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Non-clinic blood pressure measurement — more
light, less darkness
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ABSTRACT

Non-clinic blood pressure measurements are very important in confirming diagnosis of
hypertension and they give us an idea of associated cardiovascular risk more precisely than
clinic blood pressure measurements. It can detect masked hypertension and white coat
hypertension and ambulatory blood pressure monitoring (ABPM) especially can monitor
night-time blood pressure diagnosing individuals with nocturnal hypertension. Masked
hypertension and nocturnal hypertension are strongly related with target organ damage along
with enhanced morbidity and mortality due to cardiovascular causes.ABPM can also measure
early morning rise of blood pressure,mean 24 hour blood pressure, diurnal variation as well
as average real variability. Home blood pressure monitoring by patients themselves leads to
their greater involvement in maintaining blood pressure records and in achieving treatment
goals. The purpose of this review is to preferentially discuss role of non-clinic blood pressure
monitoring in making accurate diagnosis and deciding treatment of hypertension that might
help a great deal in reducing morbidity and mortality associated with it.
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INTRODUCTION easily available. Despite these limitations, ABPM is gold

standard for monitoring 24 hour blood pressure as it is
Clinic blood pressure measurement is time-honoured
method for evaluating and treating hypertension but this
routine method is being questioned for some time as a
large number of individuals have varied blood pressure
when measured outside clinic, at workplace or at home.
Non-clinic blood pressure measurements are becoming
more important in diagnosis as well as management
of hypertension. Non clinic blood pressure can be
monitored by two methods — Home blood pressure
monitoring andAmbulatory blood pressure monitoring

a stronger predictor of hypertension related outcomes
than clinic blood pressure readings.

HOME BLOOD PRESSURE MONITORING

In this method, a family member or patient himself
measures blood pressure either at home or at work place.
Two readings are obtained, 1 minute apart and their
average is considered. Blood pressure should be checked

(ABPM). These methods are better than clinic blood
pressure values in assessment of cardiovascular morbidity
and mortality. Blood pressure not only varies with
the place where it is measured but also depends on
the person measuring it, highest measurements being
obtained by physician followed by nurse and patient
himself."” Home blood pressure monitoring is easy to
access and inexpensive while ABPM is expensive and not
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before taking drugs two times in the morning and before
dinner in evening.’ Blood pressure readings on first day
are not considered and average of remaining readings
is taken. A structured blood pressure log obtained over
one week gives valuable information regarding blood
pressure control. Once patients reach clinical stability, this
monitoring is repeated every 1- 2 months to be sure that
blood pressure is within normal limits.
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Frequent monitoring (4-6 times per day) can be done in
patients with labile hypertension to assess degree of blood
pressure variability. Patients who develop hypotensive
symptoms also require blood pressure monitoring when
action of drug is at peak or when symptoms appear. Most
acceptable blood pressure levels at home are less than
130-135/80-85 mmHg,

Indications

1)  Any patient with hypertension.

ii) To rule out white coat/masked hypertension.

iif) Evaluation of resistant hypertension and labile
hypertension.

iv) Evaluation of medication related hypotensive
symptoms.

Ambulatory blood pressure monitoring

A light weight, portable device is attached to arm cuff and
it gives us data in form of semi continuous blood pressure
recording, Blood pressure monitoring is usually done for
24 hours but in some patients like those on haemodialysis,
it can be extended upto 48 hours during entire inter-
dialytic phase. The cuff is programmed such that inflation
frequency is once every 20 — 30 minutes during day time
and it decreases to once every 30 — 60 minutes during
sleep. Frequency of inflations can be increased for patients
having severe autonomic dysfunction or those having labile
hypertension.*

Test should be performed on a day which matches patient’s
daily routine including time at work and at home. Patient
is asked to record time of waking up and retiring as well
as taking of any vasoactive drugs and time of any stressful
activity during the test. Test is usually well tolerated but
sleep can be affected in 10% of patients. Sleep records
should be discarded in such patients. Time spent in siestas
during daytime should also be added to sleep petriod.* An
adequate monitoring should have minimum of twenty
valid measurements during awake period and minimum
seven during sleep.’

ABPM also gives information about blood pressure
variability during 24 hours based on standard deviation
of blood pressure recordings and helps in evaluation of
marked blood pressure fluctuations. It also tells about mean
systolic and diastolic blood pressure and pressure changes
during sleep and wakefulness. Following are essential
components to be analysed in ABPM tracing:-

a) 24 hour blood pressure —average of all blood pressure
recordings during 24 hour period and normal is <
120/80 mmHg.’

b) Awake blood pressure — average of all blood pressure
recordings during awake period and average of <
135/85 mmHg is considered normal.®
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¢) Sleep blood pressure—average of all blood pressure
recordings during sleep including measurements during
siesta. An average of < 120/70 mmHg is considered
normal.’

d) Night/day blood pressure ratio i.e. ratio of average
blood pressure during sleep and awake period.(Mean
daytime pressure — mean night time pressure) X 100/
mean daytime pressure is the formula to calculate fall
in blood pressure during sleep.

Blood pressure falls during sleep by approximately 15%
equivalent to ratio of 0.85. Taking this ratio as basis,
patients are categorised into dippers (ratio 0.8-0.89), non-
dippers (ratio 0.9-1.0), reverse dippers (ratio > 1.0) and
extreme dippers (ratio < 0.8). This can be simply expressed
as dippers (fall in BP during sleep = 10%), non-dippers
(fall <10%), extreme dippers (= 20%) and reverse dippers/
risers (<0%).°

Indications®
1) Suspected white coat hypertension.
i) Suspected masked hypertension.
iif) Evaluation of efficacy of treatment when
(a) Casual blood pressure is not controlled despite
optimal drug treatment.
b) Casual blood pressure is controlled but target
organ damage has progressed.
1v) Evaluation of hypotensive symptoms.
v) Assessment of blood pressure variability
vi) Assessment for nocturnal hypertension or dipping
pattern in conditions like chronic kidney disease,
diabetes mellitus and obstructive sleep apnea.

Advantages®

1) Multiple blood pressure readings for 24 hours including
during daily routine activities and sleep.

i) Assessment of circadian rhythm of blood pressure.

iif) Assessment of blood pressure overload and variability.

iv) Assessment of effect of antihypertensive drugs over
24 hours.

v) Possibly risk stratification of hypertensive patients.

Limitations®

1)  Mismatch between cuff size and arm circumference.

i) Very high systolic blood pressures.

iif) Presence of movement disorders e.g. essential tremors,
parkinsonism

iv) In rhythm disorders due to irregular pulse.

v) Presence of auscultatory gap during routine manual
blood pressure measurement.

ABPM and assessment of blood pressure behaviour along
with different hypertension diagnoses
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Main objective of ABPM is to decide whether to treat a
patient or not on basis of 24 hour blood pressure readings
as two types of errors can occur if therapy is started based
on casual blood pressure readings. First, if casual blood
pressure overestimates real pressure, therapy can be started
when it is not required and second, if it underestimates
real value, therapy is withheld and can lead to adverse
consequences of hypertension.

Depending on blood pressure values obtained during
clinic measurements, four diagnoses can be identified:
Normotension, hypertension, white coat hypertension and
masked hypertension.® Normotension is defined as clinic
blood pressure (< 140/90 mmHg) and during 24-hour
ABPM (= 130/80 mmHg) while sustained hypertension is
defined by increased pressures in clinic(> 140/90 mmHg)
as well as duting ABPM (= 130/80 mmHg).

15-30% of individuals have high clinic blood pressures
designated as having White coat hypertension.” It is
characterised by high blood pressure(> 140/90 mmHg)
in clinic on minimum three occasions and normal blood
pressure (< 130/80 mmHg) in ABPM/home monitoring
on minimum two occasions without any evidence of
target organ damage.® When the differences in systolic and
diastolic blood pressures are more than 20 and 10 mmHg
respectively, it is considered significant.

White coat hypertension has no specific clinical features
and mostly likely occurs in elderly, women, pregnant
women, patients diagnosed as stage I hypertension after
clinic readings, non-smokers and those without target
organ damage.” A study has shown that cardiovascular
risk in white coat hypertension is intermediate between
normotensive and hypertensive patients, but still closer
to normotensive ones."” Another study has shown that
frequency of poor cardiovascular events in untreated white
coat hypertension individuals is no different than that
observed in normotensives.'' ABPM should be performed
every year in individuals with white coat hypertension
as they have higher probability of developing persistent
hypertension.'?

Prevalence of masked hypertension (white coat
normotension) is around 10-40% in patients not receiving
any antihypertensive drugs. It is characterised by clinic
blood pressure (< 140/90 mmHg) and abnormal ABPM
readings (= 130/80 mmHg).® It is commonly seen in
males, smokers and those with high body-mass index. It
has higher risk of cardiovascular morbidity and mortality
than sustained hypertension or white coat hypertension
but as clinic blood pressure is normal, this risk may be
underrated."” Higher mortality and morbidity may be
due to late detection of masked hypertension leading
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to increased target organ damage.An association has
been reported between masked hypertension and risk of
structural changes in left ventricle in a meta-analysis of
twelve studies.'’ Therefore antihypertensive therapy seems
rational choice for patients with masked hypertension.

ABPM AND DIURNAL BLOOD PRESSURE
VARIATION

It is most reliable method to monitor blood pressure
during sleep and its behaviour in 24 hour period during
daytime and night. Non-dippers have enhanced risk of
cerebrovascular accidents, higher intima-media thickness
and target organ damage.”’ As a result, ABPM has now
moved nocturnal BP to centre stage. Another study showed
higher mortality rate in those with non-dipping and reverse
dipping pattern in comparison to dippers and extreme
dippers."* But it was also associated with other risk factors
like age, smoking, diabetes mellitus, chronic kidney disease,
congestive cardiac failure and coronary artery disease.”
Mechanisms involved in night time hypertension and
increased mortality have not been elucidated but decreased
baroreceptor sensitivity, enhanced sympathetic tone,
autonomic dysfunction, sleep apnea, insulin resistance,
endothelial dysfunction and increased nocturnal sodium
excretion may all be involved.'

Sleep-trough morning blood pressure surge (eatly morning
blood pressure — least night blood pressure) has strong
association with increased incidence of cerebrovascular
disease in untreated hypertension and this surge was found
to be significantly more in Japanese population as compared
to Europeans independent of age, 24-hour blood pressure
and least night-time blood pressure.'® Thus morning blood
pressure surge is an important parameter to be measured in
Asian population using ABPM to prevent cerebrovascular
accidents and their recurrence."”

BLOOD PRESSURE VARIABILITY

Till now there was complete reliance on mean measure of
ambulatory blood pressure — average of all ambulatory
blood pressure measurements over a given time period
but there is considerable variability in beat-to-beat blood
pressure, so now concept of average real variability
(ARV) has come up. Average real variability is shown to
be associated with carotid artery damage, left ventricular
hypertrophy, cardiovascular events and cardiovascular and
all-cause mortality.'"™* Average real variability in eldetly
is associated with cognitive dysfunction and quality of
life.?* Average real variability is shown to be more in
presence of chronic diseases e.g. diabetes mellitus and
neurodegenerative diseases. But it is not clear whether
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increased average real variability is cause for progression
of disease or a by-product of disease. Efficacy of calcium
channel blockers has been found to be maximum in
reducing variability in a systematic review and meta-analysis
whereas angiotensin receptor blockers and 3-blockers were
not found to be effective.” One more trial has shown
combination of diuretics and calcium channel blockers to
be especially potent for lowering short-term vatiability.*

NOCTURNAL HYPERTENSION

Due to body’s circadian rhythm, there is blood pressure
variability during day and night. There is a dip in blood
pressure which starts late evening and it reaches its trough
around mid-night and rises again just after awakening in
the morning.* Nocturnal hypertension is blood pressure =
120/70 mmHg during night and can only be detected by
ABPM. Itis due to altered circadian rhythm which depends
on interaction between sympathetic nervous system
and renin-angiotensin-aldosterone system. Nocturnal
hypertension is commonly reported in individuals with
non-dipping and reverse dipping/riser blood pressure
patterns.

Nocturnal hypertension is closely associated with diabetes
mellitus, major depression and generalised anxiety disorder
which are accompanied by enhanced sympathetic tone
during sleep.**” Bankir et al. have proposed pressure
natriuresis hypothesis which suggests that nocturnal rise
in blood pressure occurs to cause compensatory increase
in sodium excretion so that sodium balance is maintained
in body. This can also be explained as that non-dipping
pattern of blood pressure results due to decreased sodium
excretion by kidney dutring daytime either due to fall in
glomerular filtration rate or increased sodium reabsorption
during daytime.”

Less melatonin secretion has also been implicated in
causing nocturnal hypertension leading to altered blood
pressure rhythmicity. Non-dippers have been documented
to have less nocturnal melatonin surge.”” In addition to
this, medications used to treat hypertension have shorter
half lives and duration of action and fail to control blood
pressure during 24 hours when taken in morning;

NON-DIPPING PATTERN

Non-dippers require more drugs for optimal control of
blood pressure and it can be concluded that non-dipping
pattern may represent individuals with severe hypertension.
Close association of non-dipping pattern with target
organ damage, risk of future cerebrovascular events
e.g intracerebral hemorrhage and secondary hypertension
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is being seen. Non-dippers also have high prevalence of
left ventricular hypertrophy, increased carotid intima-media
thickness, microalbuminuria and insulin resistance.*® Pulse
wave velocity is also high suggesting increased arterial
stiffness in non-dippers.” C-reactive protein levels and red
cell distribution width are found to be high in non-dippers
and these parameters may portend poor cardiovascular
outcomes.” Ohasama study has shown an average 20%
increased risk of cardiovascular mortality with each
5% decrement in night time blood pressure dipping.”
Chronotherapy is emerging as new therapeutic option used
for managing nocturnal hypertension where one or more
drugs is taken in evening or night to obtain normal dipping
in accordance with normal circadian rhythm. HOPE study
has shown that by night time administration of Ramipril,
there was risk reduction of around 22% in cardiovascular
mortality, myocardial infarction and cerebrovascular
disease.” Morning versus night dosing of antihypertensive
drugs was compared in MAPEC study and it showed
that giving drugs at night achieved better overall blood
pressure control and there was significantly lower risk of
cardiovascular events.” Prevalence of non-dipping also
reduced markedly with taking anti-hypertensives at night.
Chronotherapy is also found to be beneficial in treating
resistant hypertension.

REVERSE/INVERTED DIPPING/RISERS

It is characterised by unchanged or even higher night
blood pressure representing extreme alteration in circadian
blood pressure rhythm, This pattern is commonly
seen in secondary hypertension, refractory essential
hypertension, pre-eclampsia, chronic kidney disease, sleep
apnea syndrome and autonomic dysfunction.” Increased
sympathetic activity and impaired renal sodium excreting
capacity are incriminated in pathogenesis of reverse
dipping pattern. Reverse dippers have been shown to have
increased prevalence of carotid intima-media thickness,
left ventricular mass and microalbuminuria.”® Reverse
dipping pattern is also associated with lacunar infarcts,
spontaneous intracerebral haemorrhage and cardiac failure
with preserved systolic function.All cause mortality is found
to be two-times more in patients with reverse dipping
pattern as compared to dippers and this is attributed to
cardiovascular causes. Chronotherapy plays an important
role in attaining normal circadian rhythm in reverse dippers
also.”® Hermida et al. compared effects of Valsartan
(160 mg/day) taken either eatly morning or at bedtime
and it was observed that 75% of patients administered
night time therapy became dippers as compared to 24%
administered morning dose.”’A Japanese trial evaluated
effects of night time Cilnidipine administration and
found that blood pressure reduction was more marked
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when drug was given at night-time than in morning in
reverse dippers. Drug effect was similar whether given at
bedtime or morning in non-dippers and drug was much
effective when given in daytime than bedtime in dippers.”®
But still data regarding this therapeutic approach is scanty
and requires further trials and analysis to comment upon
beneficial outcomes of this night-time treatment approach.

CONCLUSION

Non-clinic blood pressure monitoring is an essential
method for effective diagnosis, evaluation and devising
treatment strategies for hypertension. This method predicts
cardiovascular risk associated with hypertension more
accurately than clinic blood pressure monitoring. Both
home blood pressure and ambulatory blood pressure
monitoring include a number of readings making them
more reliable and can identify individuals having white-
coat hypertension and masked hypertension. ABPM
especially can monitor night-time blood pressure providing
information about dipping status and can diagnose patients
with non-dipping and reverse dipping pattern. Such patients
can be treated with anti-hypertensive chronotherapy to
achieve normal blood pressure circadian rhythm and reduce
cardiovascular risk associated with these blood pressure
patterns. Though the data regarding role of non-clinic
blood pressure measurements in guiding treatment is still
debatable, but the result of observational studies still favour
their preferential use in routine practice.
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