, the impact of
the white coat, recent tobacco smoking, caffeine, meals
and emotional stress.

The advantages of ambulatory blood pressure (ABP)
monitoring, or 24-hour automatic BP reading at regular
intervals, versus OBP have been summarized in the 2003
European Society of Hypertension’s recommendations
[7]: 1) more accurate BP assessment, 2) identification of
the “white coat response”, 3) BP reflecting the patients’
usual daily activities, 4) more accurate assessment of the
effect of medical treatment, 5) identification of patients
whose BP does not reduce at night, so-called non-dip-
pers.

The concept of dipping was introduced in 1988 by
O’Brien et al [8]. Today, the most widespread definition
of non-dipping is a decrease of systolic and diastolic BP
of less than 10% from day to night. Dipping from 10 to
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Equipment for
ambulatory blood
pressure monitoring:
Special vest with
pocket for ambula-
tory blood pressure
recorder (model
photo).

_

19.9% is regarded as normal, 20% or above as extreme,
and for so-called reverse dippers, night-time BP is higher

than daytime BP.

In a ten-year follow-up study of 1,430 patients [9],
the cerebral infarction risk was significantly higher in
subjects with a < 10% nocturnal decline in BP than in
subjects with a nocturnal decline 2 10%.

A total of 575 Japanese patients aged 50+ with sus-
tained hypertension (i.e. hypertension both by OBP and
daytime ABP) were followed for an average of 41

months [10]. Brain magnetic resonance imaging dis-

closed multiple silent infarctions in 53% of extreme dip-
pers, 29% in dippers, 41% in non-dippers, and 49% in re-
verse dippers. This suggests that extreme dipping was
causing silent and clinical cerebral ischaemia through

B |

Patient characteristics.

Mean Median
Demographic variables
M/F, n (%) 32(71)/13 (29) - =
Age distribution, M/F, n
25-44 yrs 6/6 - -
45-64 yrs 26/7 - -
Stroke diagnosis, M/F, n (%)
Cerebral infarction 19/11(67) -
Cerebral haemorrhage 9/0(20) -
Subarachnoid haemorrhage 4/2(13) -
Diagnosis of diabetes 6/0(13) -
Special cardial risk factor, 4/1(11) -
M/F, n (%)
Conc. of lipid variables, mmol/|
Total cholesterol 4.51 4.30
HDL 1.50 1.31
LDL 2.60 2.40
Triglycerides 1.52 1.12
Lifestyle factors
Body mass index, kg/m? 26.4 24.8
Smoking, M/F, n (%): 9/2 (24) =

F = female; HDL = high density lipids; LDL = low density lipids; M = male.
a) Atrial fibrillation or valvular problems.

b) [12].

c) [13].

Range

2.3-8.0
0.7-2.8
1.1-49
0.5-4.4

17.6-43.3

Recommended®

<45

<25

< 25°¢

hypoperfusion during sleep or an exaggerated morning
rise of BP. Similarly, reverse dipping might pose a risk for
intracranial haemorrhage.

So-called masked hypertension, characterized by a
normal OBP but hypertension on ABP monitoring, is a
genuine hypertensive condition found in approx. 10% of
the adult population and readily detectable by ABP
measurement [11].

The present study explored, first, to which extent
post-hospital follow-up of OBP was sufficient as part of
secondary prevention when evaluated by ambulatory BP
monitoring approximately one year post stroke in stroke
patients selected for intensive interdisciplinary outpa-
tient rehabilitation; and, second, the pattern of other
modifiable risk factors for recurrent stroke.

MATERIAL AND METHODS

From May 2008 to March 2010, 54 consecutive patients
with stroke and/or spontaneous subarachnoid haemor-
rhage (SAH) participating in a special programme com-
prising intensive interdisciplinary outpatient rehabilita-
tion at the Centre for Brain Injury Rehabilitation in
Copenhagen were informed about hypertension as a risk
factor and invited to be monitored by ABP. Inclusion cri-
teria were that the patients were personally independ-
ent, less than 65 years old, and not so severely injured
that return to work was assessed as being impossible.

Nine refused to endure the 24-hour ABP procedure.
The GPs of the 45 included patients were informed
about the project. Following written consent from the
participating patients, the GPs were asked to send re-
cent cholesterol level reports and information about re-
cent medication.

ABP monitoring (ambulatory blood pressure record-
er from Rozinn Electronics, Inc.) was started by a single
specially trained operator who also performed assess-
ments of body mass index (BMI). Immediately before
starting the ABP apparatus, this operator made initial
quadruple (left-right-right-left arm) assessments of the
OBP using an appropriate cuff size and an Omron elec-
tronic device.

Oral and written instruction was given to all partici-
pants, who were asked to behave in an everyday fashion
during the following 24-hour period at home. A special
vest was given to participants, so that they could easily
carry the electronic recorder. In cases of hemiparesis, an
appropriate cuff was placed on the non-paretic arm. The
device automatically measured the BP at 15-min. inter-
vals during daytime (07 a.m. to 11 p.m.) and every half
hour at night (11 p.m. to 07 a.m.).

The results were transferred electronically to the
Department of Cardiology at Copenhagen University
Hospital Hvidovre for evaluation. The results were after-
wards sent to the GPs.
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Definition of a therapy goal for

antihypertensive medication

The patients’ post-stroke OBP and ABP results were rated
in accordance with the recommendations from the Euro-
pean Society of Hypertension as optimal and, for OBP,
adopted by the Danish Stroke Society as therapy goals
for patients after stroke, all in mmHg [7, 12] as follows:

OBP: systolic/diastolic < 130/80 mmHg
Daytime ABP: systolic/diastolic < 130/80 mmHg
Night-time ABP: systolic/diastolic < 115/65 mmHg

Ethics: The regional ethics committees in Denmark eval-
uate only biomedical studies.

Trial registration: not relevant.

RESULTS

Table 1 shows baseline characteristics including gender,
age and diagnosis at recent stroke/SAH debut for the 45
included participants. Of these, 37 were first-stroke cas-
es. The median age at ictus for the 32 participating
males was 55 years, and for the 13 females 45 years;
and the upper age limit was 64 years. Of the nine pa-
tients who refused to participate, three were males
aged 44, 45 and 51 years; five were females aged 45-54
years and one was a 21-year-old female.

Table 1 also shows the proportions of patients who
had been diagnosed with diabetes and special cardial
risk factors, lipid variables, and relevant lifestyle factors.

OBP assessment and ABP monitoring at the Centre
for Brain Injury Rehabilitation took place at an average
1.3 (0.14-4.3) years post stroke.

Figure 1 shows individual correspondence between
daytime systolic /diastolic OBP and daytime systolic /di-
astolic ABP. In most cases, OBP was higher than ABP, but
to a highly variable extent.

B

Blood pressure measurements. Mean, standard deviation, median and
range for systolic and diastolic office blood pressure as well as daytime
systolic/diastolic ambulatory blood pressure in 45 stroke patients and
night-time systolic/diastolic ambulatory blood pressure in 44 stroke pa-
tients. The values are mmHg.

Mean+SD  Median Range

Systolic office blood pressure 134 + 20 131 88-191
Daytime SyABP 124 £15 124 96-165
Night-time SyABP 109 + 16 108 85-157
Diastolic office blood pressure 83+12 83 48-112
Daytime DiABP 77 £10 79 52-103
Night-time DiABP 66 +11 66 44-99

ABP = ambulatory blood pressure; DiABP = diastolic ambulatory blood
pressure; OBP = office blood pressure; SD = standard deviation;
SyABP = systolic ambulatory blood pressure.
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Day-systolic and diastolic ambulatory blood pressure and office blood pressure.
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However, in seven patients, systolic OBP was lower
than daytime systolic ABP, but there were no cases in
which systolic OBP was normal and systolic ABP ex-
ceeded the therapy goal of 130 mmHg, i.e. no masked
systolic hypertension. In one case, diastolic OBP was
lower and diastolic ABP higher than the therapy goal of
80 mmHg, i.e. masked diastolic hypertension.

Table 2 shows the mean, median and range for sys-
tolic and diastolic daytime OBP as well as daytime systol-
ic/diastolic ABP and night-time systolic/diastolic ABP.
OBPs are averages of the quadrupled measurements.
The average number of daytime ABP readings was 48;
the average number of night-time ABP readings was 16.

Table 3 shows that daytime OBP and ABP was >
130/80 mmHg in 32 and 20, or 71% and 44% of the pa-
tients, respectively. Furthermore, and night-time ABP was
>115/65 mmHg in 25 (57%) cases. Totally, the day-and/
or night-time ABP goals were exceeded in 27 (60%) cases.

Out of 32 patients with hypertension by OBP, only
20 had hypertension by daytime ABP, i.e. sustained hy-
pertension. Seven had isolated nightly hypertension.

Table 4 shows the distributions between different
groups of dipping; 41%/32%, respectively, were systolic/
diastolic normal dippers, but 41%/36%, respectively,
were systolic/diastolic non-dippers. All of the six pa-
tients with diabetes mellitus were both systolic and dias-
tolic non-dippers. Of the six patients with SAH, five were
normal and one was an excessive dipper. Non-dippers
(0-4.9%) had the highest mean age. Apart from this ob-
servation, these small groups yielded no association be-
tween dipper status and age, gender or kind of stroke
(cerebral haemorrhage versus infarction).
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Blood pressure measure-
ments. Number (%) of

Blood pressure, systolic/diastolic, mmHg

. . X OoBP day-ABP night-ABP OBP 2 130/80; OBP > 130/80; night-ABP 2 115/65;
stroke patients with office
blood pressure (OBP) and 2130/80 2130/80  2115/65 day-ABP < 130/80 day-ABP > 130/80 day-ABP < 130/80
ambulatory blood pres- Isolated systolic hypertension 4 1 0 - - -
sure (ABP) equal to or ex- Isolated diastolic hypertension 8 6 11 - - -
ceed|‘ng 130/80 mmHg Both systolic and diastolic 20 13 14 = = =
(daytime) and/or 115/65 Rypertension
mmHg (night-time).
Total 320f45(71) 200f45 (44) 250f44 (57) - = =
Isolated office hypertension - - - 12 - -
Sustained (daytime) hypertension - - - - 20 -
Isolated night-time hypertension - - - - - 7
% | 80.1% and 90% of the daytime ABP; for non-dippers, it is
between 90.1% and 100%; and for extreme dippers <
Blood pressure measurements. Dipping status (n = 44). 80%. As shown by the trend line, the systolic night/day
systolic Diastolic ratio did not vary systematically with increasing systolic

Reverse dipping
Non-dippers (0-4.9%)
Non-dippers (5-9.9%)
Normal dipping (10-19.9%)
Excessive dipping (= 20%)

patients, n (%) mean age, yrs patients, n (%) mean age, yrs

0 = 0 =
5(11) 55.8 5(11) 55.8
13 (30) 47.8 11 (25) 49.4
18 (41) 51.5 14 (32) 47.7
8 (18) 46.0 14 (32) 50.2
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Ambulatory blood pressure x 100 versus day-systolic ambulatory blood pressure.
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Figure 2 shows individual systolic and day-to-night
dips expressed as night/day ABP ratio x 100; according
to the equation: dip% = 100 (1 — night/day ratio). Thus,
for normal dippers, the night-time ABP is between

daytime ABP. Mean systolic dipping was 12.4%, median
systolic dipping 12%, range 1-29%.

Diastolic dip-percentages were similar to the sys-
tolic percentages; however, extreme dipping was more
frequent for the former group. Once again, the night/
day ratio did not vary systematically with increasing di-
astolic daytime ABP. Mean diastolic dipping was 14.9%,
median diastolic dipping 14%, range 1.4-30%.

Out of 45 patients, 27 (60%), had systolic and/or di-
astolic BPs exceeding therapy goals; yet 14 of these took
no antihypertensive medication; for the remaining 13,
their antihypertensive medication was obviously insuffi-
cient. Only eight (18%) fulfilled the BP therapy goals
without medication. LDL exceeded 2.4 mmol/l in 22
(49%) patients, which indicates absent (13 patients) or
insufficient (nine patients) medication. In this group,
there were thus also only eight patients (18%) who ful-
filled the therapy goal without medication.

DISCUSSION

To the best of our knowledge, the present study is the
first to investigate post-stroke ABP in Denmark. The most
important limitation is the small patient number due to
strong selection of the study population. However, an
ABP monitoring study [14] of 187 first-ever consecutive
hypertensive stroke survivors found lack of effective BP
regulation at four months after ictus in more than half of
the patients. Diabetes mellitus and functional independ-
ence were main factors contributing to inadequate BP
control. The more functionally independent the patients
were, the worse was medication compliance.

As illustrated by Tables 2-4, our results confirm
other studies in the sense that secondary prevention
was far from ideal. Important reasons for this may be
the generally short stays in hospital in the acute phase,
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which may not allow for proper adjustment of long-term
medical secondary prevention, lagging cooperation be-
tween hospital and GPs, lack of compliance in the pa-
tient group or individual limitations because of haemo-
dynamic factors.

Furthermore, there may be a need for the more ac-
curate and informative ABP assessments as a supple-
ment to the usual OBP assessments.

Given BP variability over time, it seems optimistic to
consider occasional OBPs representative. Self-control by
home-measurement is more satisfactory than occasional
OBP performed by the GP. But even when self-control is
used, information about night-time pressure remains to-
tally absent, even though the literature has established
that night-time pressure constitutes a more important
risk factor for stroke than daytime pressure [15]. A study
[16] in untreated essential hypertensives found night-
time hypertension to be more frequent than non-dip-
ping. The same was the case in the present study includ-
ing stroke patients: while 25 of 44 patients (57%) had a
night-time BP exceeding the therapy goal, 41% were sys-
tolic and 36% were diastolic non-dippers.

Several modifiable factors may influence night-time
ABP: several studies link a non-dipping pattern to the
obstructive sleep apnoea syndrome, as recently re-
viewed [17]. One study [18] found poor sleep quality
and stressful status to be closely associated with in-
creased activation of the sympathetic nervous system,
both being independent predictors of non-dipping
hypertension. In another study [19], treatment with
Zolpidem converted many non-dippers with a poor sleep
quality into dippers. An important aspect may be the lag
of appreciation of chronotherapy [20].

CONCLUSION

The present work confirms other studies: Much remains
to be done with regard to improvement of medical sec-
ondary prevention after stroke. In particular, OBP alone
appears to be insufficient for proper BP follow-up. Com-
pared with OBP, ABP demands more resources, but
yields more reliable results and also information about
diurnal BP variation. Because of the prognostic impor-
tance of this and the special vulnerability of stroke pa-
tients, ABP monitoring at least once after stroke should
be implemented routinely.

CORRESPONDENCE: Aase Worsaa Engberg, Center for Hjerneskade,
Amagerfaelledvej 56A, 2300 Kgbenhavn S, Denmark. E-mail: aae@dadInet.dk
ACCEPTED: 28 February 2013

CONFLICTS OF INTEREST: Disclosure forms provided by the authors are
available with the full text of this article at www.danmedj.dk.
ACKNOWLEDGEMENTS: We would like to express our gratitude to the Hol-
ter Laboratory, Section of Cardiology, Hvidovre Hospital, for cooperating on
this study. Furthermore, we are grateful for the assistance provided by Helle
Ibsen, Centre for Brain Injury Rehabilitation, during the process of OBP and
ABP monitoring, and for collection of data and calculation of body mass index.
Finally, we would like to extend our thanks to all the general practitioners who
supplied data on cholesterol levels and medication.

LITERATURE

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Hong KS, Yegiaian S, Lee M et al. Declining stroke and vascular event
recurrence rates in secondary prevention trials over the past 50 years and
consequences for current trial design. Circulation 2011;123:2011-9.

. PROGRESS Collaborative Group. Randomised trial of a perindopril-based

blood-pressure-lowering regimen among 6105 individuals with previous
stroke or transient ischaemic attack. Lancet 2001;358:1033-41.

. Andersen TF, Madsen M, Jgrgensen J et al. The Danish National Hospital

Register. A valuable source of data for modern health sciences. Dan Med
Bul 1999;46:263-8.

. Palnum KH, Mehnert F, Andersen G et al. Use of secondary medical

prophylaxis and clinical outcome among patients with ischemic stroke:a
nationwide follow-up study. Stroke 2012;43:802-7.

. Hornnes N, Larsen K, Boysen G. Blood pressure 1 year after stroke: the

need to optimise secondary prevention. J Stroke Cerebrovasc Dis
2011;20:16-23.

. Paulsen MS, Sondergaard J, Reuther L et al. Treatment of 5413

hypertensive patients: a
607.

cross-sectional study. Fam Pract 2011;28:599-

. O’Brien E, Asmar R, Beilin L et al. European Society of Hypertension

recommendations for conventional, ambulatory and home blood pressure
measurement. J Hypertens 2003;21:821-48.

. O’Brien E, Sheridan J, O'Malley K. Dippers and non-dippers. Lancet

1988;2:397.

. Metoki H, Ohkubo T, Kikuya M et al. Prognostic significance for stroke of a

morning pressor surge and a nocturnal blood pressure decline: The
Ohasama study. Hypertension 2006;47:149-54.

Kario K, Pickering T, Matsuo T et al. Stroke prognosis and abnormal
nocturnal blood pressure in older hypertensives. Hypertension
2001;38:852-7.

Palatini P. Masked hypertension: how can the condition be detected?
Blood Pressure Monit 2004;9:297-9.

Dansk Selskab for Apopleksi. Referenceprogram for behandling af
patienter med apopleksi. Copenhagen: Danish Stroke Society, 2009.
National Institute of Health. Clinical guidelines on the identification,
evaluation and treatment of overweight and obesity in adults — the
evidence report. Obes Res 1998;6(suppl 2):515-209S.

Zakopoulos N, Spengos K, Tsivgoulis G et al. Assessment of blood pressure
control in hypertensive stroke survivors: an ambulatory blood pressure
monitoring study. Blood Pres Mon 2006; 11:235-41.

Hansen TW, Li Y, Boggia J, Thijs L et al. Predictive role of the night-time
blood pressure. Hypertens 2011;57:3-10.

Cuspidi C, Sala C, Valerio C et al. Nocturnal blood pressure in untreated
essential hypertensives. Blood Press 2011;20:335-41.

Wolf J, Hering D, Narkiewicz K. Non-dipping pattern of hypertension and
obstructive sleep apnea syndrome. Hypertens Res 2010;33:867-71.
Huang Y, Mai W, Hu Y et al. Poor sleep quality, stress status, and
sympathetic nervous system activation in non-dipping hypertension. Blood
Press Monit 2011;16:117-23.

Huang Y, Mai W, Cai X. The effect of Zolpidem on sleep quality, stress
status, and non-dipping hypertension. Sleep Med 2011 Dec 6 (e-pub
ahead of print).

Portaluppi F, Smolensky MH. Perspectives on the chronotherapy of
hypertension based on the results of the MAPEC study. Chronobiol Int
2010;27;1652-67.



