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ABSTRACT
Aim: The literature presents conflicting data regarding whether the non dipping pattern (NDP) in patients with metabolic 
syndrome (MS) compared to those without. In our study, we aimed to investigate the MS effect of the NDP in individuals with 
hypertension.
Methods: This prospective study included 117 newly diagnosed hypertensive patients (79 women and 38 men) who were not 
receiving any anti-hypertensive treatment. MS was evaluated according to the currently used the US National Cholesterol 
Education Programme Adult Treatment Panel-III definition criteria (MS-ATP-III) and a new diagnostic scoring method (MS-
Score). NDP defined, nocturnal blood pressure (BP) fell by <10% from daytime BP 
Results: The mean age of the patients who met the MS-ATP-III criteria was 53.9+8.1 years. The prevalence of the MS-ATP-III 
among the study population was 60.6%. The NDP frequency was similar in patients with and without MS-ATP-III, high MS-
Score and low MS-Score group (respectively; 44.8%, 47.5%, p=0.79, 44.7%, 46.9%, p= 0.9). The reverse dipping pattern (RDP) 
frequency was higher in patients with MS-ATP-III compared to those without MS (13.8% and 2.5%, p=0.021), RDP was 10.8% 
in the high MS-Score group and 8.2% in the low MS-Score group (p=0.66). The LDL (mg/dL) values were higher in those with 
NDP compared to those without (142.6+32.2, 125.5+28.9, p=0.008). 
Conclusion: Despite the high prevalence of MS among newly diagnosed hypertensive patients, the prevalence of NDP does not 
show a different distribution in patients with MS in both the MS-ATP-III and MS-Score method.
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INTRODUCTION
Metabolic syndrome (MS) is a cluster of factors that can 
increase the risk of developing cardiovascular disease, 
coronary artery disease, cardiovascular mortality and 
stroke.1-4 In addition, a relationship between MS and 
clinical finding indicating organ damage, such as left 
ventricular hypertrophy, diastolic dysfunction and 
microalbuminuria, has been reported.5-8 The normal 
circadian blood pressure pattern is characterised by 
a decrease of 10%–20% in night-time blood pressure 
levels compared to the daytime levels   and is called 
the dipping pattern (DP). Various researchers have 
individually defined the non-dipping pattern (NDP) 
as a reduction of less than 10% in night-time systolic, 
diastolic or both blood pressure measurements.9,10 In 
essential hypertensive patients, as in normotensive 
individuals, blood pressure levels similarly increase in 
the early morning hours and decrease during sleep at 
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night. However, in some hypertensive patients, blood 
pressure may not decrease at night during sleep, or it 
may decrease slightly or even show some increase.9-11 

In the diagnosis and evaluation of arterial hypertension 
(HT), ambulatory blood pressure monitoring (ABPM) 
has been recognised as a better technique compared 
to office blood pressure measurement, and it works 
automatically by providing multiple measurements 
of daily activity and sleep. Consequently, it presents 
24-hour (24-h) diurnal blood pressure changes.11,12 

The NDP in blood pressure may be associated with 
an autonomic nervous system disorder which is 
characterised by a decrease in parasympathetic 
system activity.13 Many previous studies evaluating the 
relationship between the NDP in blood pressure and 
target organ damage have shown that the NDP is an 
independent predictor of left ventricular hypertrophy, 
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renal dysfunction, carotid artery stenosis disease 
and future cardiovascular events.7,14,15 In addition, 
many studies have associated the NDP with increased 
cardiovascular mortality and morbidity.16,17

Previous studies have reported controversial results 
regarding the relationship between MS and the 
disruption of the diurnal blood pressure pattern. In 
some of these studies, the rate of NDP and office and 
ambulatory blood pressure levels were significantly 
higher in hypertensive patients with MS.18-21 In some 
studies, no relationship was found between MS and 
NDP.22-25 

In this study, we aimed to investigate the circadian 
changes in blood pressure, especially the rate of NDP 
in treatment-naive hypertensive patients with and 
without MS.

METHODS
Patients who applied to the general internal medicine 
outpatient clinic between November 2008 and January 
2009 were included in the study.

Inclusion Criteria
Patients who were at least 30 years old and were 
not receiving any anti-hypertensive treatment were 
included in the study. 

Age-and gender-matched patients with untreated HT 
and without MS formed the control group.

Exclusion Criteria
Patients who were pregnant, were suffering from any 
chronic disease, had a history of HT treatment, under 
30 years of age, suspicion of secondary HT (for example 
those with hypokalaemia) and refused to participate 
in the study were excluded. Patients who had 
previously taken any medication; oral contraceptives, 
antidepressants or corticosteroids, etc. were excluded 
from the study. None of the patients in the study were 
breastfeeding.

Study Design and Work Plan
For MS diagnosis, the US National Cholesterol 
Education Programme Adult Treatment Panel III 
(NCEP-ATP III) diagnostic criteria were used.26 In 
addition to HT, at least two of the following four criteria 
were sought for diagnosis; I. Abdominal obesity (waist 
circumference >102 cm in men, >88 cm in women), 
II. High triglycerides (>150 mmol/L), III. Low High-
density lipoprotein (HDL) cholesterol (<40 mol/L 
in men, <50 mol/L in women, IV. Impaired fasting 
glycaemia (fasting plasma glucose [FPG] >110 mg/dL, 
or previously diagnosed type 2 diabetes mellitus). FPG, 

total cholesterol, low-density lipoprotein cholesterol 
(LDL) cholesterol, HDL cholesterol and triglyceride 
levels, which were obtained from the outpatient clinic 
observation files. 

Anthropometric measurements, waist circumference 
(accepted as the narrowest diameter between the arch 
costa and spina iliaca anterior superior), weight and 
height were measured, and the body mass index (BMI) 
was calculated (in kg/m2). 

In addition, patients were classified according to the 
metabolic score (MS-Score) described by Macchia and 
colleagues (et al),27 scoring is as follows; Male 3 points, 
age (year) >50 4 points, HT 2 points, BMI (kg/m2); <26 
0 points, 26-27 3 points, >28 6 points, triglycerides (mg/
dL); 100-159 5 points, 160-199 7 points, >200 9 points, 
HDL blood cholesterol (mg/dL); >50 0 points, 30-49 3 
points, <30 5 points, FPG (mg/dL); <80 0 points, 80-
89 5 points, 90-99 10 points, 100-109 16 points, >110 
28 points, as high MS-Score if >28 points and low MS-
Score if <28 points.27 According to NCEP-ATP III 
(MS-ATP III) and MS-Score, patients were defined as 
MS-ATP III (-) and low MS-Score group I, MS-ATP 
III (+) and low MS-Score group II, MS-ATP III (-) and 
high MS-Score group III, and finally MS-ATP III (+) 
and high MS-Score group IV. 

For the patients deemed eligible to be included in the 
study, blood pressure was measured three times a week 
according to the 2007 ESH and 2008 ESC.28,29 Before 
the blood pressure measurement, it was ensured that 
the patients had rested for at least 5 min and had not 
consumed coffee, tea or tobacco within half an hour. 
Systolic blood pressure and diastolic blood pressure 
were first measured in the non-dominant arm and 2 
minutes later in the other arm according to Koroktoff 
sounds using a mercury sphygmomanometer, in the 
sitting position and the mean values   were recorded. 
The mean of the three measurements within a week was 
considered the blood pressure level. Those with mean 
arterial blood pressure, systolic blood pressure ≥140 
mmHg and/or diastolic blood pressure ≥90 mmHg 
considered HT and included in the study. Afterwards, 
the patients were fitted with an ambulatory blood 
pressure device, and those with the 24-h mean blood 
pressure >130/80 mmHg, daytime mean blood pressure 
>135/85 mmHg, night-time mean blood pressure 
>120/70 mmHg, systolic and/or diastolic blood 
pressure were considered hypertensive. Patients were 
asked to sleep in the night interval and it was checked 
with the patients' declaration.

The non-dominant arm and the Watch BP03 device 
were used for 24-h blood pressure measurement in 
all patients. The blood pressure monitor was set to 
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read at 20-min intervals until 07:00–23:00 and at 30-
min intervals until 23:00–07:00. All participants were 
encouraged to continue their routine activities upon 
leaving the hospital. Information on the mean systolic 
and diastolic blood pressure levels and heart rate for 
24-h during both daytime and night-time was obtained 
from the records of the ambulatory blood pressure 
measuring device. 

Nocturnal dipping is defined as a 10%–20% decrease 
in night-time mean systolic blood pressure compared 
to the daytime value. When this decrease is <10%, we 
define it as the NDP, and when it is >20%, we define it 
as extreme DP; if the night-time mean systolic blood 
pressure increases compared to the daytime value, it is 
considered as RDP.9,10 

The IBM® Statistical Package for the Social Sciences 
(SPSS) statistics programme was used for the statistical 
evaluation of the data. After the normal distribution 
was determined t-test was used for comparing the 
normally distributed data, and a Mann–Whitney U test 
was conducted to compare non-normally distributed 
data. In the data comparison, Chi-square was used 
comparing the ratios, a p value of less than 0.05 was 
considered statistically significant. 

RESULTS
A total of 117 patients, 79 female and 38 male, were 
identified as meeting the inclusion criteria. The mean 
age of the patients was 51.3+10.0 years. The prevalence 
of the MS among the study population was 60.6% 
(71) and the sex-specific prevalences were 47.4% 
(53) and 67.1% (18) among female and male patients 
respectively (p=0.041). The mean age of patients who 
met the MS-ATP III criterion was 53.9+8.1 years. The 
demographic characteristics of the patients are listed 
in Table 1. 

NDP
While the parameters such as age, waist circumference, 
BMI, triglycerides and FPG were similar in patients 
with NDP compared to those without (Table 2), the 
LDL (mg/dl) values were found to be lower in those 
with NDP (Table 2). 

The NDP frequency was 51.0% in patients with a BMI 
(kg/m2) below 30 and 56.5% in those with a BMI 
above 30, and the two groups were found to be similar 
(p=0.59). 

When the patients were grouped into subgroups 
according to gender, the NDP frequency was found to 
be the same in both men and women with and without 
MS-ATP III (p=0.46, Figure 1.). 

Table 1. Characteristics of patients with and without MS
MS-ATP III 
(+) (n=71)

MS-ATP III 
(-) (n=46) p

Age (years) 53.9+8.1 49.3+9.9 0.007
Body mass index (kg/m2) 31.3+4.7 28.7+4.7 0.003
Waist circumference (cm) 103.1+10.4 97.4+9.4 0.003
Total cholesterol (mg/dL) 201.3+38.2 204.6+40.9 0.7

Triglyceride (mg/dL) 160.0* 
(69.0-442.0)

113.5*
(89.3-138.3) <0.001

HDL cholesterol (mg/dL) 41.5+9.0 49.5+9.0 <0.001
LDL cholesterol (mg/dL) 135.9+30.5 130.0+32.4 0.34
Fasting blood glucose (mg/dL) 101.7+14.3 91.6+8.8 <0.001
24 hour average systolic blood 
pressure (mmHg) 136.1+11.2 124.5 + 13.3 <0.001

24 hour average diastolic blood 
pressure (mmHg) 81.9+7.2 77.5+8.6 0.005

Awake average systolic blood 
pressure (mmHg) 140.0+10.5 128.6+14.5 <0.001

Awake average diastolic blood 
pressure (mmHg) 85.2+7.2 80.9+9.3 0.008

Asleep average systolic blood 
pressure (mmHg) 125.5+15.1 113.4+13.9 <0.001

Asleep average diastolic blood 
pressure (mmHg) 73.7+9.9 70.4+9.7 0.092

24 h average pulse pressure 
(mmHg) 54.1+9.0 47.0 + 9.1 <0.001

Awake pulse pressure (mmHg) 54.7+9.1 47.7+9.9 <0.001
Asleep pulse pressure (mmHg) 40.3+14.7 32.5+12.1 0.005
NDP frequency (%) 44.8 47.5 >0.79
MS-ATP III: Metabolic syndrome according to the National Cholesterol Education 
Programme Adult Treatment Panel III, HDL: High-density lipoprotein cholesterol, LDL: 
Low-density lipoprotein cholesterol, NDP: Non dipping pattern, *since it does not show 
normal distribution, it is given as median and interquartile range of 25–75 percentiles.

Table 2. Demographic characteristics by dipping pattern and non-
dipping pattern

NDP
(n=54)

DP
(n=63) p

Age (years) 52.6+9.5 53.2+8.6 0.56
Body mass index (kg/m2) 31.6+4.9 31.3+5.3 0.83
Waist circumference (cm) 103.0+ 8.5 102.3+11.3 0.88
Total cholesterol (mg/dL) 202.7+38.2 208.8 + 40.4 0.72

Triglyceride (mg/dL) 153.7* 
(98.5-182.0)

143.0* 
(108.5-178.0) 0.63

HDL cholesterol (mg/dL) 40.6+11.7 46.6+11.7 0.79
LDL cholesterol (mg/dL) 126.3 + 28.6 141.4+32.9 0.008
Fasting blood glucose (mg/dL) 95.8+12.5 98.6+15.6 0.53
DP: Dipping pattern, NDP: Non dipping pattern,HDL: High-density lipoprotein 
cholesterol, LDL: Low-density lipoprotein cholesterol, *since it does not show normal 
distribution, it is given as median and interquartile range of 25–75 percentiles.

Figure 1. Non dipping pattern frequency according to gender and 
metabolic syndrome (MS), with and without MS equal distribution 
for both genders is observed ( Female p=0.66, male p=0.9).
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The NDP frequency was 50% in patients who did not 
meet any of the metabolic ATP III diagnostic criteria 
other than HT, 42.9% in those who met one criterion 
other than HT, 40.9% in those who met two criteria 
other than HT, 33.3% in those who met three criteria 
other than HT,39.1% in those who met four criteria thus, 
the differences were not significant. 

RDP
The RDP frequency was higher in patients with MS-ATP 
III compared to those without MS-ATP III (13.8% and 
2.5%, respectively; p =0.021). While the RDP was seen 
as 13.5% in men, no RDP was observed in women (p 
=0.028). When the patients were classified as below and 
above 30 according to their BMI (kg/m2), the RDP was 
2% in those below 30 of BMI and 17.4% in those above 
30 BMI (p=0.009). 

Extreme DP
Extreme DP was detected as 10.3% in patients with MS-
ATP III and 10.0% in those without MS-ATP III; the 
two groups were similar. In addition, it was found to be 
9.1% in women, 12.5%   in men, 7.8% in those with a BMI 
below 30, 13% in those with a BMI above 30, 9.1% in 
those under 45 years of age and 14.3% in those above 
45 years of age. The groups were found to be similar. 
Patients with extreme DP were also found to be similar 
in age, BMI and metabolic parameters compared to 
those without DP.

According to the MS-Score 
The characteristics of the patients according to their 
MS-Score are shown in Table 2. The frequency of NDP 
was similar in the group with high and low MS-Score 
(Table 3). In addition, when group I was compared with 
group IV in terms of NDP frequency, it was also similar 
(Figure 2). The frequency of RDP was 10.8% in the high 
MS-Score group and 8.2% in the low MS-Score group 
(p=0.66).

Figure 2. Non dipping pattern frequency according to both MS 
diagnostic methods, non dipping pattern is found to be similar 
distribution in groups ( from I to IV).

Table 3. Characteristics of patients with high MS-Score and low 
MS-Score 

MS-Score 
high

(n=54)

MS-Score 
low

(n=62)
p

Age (years) 54.2+7.0 49.1+11.3 0.004
Female/Male (n) 33/21 46/16 0.29
Body mass index (kg/m2) 31.9+4.4 28.8+4.3 <0.001
Waist circumference (cm) 104.6+10.7 96.8+9.8 <0.001
Total cholesterol (mg/dL) 191.0+37.1 214.3+38.2 0.011

Triglyceride (mg/dL) 153.5*
(69.0-442.0)

115.0*
(48.0-341.0) <0.001

HDL cholesterol (mg/dL) 42.1+8.1 46.9+11.1 0.009
LDL cholesterol (mg/dL) 131.9+26.5 135.9+35.8 0.5
Fasting blood glucose 
(mg/dL) 107.6+11.8 88.9+7.6 <0.001

24 hour average systolic 
blood pressure (mmHg) 134.9+13.9 128.6+12.3 0.017

24 hour average diastolic 
blood pressure (mmHg) 82.4+7.7 78.1+7.9 0.005

Awake average systolic 
blood pressure (mmHg) 138.6+13.5 132.5+12.9 0.018

Awake average diastolic 
blood pressure (mmHg) 85.5+7.4 81.4+8.4 0.008

Asleep average systolic 
blood pressure (mmHg) 1245+164 117.9+14.9 0.032

Asleep average diastolic 
blood pressure (mmHg) 74.1+10.3 70.9+9.6 0.10

24 h average pulse 
pressure (mmHg) 52.4+10.2 50.6+9.2 0.32

Awake pulse pressure 
(mmHg) 53.1+10.3 51.3+9.8 0.36

Asleep pulse pressure 
(mmHg) 38.9+14.4 36.2+14.2 0.34

NDP frequency (%) 44.7 46.9 0.9
MS-Score: Metabolic score described by Macchia and colleagues [27], HDL: High-
density lipoprotein cholesterol, LDL: Low-density lipoprotein cholesterol, NDP: Non 
dipping pattern,*since it does not show normal distribution, it is given as median and 
interquartile range of 25–75 percentiles.

DISCUSSION
In our study, we found that the prevalence of MS was high 
in newly diagnosed hypertensive patients who were not 
receiving any anti-hypertensive treatment. There was no 
difference in NDP between the MS and non-MS groups. 
When we investigated the relationship between MS and 
non-dipping blood pressure by comparing different MS 
definitions, the frequency of NDP was similar between 
patient groups in both different MS diagnostic methods. 
The frequency of RDP was higher in patients with MS-
ATP III, but not in those with high scores according to 
MS-Score. 

One of the main results of our study is that the frequency 
of the non-dipping blood pressure pattern was not 
higher in patients with MS-ATP III. Cuspidi et al.5,22 
Bastos et al.23 and Foss et al.22 found that the 24-h average 
systolic blood pressure (ASBP), awake average systolic 
blood pressure (AASBP) and asleep average systolic 
blood pressure (AsASBP) levels were similar for the 
patients with and without MS.5,22-24 In the same studies, 
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the NDP frequency was found to be similar in patients 
with and without MS.5,22,23,24 Unlike previous studies, 
Mancia et al.25 found that systolic and diastolic blood 
pressure measurements performed in the office, at home 
and in ambulatory care for patients with MS were higher 
than those without MS, while the diurnal variation 
between wakefulness and night-time was preserved.25 
We observed similar results in our study, where ASBP, 
AASBP and AsASBP values   were higher in patients with 
MS-ATP III, but the diurnal blood pressure difference 
was the same between the two groups. A study group of 
2,045 non-diabetic patients with a mean age of 49.4 years, 
who had not received antihypertensive treatment before, 
was examined by Ayala et al.18 who found that the 48-h 
mean systolic/diastolic blood pressure, daytime waking 
mean systolic or diastolic blood pressure, night-time 
mean systolic blood pressure, 48-h mean pulse pressure, 
wakefulness mean pulse pressure and night-time mean 
pulse pressure were higher in patients with MS than in 
those without MS.18 In this respect, our study is similar 
to Ayala et al’s18 study but differs in that we found the 
NDP frequency not to be higher in the patient group 
with MS-ATP III.  One of the largest-scale studies that 
found an association between MS and NDP is the study 
by Ayala et al.18 their work is in some aspects different 
from our work. The frequency of male participants was 
significantly higher in patients with MS, as a result, the 
reason for the lower frequency of NDP in patients with 
MS in the study of Ayala et al18 may be that the two 
groups were not matched in terms of age and gender.18

In addition, we found that pulse pressure was higher 
in patients with MS-ATP III . High pulse pressure is 
detected when systolic pressure rises or diastolic pressure 
falls. Epidemiological studies have shown that high 
pulse pressure is associated with increased systolic HT 
and cardiovascular events.30,31 For example, Blacher et 
al31 reviewed three independent meta-analysis studies: 
The European Group Study of High Blood Pressure in 
the Elderly (n=840), The European Study of Systolic 
Hypertension (n=4695) and The Systolic Hypertension 
Study in the Chinese Population (n=2394).31 The results 
of these meta-analyses revealed that a 10 mmHg increase 
in pulse pressure led to a 13% increase in all coronary 
events and a 20% increase in cardiovascular mortality. 
In the Framingham study population (middle and 
advanced age groups) investigated by Franklin et al.32 
SBP and pulse pressure were found to be positively 
associated with cardiovascular mortality and negatively 
correlated with diastolic blood pressure.32 In addition, for 
the same age groups, the study found that cardiovascular 
mortality decreased in patients with high DBP values. 
However, pulse pressures were similar according to MS-
Score, which may be due to the fact that MS-Score are 
mostly used for diabetes mellitus prediction or that MS-

Score contain different epigenetic type, there are gaps in 
this field and need to be clarified with controlled studies.

Another finding of our study is that the RDP is more 
common in patients with MS-ATP III than in those 
without. Yan et al.33 found that; MS was associated 
with RDP in men (but not women). In another study, 
Yan et al.34 revealed that lacunar infarct and RDP are 
related. Chen et al.35 observed that small vessel disease is 
associated with RDP frequency in patients with HT.  Kim 
et al.36 found that the RDP is associated with mortality.  
Cuspidi et al.37 in a meta-analysis investigating the RDP 
and subclinical cardiac organ damage, found that the left 
ventricular mass index is higher in the RDP than in the 
DP and NDP.  On the other hand, the frequency of RDP 
was similar between those with high MS-Score and those 
with low MS-Score. Again, it is not easy to explain the 
reason for this situation. The higher frequency of RDP in 
MS-ATP III patients may be a coincidental finding due 
to the small sample size and this effect may disappear as 
the sample size increases. Alternatively, the frequency of 
RDP may be higher in MS-ATP III and there may be no 
difference in RDP between high MS-Score and low MS-
Score, reflecting different epigenetic types of MS.

Our study has some weaknesses. First, one weakness 
of our study may stem from the small sample size of 
the patients; therefore, we may not have been able to 
detect some relationships. Another weakness is that we 
did not investigate end organ damage. Finally, the fact 
that power analysis was not performed while designing 
the study may have caused some relationships not to be 
detected. MS is a cluster of risk factors for atherosclerotic 
diseases. However, patients with MS seem to have a 
higher atherosclerotic risk than the risks posed by these 
factors separately; larger prospective studies are needed 
to reveal this. 

CONCLUSION
On one hand, the NDP frequency does not show a 
different distribution in patients with MS in both 
diagnostic methods; on the other hand, the RDP is found 
to be higher in patients with MS ATP III, but not in high 
MS-Score. As a result, no effect of MS on blood pressure 
changes during the day was detected.

ETHICAL DECLARATIONS
Ethics Committee Approval: The study was carried 
out with the permission of the İstanbul No:1 Clinical 
Researches Ethics Committee (Date: 10.11.2009, 
Decision No: B-007).
Informed Consent: Informed consent was obtained 
from all individual participants included in the study.
Referee Evaluation Process: Externally peer-reviewed. 



378

Güneş et al. Non dipping pattern frequency and metabolic syndrome J Med Palliat Care. 2023;4(4):373-379

Conflict of Interest Statement: The authors have no 
conflicts of interest to declare.
Financial Disclosure: The authors declared that this 
study has received no financial support.
Author Contributions: All of the authors declare that 
they have all participated in the design, execution, and 
analysis of the paper, and that they have approved the 
final version.

REFERENCES
1. Lorenzo C, Williams K, Hunt KJ, Haffner SM. The National 

Cholesterol Education Program - Adult Treatment Panel 
III, International Diabetes Federation, and World Health 
Organization definitions of the metabolic syndrome as predictors 
of incident cardiovascular disease and diabetes. Diabetes Care. 
2007;30(1):8-13. doi:10.2337/dc06-1414

2. Isomaa B, Almgren P, Tuomi T, et al. Cardiovascular morbidity 
and mortality associated with the metabolic syndrome. Diabetes 
Care. 2001;24(4):683-689. doi:10.2337/diacare.24.4.683

3. Ridker PM, Buring JE, Cook NR, Rifai N. C-reactive protein, 
the metabolic syndrome, and risk of incident cardiovascular 
events: an 8-year follow-up of 14 719 initially healthy American 
women. Circulation. 2003;107(3):391-397. doi:10.1161/01.
cir.0000055014.62083.05

4. Schillaci G, Pirro M, Vaudo G, et al. Prognostic value of the 
metabolic syndrome in essential hypertension. J Am Coll Cardiol. 
2004;43(10):1817-1822. doi:10.1016/j.jacc.2003.12.049

5. Cuspidi C, Meani S, Fusi V, et al. Metabolic syndrome and target 
organ damage in untreated essential hypertensives. J Hypertens. 
2004;22(10):1991-1998. doi:10.1097/00004872-200410000-00023

6. Preda A, Liberale L, Montecucco F. Imaging techniques for 
the assessment of adverse cardiac remodeling in metabolic 
syndrome. Heart Fail Rev. 2022;27(5):1883-1897. doi:10.1007/
s10741-021-10195-6

7. Saadi MM, Roy MN, Haque R, Tania FA, Mahmood S, Ali N. 
Association of microalbuminuria with metabolic syndrome: 
a cross-sectional study in Bangladesh. BMC Endocr Disord. 
2020;20(1):153. doi:10.1186/s12902-020-00634-0

8. Schillaci G, Pirro M, Pucci G, et al. Different impact of the 
metabolic syndrome on left ventricular structure and function 
in hypertensive men and women. Hypertension. 2006;47(5):881-
886. doi:10.1161/01.HYP.0000216778.83626.39

9. O'Brien E, Sheridan J, O'Malley K. Dippers and non-dippers. 
Lancet. 1988;2(8607):397. doi:10.1016/s0140-6736(88)92867-x

10. Chobanian AC, Bakris GL, Black HR, et al. National Heart, Lung, 
and Blood Institue Joint National Committe on Prevention, 
Detection, Evaluation, and Treatment of High Blood Pressure; 
National Hİgh Blood Pressure Education Program Coordination 
Committee The JNC 7 Report. JAMA. 2003;289:2560-2572.

11. Chia J, Bhatia KS, Mihailidou AS, Kanagaratnam LB. The role 
of ambulatory blood pressure monitoring in current clinical 
practice. Heart Lung Circ. 2022;31(10):1333-1340. doi:10.1016/j.
hlc.2022.06.670

12. Pickering TG, Shimbo D, Haas D. Ambulatory blood-pressure 
monitoring. N Engl J Med. 2006;354(22):2368-2374. doi:10.1056/
NEJMra060433

13. Kohara K, Nishida W, Maguchi M, Hiwada K. Autonomic 
nervous function in non-dipper essential hypertensive subjects. 
Evaluation by power spectral analysis of heart rate variability. 
Hypertension. 1995;26(5):808-814. doi:10.1161/01.hyp.26.5.808

14. Lind L, Andersson PE, Andrén B, Hänni A, Lithell HO. Left 
ventricular hypertrophy in hypertension is associated with 
the insulin resistance metabolic syndrome. J Hypertens. 
1995;13(4):433-438.

15. De Pergola G, Ciccone M, Pannacciulli N, et al. Lower insulin 
sensitivity as an independent risk factor for carotid wall 
thickening in normotensive, non-diabetic, non-smoking 
normal weight and obese premenopausal women. Int J 
Obes Relat Metab Disord. 2000;24(7):825-829. doi:10.1038/
sj.ijo.0801239 

16. Brotman DJ, Davidson MB, Boumitri M, Vidt DG. Impaired 
diurnal blood pressure variation and all-cause mortality. Am J 
Hypertens. 2008;21(1):92-97. doi:10.1038/ajh.2007.7

17. Dolan E, Stanton A, Thijs L, et al. Superiority of ambulatory over 
clinic blood pressure measurement in predicting mortality: 
the Dublin outcome study. Hypertension. 2005;46(1):156-161. 
doi:10.1161/01.HYP.0000170138.56903.7a

18. Ayala DE, Hermida RC, Chayan L, Mojón A, Fontao MJ, 
Fernández JR. Circadian pattern of ambulatory blood 
pressure in untreated hypertensive patients with and without 
metabolic syndrome. Chronobiol Int. 2009;26(6):1189-1205. 
doi:10.3109/07420520903206294

19. Mulè G, Nardi E, Cottone S, et al. Relationship of metabolic 
syndrome with pulse pressure in patients with essential 
hypertension. Am J Hypertens. 2007;20(2):197-203. doi: 
10.1016/j.amjhyper.2006.07.016

20. Vyssoulis GP, Karpanou EA, Kyvelou SM, et al. Nocturnal blood 
pressure fall and metabolic syndrome score in hypertensive 
patients. Blood Pressure Monitoring. 2007;12(6):351-356. DOI: 
10.1097/mbp.0b013e3282cb5ad3. PMID: 18004102.

21. Tartan Z, Uyarel H, Kasikcioglu H, et al. Metabolic syndrome 
as a predictor of non-dipping hypertension. Tohoku J Exp Med. 
2006;210(1):57-66. doi:10.1620/tjem.210.57

22. Cuspidi C, Meani S, Valerio C, et al. Metabolic syndrome 
score and ambulatory blood pressure in untreated essential 
hypertension. Blood Press Monit. 2005;10(4):175-180. 
doi:10.1097 /01.mbp.0000170921.55412.02

23. Bastos JM, Bertoquini S, Polónia J. Relationship of circadian 
blood pressure and morning blood pressure surge with 
the severity of metabolic syndrome in newly diagnosed 
hypertensives. Rev Port Cardiol. 2007;26(7-8):731-741.

24. Foss CH, Vestbo E, Frøland A, Gjessing HJ, Mogensen CE, 
Damsgaard EM. Normal blood pressure and preserved diurnal 
variation in offspring of type 2 diabetic patients characterized 
by features of the metabolic syndrome: the Fredericia 
Study. Diabetes Care. 2000;23(3):283-289. doi:10.2337/
diacare.23.3.283

25. Mancia G, Bombelli M, Corrao G, et al. Metabolic syndrome 
in the Pressioni Arteriose Monitorate E Loro Associazioni 
(PAMELA) study: daily life blood pressure, cardiac 
damage, and prognosis. Hypertension. 2007;49(1):40-47. 
doi:10.1161/01.HYP.0000251933.22091.24

26. Expert Panel on Detection, Evaluation, and Treatment of 
High Blood Cholesterol in Adults. Executive Summary of 
The Third Report of The National Cholesterol Education 
Program (NCEP) Expert Panel on Detection, Evaluation, 
And Treatment of High Blood Cholesterol In Adults (Adult 
Treatment Panel III). JAMA. 2001;285(19):2486-2497. 
doi:10.1001/jama.285.19.2486

27. Ford ES, Schulze MB, Pischon T, Bergmann MM, Joost HG, 
Boeing H. Metabolic syndrome and risk of incident diabetes: 
findings from the European Prospective Investigation into 
Cancer and Nutrition-Potsdam Study. Cardiovasc Diabetol. 
2008;7:35. Published 2008 Dec 12. doi:10.1186/1475-2840-7-
35

28. Mancia G, De Backer G, Dominiczak A, et al. 2007 Guidelines 
for the Management of Arterial Hypertension: The Task Force 
for the Management of Arterial Hypertension of the European 
Society of Hypertension (ESH) and of the European Society 
of Cardiology (ESC). J Hypertens. 2007;25(6):1105-1187. 
doi:10.1097/HJH.0b013e3281fc975a



379

Güneş et al. Non dipping pattern frequency and metabolic syndromeJ Med Palliat Care. 2023;4(4):373-379

29. Dickstein K, Cohen-Solal A, Filippatos G, et al. ESC Guidelines 
for the diagnosis and treatment of acute and chronic heart failure 
2008: the Task Force for the Diagnosis and Treatment of Acute 
and Chronic Heart Failure 2008 of the European Society of 
Cardiology. Developed in collaboration with the Heart Failure 
Association of the ESC (HFA) and endorsed by the European 
Society of Intensive Care Medicine (ESICM). Eur Heart J. 
2008;29(19):2388-2442. doi:10.1093/eurheartj/ehn309

30. Benetos A, Safar M, Rudnichi A, et al. Pulse pressure: a predictor 
of long-term cardiovascular mortality in a French male 
population. Hypertension. 1997;30(6):1410-1415. doi:10.1161/01.
hyp.30.6.1410

31. Blacher J, Staessen JA, Girerd X, et al. Pulse pressure not mean 
pressure determines cardiovascular risk in older hypertensive 
patients. Arch Intern Med. 2000;160(8):1085-1089. doi:10.1001/
archinte.160.8.1085

32. Franklin SS, Khan SA, Wong ND, Larson MG, Levy D. Is pulse 
pressure useful in predicting risk for coronary heart Disease? 
The Framingham heart study. Circulation. 1999;100(4):354-360. 
doi:10.1161/01.cir.100.4.354

33. Yan B, Yan H, Sun L, et al. Novel association between 
the reverse-dipper pattern of ambulatory blood pressure 
monitoring and metabolic syndrome in men but not in 
women. Medicine (Baltimore). 2015;94(47):e2115. doi:10.1097/
MD.0000000000002115

34. Yan B, Peng L, Dong Q, et al. Reverse-dipper pattern of blood 
pressure may predict lacunar infarction in patients with essential 
hypertension. Eur J Neurol. 2015;22(6):1022-1025. doi:10.1111/
ene.12659

35. Chen YK, Ni ZX, Li W, et al. Diurnal blood pressure 
and heart rate variability in hypertensive patients with 
cerebral small vessel disease: a case-control study. J 
Stroke Cerebrovasc Dis. 2021;30(5):105673. doi:10.1016/j.
jstrokecerebrovasdis.2021.105673

36. Kim BK, Kim YM, Lee Y, Lim YH, Shin J. A reverse dipping 
pattern predicts cardiovascular mortality in a clinical cohort. 
J Korean Med Sci. 2013;28(10):1468-1473. doi:10.3346/jkms. 
2013.28.10.1468

37. Cuspidi C, Tadic M, Sala C, Carugo S, Mancia G, Grassi G. Reverse 
dipping and subclinical cardiac organ damage: a meta-analysis of 
echocardiographic studies. J Hypertens. 2021;39(8):1505-1512. 
doi:10.1097/HJH.0000000000002836


