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Morning hypertension and night non-dipping in
patients with diabetes and chronic kidney disease

Se Won Oh!, Sang Youb Han!, Kum Hyun Han!, Ran-hui Cha?, Sejoong Kim?, Sun Ae Yoon?,
Dong-Ryeol Rhu’, Jieun Oh®, Eun Young Lee’, Dong Ki Kim® and Yon Su Kim®®
on behalf of the APrODiTe investigators

Morning hypertension (HTN) and nocturnal non-dipping (ND) are closely associated with target organ damage and cardiovascular
events. However, their importance in diabetics with advanced renal disease is unclear. We evaluated the relationships of morning
HTN and ND with estimated glomerular filtration rate (eGFR) and proteinuria, and determined the risk of morning HTN and ND
according to presence of diabetes mellitus (DM) and chronic kidney disease (CKD) stage. A total of 1312 patients, including
439 with diabetes, were prospectively recruited at 21 centers in Korea. All patients had HTN and an eGFR of 15-89 mI min—!
per 1.73 m2. Ambulatory 24-h blood pressure was assessed. The rates of morning HTN (25.2% vs. 13.6%, P<0.001) and ND
(58.2% vs. 48.2%, P=0.002) were higher in diabetics than in non-diabetics. eGFR was correlated with ND in all patients
(P<0.05) and with morning HTN only in non-diabetics (P=0.005). Proteinuria was related to ND in all patients (P<0.05) and
to morning HTN only in diabetics (P=0.001). In a regression analysis, the risk of morning HTN was 2.093 (95% confidence
interval (95% Cl): 1.070-4.094) for the DMCKD2 group, 1.634 (95% Cl: 1.044-2.557) for the CKD3-4-only group and 2.236
(95% Cl: 1.401-3.570) for the DMCKD3-4 group compared with the CKD2-only group. The risk of ND was high for stage

3-4 CKD: 1.581 (95% Cl: 1.180-2.120) for non-diabetics and 1.842 (95% Cl: 1.348-2.601) for diabetics. Diabetics showed
higher rates of morning HTN, ND and uncontrolled sustained HTN compared with non-diabetics with CKD of the same stages.
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INTRODUCTION
Blood pressure (BP) is strongly associated with chronic kidney disease
(CKD). Elevated BP is a major cause of CKD and aggravates its
progression.> Moreover, it increases the mortality rate in patients
with CKD.? The Kidney Disease: Improving Global Outcomes guide-
lines recommend strict control of BP in CKD patients, especially in
patients with diabetes mellitus (DM) and albuminuria.> DM increases
the risk of cardiovascular disease by a factor of two to three at every
level of systolic BP (SBP) and this risk is higher when CKD is present.*
BP control is in practice based mostly on office BP. However, there
is growing evidence that diurnal variation is associated with cardio-
vascular events and stroke.>” BP decreases during sleep and is
markedly increased in the morning in healthy individuals. Patients
with hypertension (HTN) usually show the same BP pattern, albeit
with higher values.® However, some subjects show loss of nocturnal
dipping and rise of morning BP. Morning HTN is a stronger risk
factor for stroke than sustained HTN.” The difference between

morning BP and evening BP is associated with left ventricular
hypertrophy and diastolic dysfunction.” In addition, loss of night
dipping predicted the development of microalbuminuria'® and was
linked to left ventricular hypertrophy, cardiovascular morbidity and
mortality in diabetes.>®!!

Although both morning HTN and nocturnal non-dipping (ND) are
regarded as important BP patterns in diabetes, little has been reported
about these BP patterns in diabetics with advanced CKD. This study
aimed to evaluate the relationships of morning HTN and ND with
estimated glomerular filtration rate (eGFR) and proteinuria, and to
estimate the risk of morning HTN and ND according to the presence
of DM and reduced renal function.

MATERIALS AND METHODS

Study design

The Assessment of Blood Pressure Control and Target Organ Damage in
Patients with Chronic Kidney Disease and Hypertension (APrODiTe) study was
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a nationwide cross-sectional study conducted at 21 centers between October
2009 and May 2011. The objectives, inclusion/exclusion criteria and adequacy
of the sample size were reported previously.!?

Briefly, we included 1312 patients, including 439 diabetics, aged 20-75 years,
who had taken antihypertensive medication before participation and had an
eGFR of 15-89 ml min~! per 1.73 m? based on the modification of diet in renal
disease (MDRD) study equation.!’> Patients had good compliance with
medication and no change in prescriptions 2 weeks before participation. We
excluded patients who changed prescriptions regularly according to 24-h
ambulatory BP (ABP) monitoring, had a history of hospitalization for acute
kidney injury, had a spot urine protein to creatinine ratio (UPCR) of >6.0
ggCr~ !, had undergone kidney transplantation or had uncontrolled arrhyth-
mia, uncontrolled bronchial asthma, chronic obstructive pulmonary disease or
a primary endocrinologic disease other than DM. Pregnant and lactating
females and nightshift workers were also excluded.

The study protocol was approved by the Institutional Review Boards of the
participating centers. Various data were collected: anthropometric measures,
history of DM, cardiovascular diseases such as coronary artery disease
and stable angina, smoking, alcohol, exercise and prescribed medications.
Laboratory data included serum creatinine, eGFR and morning UPCR.

BP measurement

Office BP was measured using an oscillometric OMRON IA-2 automatic BP
device (IntelliSense, Omron, Kyoto, Japan). Three consecutive seated BP
readings were recorded at intervals of 1-2 min and clinic BP was calculated
as the mean of the last two readings. Twenty-four-hour ABP was measured
every 30 min using an oscillometric TM-2430 monitor (A&D, Seoul, Korea).

Definitions

Daytime SBP was defined as the mean SBP between 1000 and 2000h, and
nighttime SBP was the mean SBP between 0000 and 0600 h. Morning highest
was defined as the average of three SBP readings centered on the highest
morning (0600-1200h) reading (the highest reading plus the readings
immediately before and after). Evening lowest was defined as the average of

Table 1 Baseline characteristics of patients

three SBP readings centered on the lowest evening reading (2000-0000 h).
Morning—evening difference was defined as morning highest minus evening
lowest. Night lowest was defined as the average of three SBP readings centered
on the lowest nighttime reading.”'* ND was defined as a ratio of average
nighttime SBP to average daytime SBP of >0.9.!> Morning HTN was defined
as an average of morning highest and evening lowest of > 135 mm Hg and a
morning—evening difference of > 20 mm Hg.”»!4

Controlled clinical BP was defined as a BP of <140/90 mm Hg. ABP was
considered normal if the daytime value was < 135/85 mm Hg and the nighttime
value was <120/70 mm Hg. True controlled HTN was defined as controlled
clinic, daytime and nighttime BP. Masked HTN was defined as controlled clinic
BP and elevated daytime/nighttime ABP. Sustained uncontrolled BP was
defined as uncontrolled clinic BP and ABP.

Statistical analyses

All analyses were performed using SPSS version 18.0 for Windows (Chicago, IL,
USA). Data are presented as means+s.d. for continuous variables and as
proportions for categorical variables. Differences were analyzed using the
J’-test for categorical variables and analysis of variance or Student’s t-test
for non-categorical variables. Participants were divided into four groups
according to presence of DM and CKD stage: CKD2 only (no DM and eGFR
60-89 mlmin~! per 1.73m?), DMCKD2 (DM and eGFR 60-89 mlmin~!
per 1.73m¥, CKD3—4 only (no DM and eGFR 15-59 mlmin~! per 1.73 m?)
and DMCKD3—4 (DM and eGFR 15-59 mlmin~! per 1.73 m?). Unadjusted
relative risks for morning HTN and ND were calculated using logistic
regression and adjustments were made for age, gender and other variables
with P-values <0.05 in univariate analyses. P<0.05 was considered to indicate
statistical significance.

RESULTS

Baseline characteristics

The mean age of patients was 56.6 years and 63.0% were males. The
mean duration of HTN was 8.3 years. Mean eGFR was 48.9 ml min~!
per 1.73m? and mean UPCR was 1.2 ggCr~!. The 38% of patients

CKD stage 2 CKD stage 34

No DM (N = 326) DM (N = 88) No DM (N = 547) DM (N =351)
Age (years) 52.6+12.4 58.4+11.0* 55.3+12.3 61.7+£9.0%*
Male (%) 216 (33.7) 53 (60.2) 335 (61.2) 222 (63.2)
BMI (kgm~2) 255+3.6 26.6+3.6* 24.8+3.2 25.6+£3.5**
WC (cm) 88.6+9.2 93.5+9.0* 87.9+9.7 92.1+9.5%*
Hemoglobin (gdI—1) 14.0+1.6 13.4+1.7* 12.8+1.9 11.9+2.0**
Creatinine (mgdIi—1) 1.0+0.2 1.0+£0.2 1.9+0.7 2.0+0.6**
eGFR (mImin~!per 1.73m32) 72.4+8.1 72.1+8.3 39.3+12.3 36.0+12.0**
Uric acid (mgdI—1) 6.1+1.8 57+1.5 75+1.8 7.2+1.8%*
HTN duration (months) 79.2+72.8 106.2+98.9 102.0+90.6 112.2+94.4
UPCR (mggCr-1) 506.6+823.9 807.5+1017.7 874.9+1072.6 1422.3+1592.7**
Hematuria (%) 136 (44.4) 15 (18.8)* 189 (38.3) 75 (23.5)**
CAD (%) 1(0.3) 2(2.3) 13 (2.4) 27 (7.9)**
Stable angina (%) 8 (2.5) 2(2.3) 16 (3.0) 29 (8.4)**
ECG score >4 45 (15.4) 18 (22.8) 75 (15.0) 43 (13.2)
Alcohol (%) 151 (46.5) 23 (27.4)* 186 (34.3) 104 (30.0)
Exercise (%) 173 (55.3) 49 (59.0) 290 (53.6) 199 (57.7)
Ex- and current smokers (%) 151 (46.5) 30 (35.3) 255 (47.0) 182 (52.1)
ACEI or ARB (%) 288 (88.3) 81 (92.0) 487 (89.0) 310 (88.3)
pB-Blocker (%) 82 (25.2) 22 (25.0) 184 (33.6) 158 (45.0)**
CCB (%) 153 (46.9) 48 (54.5) 303 (55.4) 236 (67.2)**
Diuretics (%) 96 (29.4) 37 (42.0)* 180 (32.9) 178 (50.7)**

Abbreviations: ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index; CAD, coronary artery disease; CCB, calcium channel blocker; CKD, chronic
kidney disease; DM, diabetes mellitus; ECG, electrocardiogram; eGFR, estimated glomerular filtration rate; HTN, hypertension; UPCR, urine protein creatinine ratio; WC, waist circumference.

*P<0.05, vs. no DM in CKD stage 2 patients; **P<0.05, vs. no DM in CKD stage 3-4 patients.
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Table 2 SBP patterns according to diabetes and CKD stage
CKD stage 2 CKD stage 3-4
mm Hg No DM (N = 326) DM (N =88) No DM (N =547) DM (N=351)
24h 127.0+14.4 133.9+13.2* 129.9+16.5 137.5+£17.1**
Daytime 133.6+16.2 138.3+13.5 134.4+16.6 141.1£17.3**
Nighttime 116.7+16.2 125.9+17.3* 121.8+19.8 130.7 £20.8**
Morning highest 133.8+21.3 141.8+20.9* 135.5+£22.5 144.8+21.9**
Evening lowest 116.1+18.9 122.8+16.3* 120.6+19.6 126.0+21.0**
Morning—evening difference 17.7+21.8 19.0+20.5 149+21.6 18.8+22.9**
Night lowest 106.3+18.4 115.6+17.0* 111.6+20.6 119.3+21.8**
Office 134.1+17.9 137.1+19.3 136.3+19.0 142.4 +19.8**
True controlled (%) 74 (22.7) 7 (8.0)* 100 (18.3) 39 (11.1)**
Masked (%) 114 (35.0) 41 (46.6)* 207 (37.8) 118 (33.6)
White coat (%) 15 (4.6) 1(1.1) 21 (3.8) 14 (4.0)
Sustained uncontrolled (%) 123 (37.7) 39 (44.3) 219 (40.0) 180 (51.3)**

Abbreviations: BP, blood pressure; CKD, chronic kidney disease; DM, diabetes mellitus; Evening lowest, the average of SBP of three readings centered on the lowest evening time (2000-2400 h);
Masked, controlled clinic BP and elevated daytime/nighttime ambulatory blood pressure; morning-evening difference, the morning highest minus the evening lowest; Morning highest, the average of
SBP of three readings centered on the highest morning time (0600-1200 h) reading (the highest reading plus readings immediately before and after); Night lowest, the average of SBP of three
readings centered on the lowest nighttime; SBP, systolic blood pressure; Sustained uncontrolled, uncontrolled clinic and ambulatory blood pressure; True controlled, controlled clinic and daytime

and nighttime BP.

*P<0.05, vs. no DM in CKD stage 2 patients; **P<0.05, vs. no DM in CKD stage 3-4 patients.
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Figure 1 Morning HTN and nocturnal ND according to eGFR. (a) The rate of morning HTN differed significantly according to eGFR in non-diabetics, but not
in diabetics. (b) The rate of ND differed according to eGFR in diabetics and non-diabetics. DM, diabetes mellitus; eGFR, estimated glomerular filtration rate;

ND, nocturnal non-dipping.

took three or more anti-hypertensive medications. In patients with
CKD stage 2, age, body mass index and waist circumference were
higher in diabetics. Hematuria, history of alcohol consumption and
use of diuretics were more frequent in diabetics (P<<0.05). In patients
with stage 3—4 CKD, age, body mass index, waist circumference and
UPCR were significantly higher, and hemoglobin, eGFR and uric acid
lower, in diabetics. Hematuria, coronary artery disease, stable angina
and use of P-blockers, calcium channel blockers and diuretics were
significantly more frequent in diabetics (P<0.05) (Table 1).

BP patterns
There was no significant difference in office BP between diabetics and
non-diabetics with stage 2 CKD. However, office BP was significantly
higher in diabetics compared with non-diabetics in individuals with
stage 3—4 CKD (P<0.05).

For 24-h ABP, daytime, nighttime, morning highest, evening lowest,
morning—evening difference and night lowest BP values were higher in

diabetics compared with non-diabetics with stage 2 CKD. For stage
3—4 CKD, diabetics showed higher values for 24-h, day, night,
morning highest, evening lowest and night lowest BP (P<0.05).
Furthermore, the difference in BP between morning and evening
was significantly greater in diabetics compared with non-diabetics
(P<0.05) (Table 2).

In patients with stage 2 CKD, the rate of true controlled HTN was
less frequent in diabetics and the rate of masked HTN was more
frequent in diabetics (P<0.05).

In patients with stage 3—4 CKD, BP was significantly uncontrolled
in diabetics: 51.3% of these patients showed sustained HTN (Table 2).
There was no difference in masked HTN or white coat HTN between
diabetics and non-diabetics (Table 2).

Morning HTN and ND according to eGFR and proteinuria
The rates of morning HTN and ND were significantly higher in
diabetics compared with non-diabetics: 23.2% vs. 13.6%, P<0.001

Hypertension Research
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Figure 2 Rates of morning HTN and nocturnal ND according to diabetes and CKD stage. (a) The rate of morning HTN was significantly different between
diabetics and non-diabetics. In stage 2 CKD, the rate of morning HTN was higher in diabetics than in non-diabetics (22.7% vs. 9.5%, P=0.001). In stage
3-4 CKD, the rate of morning HTN was also higher in diabetics than in non-diabetics (23.4% vs. 16.1%, P=0.007). However, there were no differences
between CKD2 and CKD3-4 in diabetics. Morning HTN may be affected mainly by DM, rather than by CKD stage. (b) The rate of ND was associated with
DM and CKD stage (CKD2 only, 40.2%; DMCKD2, 48.9%; CKD3-4 only, 53.0%; DMCKD3-4, 59.3%; P<0.001). CKD, chronic kidney disease; DM,
diabetes mellitus; ND, nocturnal non-dipping. *P<0.05, CKD2 only vs. DMCKD2; **P <0.05, CKD3-4 only vs. DMCKD3-4.

Table 3 Risk of morning HTN according to diabetes and CKD stage

OR® 95% Cl P-value
DM CKD group 0.007
CKD stage 2 only Reference
DM CKD stage 2 2.093 1.070-4.094 0.031
CKD stage 3-4 only 1.634 1.044-2.557 0.032
DM CKD stage 3-4 2.236 1.401-3.570 0.001
Proteinuria 1.591 1.100-2.300 0.014
ACEIl or ARB 0.401 0.263-0.611 <0.001
Diuretics 1.678 1.226-2.295 0.001

Abbreviations: ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker;
BMI, body mass index; Cl, confidence interval; CKD, chronic kidney disease; DM, diabetes;
HTN, hypertension; OR, odds ratio.

@Risk of morning HTN was adjusted for age, gender, BMI, proteinuria, coronary artery disease,
ACEI and ARB use, diuretics and number of drugs taken per patient.

and 58.2% vs. 48.2%, P=0.002, respectively. Regarding the relation-
ships of eGFR level with morning HTN and ND according to DM,
morning HTN was negatively correlated with eGFR in non-diabetics
(P=0.005). In diabetics, there was no significant association between
eGFR and morning HTN (P=0.445) (Figure 1a). ND was significantly
correlated with eGFR, irrespective of DM (P<0.05) (Figure 1b). These
results suggest that morning HTN may be related to diabetes, rather
than to CKD stage.

Level of proteinuria was positively correlated with morning HTN in
diabetics (P=0.001) but not in non-diabetics (Supplementary
Figure SIA). Proteinuria level was significantly correlated with ND in
patients with and without DM (P<0.05) (Supplementary Figure S1B).

Morning HTN according to diabetes and CKD stage
Two hundred and twenty-one patients (16.8%) had morning HTN.
The rate of morning HTN was higher in patients in the DMCKD2 and
DMCKD3—4 groups (22.7% and 23.4%, respectively), and lower in the
CKD2-only and CKD3-4-only groups (9.5% and 16.1%, respectively)
(P<0.001; Figure 2a).

The risk of morning HTN was determined after adjustment for age,
gender, body mass index, proteinuria, coronary artery disease,
angiotensin-converting enzyme inhibitor and angiotensin receptor

Hypertension Research

blocker use, diuretics and number of drugs taken per patient. Compared
with the CKD2-only group, the DMCKD2, CKD3—4-only and
DMCKD3—4 groups showed significantly higher risks of morning
HTN. The risk of morning HTN was 2.093 (95% confidence interval
(95% CI): 1.070-4.094) in the DMCKD2 group (P=0.031), 1.634 (95%
CIL: 1.044-2.557) in the CKD3—4-only group (P=0.032) and 2.236 (95%
CI: 1.401-3.570) in the DMCKD3—4 group (P=0.001).

In addition, proteinuria was a significant risk factor for morning HTN
(1.591, 95% CI: 1.100-2.300). The significant low risk of morning HTN
was shown in patients using angiotensin-converting enzyme inhibitors
and angiotensin receptor blockers (0.401, 95% CI: 0.263-0.611)
(P<0.001). By contrast, higher risk of morning HTN was noticed in
patients using diuretics (1.678, 95% CI: 1.226-2.295) (P=0.001;
Table 3). These results suggest that morning HTN is affected mainly
by diabetes and proteinuria, rather than by renal function.

Nocturnal ND according to diabetes and CKD stages

ND was documented in 51.2% of the study patients. The prevalence of
ND was highest in the DMCKD3—4 group (59.3%) and lowest in the
CKD2-only group (40.2%) (P<0.001). The DMCKD2 group and
CKD3—4-only group had ND prevalences of 48.9% and 53.0%,
respectively (Figure 2b).

The risk of ND was evaluated according to DM and CKD stage,
with adjustment for age, gender, body mass index, proteinuria,
hematocrit, duration of HTN, stable angina, B-blocker use, calcium
channel blocker use and number of drugs taken per patient. The
DMCKD?2 group showed no significant risk elevation compared with
the CKD2-only group (1.400, 95% CI: 0.851-2.303). However, the
CKD3—4-only group had a 1.581-fold higher risk of ND compared
with the CKD2-only group (95% CI: 1.180-2.120) (P=0.002); the
DMCKD3—4 group showed a 1.872-fold risk elevation (95% CI:
1.348-2.601) (P<0.001; Table 4). The ND risk in diabetics was
significant only in patients with advanced CKD (stage 3—4).

DISCUSSION
The present study indicates that diabetics had different BP patterns
compared with non-diabetics. In addition to office HTN, diabetics



Table 4 Risk of non-dipping according to diabetes and CKD stage

OR? 95% Cl P-value
DM CKD group 0.002
CKD stage 2 only Reference
DM CKD stage 2 1.400 0.851-2.303 0.186
CKD stage 3-4 only 1.581 1.180-2.120 0.002
DM CKD stage 3-4 1.872 1.348-2.601 <0.001
Number of drugs taken per patient 1.122 1.012-1.244 0.028

Abbreviations: BMI, body mass index; Cl, confidence interval; CKD, chronic kidney disease;

DM, diabetes; HTN, hypertension; OR, odds ratio.

aRisk of non-dipping was adjusted for age, gender, BMI >30kgm~2, proteinuria, hematocrit,
duration ofHTN, stable angina, B-blocker use, calcium channel blocker use and number of drugs
taken per patient.

showed higher prevalence of sustained uncontrolled HTN, morning
HTN and ND. Notably, morning HTN was prominent in diabetics
with proteinuria, regardless of renal function, and ND was significant
in diabetics with advanced kidney damage.

Previous studies that included fewer CKD patients noted that the
morning BP surge (morning SBP minus lowest SBP during nighttime)
was significantly higher in diabetics.!®!” However, in a study of a large
population of CKD patients, the morning surge was smaller in
diabetics than in non-diabetics, and eGFR and proteinuria were not
significantly associated with morning BP surge.!® The authors
explained that various antihypertensive drugs might influence BP
patterns in CKD patients; however, the type and number of
antihypertensive medications were not investigated.!® In our study,
DM, renal function and proteinuria were significant risk factors for
morning HTN in CKD patients. Notably, morning HTN was more
frequent in diabetics and was related to proteinuria, rather than eGFR,
in diabetes. There are several possible reasons for these different
results. First, we selected morning HTN for measurement of morning
BP, because morning BP surge could include normotensive subjects
with BP variation.!” In our study, the group of morning BP surge
include 53.1% of hypertensive patients and 46.9% of normotensive
patients (P=0.644). The definition of morning surge can only evaluate
the ‘delta’ value between morning and night BP, and cannot determine
the absolute value. According to the renal function decline, dipping is
blunted and sustained elevation of BP is observed during sleep.?%?!
Morning HTN in CKD patients was reported as the sustained type
than the surge type.?? Although that can lower the difference of
morning and night BP, BP variability could be more frequent among
CKD patients with high BP. We adopted the definition of morning
HTN (an average of morning highest and evening lowest of >135
mm Hg and a morning-evening difference of >20 mm Hg), because
this concept consider both high BP and BP variability. In addition, we
defined morning HTN based on the highest BP in the morning and
lowest BP in the evening, because the waking and sleeping times were
arbitrary in this study. Second, we analyzed the type and number of
anti-hypertensive medications in a multivariate analysis. Third,
proteinuria was measured by UPCR in our study and by urine
albumin—creatinine ratio in previous studies.

The pathogenesis of morning HTN in diabetes is unclear. Activation
of the sympathetic nervous system and renin—angiotensin—aldosterone
system is involved in morning HTN. Morning HTIN leads to a
direct load on the vascular wall, an increase in shear stress, vascular
endothelial cell dysfunction, vascular spasm and rupture of plaques.??
Endothelial dysfunction in the early morning was previously
documented in patients with HTN and diabetes.”»>> The abnormal
elevation of morning BP may affect the kidneys, brain and heart,
leading to increased renal vascular resistance and albuminuria.?
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Morning—evening difference was a significant predictor of left
ventricular hypertrophy and higher brain natriuretic peptide.?”-?
The risk of stroke was significantly higher in patients with morning
HTN than in patients with sustained HTN.” Therefore, morning HTN
could be a specific type of HTN to detect target organ damage and
estimate cardiovascular risk.

As other studies reported, prevalence of ND was relatively high in
patients with DM or reduced renal function.?%?* We noted significant
associations among ND, CKD stage and level of proteinuria. The risk
of ND was increased in advanced CKD, irrespective of DM. This
association is compatible with other findings.'®?*?° ND was closely
associated with the renal damage markers, eGFR and proteinuria.
Increased extracellular volume, predominance of sympathetic activity
and autonomic neuropathy are thought to be the mechanisms of ND
in diabetes.?’ ND is an abnormal elevation of nocturnal BP compared
with daytime BP. In contrast, morning HTN is a concept that includes
high average BP and high BP variability during daytime. The patients
with ND showed much lower BP level of day—night difference
and morning—evening difference: day—night difference: 1.7 +9.7 vs.
249+9.1lmmHg, ND s dipping, P<0.001; morning—evening
13.3+20.2 vs. 20.8+23.0mmHg, ND s dipping,
P<0.001. In contrast, there was no difference in day-night difference
between patients with and without morning HTN. Therefore, patients
with ND and morning HTN showed different BP patterns of
day—night difference and morning—evening difference.

This study had several limitations. First, the prescribed dose
frequency of anti-hypertensive medications was not evaluated.
However, we evaluated the type and number of anti-hypertensive
medications, and adjusted the risks of morning HTN and ND for type
and number of anti-hypertensive drugs taken. Second, glycemic

difference:

control status was not determined in this study. Third, ABP was
measured only once. Fourth, we estimated GFR based on a single
creatinine measurement. Finally, this study was cross-sectional and
basic characteristics differed between the groups. We adjusted for these
factors in a multivariate analysis to estimate the risk of abnormal BP
patterns. In spite of these limitations, the study had several strengths.
It was a multicenter study with a large number of subjects in whom
ABP was measured using identical methods. The study subjects were
homogenous and were relatively evenly distributed among CKD stages
2, 3 and 4. Furthermore, markers of renal damage such as eGFR and
UPCR were measured.

In conclusion, diabetics showed higher rates of morning HTN, ND
and uncontrolled sustained HTN compared with non-diabetics. These
patterns of HTN were prominent in diabetics with advanced CKD or
proteinuria. Morning HTN and ND should be monitored closely in
diabetics with CKD. Further studies are required to examine the
underlying mechanisms and prognosis of morning HTN and ND in
diabetics with CKD.
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