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Effect of Situational Anxiety and Depression on
24-Hour Ambulatory Blood Pressure

Monitorization in Patients with Hypertension

AABBSS  TTRRAACCTT  OObbjjeeccttiivvee::  To evaluate the effects of situational anxiety, stress and depression on 24-
hour ambulatory blood pressure monitorization (ABPM) in patients with hypertension. MMaatteerriiaall
aanndd  MMeetthhooddss:: Three hundred twenty-six medically treated hypertensive patients were included in
the study. According to their 24-hour ABPM results 162 patients were categorized as dipper hy-
pertensives, 164 patients were categorized as non-dipper hypertensives. All patients completed
self-report questionnaires which include General Health Questionnaire (GHQ-12), State-trait anx-
iety inventory (STAI) form TX-I and STAI form TX-II before ABPM. STAI FORM TX-I question-
naire was repeated after ABPM. RReessuullttss::  GHQ and STAI FORM TX-I score of the non-dipper group
were statistically significantly higher than the dipper group. Following ABPM, there was a statis-
tically significant decrease in STAI FORM TX-I score in non-dipper group. A positive correlation
was found between age and STAI FORM TX-I score (r=0.531, p=0.0001). There were significant dif-
ferences in GHQ-12 and STAI FORM TX-I scores among groups according to education level
(F=6.175, p=0.003 and F=5.877, p=0.003, respectively). Post hoc analysis revealed that the signifi-
cance was due to the differences between group 3 (university level) and group 1 and 2 (elemen-
tary school and high school level). STAI FORM TX-I scores of the patients differed significantly
in terms of their socioeconomic status (F=5.9701, p=0.003). Patients with higher socioeconomic sta-
tus had lower STAI FORM TX-I scores compared to the middle and poor socioeconomic status.
CCoonncclluussiioonn::  Situational anxiety, especially in elderly, poor and lower-educated patients might be
a factor for non-dipping phenomenon.

KKeeyywwoorrddss::  Essential hypertension; anxiety; blood pressure monitoring, ambulatory

ÖÖZZEETT  AAmmaaçç:: Mevcut veriler hipertansiyon ile depresyon, anksiyete arasında ilişki olduğunu göster-
mektedir. Çalışmamızda durumsal anksiyete ve depresyonun 24-saatlik ambulatuar kan basıncı mo-
nitorizasyonu üzerine (AKBM) etkilerini araştırmak istedik. GGeerreeçç  vvee  YYöönntteemmlleerr::  Çalışmaya
hipertansiyon tanısı ile izlenen 326 hasta alındı. Tüm hastalara 24-saatlik AKBM yapıldı. Sonuçlara
göre 164 hasta non-dipper hipertansif, 162 hasta ise dipper hipertansif olarak gruplandırıldı. Tüm has-
talara Genel Sağlık Anketi (GSA-12), Durumluluk-Süreklilik Kaygı Ölçeği (DSKÖ) form TX-1 ve TX-
2 uygulandı. DSKÖ form TX-I AKBM sonrası tekarlandı. BBuullgguullaarr::  İki grup arasında DSKÖ form TX-2
puanları arasında fark gözlenmedi. GSA-12 ve DSKÖ form TX-1 puanları non-dipper grupta anlamlı
olarak yüksek bulundu. AKBM sonrası non-dipper grupta DSKÖ form TX-1 puanında anlamlı düşüş
gözlenirken, bu düşüş dipper grupta istatistiksel anlamlılığa ulaşmadı. DSKÖ form TX-1 puanı ile yaş
arasında pozitif ilişki saptandı (r=0,531, p=0,0001). Eğitim seviyesine göre GSA-12 ve DSKÖ form TX-
1 puanı arasında farklılıklar bulundu (sırası ile, F=6,175, p=0,003 and F=5,877, p=0,003). Post-hoc ana-
lizde bu farklılığın grup 3 (üniversite) ile grup 1 ve 2 (lise-ilkokul) arasında olduğu gözlendi. DSKÖ
form TX-1 puanları ile  hastaların sosyoekonomik seviyelerine göre farklılıklar saptandı (F=5,9701,
p=0,003). Yüksek sosyoekonomik seviyesine sahip olan hastaların DSKÖ form TX-1 puanları orta
ve düşük sosyoekonomik seviyede olan hastalar göre düşüktü. SSoonnuuçç::  Durumsal anksiyete, özellikle
yaşlı, gelir düzeyi ve eğitim seviyesi düşük hastalarda non-dipping fenomeni için bir faktör olabi-
lir. Çalışmamız depresyonda olan hastalarda gece kan basıncı düşüşünün azalabileceğini düşündür-
mektedir. 

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Esansiyel hipertansiyon; anksiyete; kan basıncı izlemi, ambulatuar
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ypertension (HT) is strong, consistent
and etiologically relevant risk factor for
cardiovascular disease as well as kidney

disease, stroke, and congestive heart failure.1,2 Nor-
mally, there is a physiological decrease in blood
pressure (BP) during sleep relative to the wakeful-
ness which is called as dipping pattern. In some in-
dividuals, whether they are normo or hypertensive,
this nocturnal decrease does not occur and this is
called as non-dipping pattern.1-3 Non-dipping BP
status is associated with increased risk for cardio-
vascular disease.1-4 The pathophysiological mecha-
nisms responsible for this non-dipping pattern are
not fully understood. Autonomic nervous system
abnormalities, dietary factors, smoking, sedentary
lifestyle, anxiety disorders all have been suggested
as potential etiological factors of this impaired BP
circadian rhythm.5,6

Ambulatory blood pressure monitoring is a
non-invasive tool that is used in the diagnosis and
management of hypertension.7 Although it is the
best way of diagnosing hypertension, it might in-
duce discomfort and state of anxiety in some pa-
tients.8 In this study, starting with the possibility
of ambulatory blood pressure monitorization
(ABPM) induced stress and anxiety in hypertensive
patients, we intend to compare anxiety level in dip-
per and non-dipper hypertensive patients. 

MATERIAL AND METHODS

A total of 326 medically treated hypertensive pa-
tients were enrolled in the study. According to the
ABPM results, 162 patients were categorized as
dipper hypertensives and the remaining were cat-
egorized as non-dipper hypertensives. Sakarya Uni-
versity Ethics Committee approved the study and
each subject were informed consent before en-
rollment.  Patients with ischemic heart disease,
valvular disease, chronic kidney disease, thyroid
dysfunction, liver disease, malignancy, diabetes
mellitus, hyperlipidemia, obstructive sleep apnea
and sleep disturbances were excluded from the
study.  Clinical and demographic characteristics of
the patients were obtained by face-to-face inter-
view. According to guidelines, hypertension was
defined as systolic blood pressure ≥ 140 mmHg, di-

astolic blood pressure ≥ 90 mmHg and the patients
already using of antihypertensive medication.1,2 All
patients underwent 24-hour ABPM using non-
dominant arm (Physio Quant; Envitec, Germany).
The device recorded BP values every 15 min. dur-
ing day (07:00-23:00 h) and every 20 min. during
night (23:00-07:00 h). Venous blood samples were
collected in early morning and analyzed for com-
plete blood count and biochemistry parameters
(COBAS c311, Roche Diagnostics, Germany).  

All patients completed self-report question-
naires which include General Health Question-
naire (GHQ-12), State-trait anxiety inventory
(STAI) form TX-I and STAI form TX-II before
ABPM.  STAI FORM TX-I questionnaire was re-
peated after ABPM. 

State-trait anxiety inventory (STAI): Devel-
oped by Spielberg, was used to assess the degree of
anxiety in study patients.9 The scale’s validity and
reliability for Turkish population was conducted
by Öner et al. It composed of two subscales, each
containing 20 questions.10 STAI FORM TX-I which
indicate the anxiety level at a specific situation and
STAI FORM TX-II which describe how individuals
generally feel. Scores of the two subscales range be-
tween 20 to 80. Lower and higher scores suggest
lower and higher anxiety levels, respectively.  

The General Health Questionnaire (GHQ): de-
veloped to detect subjects with physiopathology
troubles.11 It was originally developed as 60-item
instrument, but currently shortened versions of the
questionnaire are available. The GHQ used in this
study includes 12 items. Scores range from 0 to 36,
with higher scores indicating physiological distress.
Its Turkish reliability and validity was evaluated by
Kılıç.12 The proposed cut-off point of the GHQ- 12
was ½, with a specificity of 0.84 and sensitivity of
0.74.

ISTATISTICAL ANALYSIS

Continuous variables were expressed as mean±SD.
Categorical variables were expressed as percent-
ages. Statistical analyses were performed by using
SPSS program package (version 20 software, SPSS
Inc. Chicago, Illinois, USA). According to Kol-
mogorov-Smirnov test all data had normal distri-
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bution. The following tests were used for statistical
analysis: (1) ANOVA test was used to compare and
analyze the group differences, (2) Bonferroni test
was applied for post hoc analysis for multiple com-
parisons of groups, (3) independent sample t-test
was used for two group comparisons, (4) paired t-
test was used to compare the means of the related
data, and (5) Pearson correlation was used to assess
the relation between variables. A p value <0.05 was
considered significant. 

RESULTS 

Based on the ABPM data, 162 patients were classi-
fied as dipper hypertensive, 164 patients were clas-
sified as non-dipper hypertensive.  There were no
statistically significant differences between two
groups with respect to age, gender, height, weight,
BMI, smoking status, alcohol consumption, educa-
tional level, marital status, family type and socioe-
conomic status. The clinical and demographic data
of the study population is shown in Table 1. Pa-
tients were treated with β-blocker, calcium chan-
nel blocker, angiotensin-converting enzyme
inhibitor, angiotensin receptor blocker and alpha
blocker.  There were no differences in day systolic
BP, day diastolic BP, antihypertensive treatment
and biochemical parameters between two groups.
As expected, night systolic BP and night diastolic
BP values were significantly higher in non-dipper
group compared to that of dipper group (Table 2). 

Table 3 shows the average GHQ, STAI FORM
TX-I and STAI FORM TX-II scores of the patients.
There was no statistically significant difference in
STAI FORM TX-II score between two groups.
GHQ and STAI FORM TX-I score of the non-dip-
per group were statistically significantly higher
than the dipper group. Following ABPM, there was
a statistically significant decrease in STAI FORM
TX-I score in non-dipper group. Although, the
scores on   STAI FORM TX-I decreased in dipper
group, this decrease did not reach statistical signif-
icance (Table 4). 

A positive correlation was found between age
and STAI FORM TX-I score (r=0.531, p=0.0001).
There were significant differences in GHQ-12 and

STAI FORM TX-I scores among groups according
to education level (F=6.175, p=0.003 and F=5.877,
p=0.003, respectively). Post hoc analysis revealed
that the significance was due to the differences be-
tween group 3 (university level) and group 1 and 2
(elementary school and high school level). STAI
FORM TX-I scores of the patients differed signifi-
cantly in terms of their socioeconomic status
(F=5.9701, p=0.003). Patients with higher socioe-
conomic status had lower STAI FORM TX-I scores
compared to the middle and poor socioeconomic
status.

DISCUSSION 

In our study it has been shown that HT patients
with non-dipper BP profile were anxious and de-
pressed. In our study, the mean STAI FORM TX-I
scores of the non-dipper patients, immediately be-
fore the ambulatory device wearing, were higher
compared to that of the dipper patients. Although
the mean STAI FORM TX-I scores of the both
groups were decreased after device removal, the
difference reached statistical significance only in
non-dipper patients.

Hypertension is a chronic disease and in long
term it is a major risk factor for premature cardio-
vascular morbidity and mortality.1.2 Cardiovascu-
lar diseases are still the leading cause of death and
the optimal control of the risk factors is the key for
the patient outcome and rehospitalization. Treat-
ment of hypertension is of paramount importance
and needs to be observed closely. 24-hour blood
pressure monitoring is an important tool for the di-
agnosis and the treatment of hypertension. 

BP fluctuates throughout 24 hours, it is nor-
mally higher during the daytime and lower at
night. Nocturnal dipping pattern includes a de-
crease during sleep of both systolic and diastolic BP
about 10% from daytime levels, and its absence is
assumed to be an independent cardiovascular risk
factor in hypertensive patients.13-15 Autonomic
nervous system is an important modulator of this
circadian rhythm. It has been demonstrated that
non-dipper hypertensive patients has increased
level of sympathetic activity.16 Data suggest that al-
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Non-dipper group (n=164) Dipper group     (n=162) P

Sex 0.288

Female n,(%) 83 (50.6) 87(53.7)

Male n,(%) 81 (49.4) 75 (46.3)

Age (year) 49.9±10.8 50.8±12.0 0.512

Height (m) 1.6±0.09 1.6±0.09 0.725

Weight (kg) 76.5±12.1 77.7±12.4 0.362

BMI 26.9±3.3 27.2±3.6 0.496

Smoking n,(%) 41(25) 42(25.9) 0.474

Alcohol n,(%) 19(11.58) 22(13.58) 0.354

Educational level 0.867

Elementary n,(%) 90 (54.87) 92 (56.79)

High school n,(%) 52 (31.70) 47 (29.01)

University n,(%) 22 (13.41) 23 (14.19)

Family type 0.507

Nuclear n,(%) 115 (70.12) 122 (75.30)

Joint n,(%) 37 (22.56) 32 (19.75)

Broken n,(%) 12 (7.31) 8 (4.93)

Socioeconomic status 0.794

Poor n,(%) 25 (15.24) 29 (17.90)

Middle n,(%) 105 (64.02) 99 (61.11)

High n,(%) 34 (20.73) 34 (20.98)

TABLE 1: Clinical and demographic characteristics of the patients.

BMI: Body mass index.

Non-dipper group (n=164) Dipper group     (n=162) P

Glucose (mg/dl) 99.0±10.9 97.1±9.6 0.086

TC (mg/dl) 187.9±32.4 189.1±30.5 0.740

LDL (mg/dl) 121.3±29.3 123.6±32.4 0.503

HDL (mg/dl) 44.0±10.4 42.6±9.8 0.227

TG (mg/dl) 148.4±71.2 145.4±71.5 0.706

SBP (DAY) 132.9±11.9 131.6±12.7 0.163

DBP (DAY) 81.9±9.2 82.4±8.4 0.614

SBP (NIGHT) 127.1±11.5 112.7±26.8 0.000

DBP (NIGHT) 79.1±6.3 68.2±8.8 0.000

NMUP 0.870

One, n (%) 23 (14.02) 26 (16.04)

Two, n (%) 118 (71.95) 113 (69.75)

More than two, n(%) 23 (14.02) 23 (14.19)

ACE-I/ARB n (%) 81 (49.39) 76 (46.91) 0.368

B-BLOCKER  n (%) 57 (34.75) 54 (33.33) 0.439

CCB                n (%) 61 (37.19) 64 (39.50) 0.376

AB                   n (%) 36 (21.95) 30 (18.51) 0.263

TABLE 2: Biochemical parameters and the antihypertensive treatment of the two groups. 
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AB: alpha blocker; ARB: angiotensin receptor blocker; ACE-I: angiotensin converting enzyme inhibitor; CCB: calcium channel blocker; DBP: diastolic blood pressure; HDL: high den-
sity lipoprotein; LDL: low density lipoprotein; NMUP: number of medications used by the patients; SBP: systolic blood pressure; TC: total cholesterol; TG: triglyceride.



terations in sympathovagal balance with reduced
vagal and increased sympathetic activity during
night could be responsible for non-dipping phe-
nomenon.17

Anxiety is an emotional state consisting of ap-
prehension, worry and physical changes like in-
creased heart rate or BP. The association between
anxiety and HT has been extensively analyzed.
Studies examining the relationship between hy-
pertension, anxiety and depression have produced
conflicting results.18-20 Data suggest that common
pathogenic mechanisms might underlie both hy-
pertension and anxiety disorders. These include:
disturbed sleep patterns, sympathetic overactivity,
elevated inflammatory cytokines and various neu-
rotransmitter abnormalities.21.22 The result is in-
crease in BP, vascular resistance, plasma renin
angiotensin system and angiotensin II level.23.24

Anxiety episodes can cause short term stress related
spikes in BP. A typical example is white coat hy-
pertension characterized by high BP readings that
could be due to the stress of being measured.25 It
has been proven that brief episodes of anxiety cause
increase in ambulatory systolic blood pressure in
healthy adults.26

Sunbul et al. investigated the association be-
tween depression, anxiety and abnormal nocturnal
blood pressure fall in hypertensive patients. Pa-
tients’ anxiety and depression level measured by
hospital anxiety and depression scale. It was found
that patients with non-dipper hypertension had
significantly higher levels of depression and anxi-
ety compared to the patients with dipper hyper-
tension.  In their study, smoking, alcohol usage,
diabetes mellitus, dyslipidemia, anxiety score>8,
and depression score>7 were independent predic-
tors of non-dipper phenomenon.27 Kayano et al. di-
vided hypertensive patients according to their
hospital anxiety and depression score. Nocturnal
BP, early morning BP, morning BP surge and BP
pattern were evaluated by using 24-hour ABPM.
Patients with morning BP surge, nocturnal and
early morning BP had significantly higher scores
compared with controls.28 It can be concluded from
the results of these studies that anxiety and de-
pression are the contributing factors in the patho-
genesis of non-dipper phenomenon. The main
difference our study from the previous reports is
based on the additional assessment of situational
anxiety of the hypertensive patients prior to 24-hr
ABPM analysis.

24-hour blood pressure monitoring system is
used extensively worldwide in the diagnosis and
management of hypertension. Patients wear a de-
vice which monitors blood pressure regularly in
the non-clinical settings. Major drawback of wear-
ing “BP monitoring device” is the disturbance: pa-
tients should keep their arm immobile while their
BP is taken, they should maintain a consistent pos-
ture during BP measurement and they need to keep
the cuff on the arm during entire period. Use of de-
vice may lead to considerable distress. Wearing the
monitor may impair the ability of patients to sleep
comfortably or engage in daily activities. Viera et
al. performed a study that examined the tolerabil-
ity of the 24-hr ABPM among research partici-
pants.29 Two-thirds of wearers reported that the
monitor awakened them from the sleep. Most
commonly reported side effects were pain, skin
irritation and bruising. In another study per-
formed by Beltman et al. it was demonstrated

Non-dipper group Dipper group

(n=164) (n=162) P

STAI FORM TX-I score 43.3±11.9 38.3±9.2 <0.0001

STAI FORM TX-II score 35.1±13.1 35.5±9.6 0.753

GSA-12 score 14.0±4.2 13.1±3.3 0.041

STAI FORM TX-I after ABPM 37.7±12.9 37.7±10.1 0.998

TABLE 3: GSA, STAI FORM TX-I and STAI FORM 
TX-II scores of the two groups.

ABPM: ambulatory blood pressure monitorization; GHQ-12: General Health Question-
naire; STAI:State-trait anxiety inventory.

STAI Form TX-I STAI Form TX-I 

before ABPM after ABPM P

Non-dipper group 43.3±11.9 37.7±12.9 <0,001

Dipper group 38.3±9.2 37.7±10.1 0,234

TABLE 4: STAI FORM TX-I scores of the two groups
before and after ABPM.
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that 24-hour ABPM causes problems including
discomfort and inconvenience. Sixteen percent of
the patients reported severe sleep disturbances
during ABPM.30

Besides from physical disturbances, 24-hr
ABPM may be a source of anxiety for some of the
patients. We measured the situational anxiety of
the patients prior to 24-hr ABPM assessment. Hy-
pertensive patients with non-dipper BP profile ex-
hibited higher levels of situational type anxiety.
24-hr ABPM may be a cause of anxiety because of
the fear of what might be found, wearing an un-
konwn device and/or irritation upon wearing the
device.  To the best of our knowledge, there is no
study evaluating the effect of 24-hour ABPM on
anxiety level of the hypertensive patients. Anxiety
is associated with sympathetic nervous system
arousal and elevated blood pressure.  It may be the
one of the reasons for non-dipping phenomenon.
Non-dipper hypertensives had higher mean GHQ-
12 scores than the dipper hypertensives, meaning
they were in a poorer mental health condition.  We
also found that elderly, poorer and less educated
patients expressed higher STAI FORM TX-I scores.
Providing adequate, understandable information to
the patients might have positive effects on compli-
ance and anxiety level associated with the proce-
dure. 

CONCLUSIONS

24-hour ABPM could induce anxiety in elderly,
poorer and less educated patients, providing infor-
mation about the device and the process may help
patients to overcome their anxiety. 

LIMITATIONS 

The most obvious limitation of our study was that
of a small sample size.  Although we did not in-

clude the patients who had the conditions that may
cause non-dipping hypertension such as sleep dis-
orders, obstructive apnea, diabetes, chronic renal
disease in our study, eating habits, physical activity
of the patients, and the effects of 24-hour ABPM
on sleep quality were not assessed. Sleep distur-
bance is considered a common contributor to in-
creased blood pressure at night. Effect of sleep
disruption on non-dipper hypertension warrants
further investigation. 
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