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Genetic risk factors influence nighttime blood pressure
and related cardiovascular complications in patients
with coronary heart disease

Marcin Wirtwein1, Olle Melander2, Marketa Sjőgren2, Michal Hoffmann3, Krzysztof Narkiewicz3,
Marcin Gruchala4 and Wojciech Sobiczewski4

Genetic predisposition of elevated nighttime blood pressure (BP) in patients with coronary heart disease is unknown. We

evaluated genetic predisposition and the relationship between elevated nighttime BP and cardiovascular complications over a

median of 8.6 years of observation of hypertensive subjects with coronary atherosclerosis confirmed by coronary angiography.

Genetic Risk Score (GRS19) was constructed to evaluate the additive effect of single-nucleotide polymorphisms for daytime and

nighttime BP. The Receiver Operating Characteristic was used for determination of cutoff points for daytime BP (systolic BP

(SBP) 133 mm Hg and diastolic BP (DBP) 77 mmHg) and nighttime BP (SBP 122 mm Hg and DBP 73 mmHg). The curves of

cumulative incidence revealed an increased risk of major advanced cardiovascular events in subjects with elevated nighttime BP

compared with those without elevated nighttime BP during the follow-up period. Subjects with normal daytime and elevated

nighttime BP exhibited increased GRS19 compared with those with normal daytime and nighttime BPs (8.6±3.0 vs. 7.9±3.0,

Po0.01). After adjustment for cardiovascular risk factors, GRS19 determined nighttime SBP (β 0.4, 95% confidence interval

(CI) 0.3–0.5, Po0.01). Our study confirmed that elevated nighttime SBP was genetically determined and related to an

increased risk of major adverse coronary events in patients with confirmed coronary atherosclerosis.
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INTRODUCTION

Several studies in different populations have confirmed that nighttime
blood pressure (BP) is a stronger predictor of cardiovascular events
than daytime BP.1–4 Previous studies have suggested that nighttime BP
is elevated in prediabetic and diabetic patients, patients with chronic
kidney disease and those with lupus.5–8 However, nighttime hyperten-
sion should be distinguished from a blunted nighttime BP decrease
(referred to as 'non-dipping status'), but nighttime hypertension is
more common in non-dippers.9 From a pathophysiological point of
view, there is a myriad of nighttime BP control mechanisms, for
example, arterial baroreceptors and chemoreceptors, autonomic and
central nervous systems, the renin–angiotensin–aldosterone system
and pressure natriuresis.10 Recently, Obayashi et al.11 confirmed that
renal function is an essential parameter related to elevated nighttime
BP in patients with prediabetes. Our recently published study
confirmed that non-dipping status is genetically determined in
patients with coronary artery disease (CAD).12 A previously published
meta-analysis concluded that nighttime BP is superior to daytime BP
in predicting cardiovascular events and total mortality.13 However,
little information is known about the genetic determinants of elevated

nighttime BP in this group of patients. Therefore, we aim to
investigate the relationship between genetic risk factors and elevated
nighttime BP.

METHODS

Subjects
The present study recruited 1345 individuals (between August 2003 and August
2006) with signs of myocardial ischemia identified by ECG stress test,
dobutamine stress echocardiography or myocardial perfusion scintigraphy
stress test. Subjects with supraventricular and ventricular arrhythmias, NYHA
class III or IV congestive heart failure, significant valvular heart disease (or
valvular heart disease qualifying the patient for cardiosurgery), renal insuffi-
ciency with a creatinine level ⩾ 2.0 mg dl− 1, changes in pharmacotherapy of
hypertension within 6 months before 24-h ambulatory BP monitoring and
other chronic diseases leading to limited life expectancy were excluded.12

BP measurements
To avoid the influence on BP of either hospital conditions or the need for
reduced physical activity, 24-h ambulatory BP monitoring was obtained over a
period of 2–4 weeks after coronary angiography (SpaceLabs 90210, SpaceLabs,
Redmond, WA, USA) with BP readings set at 20-min intervals (0600–
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1800 hours) and at 30-min intervals (1800–0600 hours). The non-dominant
arm was used for measurement with cuff size adjusted to arm circumference
(adult cuff 27–34 cm or large adult cuff 35–44 cm). All BP recordings were
obtained on working days. Patients were instructed to maintain their usual
activities but to refrain from strenuous exercise and emotional burden. Patients
were instructed to hold their arm still by their side during BP measurement and
to return to the hospital 24 h later. Participants had no access to their
ambulatory BP values. BP measurements recorded between 0800 and
2200 hours were considered daytime BP values, and BP measurements recorded
between 0000 and 0600 hours were considered as nighttime BP values. The
percentage decrease in mean systolic BP (SBP) during the nighttime period was
calculated as 100× (daytime SBP mean–nighttime SBP mean)/daytime SBP
mean. Similarly, the percentage decrease in mean diastolic BP (DBP) during the
nighttime period was calculated as 100× (daytime DBP mean–nighttime DBP
mean)/daytime DBP mean. Using this percentage ratio, subjects were classified
as dippers or non-dippers (nighttime relative SBP or DBP decline ⩾ and
o10%, respectively).14 This classification was performed for SBP and DBP for
each included patient.
Office BP measurements were performed immediately before ambulatory BP

measurements using a validated oscillometric device (OMRON 705 IT,
OMRON, Greenspoint Parkway, IL, USA) with the cuff fitted to arm
circumference. BP was measured on the non-dominant arm.12

Laboratory tests
On admission day before a coronary angiography, fasting blood samples were
collected to measure creatinine level, fasting glucose level, total cholesterol,
high-density lipoprotein cholesterol, low-density lipoprotein cholesterol and
triglyceride levels. Additionally, blood samples were collected to analyze DNA
separation.

Single-nucleotide polymorphism (SNP) selection and genotyping
SNPs were selected from genome-wide association studies in which genome-
wide association exceeded the threshold of Po5× 10− 8. Selected SNPs were
reported to be associated with CAD risk and are presented in Table 1.15–20

DNA was obtained from whole blood. SNPs were genotyped using an IPLEX
reaction on a MassARRAY platform (Sequenom, San Diego, CA, USA)
according to the manufacturer’s standard protocols at Lund University. Only
SNPs with a genotyping success rate 490% and minor allele frequency 45%

were analyzed. Regarding quality control, we re-genotyped a random sample of
20% of the successfully genotyped samples for all genotypes, and the
concordance was 99.9%.

Genetic Risk Score
Genetic Risk Score (GRS19) was constructed to evaluate the additive effect of
19 SNPs for elevated nighttime BP. This multilocus score was created by
summing the number of risk alleles (0/1/2) for each of the 19 SNPs (1 and 2 for
heterozygous and homozygous risk allele, respectively, and 0 for homozygous
non-risk allele). GRS19 was assessed for each participant.

Assessment of coronary atherosclerosis
Coronary angiography was performed in the Department of Invasive Cardiol-
ogy, and angiograms were evaluated independently by two experienced invasive
cardiologists. Coronary angiography was used to confirm CAD.

Follow-up period
Subjects were observed from the date of coronary angiography until 31
December 2013. Follow-up was performed during visits to the clinic. If patients
were unable to attend, they were contacted by phone. Stroke diagnosis was
performed according to European Stroke Organization guidelines, and acute
coronary syndromes were diagnosed according to European Society of
Cardiology guidelines. Cardiovascular mortality involved events due to acute
coronary syndrome (myocardial infarction or unstable angina), heart failure
and stroke. Major adverse coronary events included cardiovascular and total
mortality and cardiovascular events (stroke, acute coronary syndromes and new
onset of heart failure).

Statistical analysis
The main goal of the analysis was to create a relationship between SNPs and
elevated nighttime BP in coronary heart disease patients. A multiple regression
model was used for this purpose. An analysis of the Receiver Operating
Characteristic was used for predicting daytime and nighttime SBP and DBP. To
determine the ability of daytime and nighttime BPs, cutoff points used to
correctly identify subjects with or without major adverse coronary events'
sensitivity and specificity across sites were compared. BP cutoff points were
determined by interpolation from the point of intersection between the lines of
specificity and sensitivity (where sensitivity equaled specificity). The point of
intersection between the lines of specificity and sensitivity identified the highest
numbers of subjects with and without major adverse coronary events. We also
calculated positive and negative predictive values of BP cutoff points for major
adverse coronary events. To compare continuous variables, Student's t-test or
Mann–Whitney U-test was used as appropriate. For categorical variables an χ2

test was used. Log-rank tests were used for comparison of the probability of
major adverse coronary events in the studied groups. Continuous variables were
reported as the mean± s.d., and categorical variables were reported as
percentages. Po0.05 was considered as the level of statistical significance.
Statistical analyses were performed using STATISTICA version 10 (STATIS-
TICA, Tulsa, OK, USA) version 3.0.1.
The study protocol was approved by the Ethics Committee of the Medical

University of Gdansk.

RESULTS

After considering the inclusion and exclusion criteria, 1345 subjects
were included in the study. Daytime BP cutoff points that correctly
identified the greatest number of patients with major adverse coronary
events were 133 mmHg for SBP and 77 mmHg for DBP. Nighttime
BP cutoff points that correctly identified the greatest number of
patients with major adverse coronary events were 122 mmHg for SBP
and 73 mmHg for DBP. According to daytime and nighttime BP
cutoff points, patients were divided into four subgroups (Table 2).
The baseline characteristics of the study group are summarized in

Table 2. In patients with diabetes, we revealed a significant relationship
between glycated hemoglobin and both nighttime SBP (r= 0.16,

Table 1 Selected SNPs related to significant coronary artery disease

Region

Candidate

gene(s)

Risk

allele

Risk allele

frequency

Other

allele

rs1746048 10q11 CXCL12 C 0.25 T

rs9349379 6p24 PHACTR1 G 0.68 A

rs17465637 1q41 MIA3 C 0.46 A

rs3798220 6q26 LPA C 0.07 T

rs9818870 3q22 MRAS C 0.27 T

rs17114036 1p32.2 PPAP2B A 0.13 G

rs12413409 10q24.32 CNNM2 G 0.17 A

rs6725887 2q33 WDR12 C 0.24 T

rs9982601 21q22 KCNE2 T 0.28 C

rs12190287 6q23 TCF21 C 0.54 G

rs17609940 6p21.31 ANKS1A C 0.32 G

rs3825807 15q25.1 ADAMTS7 C 0.66 T

rs4977574 9p.21 Chr9p21 G 0.73 A

rs1122608 19p13.2 LDLR G 0.38 G

rs11206510 1p32.3 PCSK9 T 0.30 C

rs216172 17p13.3 SMG6 C 0.88 G

rs12936587 17p11.2 RALI G 0.63 A

rs11556924 7q32.2 ZC3HC1 C 0.62 T

rs2259816 12q24.31 HNF1a A 0.57 C

Abbreviation: SNP, single-nucleotide polymorphism.
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Po0.01) and nighttime DBP (r= 0.10, Po0.01 ). However, there was
no relationship between glycated hemoglobin and daytime SBP and
daytime DBP. The BP values and daytime–nighttime BP variability are
presented in Table 3. Analysis of BP dipping revealed the following
nighttime SBP drop in groups: daytime BPo133 and o77 mmHg
and nighttime BPo122 and o73 mmHg (7.0± 5.8%), and daytime
BP⩾ 133 and ⩾ 77 mmHg and nighttime BPo122 and o73 mmHg
(13.0± 4.8%), daytime BPo133 and o77 mmHg and nighttime
BP⩾ 122 and ⩾ 73 mmHg (3.0± 5.3%), daytime BP⩾ 133 and
⩾ 77 mmHg and nighttime BP⩾ 122 and ⩾ 73 mmHg (4.1± 6.6%).
Analysis of BP dipping revealed the following nighttime DBP drop in
groups: daytime BPo133 and o77 mmHg and nighttime BPo122
and o73 mmHg (11.3± 6.5%), daytime BP⩾ 133 and ⩾ 77 mmHg
and nighttime BPo122 and o73 mmHg (17.5± 5.5%), daytime
BPo133 and o77 mmHg and nighttime BP⩾ 122 and ⩾ 73 mmHg
(2.0± 5.6%), and daytime BP⩾ 133 and ⩾ 77 mmHg and nighttime
BP⩾ 122 and ⩾ 73 mmHg (8.1± 6.6%). The relationships between
daytime and nighttime BPs and GRS19 are presented in Table 4. The
median follow-up period was 8.6 years. During 11 567 person-years of
follow-up, 245 participants died (2.1 per 1000 person-years), including
114 of participants from cardiovascular causes (0.98 per 1000 person-
years). After taking into consideration cardiovascular events during the
follow-up period, 441 (32.7%) subjects experienced major adverse
coronary events.
Patients with elevated nighttime and normal daytime BP exhibited

an increased risk of major adverse coronary events compared with

those with normal nighttime and elevated daytime BP. The probability
of major adverse coronary events in the studied subgroups of patients
is presented in Figure 1. Significant differences were noted between the
probability of major adverse coronary events in patients with daytime
BP⩾ 133 and ⩾ 77 mmHg and nighttime BP⩾ 122 and ⩾ 73 mmHg
and patients with daytime BP⩾ 133 and ⩾ 77 mmHg and nighttime
BPo122 and o73 mmHg (Po0.03). We also observed significant
differences between the probability of major adverse coronary events
in patients with daytime BP⩾ 133 and ⩾ 77 mmHg and nighttime
BP⩾ 122 and ⩾ 73 mmHg and patients with daytime BPo133 and
o77 mmHg and nighttime BPo122 and o73 mmHg (Po0.02).
Significant differences were noted between probability of major
adverse coronary events in patients with daytime BPo133 and
o77 mmHg and nighttime BP⩾ 122 and ⩾ 73 mmHg and patients
with daytime BP⩾ 133 and ⩾ 77 mmHg and nighttime BPo122 and
o73 mmHg (Po0.05). We also observed significant differences
between the probability of major adverse coronary events in patients
with daytime BPo133 and o77 mmHg and nighttime BP⩾ 122 and
⩾ 73 mmHg and patients with daytime BPo133 and o77 mmHg
and nighttime BPo122 and o73 mmHg (Po0.04).

DISCUSSION

The main finding of our study is the confirmation that elevated
nighttime BP is genetically determined and nighttime DBP is related to
GRS19 in CAD patients. We also found that elevated nighttime BP is
associated with risk of major adverse coronary events in CAD patients.

Table 2 Baseline characteristics of the study group

Total group,

n=1345

Daytime BPo133/77 mm Hg,

nighttime BPo122-

/73 mm Hg, n=565

Daytime BP⩾133/77 mm Hg,

nighttime BPo122-

/73 mm Hg, n=221

Daytime BPo133/77 mm Hg,

nighttime BP⩾122-

/73 mm Hg, n=103

Daytime BP⩾133/77 mm Hg,

nighttime BP⩾122-

/73 mm Hg, n=456

Age, years 63.4±10.9 63.5±9.3# 59.9±8.8 66.6±8.9# 63.8±9.2#

Male, % (n) 61.0 (820) 53.1 (300) 61.1 (135) 65.0 (67)* 68.6 (313)*

Waist circumference,

cm

97.3±10.9 95.2±10.7 97.6±10.8* 97.3±11.8* 99.5±10.5*

BMI, kg m−2 28.2±4.2 27.6±4.2 27.8±3.6 27.4±4.2 28.9±4.3

Glucose, mg dl−1 117.3±42.6 112.8±39.1 113.2±32.9 116.8±37.8 125.2±50.4*,#

Diabetes, % (n) 21.8 (294) 16.2 (91) 17.2 (38) 29.1 (30)*,# 29.8 (136)*,‡

HbA1c, % 6.4±1.1 6.1±1.0 6.1±0.9 6.8±1.4*,# 7.4±1.1*,#

Peripheral artery dis-

ease, % (n)
3.7 (50) 3.5 (20) 2.3 (5) 2.0 (2) 5.0 (23)

Current smokers, % (n) 12.5 (168) 11.5 (65) 16.7 (37) 15.5 (16) 18.8 (86)*

Family history of HA, %

(n)
43.0 (578) 38.6 (218) 47.5 (105)* 37.8 (39)# 47.4 (216)*,#

Total cholesterol,

mg dl−1
205.2±52.8 206.8±54.1 209.8±50.1 192.2±44.5# 204.3±54.1

LDL cholesterol,

mg dl−1
120.1±43.0 121.0±45.4 125.3±43.5 111.8±36.4 120.0±41.1

HDL cholesterol,

mg dl−1
55.3±13.6 56.7±13.3# 55.7±11.9 52.6±11.9 54.0±14.9

Triglycerides, mg dl−1 147.3±99.6 142.9±96.8 159.7±123.4 137.9±88.5 149.7±92.4

Creatinine, mg dl−1 1.1±0.2 1.0±0.2 1.0±0.2 1.1±0.2 1.1±0.2

GRS 19 8.4±2.6 7.9±3.0 8.3±2.9 8.6±3.0* 8.9±2.9*,#

All-cause deaths, n (%) 18.2 (245) 9.5 (54) 14.9 (33) 23.3 (24) 29.4 (134)*,#

CV deaths, n (%) 8.5 (114) 2.5 (14) 11.3 (25)†,# 17.4 (18) 12.5 (57)*,#

MACE, n (%) 32.7 (441) 27.1 (153) 27.6 (61) 34.9 (36) 41.9 (191)*,#

Abbreviations: BMI, body mass index; BP, blood pressure; CV, cardiovascular; GRS, Genetic Risk Score; HA, heart attack; HbA1c, glycated hemoglobin; HDL, high-density lipoprotein; LDL, low-
density lipoprotein; MACE, major adverse cardiovascular event.
*Po0.01 vs. daytime BPo133/77 mm Hg and nighttime BPo122/73 mm Hg; #Po0.01 vs. daytime BP⩾133/77 mm Hg and nighttime BPo122/73 mm Hg; †Po0.05 vs. daytime
BP⩾133/77 mm Hg and nighttime BPo122/73 mm Hg; ‡Po0.01 vs. daytime BPo133/77 mm Hg and nighttime BP⩾122/73 mm Hg; §Po0.01 vs. daytime BP⩾133/77 mm Hg and nighttime
BP⩾122/73 mm Hg.
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Persuasive evidence suggests that nighttime BP is superior to
daytime BP in predicting outcome.21 Given the limited reproducibility
of daytime BP levels due to the dependence of daily physical activity,
cardiovascular risk assessment might be more accurate if based on
nighttime BP. Therefore, it is essential to understand the potential
mechanisms that underlie BP regulation at night.
The Georgia Cardiovascular Twin Study demonstrated that,

apart from genes that also influence daytime BP, specific genetic
determinants explained 44% and 67% of nighttime SBP and DBP
heritabilities, respectively.22 In addition to genes that influence
both daytime and nighttime BP, a large portion of heritability is
explained by genes that specifically influence BP at night.23 In the
present study, we detected and examined the relationship between
nighttime BP and SNPs in patients with CAD for the first time.
Although a single SNP determines cardiovascular risk to a very
small extent, Ripatti et al.24 revealed that a GRS based on the
additive effects of SNPs is more associated with cardiovascular risk.
Using the concept of the additive effect of SNPs, we constructed
GRS based on 19 SNPs significantly associated with cardiovascular
risk, and we revealed that GRS19 was related to nighttime DBP.
Moreover, we confirmed that elevated nighttime BP was related to
an increased risk of major adverse coronary events. Therefore,
GRS19 may be taken into consideration in cardiovascular risk
assessment for patients with inappropriate daytime–nighttime BP
variability. Leu et al.25 confirmed genetic association with diurnal
BP changes among subjects with young-onset hypertension. In
contrast to our study, Leu et al.25 did not assess coronary
atherosclerosis in coronary angiography.
Previously performed clinical trials confirmed that both elevated

daytime BP and nighttime BP were related to cardiovascular risk in
CAD patients.26 Moreover, blunted nighttime BP dipping was
associated with advanced CAD and cardiovascular complications that
arise from this condition.27 Similarly, in a small group of men, Mousa
et al.28 confirmed the association between blunted nighttime BP values
and coronary atherosclerosis extent in coronary angiography. Brotman

Table 3 Blood pressure values in the studied group

Total group

n=1345

Daytime BPo133-

/77 mm Hg, nighttime

BPo122/73 mm Hg,

n=565

Daytime BP⩾133-

/77 mm Hg, nighttime

BPo122/73 mm Hg,

n=221

Daytime BPo133-

/77 mm Hg, nighttime

BP⩾122/73 mm Hg,

n=103

Daytime BP⩾133-

/77 mm Hg, nighttime

BP⩾122/73 mm Hg,

n=456

Office SBP, mm Hg 137.7±20.1 127.4±15.8 131.1±17.0 138.7±15.5*,# 150.4±19.8*,#

Office DBP, mm Hg 78.3±11.3 73.3±8.4 72.3±10.2 81.6±8.7*,# 83.6±12.4*,#

Office HR 70.5±12.1 68.6±11.2 68.2±10.2 71.7±12.2 72.7±13.0

24 h SBP, mm Hg 124.1±13.8 112.8±7.2 124.5±4.3* 123.8±6.7* 138.1±10.8*,#,‡

24 h DBP, mm Hg 71.4±8.3 65.7±4.9 69.3±5.2 73.5±5.5*,† 77.8±8.4*,#

24 h HR, b.p.m. 66.7±9.6 64.9±8.3 65.1±9.2 68.6±10.0*,# 68.4±10.4*,#

Daytime SBP, mm Hg 127.1±14.0 115.8±7.7 123.1±4.7* 130.2±7.8*,# 140.3±11.3*,#,‡

Daytime DBP, mm Hg 74.3±8.7 68.7±5.4 69.8±5.0 78.7±6.1*,# 80.2±8.7*,#

Daytime HR, b.p.m. 69.6±10.5 67.6±9.2 67.2±9.7 72.2±10.9*,# 71.3±11.5*,#

Nighttime SBP, mm Hg 119.0±15.4 107.6±8.3 113.1±6.8 126.7±6.3*,# 134.3±12.5*,#,‡

Nighttime DBP, mm Hg 66.4±8.9 60.8±5.4 64.8±5.8 68.4±6.3* 73.6±8.9*,#,‡

Nighttime HR, b.p.m. 61.9±8.9 60.3±7.7 61.1±8.5 62.7±9.7 63.6±9.5*

Dippers SBP and DBP, % (n) 29.7 (398) 28.3 (160) 71.9 (159)* 0 (0) 17.3 (79)#

Non-dippers SBP or DBP, % (n) 25.8 (349) 32.0 (181) 22.2 (49) 7.8 (8)*,‡ 24.3 (111)

Non-dippers SBP and DBP, % (n) 44.5 (598) 39.7 (224) 5.9 (13) 92.2 (95)*,# 58.4 (266)*,#,‡

Abbreviations: b.p.m., beats per minute; DBP, diastolic blood pressure; HR, heart rate; SBP, systolic blood pressure.
*Po0.01 vs. daytime BPo133/77 mm Hg and nighttime BPo122/73 mm Hg; #Po0.01 vs. daytime BP⩾133/77 mm Hg and nighttime BPo122/73 mm Hg; †Po0.05 vs. daytime
BP⩾133/77 mm Hg and nighttime BPo122/73 mm Hg; ‡Po0.01 vs. daytime BPo133/77 mm Hg and nighttime BP⩾122/73 mm Hg.

Table 4 Multiple regression model of daytime and nighttime BP

Variable β coefficient S.e. 95% CI Wald χ2 P-value

Daytime SBPa

Diabetes 6.7 1.2 4.4 to 9.0 5.7 o0.01

Smoking 3.6 1.3 1.0 to 6.3 2.7 o0.01

BMI 0.5 0.1 0.2 to 0.7 4.0 o0.01

GRS19 0.04 0.2 −0.3 to 0.3 0.3 0.78

Daytime DBPb

Diabetes 0.2 0.7 −1.1 to 1.6 0.3 0.74

Smoking 1.5 0.8 −0.1 to 3.1 1.8 0.06

BMI 0.1 0.1 −0.1 to 0.2 1.5 0.13

GRS19 0.1 0.1 −0.2 to 0.2 0.2 0.80

Nighttime SBPc

Diabetes 8.3 1.3 5.8 to 10.9 6.4 o0.01

Smoking 4.8 1.5 1.9 to 7.7 3.2 o0.01

BMI 0.4 0.1 0.2 to 0.7 3.2 o0.01

GRS19 0.4 0.1 0.3 to 0.5 6.5 o0.01

Nighttime DBPd

Diabetes 4.4 0.7 −0.1 to 2.9 1.9 0.06

Smoking 1.3 0.8 −0.3 to 3.0 1.6 0.11

BMI 0.1 0.1 −0.1 to 2.2 1.0 0.31

GRS19 0.1 0.1 −0.1 to 0.3 1.0 0.29

Abbreviations: BMI, body mass index; CI, confidence interval; DBP, diastolic blood pressure;
GRS, Genetic Risk Score; SBP, systolic blood pressure.
aAdjusted for daytime DBP, nighttime SBP, nighttime DBP, sex, age, dipping profile and LDL
cholesterol.
bAdjusted for daytime SBP, nighttime SBP, nighttime DBP, sex, age, dipping profile and LDL
cholesterol.
cAdjusted for daytime SBP, daytime DBP, nighttime DBP, sex, age, dipping profile and LDL
cholesterol.
dAdjusted for daytime SBP, daytime DBP, nighttime SBP, sex, age, dipping profile and LDL
cholesterol.
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et al.29 demonstrated that non-dipping status was a risk factor for all-
cause mortality. Similar to the study by Brotman et al.,29 greater than
half of the patients were non-dippers in our study. However, in the
study by Brotman et al.,29 non-dipping status was defined as a
reduction in mean nocturnal SBPo10% compared with mean day-
time values. In our study, non-dipping status was defined as a
reduction in mean SBPo10% and/or a reduction in mean DBPo10%
compared with respective daytime values. Pierdomenico et al.30

confirmed that circadian BP changes were independently associated
with increased cardiovascular risk in elderly subjects. In contrast to
our study, they did not take into consideration coexisting CAD
confirmed by coronary angiography.
Of note, in our study, elevated nighttime BPs were observed more

often in patients with diabetes, and glycemic control was worse in
diabetics with elevated nighttime BPs. Diabetes mellitus is associated
with markedly increased cardiovascular risk, and the predictive role of
nighttime BP has already been established in patients with diabetes.3,31

Previously performed clinical trials confirmed that nocturnal hyper-
tension is more frequent in diabetics, partially due to autonomic
dysfunction.32,33 However, our study confirmed that elevated night-
time BP is more frequent in diabetics with less effectively controlled
glycemia. Accordingly, diabetes, especially when uncontrolled, may
predispose a patient to elevated nighttime BP that may subsequently

be related to high cardiovascular risk. A modification as simple and
inexpensive as switching the ingestion time of one or more hyperten-
sive medications from morning to evening or bedtime may be the only
action necessary to achieve proper control of nighttime BP. Recently
published results from the MAPEC study confirmed that elevated
asleep BP was associated with cardiovascular morbidity and mortality,
and a bedtime antihypertensive treatment strategy significantly
reduced cardiovascular risk.34

Our study confirmed that elevated nighttime BP was related to an
increased probability of major adverse coronary events in patients with
confirmed CAD. Moreover, the highest risk of major adverse coronary
events was observed in patients with elevated nighttime and daytime
BPs, but patients with elevated nighttime BP and normal daytime BP
had increased risk of major adverse coronary events compared with
subjects with normal nighttime BP and elevated daytime BP. To date,
our studies have confirmed that nighttime BP contribute to increased
cardiovascular risk in patients with coronary atherosclerosis confirmed
by coronary angiography.35 The systematic review by O'Flynn et al.36

attempted to explain the reasons for high cardiovascular mortality
related to isolated nighttime hypertension. However, analyzed data did
not produce a clear answer concerning the relationship between
elevated nighttime BP and target organ damage associated with
cardiovascular mortality.36 Haruhara et al.37 suggested that isolated

MACE:

<130/77 mmHg n=563

<122/73 mmHg

>130/77 mmHg n=221 13 (6%)

<122/73 mmHg

56 (10%) 91 (16%) 109 (19%) 135 (24%) 153 (27%)

28 (13%) 41 (18%) 51 (23%) 60 (27%)

14 (14%) 22 (21%) 29 (28%) 33 (32%) 36 (35%)

54 (12%) 103 (22%) 140 (31%) 176 (38%) 191 (42%)

>122/73 mmHg

>130/77 mmHg

<130/77 mmHg n=103

n=458

>122/73 mmHg

Daytime BP <130/77 mmHg
Nighttime BP <122/73 mmHg

Daytime BP <130/77 mmHg
Nighttime BP >122/73 mmHg

Daytime BP >130/77 mmHg
Nighttime BP <122/73 mmHg

Daytime BP >130/77 mmHg
Nighttime BP >122/73 mmHg

Figure 1 Probability of MACE in the studied groups of patients.
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nocturnal hypertension was related to renal interstitial fibrosis or
tubular atrophy. Furthermore, in the RESIST-POL study, nighttime
SBP was independently related to concentric heart hypertrophy.38

Sherwood et al.39 confirmed that CAD and advanced age are
accompanied by blunted nighttime BP dipping, which may increase
the risk of adverse cardiovascular events.
Some limitations of our study are worth mentioning. Given that this

study was retrospective, longitudinal assessment of hypertension
control and changes in antihypertensive therapy were beyond the
scope of the investigation. In addition, multiple assessments of
ambulatory BP were not performed, thereby eliminating our ability
to determine whether BP values were stable over time or impacted by
antihypertensive treatment. Cutoff points of BP values were estab-
lished on the basis of BP values measured over 24 h in patients with
confirmed CAD.

CONCLUSION

In conclusion, our study confirmed an important role of nighttime BP
in the development of cardiovascular complications in CAD patients.
Subjects with elevated nighttime BP and normal daytime BP exhibit an
increased risk of cardiovascular complications compared with those
with normal nighttime and elevated daytime BP. Nighttime SBP is
genetically determined and related to the additive effect of SNPs.
Future studies should address the application of GRSs in clinical
practice.
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