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ABSTRACT

Objectives: The study aimed to investigate the relationship between proteinuria and blood pressure (BP) determined with ambulatory BP
monitoring (ABPM) in patients who applied to the nephrology clinic due to hypertension.

Patients and methods: A total of 163 patients (84 males, 79 females; mean age: 55.7+16.6 years; range, 18 to 80 years) were included in
the cross-sectional study between January 2022 and January 2023. The amount of proteinuria was measured from 24-h urine samples. The
ABPM values were measured using noninvasive multitasking BP recorders.

Results: A total of 53.4% (n=87) of the patients had dipper, 29.4% (n=48) had non-dipper, and 17.2% (n=28) had reverse-dipper
hypertension (HT). Dipper HT, albumin, and glomerular filtration rate were significantly lower in those with proteinuria compared to
those without proteinuria. Age, creatinine, HT duration, 24-h, daytime, and nighttime systolic BP, nighttime diastolic BP, nighttime
mean BP, non-dipper HT (all p<0.001), 24-h diastolic BP (p=0.015), daytime mean BP (p=0.005), and reverse-dipper HT (p=0.001) were
significantly higher in the group with proteinuria.

Conclusion: Elevated ABPM values, non-dipper HT, and reverse-dipper HT were detected in patients who had high proteinuria.
Creatinine and 24-h urine protein excretion were found to be higher in patients with non-dipper HT and reverse-dipper HT. The
progression of proteinuria can be slowed down by strict BP control in hypertensive patients with proteinuria.
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Hypertension (HT) is a risk factor affecting more
than one billion people worldwide and leads to high
mortality, but control rates are low.l! It is already
known that effective control of blood pressure (BP)
reduces cardiovascular disease and renal morbidity and
mortality.

Different methods are used to monitor the BP
levels of patients. These are office BP measurement,
home BP measurement, and ambulatory BP
monitoring (ABPM). Constanti et al.”) reported that
office BP measurement is limited to a comprehensive
BP check. An important aspect of the information
provided with the ABPM is the ability to measure
the degree of BP variability over 24 h, which was
shown to be a significant and independent risk
factor for cardiovascular disease morbidity and
mortality.’! Variability in BP includes short-term
and circadian components. The drop in BP over
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time causes large variability among individuals.
Elevated BP in the early morning hours, when
cardiovascular events occur most frequently, can
be detected early with ABPM.™ Microalbuminuria
is among the organ damages associated with HT,
and its prevalence was reported to be between
8 and 15% in the nondiabetic patient population.
Determination of microalbuminuria facilitates the
approach to treatment and risk assessment for
hypertensive patients.’) Patients who have HT often
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also have renal damage. This condition manifests
itself as microalbuminuria. The relationship between
microalbuminuriaand HT is explained by endothelial
dysfunction or chronic low-grade inflammation.
This occurs because BP fluctuation, particularly at
night, increases glomerular perfusion pressure, causes
endothelial cell damage in glomerular capillaries,
increases microalbuminuria, and causes progressive
renal damage.! Microalbuminuria is also associated
with chronic low-grade inflammation, which
can be a cause and a consequence of endothelial
dysfunction. Furthermore, endothelial dysfunction
and low-grade inflammation not only cause
atherothrombosis but may also be independently
associated with cardiovascular disease risks. When
BP fluctuates, the sympathetic nervous system is
stimulated, endocrine regulation is disrupted, and
renal damage is triggered.l) Although previous
studies were conducted to evaluate ABPM in
hypertensive patients, this study aimed to investigate
the relationship between proteinuria levels and BP
fluctuations determined with ABPM.

PATIENTS AND METHODS

The cross-sectional study was conducted with a
total of 163 patients (84 males, 79 females; mean
age: 55.7£16.6 years; range, 18 to 80 years) who
were diagnosed with HT at the Ankara Bilkent
City Hospital, Department of Nephrology, between
January 2022 and January 2023. Those who were
over 18 years of age, without diabetes, not under
treatment with steroids or other immunosuppressive
drugs, and without malnutrition, active malignancy,
active infection, a history of myocardial infarction,
cerebrovascular disease in the last six months, unstable
angina, or other major diseases were included in the
study. The study protocol was approved by the Ankara
City Hospital Ethics Committee (date: 09.12.2020,
no: E1-20-1355). Written informed consent was
obtained from all participants. The study was
conducted in accordance with the principles of the
Declaration of Helsinki. Venous blood samples were
taken from the patients between 8:00 and 9:00 in the
morning after an 8- to 10-h fast. Serum creatinine
levels were analyzed with the spectrophotometric
method by using the Beckman Coulter commercial
kits on the Beckman Coulter AU5800 autoanalyzer
(Beckman Coulter, Inc., Brea, CA, U.S.A). The
glomerular filtration rate (GFR) value was determined
with the Modification of Diet in Renal Disease
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criteria.Proteinuria was measured using the 24-h
proteinuria levels. The patients were divided into
four groups according to the amount of proteinuria
in 24-h urine: proteinuria <200 mg/day, proteinuria
200-1000 mg/day, proteinuria 1000-3000 mg/day,
and proteinuria >3000 mg/day (at nephrotic level).

Ambulatory BP measurements were conducted
using noninvasive multitasking BP recorders
(TM2425; A&D, Tokyo, Japan). Blood pressure
was recorded at 15-min intervals between 07:00
and 21:00 and at 30-min intervals between 21:00
and 07:00. Mean systolic BP (SBP) and diastolic BP
(DBP) values were calculated for each participant.
Mean BP (MBP) was calculated as the sum of DBP
and one-third of the pulse pressure. Daytime and
nighttime BP were obtained as the mean values
during daytime and nighttime, respectively. Daytime
and nighttime BP ratios were then analyzed in each
participant. Since the technique could cause errors,
SBP >250 mmHg or <70 mmHg, DBP >130 mmHg
or <30 mmHg, and pulse pressure >160 mmHg or
<20 mmHg were not measured.

The patients were divided into three stages
according to the BP levels specified in the 2018
European Society of Cardiology/European Society
of Hypertension guidelines for HT.") Stage 1 HT
was accepted as SBP 140-159 mmHg or DBP
90-99 mmHg, Stage 2 HT was accepted as SBP
160-179 or DBP 100-109, and Stage 3 HT was
accepted as SBP 2180 mmHg or DBP >110. In this
classification made with the ABPM, a >10% decrease
in the BP value measured at night compared to the
daytime value was defined as dipper HT, a decrease of
<10% was defined as non-dipper HT, and a nighttime
increase in BP was defined as reverse-dipper HT.[®!

Statistical analysis

The data were evaluated with the IBM SPSS
version 26.0 software (IBM Corp., Armonk, NY,
USA). Results were expressed as mean * standard
deviation and median (min-max) for quantitative
variables. Categorical data were presented as frequency
(percentage). Normal distribution was examined with
the Kolmogorov-Smirnov and Shapiro-Wilk tests.
Three and above one-way variance test was used
to compare normally distributed data according to
groups. Multiple comparisons were examined with the
Tamhane T2 and Duncan tests. The Mann-Whitney
U test was used to compare nonnormally distributed
data between two groups. The Kruskal-Wallis
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H test was used to compare nonnormally distributed
data between three or more groups, and multiple
comparisons were examined with the Dunn test
with Bonferroni correction. Multiple comparisons
were examined with the Bonferroni-corrected Z test.
Nonnormally distributed data was examined with
the Spearman rho correlation coefficient. Factors
affecting the presence of proteinuria were examined
by logistic regression analysis. A p-value <0.05 was
accepted as statistically significant.

RESULTS

The median duration of HT was 60
(1-480) months. The mean creatinine level was
1.29£0.94 mg/dL, the mean GFR was 75.85+34.36
mL/min/1.732, and the mean 24-h urine protein
was 829.8+1591.14 mg. Stage 1 HT was detected
in 49.3% of the patients, Stage 2 HT was detected
in 31%, and Stage 3 HT was detected in 19.7%.
The mean 24-h SBP was 128 mmHg, daytime

Table 1
Demographic and laboratory characteristics of the patients (n=163)

n % Mean+SD Median  Min-Max

Age (year) 50.7+16.6
Sex

Female 79 485

Male 84 51.5
HT duration (month) 60 1-480
Stage 1 HT 35 493
Stage 2 HT 22 31
Stage 3 HT 14 19.7
Creatinine (mg/dL) 1.29+0.94
GFR (mL/min/1.73 m?) 75.85+34.36
Albumin 43.98+4.53
24 h urine protein (mg/24 h) 829.8+1591.14
Daytime DBP (mmHg) 80.26+11.94
Nighttime DBP (mmHg) 76.78+13.23
Daytime SBP (mmHg) 129.76+16.6
24 h DBP (mmHg) 79.68+11.89
Nighttime SBP (mmHg) 125.89+19.35
24 h SBP (mmHg) 128.88+16.79
24 h MBP (mmHg) 102.51+13.5
Daytime MBP (mmHg) 103.26+13.32
Nighttime MBP (mmHg) 99.36+14.76
Dipper HT

No 76  46.6

Yes 87 53.4
Non-dipper HT

No 115 70.6

Yes 48 294
Reverse-dipper HT

No 135 82.8

Yes 28 172

SD: Standard deviation; HT: Hypertension; GFR: Glomerular filtration rate; DBP: Diastolic blood pressure; SBP: Systolic blood

pressure; MBP: Mean blood pressure.
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99.36+14.76 mmHg. Dipper HT was detected in
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Table 3
Identifying factors associated with proteinuria using logistic regression analysis
Univariate Multivariate
OR 95% CI ? OR 95% CI ?

Age 1.026 1.006-1.046 0.011 1.027 0.934-1.13 0.578
Sex

Female 1.119 0.601-2.084 0.723
HT duration (month) 1.006 1.001-1.010 0.015
Creatinine (mg/dL) 4.311 1.992-9.327  <0.001 15.35  0.014-17398.799  0.447
GFR (mL/min/1.73 m?) 0.978  0.968-0.988  <0.001 1.037 0.93-1.156 0.511
Albumin 0.811 0.736-0.895  <0.001 0.756 0.59-0.968 0.027
Daytime DBP (mmHg) 1.028 0.999-1.057 0.055
Night DBP (mmHg) 1.050 1.021-1.080 0.001
Daytime SBP (mmHg) 1.041 1.017-1.065 0.001 2.771 0.573-13.409 0.205
Night SBP (mmHg) 1.059 1.033-1.084  <0.001 1.297 1.109-1.516 0.001
24 h SBP mmHg 1.048 1.024-1.074  <0.001 0.858 0.748-0.984 0.028
24 h DBP mmHg 1.038 1.008-1.068 0.012
24 h MBP (mmHg) 1.055 1.026-1.086  <0.001
Daytime MBP (mmHg) 1.044 1.016-1.073 0.002
Night MBP (mmHg) 1.071 1.040-1.104  <0.001
Dipper HT (Ref.: No) 0.160  0.080-0.320 <0.001 0.24 0.004-14.049 0.492
Non-dipper HT (Ref.: No) 4.604  2.095-10.118 <0.001 0.245 0.014-4.318 0.337
Reverse-dipper HT (Ref.: No) 2.870 1.144-7.197 0.025

‘ OR: Odds ratio; CI: Confidence interval: Wald backward stepwise method.

Additionally, a relationship was detected with the
progression of microvascular diseases.!'” Ambulatory
BP measurement was shown to be more effective in
indicating the development of target organ damage.
01121 Therefore, ABPM was used to determine
the BP values of the patients in the present study.
Furthermore, the ABPM was found to be the most
useful and effective method in diagnosing HT, and
it is also the best method in determining the time of
taking antihypertensive medication.”

In the present study, the relationship between
ABPM and 24-h urinary protein excretion was
examined in patients who applied to the nephrology
clinic with complaints of HT. Similar to the literature
data, as the proteinuria level of the patients increased,
an increase in creatinine levels and a decrease in GFR
were detected.'¥ The reason for this relationship
was the increase in glomerular perfusion pressure,
which may result in endothelial cell damage in the
glomerular capillaries, resulting in microalbuminuria
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and progressive renal damage, similar to the study
reported by Ying et al.l'’!

Hermida et al.l reported that non-dipper or
reverse-dipper HT was more common in patients who
had resistant and uncontrolled HT. When the renal
functions of dipper HT, non-dipper HT, and reverse-
dipper HT patients were compared, GFR was found to
be lower in patients who had non-dipper and reverse-
dipper HT at significant levels. Hermida et al.l'¥]
reported that non-dipper HT was more common in
patients who had chronic renal failure, similar to our
study, and GFR was lower and creatinine was elevated
in those with non-dipper HT.

As a result of the increased BP at night, there
is increased peripheral resistance and thickness of
the glomerular basement membrane, which causes
cell damage in the vascular endothelium, increasing
albumin/protein excretion.'® It was found in the
present study that as proteinuria increased, dipper HT
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and non-dipper HT developed in patients. Similar to
our study, Farrag et al.l”] and Guo et al.l'® reported
that the frequency of non-dipper HT increased as
proteinuria increased and proteinuria was elevated
in patients who had non-dipper HT. A recent study
that investigated the bidirectional relationship of
proteinuria and BP argued that proteinuria and BP
might influence each other, suggesting that increase
in proteinuria will cause higher BP and vice versa."”!
Similarly, the present study found that SBP, DBP, and
MBP values that were determined with ABPM were
elevated in patients who had proteinuria. Mettimano
et al.?% reported a significant relationship between
proteinuria and 24-h SBP, daytime SBP, and nighttime
SBP values. O’Seaghdha et al.”" reported that this
relationship was contradictory to DBP. Similar to
our study, Hirayama et al.?? reported a relationship
between proteinuria and SBP but not with DBP.
Differences between studies might be due to the
differences in patient age. The ages of the patients in
our study were higher compared to those in the Asian
study and other referenced studies.??? Low DBP
levels reflect improved arterial stiffness in the elderly,
which may be a risk factor associated with poor renal
prognosis.l?” In other words, it may be a more practical
method to follow up patients in the elderly with SBP.

This study had some limitations. First, since the
studywas conducted at a cross-sectional design, changes
over time in the relationship between proteinuria and
HT were not investigated. Second, proteinuria was
assessed with 24-h urine collection, and spot urine
protein-to-creatinine ratio was not examined. Third,
the number of patients was insufficient since the study
was conducted within a short period.

In conclusion, the development of non-dipper
HT and reverse-dipper HT was more common in
those with proteinuria compared to those without
proteinuria. Renal dysfunction and proteinuria were
more common in patients who have non-dipper or
reverse-dipper HT. Advanced stage HT development
was detected in those who have non-dipper HT and
reverse-dipper HT compared to those with dipper
HT. Ambulatory BP monitoring was more useful than
other tests in hypertensive patients with proteinuria,
and proteinuria could be controlled with strict BP
control in such patients. However, further multicenter
studies with a larger number of patients are needed.

Data Sharing Statement: The data that support the

findings of this study are available from the corresponding
author upon reasonable request.

Cardiovascular Surgery and Interventions, an open access journal

vii

Author Contributions: Idea/concept, data collection and/
or processing, literature review, writing the article, materials,
other: B.A.D.; Design, analysis and/or interpretation, critical
review, references and fundings: M.1.D.; Control/supervision:

A.O.

Conflict of Interest: The authors declared no conflicts
of interest with respect to the authorship and/or publication
of this article.

Funding: The authors received no financial support for

the research and/or authorship of this article.

REFERENCES

1. Unger T, Borghi C, Charchar F, Khan NA, Poulter
NR, Prabhakaran D, et al. 2020 International Society
of Hypertension Global Hypertension Practice
Guidelines. Hypertension 2020;75:1334-57. doi: 10.1161/
HYPERTENSIONAHA.120.15026.

2. Constanti M, Boffa R, Floyd CN, Wierzbicki AS, McManus
RJ, Glover M. Options for the diagnosis of high blood
pressure in primary care: A systematic review and economic
model. ] Hum Hypertens 2021;35:455-61. doi: 10.1038/
$41371-020-0357-x.

3. Geng YJ, Smolensky MH, Sum-Ping O, Hermida R,
Castriotta RJ. Circadian rhythms of risk factors and
management in atherosclerotic and hypertensive vascular
disease: Modern chronobiological perspectives of
an ancient disease. Chronobiol Int 2023;40:33-62. doi:
10.1080/07420528.2022.2080557.

4. Huang QF, Yang WY, Asayama K, Zhang ZY, Thijs L, Li Y,
et al. Ambulatory blood pressure monitoring to diagnose
and manage hypertension. Hypertension 2021;77:254-64.
doi: 10.1161/HYPERTENSIONAHA.120.14591.

5. Al-Sharifi A, Mingher HM. Microalbuminuria and
left ventricular hypertrophy in patients with essential
hypertension. ] Pak Med Assoc 2019;69(Suppl 3):S13-S16.

6. Nosadini R, Velussi M, Brocco E, Abaterusso C, Piarulli F,
Morgia G, et al. Altered transcapillary escape of albumin
and microalbuminuria reflects two different pathogenetic
mechanisms. Diabetes 2005;54:228-33. doi: 10.2337/
diabetes.54.1.228.

7. Williams B, Mancia G, Spiering W, Agabiti Rosei E,
Azizi M, Burnier M, et al. 2018 ESC/ESH Guidelines for
the management of arterial hypertension. Eur Heart J
2018;39:3021-104. doi: 10.1093/eurheartj/ehy339.

8. Asserraji M, Bouzerda A, Soukrate S, Maoujoud O,
Belarbi M, Zemraoui N, et al. Usefulness of ambulatory
blood pressure monitoring in chronic kidney disease:
The Moroccan experience. Saudi J Kidney Dis Transpl
2019;30:913-8. doi: 10.4103/1319-2442.265468.

9. Whelton PK, Carey RM, Aronow WS, Casey DE Jr, Collins
KJ, Dennison Himmelfarb C, et al. 2017 ACC/AHA/
AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA
Guideline for the prevention, detection, evaluation, and
management of high blood pressure in adults: A report
of the American College of Cardiology/American Heart

WWW.e-Cvsi .org



viii

10.

11.

12.

13.

14.

15.

Association Task Force on clinical practice guidelines.
J Am Coll Cardiol 2018;71:¢127-248. doi: 10.1016/j.
jacc.2017.11.006.

Habas E Sr, Habas E, Khan FY, Rayani A, Habas A,
Errayes M, et al. Blood pressure and chronic kidney disease
progression: An updated review. Cureus 2022;14:e24244.
doi: 10.7759/cureus.24244.

Babu M, Drawz P. Masked hypertension in CKD: Increased
prevalence and risk for cardiovascular and renal events. Curr
Cardiol Rep 2019;21:58. doi: 10.1007/s11886-019-1154-4.
Tanriverdi O, Askin L, Sercelik A.Association between
non-dipping status and carotid intima-media thickness in
patients with elevated blood pressure category. Cardiovasc
Surg Int 2020;7:76-83.

Ying T, Clayton P, Naresh C, Chadban S. Predictive value of
spot versus 24-hour measures of proteinuria for death, end-
stage kidney disease or chronic kidney disease progression.
BMC Nephrol 2018;19:55. doi: 10.1186/s12882-018-0853-1.
Hermida RC, Smolensky MH, Ayala DE, Portaluppi
F, Crespo JJ, Fabbian F, et al. 2013 Ambulatory blood
pressure monitoring recommendations for the diagnosis
of adult hypertension, assessment of cardiovascular and
other hypertension-associated risk, and attainment of
therapeutic goals (summary). Joint recommendations
from the International Society for Chronobiology
(ISC), American Association of Medical Chronobiology
and Chronotherapeutics (AAMCC), Spanish Society of
Applied Chronobiology, Chronotherapy, and Vascular
Risk (SECAC), Spanish Society of Atherosclerosis (SEA),
and Romanian Society of Internal Medicine (RSIM).
Clin Investig Arterioscler. 2013;25:74-82. doi: 10.1016/j.
arteri.2013.03.002.

Hermida RC, Ayala DE, Mojon A, Ferndndez JR. Blunted
sleep-time relative blood pressure decline increases

Cardiovascular Surgery and Interventions, an open access journal

16.

17.

18.

19.

20.

21.

22.

Cardiovasc Surg Int

cardiovascular risk independent of blood pressure level--
the “normotensive non-dipper” paradox. Chronobiol Int
2013;30:87-98. doi: 10.3109/07420528.2012.701127.

Ding JC, Wang ZL. Clinical significance of joint detection
of mALB and NAG for early kidney damage in burn
patients. Minerva Chir 2016;71:168-72.

Farrag HMA, Amin AS, Abdel-Rheim AR. Relation
of short-term blood pressure variability to early renal
effects in hypertensive patients with controlled blood
pressure. Blood Press Monit 2019;24:221-4. doi: 10.1097/
MBP.0000000000000383.

Guo X, Liang S, Wang W, Zheng Y, Zhang C, Chen X, et al.
Lowest nocturnal systolic blood pressure is related to heavy
proteinuria and outcomes in elderly patients with chronic
kidney disease. Sci Rep 2021;11:5846. doi: 10.1038/s41598-
021-85071-2.

Haas ME, Aragam KG, Emdin CA, Bick AG; International
Consortium for Blood Pressure; Hemani G, Davey Smith
G, Kathiresan S. Genetic association of albuminuria with
cardiometabolic disease and blood pressure. Am J Hum
Genet 2018;103:461-73. doi: 10.1016/j.ajhg.2018.08.004.
Mettimano M, Specchia ML, Migneco A, Savi L.
Microalbuminuria as a marker of cardiac damage in essential
hypertension. Eur Rev Med Pharmacol Sci 2001;5:31-6.
O'Seaghdha CM, Perkovic V, Lam TH, McGinn S, Barzi F,
Gu DF, et al. Blood pressure is a major risk factor for renal
death: An analysis of 560 352 participants from the Asia-
Pacific region. Hypertension 2009;54:509-15. doi: 10.1161/
HYPERTENSIONAHA.108.128413.

Hirayama A, Konta T, Kamei K, Suzuki K, Ichikawa K,
Fujimoto S, et al. Blood pressure, proteinuria, and renal
function decline: Associations in a large community-based
population. Am ] Hypertens 2015;28:1150-6. doi: 10.1093/
ajh/hpv003.

WWW. G-C\'Fi.()l"g



