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Recently, Ambulatory BP (ABP) has been shown 

to be more closely related to mortality than conven-

tional office BP (OBP).1 Using both OBP and ABP, 

4 groups of patients were identified: (1) normo-

tensive patients (NT, both OBP and ABP were nor-

mal); (2) white coat hypertensives (WCHT, OBP 

was high, but ABP was normal); (3) masked hyper-

tensives (MHT, OBP was normal, but ABP was high); 

and (4) sustained hypertensives (SHT, both OBP 

and ABP were high).2 Electrocardiographic left 

ventricular hypertrophy (LVH) was found to be 

greater in MHT and SHT compared with NT and 

Kosin Medical Journal 2017;32:179-190.
https://doi.org/10.7180/kmj.2017.32.2.179 KMJ

Original Article

The significance of blood pressure variation and metabolic 
risk factors in patients with different stages of hypertension 

Sun Min Kim1, In Kyoung Shim1, Ju Won Lee1, Jun Yeob Lee1, Si Won Lee2, Kyoung Im Cho1,  Hyun Su Kim1, 
Jae Woo Lee1, Jung Ho Heo1

1Division of Cardiology, Department of Internal Medicine, Kosin University Gospel Hospital, Busan, Korea
2Department of Internal Medicine, VHM Medical Center, Busan, Korea

Objectives: Blood pressure variation (BPV) and metabolic syndrome is an independent risk factor for cardiovascular 

events. Ambulatory  blood Pressure (ABP) has been shown to be more closely related to cardiovascular events 
in hypertensive patients than conventional office BP (OBP). Using both OBP and ABP, 4 groups of patients 
were identified: (1) normotensive patients (NT); (2) white coat hypertensives (WCHT); (3) masked hypertensives 

(MHT); and (4) sustainedhypertensives (SHT).　We investigated the significance of BPV and metabolic risks of 
these 4 groups.
Methods: This study is a retrospective analysis of patients between January 2008 and May 2013. Echocardiography 

and 24 hour ABP monitoring were performed. 
Results: BMI was significantly higher in the MHT compared with the NT. There were progressive increases 
in fasting glucose level from NT to WCHT, MHT, and SHT.MHT and SHT had higher 24h and nighttime BPV 

than NT.MHT was significantly related with BMI (r = 0.139, P = 0.010), creatinine (r = 0.144, P = 0.018), fasting 
glucose (r = 0.128, P = 0.046), daytime systolic BPV (r = 0.130, P = 0.017), and daytime diastolic BPV (r = 0.130, 
P = 0.017). Dyslipidemia (r = 0.110, P = 0.043), nighttime systolic BPV (r = 0.241, P < 0.001) and nighttime 

diastolic BPV (r = 0.143, P = 0.009) shown correlation with SHT. In multivariate logistic regression, MHT was 
independently associated with Body mass index (OR 1.086, 95% CI 1.005-1.174, P = 0.038) and creatinine (OR 
1.005, 95% CI 1.001-1.010, P = 0.045). 

Conclusions: BPV and metabolic risk factors were found to be greater in MHT and SHT compared with NT 
and WCHT. This suggests that BPV and metabolic risks may contribute to the elevated cardiovascular risk observed 
in patients with MHT and SHT. 

Key Words: Masked hypertension, Metabolic syndrome, White coat hypertension

Corresponding Author: Jung Ho Heo, Division of Cardiology, Department of Internal Medicine, Kosin 
University Gospel Hospital, 262, Gamcheon-ro, Seo-gu, Busan 49267, Korea
Tel: +82-51-990-3421  Fax: +82-51-990-3047  E-mail: duggymdc@gmail.com

Received:
Revised:
Accepted:

Aug. 06, 2015
Aug. 13, 2015
Oct. 26, 2015



Kosin Medical Journal 2017;32:179-190.

180

WCHT.3 The incidence of cardiovascular death 

progressively increased from NT to WCHT, MHT, 

and SHT.4

It has recently been suggested that the occurrence 

of cardiovascular complications may be related not 

only to the severity of BP values, but also to the 

degree of BP variations (BPV).5 In fact, BPV proved 

to be an independent predictor of cardiovascular 

mortality in the general population.6 It has been 

shown that there is an independent association be-

tween the presence of organ damage and increased 

BPV in hypertensive patients.7

The metabolic syndrome (MS) represents a clus-

ter of metabolic risk factors which promote car-

diovascular target organ damage.8 Some studies 

suggested that the MS correlates with the 24-hour 

blood pressure parameters.3,9 MS was associated 

with impaired circadian rhythm9 and most of the 

metabolic risk factors were higher in patients with 

MHT and SHT when compared to SNT and WCHT.3 

However, there is no reported data about the BPV 

and metabolic risk factors Thus we investigated 

the significance of BPV and metabolic risk factors 

in these 4 groups. 

MATERIALS AND METHODS

Subjects 

This was a retrospective study approved by the 

ethics committee at our institution. The study in-

cluded patients attending a cardiology outpatient 

clinic due to initial hypertension evaluation be-

tween January 2008 and October 2013., Ambulatory 

Blood Pressure Measurement was included as a rou-

tine evaluation all the patients suspected with 

hypertension. Exclusion criteria included secon-

dary hypertension, significant liver disease, neuro-

logic disorders, malignancy, valvular heart disease, 

heart failure, history of acute coronary syndrome, 

history of myocardial infarction, history of coronary 

or carotid revascularization procedure, ischemic leg 

ulcer, peripheral revascularization, or amputation. 

Demographic information recorded at the first visit 

included age, sex, height, weight, medications, 

smoking history, and past medical history. Blood 

was drawn for measurement of a complete blood 

cell count, total serum cholesterol, triglycerides, 

high-density lipoprotein (HDL) cholesterol, 

low-density lipoprotein (LDL) cholesterol, blood 

glucose, creatinine, uric acid and high sensitivity 

C-reactive protein (hs-CRP). Body mass index (BMI) 

was calculated as the ratio of weight in kilograms 

to height in square meters. Body surface area (BSA) 

was calculated using the DuBois-DuBois formula.10

Office Blood Pressure Measurement

Office BP measurements were performed by a 

trained nurse with a mercury sphygmomanometer. 

Measurements were taken using an appro-

priate-sized cuff after the patients had rested for 

5 min in a sitting position, with their arm comfort-

ably positioned at the level of the heart. 

Ambulatory Blood Pressure Measurement 

(ABPM)
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ABPM was performed on each patient's non-dom-

inant arm using an automatic oscillometric device 

(TONOPORT V, PAR Medizintechnik, Berlin, 

Germany). The accuracy of the device was checked 

against the standard auscultatory method to ensure 

that the difference in BP measurements between 

methods did not exceed 5 mmHg. All patients were 

instructed to rest or sleep overnight between 10:00 

PM and 7:00 AM and to continue their usual activities 

during the day between 7:00 AM and 10:00 PM. 

The device was set to obtain BP readings at 20min 

intervals during the day (07:00 AM–10:00 PM) and 

at 40min intervals at night (10:00 PM–07:00 AM). 

Each ABPM dataset was automatically scanned to 

remove artifactual readings according to pre-

selected editing criteria. Data were edited by omit-

ting all readings of zero, all heart rate readings 

of < 20 or > 200, all diastolic BP (DBP) readings 

of > 150 and < 40 mmHg, all systolic BP (SBP) readings 

of > 240 and < 70 mmHg, and all readings where 

the difference between the SBP and DBP was less 

than 10 mmHg. The following ABPM parameters 

were evaluated: average ambulatory 24h, daytime, 

and nighttime SBP and DBP levels; mean ambula-

tory 24h, daytime, and nighttime BPs; and ambula-

tory 24h, daytime, and nighttime BP variability 

(BPV). Dipping was defined as a > 10% reduction 

in the average SBP and DBP at night as compared 

with the average awake values. Among the many 

kinds of blood pressure variability, Short-term 

blood pressure variability defined as the oscillation 

of blood pressure within 24 hours is used including 

24 hours, daytime and nighttime standard devia-

tion (SD).11

Diagnosis of hypertension

All patients were classified into one of four cate-

gories based on the recommendations of the 

European Society of Hypertension12: normo-

tension (NT) with office SBP/DBP of < 140/90 

mmHg and mean daytime ambulatory SBP/DBP 

of < 135/85 mmHg, white coat hypertension 

(WCHT) with an office SBP/DBP of ≥ 140/90 mmHg 

and mean daytime ambulatory SBP/DBP of < 

135/85 mmHg, masked hypertension (MHT) with 

an office SBP/DBP of < 140/90 mmHg and mean 

daytime ambulatory SBP/DBP of ≥ 135/85 mmHg, 

and sustained hypertension (SHT) with an office 

SBP/DBP of ≥ 140/90 mmHg and mean daytime 

ambulatory SBP/DBP of ≥ 135/85 mmHg.

Echocardiographic Measurements

Standard 2-dimensional echocardiography 

were performed on all subjects while lying in the 

left lateral decubitus position using a 3.5-MHz 

transducer (Philips iE33, Philips Medical Systems, 

Bothell, WA, USA). Measurements of the thickness 

of interventricular septum and posterior wall, the 

diameter of the LV cavity, and the LV mass index 

(LVMI) were performed in accordance with the guide-

lines of the American Society of Echocardiography.13 

Two-dimensional, M-mode, and color measure-

ments were recorded. Left ventricular (LV) systolic 

function was assessed according to ejection 

fraction. LV diastolic function was assessed by re-

cording mitral flow using a standard pulsed 
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Doppler technique, and measurements of early 

diastolic peak flow velocity (E), late diastolic peak 

flow velocity (A), and the ratio of early to late flow 

velocity peaks (E/A ratio). LV end-diastolic meas-

urements included left ventricular internal dia-

stolic diameter (LVIDD), IVST, and posterior wall 

thickness (PWT). LVM was estimated using the 

American Society of Echocardiography Formula.14 

The following formulas were also used: estimated 

LVM (g) = 0.80 [1.04 (LVIDD + PWT +IVST)3 - 

(LVIDD)3] + 0.6g; LVM index (LVMI) = LVM/BSA; 

and relative wall thickness (RWT) =2×PWT/LVIDD. 

Left ventricular hypertrophy (LVH) was defined by 

LVMI thresholds of 115 g/㎡ for men, and 95 g/㎡ 

for women. 

Statistics

Statistical analyses were performed using com-

mercially available computer software; SPSS 18.0 

for windows (SPSS Inc., Chicago, IL, USA). Values 

are expressed as means ± standard deviations or 

as percentages (%). Parameter differences among 

the 4 groups were evaluated using one-way 

ANOVAs. For post hoc analysis of normally dis-

tributed variables, Tukey's b tests were used. For 

post hoc analysis of non-normally distributed vari-

ables, Bonferroni corrected Mann–Whitney U-tests 

were used. For comparison of categorical varia-

bles, Chi-square tests or Fisher's exact tests were 

used, as appropriate. Multivariate logistic re-

gression analyses related with MHT and SHT was 

performed after adjustment for clinical variables. 

A value of P-values < 0.05 was considered to be 

statistically significant.

 

RESULTS

Initially, 599 patients were enrolled in this study. 

Among them, 340 underwent echocardiography. 

Patients were divided into 4 groups according to 

OBP and ABP as defined above: NT (N = 88) was 

composed of patients with normotension, WCHT 

(N = 53) was composed of patients with white coat 

hypertension, MHT (N = 134) was composed of 

patients with masked hypertension, and SHT (N 

= 65) was composed of patients with sustained 

hypertension.

Baseline Characteristics

Comparisons of demographic, clinical, and lab-

oratory parameters among the 4 groups are shown 

in Table 1. The mean age of the 340 patients was 

51.5 ± 12.1 years. Of these individuals, 51.2% were 

male and 17.4% were smokers. In addition, 13.2% 

had a history of diabetes mellitus (DM) and 38.2% 

had a history of dyslipidemia. Overall, the mean 

OBP was 129.0 ± 18.1/77.7 ± 13.3 mmHg, and 

the mean daytime ABP was 140.2 ± 14.7/89.7 ± 

11.3 mmHg. There was a total of 88 NT patients 

(age 50.6 ± 12.0 years, male 40.9%), 53 WCHT 

patients (age 50.7 ± 12.0 years, male 50.9%), 134 

MHT patients (age 51.6 ± 12.1 years, male 57.5%), 

and 65 SHT patients (age 53.0 ± 12.1 years, male 

52.3%). There were no significant differences in 

age, sex, smoking status, history of dyslipidemia, 
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history of cardiovascular disease, or history of 

stroke among the 4 groups. There were progressive 

increases in BMI, percentage of obese patients, 

percentage of patients with DM, and platelet count 

from NT to WCHT, SHT, and MHT. There was also 

a progressive increase in fasting glucose level from 

NT to WCHT, MHT, and SHT. On post hoc analysis, 

BMI was significantly higher in the MHT compared 

with the NT.

Office Blood Pressure and Ambulatory Blood 

Pressure Parameters

Comparisons of OBP and ABP are shown in Table 

2. There were significant differences in OBP and 

Normotension 
(n = 88)

White coat 
hypertension 
(n = 53)

Masked 
hypertension 
(n = 134)

Sustained 
hypertension 
(n = 65)

P value

Age (years) 50.6 ± 12.0 50.7 ± 12.0 51.6 ± 12.1 53.0 ± 12.1 0.653

Male (%) 36 (40.9) 27 (50.9) 77 (57.5) 34 (52.3) 0.118

BMI (kg/㎡) 23.8 ± 3.5 24.1 ± 2.8 25.1 ± 3.6 24.5 ± 3.4 0.022

Obesity (%) 27 (30.7) 17 (32.1) 66 (49.3) 27 (41.5) 0.025

Smoker (%) 9 (10.2) 11 (20.8) 30 (22.4) 9 (13.8) 0.091

DM (%) 14 (15.9) 1 (1.9) 18 (13.4) 12 (18.5) 0.045

Dyslipidemia (%) 31 (35.2) 17 (32.1) 50 (37.3) 32 (49.2) 0.207

CAD (%) 6 (6.8) 0 (0) 6 (4.5) 1 (1.5) 0.149

Stroke (%) 1 (1.1) 0 (0) 6 (4.5) 0 (0) 0.081

Hemoglobin, g/dL 13.7 ± 1.6 14.0 ± 1.7 14.2 ± 1.4 14.4 ± 1.5 0.110

Hematocrit, % 40.6 ± 4.5 41.3 ± 4.8 41.7 ± 4.1 42.1 ± 4.4 0.246

White blood cell, /L 6.5 ± 1.9 6.3 ± 1.8 6.9 ± 1.8 7.2 ± 2.3 0.101

Platelet, 103/µL 219.2 ± 46.1 235.4 ± 57.3 241.0 ± 58.0 225.3 ± 46.4 0.048

Creatinine, mg/dL 0.8 ± 0.2 0.9 ± 0.2 0.9 ± 0.2 0.8 ± 0.2 0.091

eGFR, mg/dL 100.4 ± 22.0 94.4 ± 25.6 95.6 ± 25.9 101.3 ± 24.0 0.321

Total cholesterol, mg/dL 188.3 ± 43.1 182.0 ± 40.4 184.3 ± 43.1 189.4 ± 34.4 0.757

LDL-C, mg/dL 113.7 ± 34.6 109.0 ± 34.4 107.1 ± 36.9 111.2 ± 35.1 0.700

HDL-C, mg/dL 49.2 ± 12.0 47.0 ± 9.2 49.2 ± 14.1 50.7 ± 11.1 0.566

Triglyceride, mg/dL 121.0 ± 58.4 123.0 ± 72.2 139.9 ± 87.0 137.9 ± 81.8 0.347

Hs-CRP, mg/dL 0.2 ± 0.1 0.2 ± 0.3 0.3 ± 0.7 0.1 ± 0.2 0.231

Uric acid, mg/dL 5.3 ± 1.2 5.6 ± 1.7 5.6 ± 1.3 5.7 ± 1.4 0.312

Fasting glucose, mg/dL 97.2 ± 13.2 95.1 ± 13.3 101.1 ± 15.0 105.3 ± 30.0 0.039

BMI, body mass index; DM, diabetes mellitus; CAD, coronary artery disease; LDL-C, low-density lipoprotein 
cholesterol; HDL-C, high-density lipoprotein cholesterol; Hs-CRP, high-sensitivity C-reactive protein

Tabel 1. The demographic, clinical, and laboratory findings among the 4 groups of patients 
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APB among the 4 groups. By definition, WCHT 

and SHT had higher OBP than NT and MHT (P 

< 0.05). MHT and SHT had higher ABP than NT 

and WCHT (P < 0.05). There were also significant 

differences at 24h and nighttime BPV among the 

4 groups. NT and WCHT had similar 24h and night-

time BPV, as did MHT and SHT. On post hoc analy-

sis, MHT and SHT had higher 24h and nighttime 

BPV than NT (P < 0.05).

Echocardiographic Findings

Comparisons of echocardiographic findings 

among the 4 groups of patients are shown in Table 

3. There were no significant differences in echo-

Normotension 
(n = 88)

White coat 
hypertension 
(n = 53)

Masked 
hypertension 
(n = 134)

Sustained 
hypertension 
(n = 65)

P value

Office SBP, mmHg 119.8 ± 12.4 146.9 ± 10.5 118.9 ± 12.8 147.6 ± 12.3 < 0.001

Office DBP, mmHg 71.4 ± 8.6 88.9 ± 9.1 70.5 ± 9.7 91.9 ± 10.0 < 0.001

24-h BP, mmHg

SBP 124.4 ± 7.4 123.8 ± 8.1 147.1 ± 10.2 145.6 ± 9.0 < 0.001

SBP SD 13.9 ± 4.0 14.5 ± 4.5 16.2 ± 4.1 16.0 ± 4.4 < 0.001

DBP 79.7 ± 6.1 78.4 ± 6.3 93.9 ± 8.8 93.5 ± 8.2 < 0.001

DBP SD 11.6 ± 3.8 12.1 ± 4.2 13.7 ± 4.0 13.6 ± 4.0 < 0.001

Mean BP 94.3 ± 6.1 93.2 ± 6.5 111.3 ± 8.3 110.5 ± 7.8 < 0.001

Mean BP SD 12.0 ± 3.8 12.4 ± 4.1 13.9 ± 3.7 13.7 ± 3.9 0.001

Daytime BP, mmHg

SBP 126.4 ± 6.9 125.8 ± 8.3 150.4 ± 9.6 149.3 ± 9.8 < 0.001

SBP SD 13.4 ± 4.6 14.0 ± 5.2 14.8 ± 4.5 14.1 ± 4.9 0.198

DBP 80.2 ± 4.8 79.3 ± 5.7 96.4 ± 9.1 96.4 ± 8.9 < 0.001

DBP SD 11.3 ± 4.4 11.9 ± 5.1 12.8 ± 4.8 12.2 ± 4.7 0.142

Mean BP 96.0 ± 6.0 94.7 ± 6.6 114.3 ± 8.5 113.7 ± 8.6 < 0.001

Mean BP SD 11.5 ± 4.3 12. ± 5.0 12.7 ± 4.4 12.2 ± 4.6 0.262

Nighttime BP, mmHg

SBP 118.2 ± 10.0 117.7 ± 10.8 137.9 ± 14.7 135.3 ± 10.8 < 0.0001

SBP SD 11.0 ± 3.5 11.4 ± 3.9 12.8 ± 4.4 13.2 ± 4.2 0.001

DBP 73.7 ± 7.1 72.6 ± 7.3 85.9 ± 10.5 85.2 ± 8.7 < 0.001

DBP SD 8.8 ± 3.4 9.0 ± 3.2 10.3 ± 3.7 11.1 ± 4.0 < 0.001

Mean BP 88.4 ± 7.8 87.3 ± 8.0 102.9 ± 11.1 101.6 ± 8.9 < 0.001

Mean BP SD 9.1 ± 3.2 9.5 ± 3.2 10.6 ± 3.8 11.3 ± 3.8 0.001

SBP, systolic blood pressure; DBP, diastolic blood pressure; SD, standard deviation; HR, heart rate

Tabel 2. The comparison between office and ambulatory blood pressure findings among the 4 groups of 
patients
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cardiographic LV systolic function and diastolic 

function. There were significant differences in LV 

interventricular septal dimension (IVSD), LV poste-

rior wall thickness (PWT), RWT, LVM, and LVMI 

among the 4 groups. MHT had the highest LV IVSD, 

LV PWT, and RWT. LVM and LVMI progressively 

increased from NT to SHT (P = 0.002, P = 0.019). 

A total of 172 of the 340 patients (50.3%) were 

found to have LVH. The percentages of patients 

with LVH progressively increased from NT to SHT, 

but these differences were not significant (P = NS).

Correlation Analysis between the Blood pres-

sure groups and risk factors 

Univariate Logistic regression analysis was per-

formed to evaluate factors for WCHT, MHT, and 

SHT (Table 4). WCHT was negatively related with 

DM (r = -0.144, P = 0.008) and fasting glucose 

(r = -0.141, P = 0.029). MHT was significantly related 

with BMI (r = 0.139, P = 0.010), smoking (r = 0.107, 

P = 0.048), stroke (r = 0.137, P = 0.011), creatinine 

(r = 0.144, P = 0.018), fasting glucose (r = 0.128, 

P = 0.046), LVM (r = 0.122, P = 0.025), daytime 

systolic BPV (r = 0.130, P = 0.017), and daytime 

diastolic BPV (r = 0.130, P = 0.017). Dyslipidemia 

(r = 0.110, P = 0.043), nighttime systolic BPV (r 

= 0.241, P < 0.001) and nighttime diastolic BPV 

(r = 0.143, P = 0.009) shown correlation with SHT.

Multivariate Logistic Regression Analysis 

We used multivariate logistic regression analysis 

including dependent variables for MHT and SHT 

(Table 5). The results showed that MHT was in-

dependently associated with BMI (OR 1.086, 95% 

CI 1.005-1.174, P = 0.038) and creatinine (OR 1.005, 

95% CI 1.001-1.010, P = 0.045). SHT was associated 

with fasting glucose level (OR 1.021, 95% CI 

1.004-1.037, P = 0.012). 

Normotension 
(n = 88)

White coat 
hypertension 
(n = 53)

Masked 
hypertension 
(n = 134)

Sustained 
hypertension 
(n = 65)

P value

LVd, mm 46.3 ± 5.2 46.4 ± 5.4 45.7 ± 4.5 46.1 ± 4.4 0.761

LVs, mm 28.8 ± 4.2 28.8 ± 4.1 28.3 ± 4.3 28.7 ± 3.9 0.821

LV EF, % 67.8 ± 6.2 68.0 ± 5.8 68.0 ± 6.8 68.2 ± 6.2 0.975

E/A 1.03 ± 0.36 1.15 ± 0.44 1.02 ± 0.40 1.08 ± 0.40 0.236

LV IVSD, mm 11.4 ± 1.9 12.0 ± 2.3 12.6 ± 2.3 12.3 ± 1.8 0.002

LV PWT, mm 9.5 ± 1.3 10.1 ± 1.6 10.7 ± 1.7 10.6 ± 1.4 < 0.001

RWT 0.41 ± 0.07 0.42 ± 0.09 0.47 ± 0.09 0.46 ± 0.08 < 0.001

LV mass, gr 171.3 ± 40.2 185.2 ± 50.0 194.5 ± 48.0 194.7 ± 47.5 0.002

LV mass index, g/㎡ 102.2 ± 25.4 108.2 ± 26.2 111.5 ± 24.3 113.9 ± 25.1 0.019

LV hypertrophy (%) 40 (45.5) 25 (47.2) 70 (52.2) 37 (56.9) 0.500

Tabel 3. Comparison of echocardiographic findings among the 4 groups of patients
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DISCUSSION

There are few studies investigating the associa-

tion of BPV and metabolic risk factors of the hyper-

tensive patients. The main finding of our report 

is that BPV and metabolic risk profile of patients  

has a different association with hypertensive 

progression. WCHT was no significant relationship 

with BPV and negatively related with DM and fast-

ing glucose. MHT was correlated with daytime BPV 

and independently associated with BMI and Cr. 

SHT was correlated with nighttime BPV and in-

dependently associated with fasting glucose. Our 

investigation suggest a possible link and different 

role between BPV and metabolic derangement in 

hypertension.

Ambulatory BP monitoring has enabled a 

non-invasive estimate of BP variability to be 

obtained. Several studies suggest that ABPM-de-

rived BP short-term variability can have a prog-

nostic relevance, predicting organ damage and 

cardiovascular events over and above the con-

Variations
WCHT MHT SHT

r p r p r P

Age -0.035 0.519 <0.001 0.995 0.068 0.214

Male -0.002 0.971 0.101 0.062 0.011 0.840

BMI -0.040 0.457 0.139 0.010* 0.006 0.916

Smoking 0.039 0.478 0.107 0.048* -0.045 0.408

DM -0.144 0.008* 0.005 0.931 0.075 0.168

Dyslipidemia -0.054 0.317 -0.015 0.779 0.110 0.043*

Stroke -0.062 0.252 0.137 0.011* -0.070 0.195

Creatinine 0.031 0.607 0.144 0.018* -0.047 0.437

Fasting glucose -0.141 0.029* 0.128 0.046* 0.060 0.355

Triglyceride -0.051 0.409 0.061 0.321 0.040 0.521

HDL-C -0.075 0.226 -0.008 0.898 0.067 0.280

LVM -0.003 0.951 0.122 0.025* 0.094 0.084

Daytime Sys BPV -0.033 0.540 0.130 0.017* -0.013 0.816

Daytime Dia BPV -0.047 0.385 0.130 0.017* 0.012 0.819

Nighttime Sys BPV -0.086 0.119 0.091 0.098 0.241 < 0.001*

Nighttime Dia BPV -0.084 0.127 0.105 0.056 0.143 0.009*

BMI. Bosy mass index; DM. diabetes mellitus; HDL-C, high density lipoprotein cholesterol; LVM, left 
ventricular mass; BPV,Sys, systolic; Dia, diastolic; blood pressure variability
P < 0.05 ;*

Tabel 4. Correlation between hypertension groups and metabolic risk factors including blood pressure 
variability index.  
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tribution provided by average BP values in different 

populations.15

Higher BPV may lead to increased oscillatory 

shear stress to the vascular endothelium, poten-

tially contributing to early atherosclerosis (eg, in-

creased expression of adhesion molecules, 

pro-oxidant processes, and NO synthase reduc-

tion) more than steady blood flow.16 Rebellato re-

ported ABPM-derived short term BP variability is 

increased n Cushing’s syndrome.17

In present study. MHT and SHT have a relation-

ship with higher BPV and metabolic risk factors 

comparing to NT and WCHT. BPV is similar in 

MHT and SHT, which is higher than that of NT 

and WCHT in elderly patients.18 It was reported 

that various metabolic risk factors like BMI, waist 

circumference, fasting glucose, and uric acid were 

associated with MHT and SHT compared to NT 

and WCHT.3,19,20 The potential explanation is that 

BPV is regulated by the autonomic nervous system 

activation and arterial baroreflex, and related with 

vascular resistance and arterial stiffness.5,21 

Obesity initiates increased sympathetic outflow 

and vascular resistance, and develops hyper-

tension3. Increased fasting glucose hasten the ar-

terial stiffening process, leading to changes in con-

tents of arterial vessel wall.22 However, the patho-

physiology are still poorly understood.23 Metabolic 

risks is associated with cardiovascular mortality 

and morbidity.24 Recent studies have suggested 

that BPV affects the progression of organ damage 

and cardiovascular events.22,25,26 This finding sug-

gests that BPV and metabolic risks may contribute 

to the elevated cardiovascular risk observed in pa-

tients with MHT and SHT.18

It is unclear whether the presence of WCHT por-

tends future risk for cardiovascular complications. 

While some studies have suggested WCHT as a 

risk factor,27 others showed that patients with 

WCHT had a favorable prognosis.28 Thus the 

prognostic significance of WCHT remains 

controversial.29 In the present study, WCHT was 

similar to NT in terms of LVH and BP parameters, 

negatively related with DM, and therefore may have 

a similar cardiovascular prognosis.

This study has several limitations. First, the study 

was retrospective in nature and included all the 

patients with ABPM with different onset and se-

verity of hypertension. Therefore the hetero-

geneity of the study population, the small and un-

Variations
MHT SHT

OR 95% CI p OR 95% CI p

BMI 1.128 1.036~1.227 0.005 NS NS NS

Creatinine 4.295 1.219~15.134 0.023 NS NS NS

Fasting glucose NS NS NS 1.016 1.001~1.032 0.040

Multivariate logistic regression analyses related with MHT and SHT was performed after adjustment for clinical 
variables including age, BMI, DM, Dyslipidemia, Creatinine, Fasting glucose, Triglyceride, and HDL-C

Table 5. Multivariate logistic regression of masked hypertension and sustained hypertension
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even number of patients included in the four groups 

may have influenced our results. Third, each meas-

urement was taken once, raising the question of 

reproducibility. Thus, serial measurements would 

be better for more accurate interpretation of the 

results. Fourth, Lastly, although it was acceptable 

that BP measurements were adequate for classi-

fication into 1 of the 4 groups, it would be better 

if home or self blood pressure monitoring data 

were available for the patients.

In conclusion, BPV and metabolic risk profile 

of patients has a different association with different 

stages of hypertensive progression. Further evalu-

ation of BPV and metabolic risk factor relation 

is needed in multiple states of hypertension 

progression. 

BPV and metabolic risk factors were found to 

be greater in MHT and SHT compared with NT 

and WCHT. This suggests that BPV and metabolic 

risks may contribute to the elevated cardiovascular 

risk observed in patients with MHT and SHT. 

Additional research is required to verify the re-

ported results in prospective studies and prove 

the clinical significance of BPV and metabolic risk 

factors.
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