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Nocturnal Hypertension: Analysis According to its Severity

Hipertension arterial nocturna: analisis segun su gravedad
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ABSTRACT

Background: In the diagnosis and follow-up of arterial hypertension (HTN) most practice guidelines recommend ambulatory blood
pressure monitoring (ABPM). In this regard, there is increasing evidence supporting the superiority of nocturnal hypertension
(NHTN) as a predictor of cardiovascular events. Little is known about the relationship with cardiovascular events according to the
severity of NHTN. Furthermore, it is unclear from what nighttime pressure value the risk begins to increase.

Objectives: The aim of this study was to determine whether the presence of NHTN and its severity levels are associated with adverse
cardiovascular outcomes during follow-up.

Methods: An observational study was performed analyzing data collected from 24-hour ABPM studies obtained in a high complexity
medical center in Buenos Aires. We examined patients' clinical characteristics, laboratory findings, imaging studies and their results
during the follow-up period. Our study included =18 year-old persons who had been diagnosed with hypertension. We defined NHTN
as those cases with blood pressure values =120/70 mmHg during the nighttime period.

Results: The final analysis included 981 patients. Among these, 53 % were men, mean age was 59.4 years and NHTN was present in
63.6 % of cases (n=624). Nocturnal HTN was classified into four severity strata for comparison, according to the nighttime systolic
blood pressure value: 83-119 mmHg, 120-139 mmHg, 140-159 mmHg and 160-220 mmHg. Major adverse cardiovascular events were
recorded in 8 (2.2 %), 17 (4.1 %), 8 (5.6 %) and 7 (11.3 %) subjects, respectively, and this difference between groups was statistically
significant (p=0.007). Multivariate Cox regression analysis showed that the presence of NHTN was an independent predictor of
adverse cardiovascular events (HR 3.60; 95% CI 1.12-11.5; p=0.033), even when considering the presence of daytime hypertension.
Conclusion: In this contemporary cohort, NHTN and its severity were independently associated with the incidence of adverse car-
diovascular events.
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RESUMEN

Introduccion: En el diagnéstico y seguimiento de la hipertensién arterial (HTA) la mayoria de las guias de practica recomiendan el
monitoreo ambulatorio de la presién arterial (MAPA). En este sentido, existe cada vez més evidencia que respalda la superioridad de
la hipertensién arterial nocturna (HTAN) como predictor de eventos cardiovasculares. Se sabe poco sobre la relacién con los eventos
cardiovasculares segtn la gravedad de la HTAN. Ademaés, no esta claro a partir de qué valor de presién arterial nocturna comienza
a aumentar el riesgo.

Objetivos: Conocer si la presencia de HTAN y sus niveles de gravedad se asocian con resultados cardiovasculares adversos durante
el seguimiento.

Material y métodos: Estudio observacional. Realizamos un andlisis de los datos obtenidos en un centro médico de alta complejidad
de Buenos Aires, recopilados a partir de estudios de MAPA de 24 horas. Examinamos las caracteristicas clinicas de los pacientes, los
resultados de laboratorio, los estudios de imagen y sus resultados durante el periodo de seguimiento. Nuestro estudio incluy6 perso-
nas de 18 afos o0 més a las que se les habia diagnosticado hipertensién. Definimos HTAN como aquellos casos con valores de presién
arterial = 120/70 mmHg durante el periodo nocturno.

Resultados: Fueron incluidos 981 pacientes en el analisis final. De ellos, el 53 % eran hombres; la edad media era de 59,4 afos.
Presentaban HTAN 63,6 % (n=624). Clasificamos la HTAN en cuatro estratos de gravedad para comparar, segin el valor de pre-
sién arterial sistélica nocturna: 83-119 mmHg, 120-139 mmHg, 140-159 mmHg y 160-220 mmHg. Se registraron eventos adversos
cardiovasculares mayores en 8 (2,2 %), 17 (4,1 %), 8 (5,6 %) y 7 (11,3 %) sujetos, respectivamente, y esta diferencia entre grupos fue
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estadisticamente significativa (p=0,007). El analisis multivariado de regresién de Cox demostré que la presencia de HTAN fue un
predictor independiente de eventos cardiovasculares adversos (HR 3,60; IC 95% 1,12-11,5; p=0,033), incluso al considerar la presen-

cia de hipertension arterial diurna.

Conclusién: En esta cohorte contemporanea, la HTAN y su gravedad se asociaron independientemente con la incidencia de eventos

cardiovasculares adversos.

Palabras clave: Hipertensién arterial- Hipertensién arterial nocturna - Enfermedad cardiovascular - Monitoreo ambulatorio de

presion arterial

INTRODUCTION

The global prevalence of atherosclerotic cardiovascu-
lar disease continues to rise due to the increase of
risk factors such as obesity, unhealthy lifestyles and
population aging. (1,2) Hypertension (HTN) is recog-
nized as one of the most significant risk factors, and
has a high worldwide prevalence; therefore, it is cru-
cial to make a correct diagnosis and treatment. (3)

Most international guidelines recommend am-
bulatory blood pressure monitoring (ABPM), which
has become essential for the management of patients
with HTN, not only for initial diagnosis but also for
follow-up and subsequent control. (4-7) Most studies
have shown that 24-hour average blood pressure is a
better predictor of cardiovascular events than office
blood pressure measurement. (8) In this context we
have increasing evidence supporting the superiority
of nocturnal hypertension (NHTN) as a predictor of
cardiovascular events relative to daytime hyperten-
sion, so that ABPM has become essential not only for
detection but also for determining its severity. (9,10)
There is scarce information about the value of the
degree of blood pressure elevation during the night-
time period and its relationship with cardiovascular
events and, moreover, from what value of nighttime
blood pressure the risk of cardiovascular events be-
gins to increase.

The aim of this study was to find out whether the
presence of NHTN and its severity levels are asso-
ciated with the incidence of cardiovascular adverse
events during follow-up.

METHODS

Study design

A retrospective cohort study was conducted including pa-
tients who underwent 24-hour blood pressure monitoring
for diagnostic confirmation of HTN, or for prognostic pur-
poses, in hypertensive subjects, in a hospital of the Autono-
mous City of Buenos Aires, Argentina, from March 2017 to
December 2022. The composite of adverse cardiovascular
events, the so-called major adverse cardiovascular events
(MACE) which include cardiovascular death, nonfatal in-
farction and nonfatal stroke; and hospitalization or visit
to the emergency department for heart failure (defined by
Framingham criteria), was considered as primary endpoint.
Each component of the primary endpoint, in addition to
hospitalization for hypertensive urgency/emergency, were
considered secondary endpoints.

Study population and definitions

We created our own database, including patients over 18
years of age who underwent pressure monitoring in the
Cardiology department.

The variables included in the registry were: a) person-
al data, gender, age, weight in kg, body mass index (BMI)
expressed in kg/m? (DuBois formula), medical history and
classical cardiovascular risk factors; b) from the pressure
monitoring data: study date, percentage of successful read-
ings, 24-h averages, daytime and nighttime averages, pulse
pressure, nocturnal pattern of blood pressure behavior
(dipper, non-dipper, inverted dipper, or hyper dipper); c)
laboratory data: creatinine value prior to the study, creati-
nine clearance value according to the Cockroft-Gault for-
mula, and values at follow-up; d) echocardiographic data:
atrial size, septal thickness, posterior wall thickness, left
ventricular ejection fraction (LVEF) by Simpson's method;
e) antihypertensive treatment with specification of drugs
used, use of statins and aspirin.

Patients with technically unsatisfactory studies, du-
plicate pressure monitoring reports (the first record was
included) and those in whom follow-up data could not be
obtained were excluded. Follow-up was performed through
the institution's electronic medical record.

Nocturnal HTN was defined according to the criteria of
the American Heart Association (AHA) taking as reference
a blood pressure value =120/70 mmHg during the passive/
nighttime period, and a value =135/85 mmHg in the active/
daytime period, both referred in the follow-up chart. (11)
We classified NHTN into four severity strata according to
nighttime systolic blood pressure: 83-119 mmHg (normal
blood pressure), 120-139 mmHg, 140-159 mmHg and 160-
220 mmHg.

Procedures

MEDITECH® pressure gauges (model ABPM 05) were
used, with oscillometric method and +3 mmHg accuracy/
2 % of the measured value according to the manufacturer's
technical specifications. They were programmed to take
measurements every 15 minutes during the active pe-
riod and every 30 minutes during the passive period, for
24-hour intervals. Data collection analysis and reporting
software was provided by the manufacturer. Follow-up was
performed by a group of 4 investigators by consulting the
institutional electronic medical record; in cases where the
data were incomplete or absent, contact and follow-up were
made by telephone and closed-ended questions, for a maxi-
mum period of 48 months after the index pressure monitor-
ing.

Statistical analysis

Statistical analyses were performed with R Studio, ver-
sion 1.4.1106 (The R Foundation for Statistical Comput-
ing, Vienna, Austria). Continuous variables are expressed
as mean and standard deviation (SD) or median and in-
terquartile range (IQR), according to their distribution.
Qualitative variables are expressed as absolute and relative
frequencies. Qualitative variables were compared using
the chi-square test or Fisher's exact test, while continuous
variables with parametric and nonparametric distribu-
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tion were compared using Student's t test and the Mann
Whitney U test, respectively. Multiple imputation of the
database was performed for the treatment of missing data,
which was carried out through the random forest meth-
od since most of the variables imputed were categorical.
(12) Bivariate and multivariate analyses were performed
to identify factors associated with cardiovascular events.
Cox regression models were used to search for predictors of
events in the long-term follow-up. All variables that in the
bivariate analysis presented a p value <0.20 or that were
considered clinically important in relation to the response
variable were included in the multivariate model. Nested
models were compared and chosen according to Akaike's
information criterion, ANOVA and concordance index. Ka-
plan Meier curves and the log-rank test were performed
for variables associated with events at follow-up. The asso-
ciation between predictors and the incidence of events was
expressed as Hazard Ratio with its 95% confidence interval
(95% CI). All tests were two-tailed and statistical signifi-
cance was established at p<0.05.

RESULTS

Baseline population characteristics

Out of a total of 1060 initial subjects, 79 cases were
excluded from the analysis (60 did not meet the defi-
nition of HTN and 19 did not present follow-up). A
total of 981 patients remained as the study popula-
tion. Fifty-three percent were male, and mean age
was 59.8+14.2 years. The baseline characteristics of
the population stratified according to nighttime sys-
tolic blood pressure are shown in Table 1. NHTN was
present in 63.6% of the subjects (n= 624). This group
had higher BMI, greater prevalence of male gender,
diabetes (DM), and as expected, higher daytime
systolic and diastolic blood pressure. In the strati-
fied analysis according to the severity of NHTN, we
found a positive gradient with respect to cardiovas-
cular risk factors, that is, the higher the degree of
nighttime blood pressure, the higher the BMI and
the greater the prevalence of DM, sedentary life-
style and dyslipidemia. Those with higher nighttime
blood pressure values had a more frequent history of
atrial fibrillation, obstructive sleep apnea-hypopnea
syndrome (OSAHS) and echocardiographic repercus-
sion. Patients with NHTN had a lower use of anti-
hypertensive drugs (76 % vs. 86 %, p<0.001). In this
group, the most commonly used antihypertensive
drugs were angiotensin-converting enzyme inhibi-
tors and angiotensin II receptor blockers.

Events by group

At a median follow-up of 40 (IQR 26-54) months, the
main endpoint was present in 130 subjects corre-
sponding to 13.2 % of the total sample, 105 (15.3 %)
in the group with NHTN and 25 (8.3 %) in the group
without NHTN (p=0.003). In the stratified analysis
according to the degree of HTN we found differences
between groups in the incidence of: a) the primary
endpoint: from 7.6 % between 83-119 mmHg to 24.2
% between 160-220 mmHg (p=0.001); b) MACE:
from 2.2 % between 83-119 mmHg to 11.3 % be-

tween 160-220 mmHg (p=0.007); c) hospitalization
for heart failure: from 1.1 % between 83-119 mmHg
to 8.1 % between 160-220 mmHg (p=0.002), and d)
hospitalization for hypertensive crisis: from 2.5 %
between 83-119 mmHg to 4.8 % between 160-220
mmHg, (p=0.007). Regarding cardiovascular death,
although the proportion was higher in the NHTN
group, there were no statistically significant differ-
ences: from 2.2 % between 83-119 mmHg to 8.1 %
between 160-220 mmHg (p=0.102). The probability
of event-free survival according to the presence of
NHTN, and of the primary endpoint, MACE and hos-
pitalization for heart failure according to the sever-
ity of NHTN is shown in Figure 1.

Multivariate analysis: independent predictors of
cardiovascular events

We excluded from the multivariate analysis DM,
BMI, OSAHS variables and HTN patterns because
they presented a p value >0.20 in the bivariate
analysis (Table 2). The remaining variables were
evaluated in multivariate analysis with the Cox pro-
portional hazards model. Two regression models
were fitted and compared with each other. Model 1
included the NHTN strata, age, smoking, left ven-
tricular hypertrophy, and daytime HTN; and model
2 the same variables except for daytime HTN. The
latter model showed the best fit (Table 3), including
the severity of NHTN variable as an independent
predictor of cardiovascular events, with HR (95% CI)
1.30 (0.65 - 2.58), 2.25 (1.02 - 4.94) and 4.18 (1.60
-10.8) for 120-139, 140-159 and 160-220 mmHg
strata, respectively. The NHTN behaved as an inde-
pendent predictor of cardiovascular events (HR 3.60
95% CI 1.12-11.5 p=0.033). Age and presence of left
ventricular hypertrophy in the echocardiogram also
behaved as independent predictors, with HR (95%
CI) 1.04 (1.01-1.06) and 2.35 (1.32-4.20), respective-
ly. When adjusted for the presence of daytime HTN,
the severity of NHTN remained as an independent
predictor of events, so due to the principle of par-
simony it was eliminated from the final model. All
the adjusted models complied with the proportional
hazards assumptions.

DISCUSSION
The main finding of our study is the high prevalence
of NHTN and its association with cardiovascular out-
comes at the long-term follow-up. We observed that
this risk begins in the first severity stratum (120-139
mm Hg) and increases exponentially through each
stratum, with the highest risk in the highest sever-
ity one (160-220 mm Hg). The severity of NHTN
behaved as an independent predictor of adverse car-
diovascular outcomes, even in the presence of the
daytime HTN variable. Age and left ventricular hy-
pertrophy variables in the echocardiogram were also
factors associated with poor outcome.

Hypertension is the main modifiable risk factor,
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Tabla 1. Baseline characteristics of the population stratified according to nocturnal systolic blood pressure

83-119 mmHg 120-139 mmHg 140-159 mmHg 160-220 mmHg

n 357 419 143 62

Male gender, n (%) 186 (52.1) 222 (53.0) 76 (53.1) 38 (61.3) 0.612
Age, mean (SD) 59.73 (13.37) 58.96 (14.65) 61.90 (14.79) 61.61(14.42) 0.133
BMI, median (IQR) 28 (25-31) 29 (26-32.43) 30 (27-34) 33.16 (29.40-36.80) <0.001
Diabetes, n (%) 36 (10.1) 68 (16.2) 38 (26.6) 24 (38.7) <0.001
Dyslipidemia, n (%) 139 (38.9) 131 (31.3) 47 (32.9) 28 (45.2) 0.045
Sedentary lifestyle, n (%) 208 (58.3) 244 (58.2) 83 (58.0) 52 (83.9) 0.001
Smoking, n (%) 87 (24.4) 82 (19.6) 26 (18.2) 14 (22.6) 0.303
History of ACS, n (%) 23 (6.4) 25 (6.0) 9(6.3) 6(9.7) 0.743
History of stroke, n (%) 16 (4.5) 21 (5.0) 2(1.4) 4 (6.5) 0.253
History of CHF, n (%) 5(1.4) 6(1.4) 1(0.7) 2(3.2) 0.579
History of AF, n (%) 4(1.1) 16 (3.8) 4(2.8) 7(11.3) <0.001
OSAHS, n (%) 21(5.9) 34 (8.1) 10 (7.0) 11(17.7) 0.014
Daytime SBP, mean (SD) 127.95 (10.14) 140.19 (10.34) 153.42 (12.69) 164.37 (15.47) <0.001
Daytime DBP, mean (SD) 76.31(9.37) 81.18 (10.83) 86.74 (12.25) 88.24 (12.07) <0.001
Daytime PP, median ((IQR)) 51 (45-57) 58 (52-66) 65 (58-73) 72 (62.25-86.25) <0.001
Nighttime SBP, mean (SD) 109.48 (7.46) 128.19 (5.65) 147.12 (5.07) 171.52 (10.52) <0.001
Nighttime DBP, mean (SD) 62.02 (7.34) 70.81 (8.24) 79.77 (9.59) 88.05 (12.85) <0.001
Nighttime PP, median ((IQR)) 47 (42-53) 57 (51-63) 68 (59-74.5) 84.5 (74-91) <0.001
24 h SBP, mean (SD) 121.78 (9.33) 136.18 (8.61) 150.90 (9.27) 166.24 (12.66) <0.001
24 h DBP, mean (SD) 71.57 (8.47) 77.69 (9.74) 84.41 (10.64) 88.10 (11.45) <0.001
24 h PP, median ((IQR)) 49 (45- 55) 58 (52-65) 66 (58-73) 74.5 (68-87) <0.001
LVEF, median ((IQR)) 68 (65-70) 69 (64.5-70) 68 (62.5-70) 67.5 [64-70) 0.387
IVS, mm; median ((IQR)) 11 (10-12) 11(10-12) 11.8 (10-12.75) 12 (11-13) <0.001
Daytime HTN, n (%) 87 (24.4) 297 (70.9) 134 (93.7) 61(98.4) <0.001
Treatment, n (%) 306 (85.7) 310 (74.0) 114 (79.7) 50 (80.6) 0.001
ACEL, n (%) 128 (35.9) 136 (32.5) 50 (35.0) 18 (29.0) 0.631
ARBS, n (%) 129 (36.1) 134 (32.0) 54 (37.8) 23 (37.1) 0.486
Calcium channel blockers, n (%) 92 (25.8) 106 (25.3) 42 (29.4) 16 (25.8) 0.812
Thiazides, n (%) 45 (12.6) 40 (9.5) 21 (14.7) 7(11.3) 0.331
Aldosterone antagonist, n(%) 10 (2.8) 6(1.4) 2(1.4) 2(3.2) 0.468
Beta-blocker, n (%) 105 (29.4) 88(21.0) 45 (31.5) 18 (29.0) 0.018
Statins, n (%) 114 (31.9) 108 (25.8) 36 (25.2) 25 (40.3) 0.037
Aspirin, n (%) 66 (18.5) 65 (15.5) 24 (16.8) 7(11.3) 0.467
CrCl, mean (SD) 106.35 (41.92) 111.92 (51.30) 111.57 (50.20) 111.73 (65.36) 0.417
MACE, n (%) 8(2.2) 17 (4.1) 8 (5.6) 7(11.3) 0.007
CV death, n (%) 8(2.2) 15 (3.6) 7 (4.9 5(8.1) 0.102
Primary endpoint, n (%) 27 (7.6) 61 (14.6) 27 (18.9) 15(24.2) <0.001
Heart failure, n (%) 4(1.1) 8(1.9) 1(0.7) 5(8.1) 0.002
Hypertensive crisis, n (%) 9(2.5) 27 (6.4) 14 (9.8) 3(4.8) 0.007
Follow-up in months, median (IQR) 41 (28-54) 39 (24-53) 38 (18-49) 37 (18.50-47.75) 0.020

ACEI: angiotensin-converting enzyme inhibitors; ACS: acute coronary syndrome; AF: atrial fibrillation; ARBs: angiotensin Il receptor blockers; BMI:
body mass index; CrCl: creatinine clearance; CHF: Chronic heart failure; CV: cardiovascular; DBP: Diastolic blood pressure; HTN: hypertension; IQR:
interquartile range; IVS: interventricular septum; LVEF, left ventricular ejection fraction; MACE: major adverse cardiovascular events; OSAHS: ob-
structive sleep apnea and hypopnea syndrome; PP: pulse pressure; SBP: systolic blood pressure; SD: standard deviation
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Fig. 1. Event-free survival. A)
Primary endpoint according ) )
to the presence of nocturnal A) Primary endpoint B) Primary endpoint according to NHTN severity
arterial hypertension (NHTN). NHTN <~ No - Yes Nighttime SBP ~~ 83-119 == 120-139 ~~ 140-159 ~~ 160-220
B), C) and D) Primary end- (mm Hg)
point, MACE and hospitaliza- 1.00 1.004 4
tion for chronic heart failure
(CHF) according to NHTN :;' 075 :? 0.75
strata 3 E
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g s
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A p=0.0028 A p=0.0014
0.00 0.00
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Time (months) Time (months)
C) MACE according to NHTN severity D) Hospitalization for CHF according to NHTN severity
Nighttime SBP - §3.119 ~~ 120-139 < 140-159 160 Nighttime SBP <+ 83-119 == 120-139 =~ 140-159 =~ 160-220
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SBP: systolic blood pressure
Table 2. Predictors of car- | [ETARSES b coefficient HR (95% CI) p
diovascular events. Bivariate
analysis Diabetes 0.402 1.49 (0.72-3.09) 0.391
OSAHS 0.226 1.25(0.44-3.49) 0.700
BMI
Overweight 0.270 1.31(0.58-2.91) 0.509
Obesity 0.485 1.62 (0.74-3.55) 0.223
NHTN stages
120-139 mmHg 0.953 2.59 (1.25-5.36) 0.010
140-159 mmHg 0.869 2.38 (0.86-6.58) 0.090
160-220 mmHg 1.066 2.90 (0.99-8.51) 0.051
Age 0.020 1.02 (0.99-1.04) 0.072
LV hypertrophy 0.831 2.29(1.28-4.12) 0.005
Patterns of HTN
Attenuated dipper 0.199 1.22 (0.49-3.05) 0.674
Non-dipper 0.661 1.93(0.87-4.29) 0.101
Inverted dipper 0.893 2.44(0.97-6.12) 0.052
Hyper dipper 1.351 3.86 (1.68-8.88) 0.001
Smoking 0.981 2.67 (1.51-4.73) 0.001
BMI: body mass index; HR: hazard ratio; LV: left ventricular; NHTN: nocturnal hypertension; OSAHS: obstruc-
tive sleep apnea and hypopnea syndrome; 95% Cl: 95% confidence interval.
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Table 3. Predictors of cardio-

Variahle b coefficient HR (95% Cl) i] S
vascular events. Multivariate
Model 1 analysis
NHTN strata
120-139 mmHg 1.110 3.03 (1.44-6.37) 0.003
140-159 mmHg 1.306 3.69 (1.36-10) 0.010
160-220 mmHg 1.907 6.73 (2.32-1.95) <0.001
Age 0.03 1.03 (1-1.05) 0.006
LV hypertrophy 0.80 2.22(1.24-3.98) 0.006
Daytime HTN -0.30 0.73(0.38-1.41) 0.356
Model 2
NHTN strata
120-139 mmHg 0.263 1.30 (0.65-2.58) 0.454
140-159 mmHg 0.811 2.25 (1.02-4.94) 0.041
160-220 mmHg 1.431 4.18 (1.60-10.8) 0.003
Age 0.039 1.04 (1.01-1.06) <0.001
LV hypertrophy 0.858 2.35(1.32-4.20) 0.003
HR: hazard ratio; HTN: hypertension; LV: left ventricle; NHTN: nocturnal hypertension

15-

10-

Hazard ratio (IC 95%)

S R TR T T T T TR T
100 125 150 175

Nighttime systolic blood pressure

Fig. 2 Continuous association
between nighttime systolic
blood pressure and risk of
cardiovascular events. Solid
line represents the Hazard
Ratio. Dashed lines represent
the 95% confidence inter-
vals. We can observe that the
risk starts to increase from
127 mmHg

and it is possible that the prevalence of the NHTN
phenotype is underestimated because its diagnosis
depends on the request for 24-h pressure monitor-
ing. (13) In our cohort, this prevalence was 69% and
we were able to observe that these patients had a
greater number of cardiovascular comorbidities and
less antihypertensive treatment. In their work, also

carried out in Argentina, Salazar et al (14) found a
NHTN prevalence of 61%. Individuals with NHTN
had greater history of previous cardiovascular dis-
ease (4.2% vs. 1.5%, p= 0.007). These authors found
no differences in terms of classical cardiovascular
risk factors or in relation to antihypertensive treat-
ment. In another study by Yao Du et al. (15) the
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reverse dipper or riser pattern was associated with
a greater number of comorbidities, including renal
dysfunction, overweight and diabetes. In addition to
this, they were able to determine that those patients
with NHTN presented a 77% higher risk (HR 1.77,
95% CI 1.25-2.50) compared with those without this
condition.

Very few previous studies have studied NHTN
according to its severity. (16) We were able to prove
that the higher the level of nighttime blood pressure,
the higher the risk of cardiovascular events. In addi-
tion, we were able to determine that this risk begins
to increase very early and close to the reference value
by which NHTN is defined (127 mmHg) (Figure 2).
This is important, since it not only determines a goal
to be achieved by antihypertensive treatment, but
also reinforces the notion that nighttime blood pres-
sure measurements carry valuable prognostic infor-
mation.

Hypertension is an important and very frequent
comorbidity in patients with a history of heart fail-
ure, especially in those with preserved left ventricu-
lar ejection fraction. From previous studies we know
that more than 50% of patients with heart failure
suffer from HTN. (17,18) In their study, Huang et
al. in a cohort of patients with a previous diagno-
sis of heart failure with preserved ejection fraction
showed prevalence of HTN in 77% of patients, 40%
of which had NHTN. (19) These authors verified that
the presence of NHTN is independently associated
with rehospitalization for heart failure in the long-
term follow-up. In another interesting study carried
out by Kidawara et al (20) in patients with diabetes
and without previous heart failure, the presence of
NHTN behaved as an independent predictor of the
progression of left ventricular diastolic dysfunction.
In our cohort, as part of an exploratory analysis, we
were able to observe a tendency to greater hospitali-
zation for heart failure associated with the presence
of NHTN, and that this risk is related to the severity
of NHTN.

Our study has some limitations: first and fore-
most, the retrospective design, which implies bias-
es. Although multivariate regression analysis was
performed, we cannot completely rule out the pos-
sibility that variables may have altered our results.
Secondly, this was a single-center study; however, it
was a heterogeneous population with characteristics
similar to those of previous studies. Thirdly, as this
is a relatively healthy population, we believe that a
larger sample size accompanied by a longer follow-up
would allow us to determine with greater accuracy
the impact of NHTN on cardiovascular events.

In conclusion, in this cohort of patients with HTN
the NHTN phenotype and its severity were associat-
ed with adverse cardiovascular outcomes at the long-
term follow-up.
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