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中文摘要

在 290 名有輕度至中度高血壓病人進行
血壓參數在預測高血壓目標器官合併症的能
力。

隨機血壓測量是利用傳統式水銀柱血壓
計測定。24 小時移動式血壓記錄是利用 Del
Mar Avionics 公 司 之 Model 1990
Pressurometer IV 型。高血壓之診斷依據世界
衛生組織之條件。高血壓目標器官合併症是依
據心電圖、胸部 X 光、尿液分析及眼底檢查的
評估。

顯然，在高血壓目標器官合併症的預測
上，移動式血壓參數優於隨機血壓之條件。在
移動式血壓參數中，移動式血壓值高於隨機血
壓值，逆轉之血壓週期變化型態，及血壓夜間
未降等在目標器官合併的預測上有用。在心電
圖之左心室肥厚的預測上，移動式收縮壓平均
值高於隨機收縮壓之敏感度為 23.8%，特殊度
為 97.6%，正預測值為 79.2%，而負預測值
為 77.1%；在舒張壓之比較的四項預測值分別
為 31.3%，88.6%，51%及 77.2%。收縮壓的
逆轉之血壓週期型態之四項預測值分別為
31.3%，88.6%，51%及 77.2%；其舒張壓的
相對參數之四項預測值分別為 32.5%，
87.1%，49.1%及 77.2%。收縮壓夜間未降之
四項預測值分別為 67.5%，51.4%，34.6%及
80.6%；其舒張壓的相對參數之四項預測值分
別為 75%，33.2%，30%及 77.8%。上述三
項血壓參數在胸部 X 光診斷之左心室肥厚、蛋
白尿及眼底病變的預測也有相似的結果。

本研究顯示在高血壓目標器官合併症之
預測上，移動式血壓參數優於隨機血壓，而血

壓的分佈型態比血壓的程度有較高的預測
值。

關鍵詞：高血壓、目標器官合併症、移動式血
壓、隨機血壓

Abstract

The ability of blood pressure
parameters to predict hypertensive target
organ complications was evaluated on 290
consecutive patients with mild to moderate
essential hypertension.

Casual blood pressure (CBP)
measurements were obtained by standard
sphygmomanometric methods during the
day at an outpatient clinic.  Twenty-four
hour ambulatory blood pressure (ABP)
recording with Del Mar Avionics, Model 1990
Pressurometer IV System was performed 1
to 3 days after CBP measurements were
taken.  The blood pressure level for
hypertension was adopted from WHO
criteria.  The target organ complications of
hypertension were assessed by ECG, chest
x-ray, urinalysis and eye-fundus
examinations.

The ABP parameters are shown to be
superior to CBP criteria for hypertension in
predicting hypertensive target organ
complications.  Among the ABP
parameters, a comparison between CBP
and ABP levels, reversed circadian patterns
of BP and nocturnal non-reduction of BP are
found to be useful in predicting the target
organ complications.  With regard to the
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predictive value for ECG evidence of left
ventricular hypertrophy (LVH), a SBP
average greater than casual SBP had a
sensitivity of 23.8%, specificity of 97.6%, a
positive predictive value of 79.2%, and a
negative predictive value of 77.1%.  Their
counterparts in DBP gave the corresponding
values of 31.3%, 88.6%, 51.0% and 77.2%,
respectively.  A reversed circadian pattern
of SBP achieved the corresponding values
of 31.3%, 88.6%, 51% and 77.2%,
respectively.  Their counterparts of DBP
obtained the corresponding values of 32.5%,
87.1%, 49.1% and 77.2%, respectively.
The nocturnal non-reduction of SBP had the
corresponding values of 67.5%, 51.4%,
34.6% and 80.6%, respectively.  Their
counterparts in DBP obtained the
corresponding values of 75%, 33.2%, 30%
and 77.8%, respectively.  Similar results
were found in the predictive values of the
above-mentioned blood pressure
parameters for LVH on chest x-ray,
proteinuria and retinopathy.

The study has revealed the superiority
of ABP parameters to CBP values in
predicting the hypertensive target organ
complications.  The distribution patterns of
BP have also been shown to have higher
predictive values for hypertensive target
organ complication than those of BP levels.

Keywords:   hypertension, target organ
damage, ambulatory blood
pressure, casual blood
pressure.

Introduction

It is generally believed that the higher
the blood pressure the more likely it is that
hypertensive complications will develop.
Several reports [1-3], however, showed
apparent inconsistencies in the course of
illness.  Present knowledge about the
prognostic value of blood pressure is based
mostly on the results of trials in which a
casual blood pressure (CBP) was adopted
[4-6].  However, casual measurements of

blood pressure have their shortcomings.
The predictive value of the association of
office blood pressure values with
hypertensive-related target organ
complication is limited.  In addition to the
rationale that blood pressure varies widely
and that casual blood pressures are
unrepresentative of blood pressure at other
times, the superiority of multiple
measurements of blood pressure than a
single measurement in the prediction of
pressure-related morbid events [7-10]
underlines the value of non-invasive
ambulatory blood pressure monitoring,
which is now an objective technique with
higher reproducibility.  Ambulatory blood
pressure (ABP) monitoring can provide data
on blood pressure distribution, patterns and
levels, pressure load and load index [11-16],
the method has also the virtue of obviating
some of the problems inherent in office
casual blood pressure measurements.
The relationship between the occurrence of
blood pressure-related complications and
blood pressure measurements from portable
records has been examined in a number of
studies [17-32].  However, the predictive
values of blood pressure parameters for
hypertensive complications have not been
sufficiently researched [33-35].  This report
is an attempt to fill the lacuna in our
understanding of the predictive values of
blood pressure parameters for hypertensive
target organ complications.

Mater ials and Methods

A total of 290 patients with mild to
moderate essential hypertension diagnosed
from CBP measurements obtained by
standard sphygmomanometric methods
during the day at an outpatient clinic were
studied.  At least three measurements
were taken from every patient while in a
sitting position.  There were 168 men and
122 women, and their ages ranged from 40
to 65 years.

All the subjects underwent 24-h blood
pressure recording with a commercial
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ambulatory blood pressure recorder (Del
Mar Avionics, model 1990 Pressurometer IV
System).  Ambulatory blood pressure
monitoring was performed 1 to 3 days after
measuring CBP.  The patients were free of
medication before the measurements and
were normally active.  All went to bed no
later than between 2100 and 2200h and
rose between 0500 and 0700h.  Blood
pressure and heart rate were measured
every 10 min with an ambulatory monitoring
system.  The data were analyzed by a
microcomputer.  At the start of the
monitoring period, the readings obtained by
this system were crosschecked against
blood pressures measured manually
through the same cuff system utilizing an Y
tube connected to a mercury
sphygmomanometer.  The data were
accepted only when the difference between
these two measurements was within 5
mmHg.  Ambulatory blood pressure
readings that showed an inconsistent
increase or decrease in systolic blood
pressure or diastolic blood pressure greater
than 20 mmHg were not considered in this
analysis [16].  Tracings were analyzed only
if more than 85% of the maximal number of
readings during the 24-h period passed the
deletion criteria.  The average ambulatory
blood pressure for the whole day was
calculated and compared to CBP in every
patient.  The pressure load and distribution
pattern of ABP as well as nocturnal blood
pressure reduction were also analyzed.
The non-dipper of blood pressure was
defined as daytime systolic and diastolic
blood pressure averages that decreased by
less than 10% during the night.  The
patients' CBP was 157 ± 14 / 100 ± 7 mmHg
and their daily ABP average was 149 ± 8 /
97 ± 6 mmHg.

The target organ complications of
hypertension were assessed by ECG, chest
x-ray, urinalysis and eye-fundus
examinations.  ECG evidence of left
ventricular hypertrophy was based on the
criteria of Sokolow and Lyon [36].  Cardiac
enlargement by radiological examination
was diagnosed as a cardiothoracic ratio >

50% [37].  Changes in the optic fundi,
which were examined by ophthalmologists,
were classified according to a modification
of the criteria of Keith et al [38].  Urinalysis
was performed with Ames Reagent Strips
(Multistix 9), and proteinuria was defined
when the urinalysis showed a concentration
of 100 mg.dl-1 or more of protein in urine.
None of the examiners had any knowledge
about the patients’ ambulatory and casual
blood pressures.  The values of CBP and
parameters of ABP in predicting
hypertension-related complication were
analyzed by identifying

True positive (TP) = +parameter/
+complication

True negative (TN) = -parameter/
-complication

False positive (FP) = +parameter/
-complication

False negative (FN) =-parameter/
+complication
and identifying

   TP
Sensitivity =               %

TP + FN

 TN
Specificity =               %

TN + FP

 TP
Positive predict value =            %

                           TP + FP

                             TN
Negative predict value =           %

                           TN + FN

Results

The Predictive Values of Blood Pressure
Parameters for Left Ventricular
Hypertrophy on Electrocardiogram

With regard to the predictive value of
ECG evidence of LVH, the systolic/diastolic
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CBP for borderline hypertension had a
sensitivity of 70%/62.5%, a specificity of
9.5%/13.3%, a positive predictive value of
22.8%/21.6% and a negative predictive
value of 45.5%/48.3%.  The
systolic/diastolic ABP average for borderline
hypertension gave the corresponding values
of 47.5%/43.5%, 51%/49.1%, 27%/24.7%
and 71.8%/69.6%, respectively.  The
systolic/diastolic blood pressure load ≥ 25%
achieved the corresponding value of
50%/47.5%, 57.6%/55.2%, 31%/28.8% and
75.2%/73.4%, respectively.  An average
systolic/diastolic ABP value greater than
systolic/diastolic CBP value obtained the
corresponding values of 23.8%/31.3%,
97.6%/88.6%, 79.2%/51% and
77.1%/77.2%, respectively.  A reversal
circadian pattern of systolic/diastolic ABP
gave the corresponding values of
31.3%/32.5%, 88.6%/87.1%, 51%/49.1%
and 77.2%/77.2%.  The non-dipper of
systolic/diastolic ABP had the corresponding
values of 67.5%/75%, 51.4%/33.2%,
34.6%/30% and 80.6%/77.8%, respectively.

The Predictive Values of Blood Pressure
Parameters for Left Ventricular
Hypertrophy on Chest X-ray

As to the predictive value for LVH on
chest x-ray, the diastolic CBP for borderline
hypertension had a sensitivity of 75%, a
specificity of 18.5%, a positive predictive
value of 16.7%, and a negative predictive
value of 77.2%.  The diastolic ABP average
for borderline hypertension gave the
corresponding values of 63.5%, 52.9%,
22.8% and 86.9%, respectively.  The
diastolic blood pressure load ≥ 25%
achieved the corresponding values of 55.8%,
56.7%, 22% and 85.4%, respectively.  An
average diastolic ABP value greater than
diastolic CBP value obtained the
corresponding values of 36.5%, 91.6%,
48.7% and 86.9%, respectively.  A reversal
circadian pattern of diastolic ABP gave the
corresponding values of 28.9%, 84%, 28.3%
and 84.4%, respectively.  The non-dipper
of diastolic ABP had the corresponding
values of 75%, 34%, 19.9% and 86.2%,

respectively.  Similar results in their systolic
counterparts were obtained.

The Predictive Values of Blood Pressure
Parameters for Proteinuria

Regarding the predictive value for
proteinuria, the diastolic CBP for borderline
hypertension had a sensitivity of 76.9%, a
specificity of 15.9%, a positive predictive
value of 8.3%, and a negative predictive
value of 87.5%.  The diastolic ABP average
for borderline hypertension gave the
corresponding values of 69.2%, 50%, 12%
and 94.3%, respectively.  The diastolic
blood pressure load ≥ 25% achieved the
corresponding values of 61.5%, 53%, 11.4%
and 93.3%, respectively.  An average
diastolic ABP value greater than diastolic
CBP value obtained the corresponding
values of 38.5%, 89%, 25.6% and 93.6%,
respectively.  A reversal circadian pattern
of diastolic ABP gave the corresponding
values of 26.9%, 82.6%, 13.2% and 92%,
respectively.  The non-dipper of diastolic
ABP had the corresponding values of 73.1%,
31.8%, 9.6% and 92.3%, respectively.
Their systolic counterparts had similar
predictive values.

The Predictive Values of Blood Pressure
Parameters for Retinopathy

With regard to the predictive value for
retinopathy, the diastolic CBP for borderline
hypertension had a sensitivity of 87.5%, a
specificity of 11%, a positive predictive value
of 16.5%, and a negative predictive value of
82.9%.  The diastolic ABP average for
borderline hypertension gave the
corresponding values of 50%, 46.7%, 15.7%
and 82.5%, respectively.  The diastolic
blood pressure load ≥ 25% achieved the
corresponding values of 58.3%, 55.4%,
20.6% and 87%, respectively.  An average
diastolic ABP value greater than diastolic
CBP value obtained the corresponding
values of 27.1%, 89.3%, 33.3% and 86.1%,
respectively.  A reversal circadian pattern
of diastolic ABP gave the corresponding
values of 37.5%, 85.5%, 34% and 87.3%,
respectively.  The non-dipper of diastolic
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ABP had the corresponding values of 70.8%,
32.2%, 17.2% and 84.8%, respectively.
Their systolic counterparts obtained similar
predictive values.

Discussion

A number of important studies over the
last two decades have confirmed the
superiority of ABP over the CBP in
predicting hypertensive target organ
damage [2, 8, 17, 21, 22, 24, 25, 39, 40].  A
single blood pressure measurement is
reported to be predictive of the risks of end
organ damage [2, 41-43].  However, these
reports focus on the correlation between the
level or the variability of ambulatory blood
pressure and the presence of the target
organ complications of hypertension [17, 18,
21, 22, 32-35, 41].  Ambulatory blood
pressure monitoring can provide information
not only on level of blood pressure but also
its distribution patterns.  It is pertinent that
those patients who developed hypertensive
target organ complications had a higher
ambulatory pressure than casual blood
pressure [19, 43-45].

Kobrin et al [46] found that hypertensive
patients, who did not show nocturnal falls in
systolic and diastolic blood pressures had a
two-fold increase in the incidence of
hypertensive complication.  We have
demonstrated that the frequency of a
reversed circadian rhythm (systolic and
diastolic) is significantly higher in
hypertensive patients with target organ
complications (LVH and retinopathy) [45].
Our previous report [47] also showed that a
reversed circadian rhythm is found more
frequently in patients with cerebral stroke.
Verdecchia et al [48] found that a nocturnal
reduction in systolic and diastolic blood
pressure, of more than 10% of the daytime
value, could delay or prevent the
development of cardiac LVH, a result also
confirmed in our previous report [45], but
only as regards systolic blood pressure.
There was no relationship between

nocturnal reduction and complications in
terms of proteinuria and retinopathy.

A significant relationship between urine
albumin and the level of ambulatory blood
pressure was reported in Opsahl et al [28],
and Giaconi et al [29].  However, in our
previous report [45], proteinuria seemed to
be related to pressure load but not to
ambulatory blood pressure average.  A
positive result was also found in the
relationship between proteinuria and an
ambulatory blood pressure with a value
greater than that of the casual blood
pressure, but the difference was significant
for diastolic blood pressure only.

Obviously, there is a close relationship
between hypertensive target organ damage
(LVH, proteinuria and retinopathy) and the
parameters of 24 hour ambulatory blood
pressure measurements in terms of
reversed circadian pattern, nocturnal non-
dip, comparisons between casual blood
pressure and ambulatory blood pressure,
pressure load and blood pressure average.
The clinical value of the parameters of the
24-hour ambulatory blood pressure
monitoring is still a matter of debate and
remains to be established.

Massabuau et al [34] found the
predictive value and specificity of daytime
mean systolic blood pressure > 140 mmHg
for echocardiographic LVH were 53% and
79% respectively, and those of nighttime
mean systolic blood pressure > 120 mmHg
were 80% and 45.8% respectively.  In our
study, for predicting electrocardiographically
derived LVH, the casual SBP ≥ 160 mmHg
or casual DBP ≥ 95 mmHg had a low
sensitivity, specificity and positive predictive
value (< 50%), and a negative predictive
value of about 60%.  The casual SBP ≥
140 mmHg or casual DBP ≥ 90 mmHg had a
sensitivity of about 60-70%, but a low
specificity, positive predictive value and
negative predictive value (< 50%).  The
blood pressure loads had higher sensitivity
but comparable specificity, positive
predictive value and negative predictive
value as compared to criteria of ABP
average.  The comparison between ABP
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average and CBP had a high specificity (>
85%), a low positive predictive value (>
50%), and a negative predictive value (>
75%).  The reversed circadian pattern of
BP had similar predictive values as those of
comparison between ABP average and CBP.
The nocturnal reduction of BPs had a low
specificity and positive predictive value (≤
50%), but a higher negative predictive value
(>75%).  Obviously, ABP is superior to
CBP in predicting hypertension related LVH
on ECG.  Among ABP parameters, the
ABP average > CBP and reversed circadian
pattern of ABP are valuable in predicting
hypertension related LVH on ECG.  The
ABP average, BP load, and non-significant
nocturnal reduction had a high specificity
and negative predictive value but a low
positive predictive value.  Regarding
radiographically derived LVH, the above
ABP parameters had a similar specificity
and negative predictive value but a low
positive predictive value.  Similar results
were found in the predictive values of blood
pressure parameter for proteinuria.  The
predictive values of the ABP parameters for
retinopathy were similar to those for
electrocardiographically derived LVH.

There is a close relationship between
hypertensive target organ damage (LVH,
proteinuria and retinopathy) and the
parameters of 24-hour ambulatory blood
pressure measurements.  Nevertheless,
the sensitivity of these parameters for
predicting target organ damage was not high.
The ABP average, ABP load and nocturnal
non-reduction of BP had a high specify and
negative predictive value.  The comparison
between ABP average and CBP levels and
reversed circadian pattern of BP had a
higher positive predictive value in addition to
high specificity and negative predictive value.
Accordingly, these parameters are valuable
predictors of hypertension related target
organ disease.
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Table 1  The Predictive Values of Blood Pressure Parameters for Left
         Ventricular Hypertrophy on Electrocardiogram

Sensitivity

%

Specificity

%

Positive
predictive

value
%

Negative
predictive

value
%

CBP
  SBP > 160 mmHg 26.3 53.3 17.7 65.5
  SBP > 140 mmHg 70.0  9.5 22.8 45.5
  DBP > 95 mmHg 30.0 41.4 16.3 60.8
  DBP > 90 mmHg 62.5 13.3 21.6 48.3
ABP
  SBP average >
    160 mmHg

 7.5 98.1 60.0 73.6

  SBP average >
    140 mmHg

47.5 51.0 27.0 71.8

  DBP average >
    95 mmHg

25.0 78.6 30.8 73.3

  DBP average >
    90 mmHg

43.5 49.1 24.7 69.6

SBP load > 35% 43.8 65.2 32.4 75.3
SBP load > 25% 50.0 57.6 31.0 75.2
DBP load > 35% 37.5 63.8 28.3 72.8
DBP load > 25% 47.5 55.2 28.8 73.4
SBP average >
  casual SBP

23.8 97.6 79.2 77.1

DBP average >
  casual DBP

31.3 88.6 51.0 77.2

Reversed circadian
  pattern of SBP

31.3 88.6 51.0 77.2

Reversed circadian
  pattern of DBP

32.5 87.1 49.1 77.2

Non-dipper of SBP 67.5 51.4 34.6 80.6
Non-dipper of DBP 75.0 33.2 30.0 77.8

Abbreviations:  
   CBP: casual blood pressure; ABP: ambulatory blood pressure;
   SBP: systolic blood pressure; DBP: diastolic blood pressure.
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Table 2  The Predictive Values of Blood Pressure Parameters for Left
         Ventricular Hypertrophy on Chest X-ray

Sensitivity

%

Specificity

%

Positive
predictive

value
%

Negative
predictive

value
%

CBP
  SBP > 160 mmHg 26.9 56.3 11.7 77.9
  SBP > 140 mmHg 76.9 23.1 17.9 82.1
  DBP > 95 mmHg 32.7 43.7 11.3 74.8
  DBP > 90 mmHg 75.0 18.5 16.7 77.2
ABP
  SBP average >
    160 mmHg

13.5 98.3 63.6 83.9

  SBP average >
    140 mmHg

63.5 53.8 23.1 87.1

  DBP average >
    95 mmHg

42.3 79.8 31.4 86.4

  DBP average >
    90 mmHg

63.5 52.9 22.8 86.9

SBP load > 35% 46.2 65.6 22.6 84.8
SBP load > 25% 55.8 58.4 22.7 85.8
DBP load > 35% 46.2 67.2 23.5 85.1
DBP load > 25% 55.8 56.7 22.0 85.4
SBP average >
  casual SBP

21.2 94.5 45.8 84.6

DBP average >
  casual DBP

36.5 91.6 48.7 86.9

Reversed circadian
  pattern of SBP

30.8 86.1 32.7 85.1

Reversed circadian
  pattern of DBP

28.9 84.0 28.3 84.4

Non-dipper of SBP 71.2 50.8 24.0 89.0
Non-dipper of DBP 75.0 34.0 19.9 86.2

Abbreviations:  
CBP: casual blood pressure; ABP: ambulatory blood pressure;
SBP: systolic blood pressure; DBP: diastolic blood pressure.
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Table 3  The Predictive Values of Blood Pressure Parameters for
         Proteinuria

Sensitivity

%

Specificity

%

Positive
predictive

value
%

Negative
predictive

value
%

CBP
  SBP > 160 mmHg 46.2 59.1 10 91.8
  SBP > 140 mmHg 84.6 12.5  8.7 89.2
  DBP > 95 mmHg 53.8 46.6  9.0 91.1
  DBP > 90 mmHg 76.9 15.9  8.3 87.5
ABP
  SBP average >
    160 mmHg

11.54 96.6 25.0 91.8

  SBP average >
    140 mmHg

69.2 51.5 12.3 94.4

  DBP average >
    95 mmHg

46.2 78.4 17.4 93.7

  DBP average >
    90 mmHg

69.2 50.0 12.0 94.3

SBP load > 35% 53.9 64.4 13.0 93.4
SBP load > 25% 76.7 57.6 15.2 96.2
DBP load > 35% 57.7 64.4 13.8 93.9
DBP load > 25% 61.5 53.0 11.4 93.3
SBP average >
  casual SBP

19.2 92.8 20.8 92.1

DBP average >
  casual DBP

38.5 89.0 25.6 93.6

Reversed circadian
  pattern of SBP

19.2 83.3 10.2 91.3

Reversed circadian
  pattern of DBP

26.9 82.6 13.2 92.0

Non-dipper of SBP 53.9 44.7  8.8 90.8
Non-dipper of DBP 73.1 31.8  9.6 92.3

Abbreviations:  
CBP: casual blood pressure; ABP: ambulatory blood pressure;
SBP: systolic blood pressure; DBP: diastolic blood pressure.



12

Table 4  The Predictive Values of Blood Pressure Parameters for
         Retinopathy

Sensitivity

%

Specificity

%

Positive
predictive

value
%

Negative
predictive

value
%

CBP
 SBP > 160 mmHg 41.7 55.8 18.7 82.8
 SBP > 140 mmHg 83.3  9.1 15.4 73.3
 DBP > 95 mmHg 62.5 45.9 18.6 86.1
 DBP > 90 mmHg 87.5 11.0 16.5 82.9
ABP
 SBP average >
   160 mmHg

 2.1 96.3 10.0 83.2

 SBP average >
   140 mmHg

58.3 49.6 18.7 85.7

 DBP average >
   95 mmHg

31.3 77.3 21.4 85.0

 DBP average >
   90 mmHg

50.0 46.7 15.7 82.5

SBP load > 35% 37.5 62.8 16.7 83.5
SBP load > 25% 50.0 55.8 18.3 84.9
DBP load > 35% 43.8 62.8 18.9 84.9
DBP load > 25% 58.3 55.4 20.6 87.0
SBP average >
  casual SBP

16.7 93.4 33.3 85.0

DBP average >
  casual DBP

27.1 89.3 33.3 86.1

Reversed circadian
  pattern of SBP

35.4 86.8 34.7 87.1

Reversed circadian
  pattern of DBP

37.5 85.5 34.0 87.3

Non-dipper of SBP 52.1 46.3 16.1 83.0
Non-dipper of DBP 70.8 32.2 17.2 84.8

Abbreviations:  
CBP: casual blood pressure; ABP: ambulatory blood pressure;
SBP: systolic blood pressure; DBP: diastolic blood pressure.
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