B SHORT COMMUNICATION

In patients with systemic lupus erythematosus
and antiphospholipid syndrome renal function is associated
with endothelial dysfunction and an NT-proBNP increase:
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INTRODUCTION
Cardiovascular complications of systemic
lupus erythematosus (SLE) and antiphospho-
lipid syndrome (APS) are frequent and show
specific clinical features, rare in the general
population [1, 2]. Hypertension is common
among SLE patients as it occurs in up to 56%
of this population, almost twice as frequently
as in healthy age-matched subjects [3]. The
etiology of hypertension in SLE is multifacto-
rial, yet not completely understood. According
to the available data, it is not only driven by
renal glomerular damage but also renal vas-
cularendothelial dysfunction. However, it may
occur in patients without renal dysfunction [4]
and is attributed, by some authors, to gener-
alized endothelial dysfunction [5]. Among
factors contributing to the development of
hypertension, there are also abnormalities in
the immune system, and blood pressure (BP)
may be influenced by the current state of the
disease [6].

Abnormal 24-hour BP pattern in the form
of non-dipping is observed in up to 62% of
the SLE population already in childhood [7].
Non-dipping is associated with increased
arterial stiffness expressed by pulse wave
velocity (PWV) and constitutes an independ-
ent cardiovascular risk factor [8]. However,
to date, no study has evaluated association
between endothelial dysfunction and 24-hour

BP pattern in adult SLE patients. We aimed to
evaluate the association between endothelial
dysfunction assessed by the reactive hyper-
emia index (RHI) and 24-hour ambulatory
blood pressure monitoring (ABPM) in patients
with SLE and APS.

METHODS
In this prospective observational study, we
screened consecutive patients diagnosed with
SLE, APS, or both at the Department of Con-
nective Tissue Diseases, National Institute of
Geriatrics, Rheumatology and Rehabilitation
between 2017 and 2020. The 2012 SLE classi-
fication criteria according to SLICC (Systemic
Lupus International Collaborating Clinics)
were applied [9]. APS diagnosis was verified
based on the 2006 APS classification criteria
[10]. The exact inclusion and exclusion criteria
are described in Supplementary material.
Subsequently, all included patients were
evaluated at the outpatient center of the First
Department of Cardiology, Medical University
of Warsaw. Data on medical history, physical
examination, cardiovascular risk factors, lab-
oratory results, and treatment were collected.
Every patient underwent measurement of
digital flow-mediated dilation during reac-
tive hyperemia (EndoPAT®, Itamar Medical,
Caesarea, Israel), 24-hour ABPM (Spacelabs
Healthcare, US), and simultaneous labora-
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Figure 1. Correlations between investigated variables

Abbreviations: eGFR, estimated glomerular filtration rate; LDL-C, low-density lipoprotein cholesterol; RHI, relative hyperemia index

tory assessment. The study was approved by the ethics
committee (no.KB/19/2017) and conducted in accordance
with the Declaration of Helsinki. All the included patients
signed informed consent.

Statistical analysis

Continuous variables with normal distribution were pre-
sented as mean (standard deviation, SD), whereas the medi-
an and interquartile range (IQR) were presented in the case
of non-normality. Categorical variables were presented as
counts and percentages. The Pearson or Spearman corre-
lations were used to investigate the association between
numerical variables. Pearson correlation coefficient R and
Spearman rho were presented. For categorical variables,
Fisher’s exact test was used. P-values <0.05 were considered
significant. All analyses were performed with SPSS (IBM
Corp. Released 2022, Version 29.0. Armonk, NY, US).

RESULTS AND DISCUSSION
The study included 66 patients (60 [90%] females, mean
age [SD] 42 [13] years). Of them, 50 were diagnosed with
SLE (33 without APS, 17 with APS associated with SLE),
and 16 with primary APS. Among APS patients (n = 33),
17 (51%) were triple positive and 23 (70%) had positive
lupus anticoagulant. Twenty-three of 33 (70%) APS patients
had thrombotic APS defined as APS diagnosed on the
basis of venous and/or arterial thrombosis and persistent

laboratory results for antiphospholipid antibodies (aPL).
The mean estimated glomerular filtration rate (eGFR) was
88 (£22) ml/min/1.73 m?, LDL-C was 93 (+29) mg/dI, and
median NT-proBNP was 97 (120) pg/ml.

Overall, the mean RHI in the study population was
1.91 (£0.62). The RHI was abnormal (<1.67) in 21 (32%)
patients. Mean daytime systolic blood pressure (mdSBP)
was 128 (+15) mm Hg, mean daytime diastolic blood pres-
sure (mdDBP) was 79 (£9) mm Hg, median nocturnal SBP
(mnSBP) was 115 (24) mm Hg, and mean nocturnal DBP
(mnDBP) was 69 (+11) mm Hg. Non-dipping was observed
in 46% of patients. We found no significant correlation
between RHI and ABPM values including mdSBP, mdDBP,
mnSBP, mnDBP as well as night-day SBP (ND-SBP) ratio and
night-day DBP (ND-DBP) ratio.

We evaluated other potential correlates of the RHI with
laboratory and clinical variables, and we found a significant
correlation between the RHI and eGFR (r = 0.34, P = 0.008)
and LDL cholesterol (r=-0.35; P=0.006), but no correlation
between the RHI and albumin-to-creatinine ratios was ob-
served (Figure 1A, B). Both eGFR and LDL-C correlated with
each other significantly; however, the RHI correlated with
eGFR also after adjustment for LDL-C (partial correlation R
for eGFR = 0.30; P = 0.03), and LDL-C correlated with the
RHI, also after adjustment for eGFR (partial correlation R
for LDL-C =-0.28, P =0.03). The RHI did not correlate with
any indices of disease activity such as white blood cells,
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C-reactive protein, or erythrocyte sedimentation rate, nei-
ther with vitamin D concentrations nor antihypertensive
or statin treatment.

We also investigated other potential correlates of BP val-
ues. MnSBP (rho = 0.40; P=0.002) and mnDBP (rho = 0.39;
P =0.002) as well as the ND-SBP ratio (rho = 0.33; P=0.009),
the ND-DBP ratio (rho = 0.37, P = 0.004) correlated with
NT-proBNP, whereas no other significant correlations be-
tween nocturnal BP parameters and remaining variables
were found. Other correlates of NT-proBNP included eGFR
(rho =-0.40; P=0.001) and age (rho = 0.45; P=0.001).

There were no significant differences between LA-pos-
itive and LA-negative APS patient subgroups (Supplemen-
tary material, Table S2). Moreover, there was no difference
between patients with antibodies against beta2-glyco-
protein | in class IgG vs. IgM or anticardiolipin antibodies
in class IgG vs. IgM with respect to sex, age, RHI, nighttime
and daytime BP values, LDL-C, GFR, NT-proBNP, and the
prevalence of thrombotic APS.

To the best of our knowledge, this is the first study to
assess the relationship between the BP dipping pattern
and the RHIin adult SLE patients. We observed that almost
half of the study population presented a non-dipping BP
pattern. We did not observe a significant association be-
tween the ND-SBP/ND-DBP ratio or the RHI in our study
population. However, the relationship between the RHI
and the BP dipping pattern has been so far evaluated in
a small pediatric SLE cohort (n = 18), and the authors found
amoderate correlation with the percentage of DBP dipping,
as well as a moderate association between the percentage
of SBP dipping and mean carotid intima-media thickness,
which is a marker of subclinical atherosclerosis [11]. We
observed that the nocturnal BP and night-day BP ratios
were significantly associated with NT-proBNP, and may
therefore indicate an unfavorable prognosis [12].

Importantly, we observed that one-third of our study
population presented with an abnormal RHI, which is an
independent predictor of coronary microcirculation impair-
ment [13]. Similar to our results, the association between
the RHI and the lipid profile was described previously in
a population of patients with suspicion of coronary artery
disease [14], which raises the question of when to start the
treatment with statins in the SLE population as no specific
recommendations in this population exist.

We found that renal function is significantly associated
with the RHI. The relationship between eGFR and the RHI
in a population of pre-dialysis chronic kidney disease pa-
tients (stages G1-5) was observed earlier [15]. For the first
time, we have described this association in a cohort of SLE
patients with relatively good renal function, mostly at stage
G1 or G2.These data indicate the importance of considering
renal impairment as a CVD risk factor in this population.

One limitation of our study is heterogeneity in terms
of patients’ sex, with the great majority of patients being
female. We aim to increase the size of the male subgroup
in the ongoing study.

In conclusion, among SLE and APS patients, nocturnal
hypertension was frequently observed, and the RHI was
found to correlate with renal function and lipid profile.
While no association between nocturnal hypertension and
endothelial dysfunction was observed in this investigation,
nocturnal BP values and the night-day BP ratio, as well as
a decline in renal function, were associated with higher
NT-proBNP values.

Supplementary material
Supplementary material is available at https://journals.
viamedica.pl/kardiologia_polska.

Article information
Conflict of interest: None declared.
Funding: None.

Open access: This article is available in open access under Creative
Common Attribution-Non-Commercial-No Derivatives 4.0 Interna-
tional (CC BY-NC-ND 4.0) license, which allows downloading and
sharing articles with others as long as they credit the authors and the
publisher, but without permission to change them in any way or use
them commercially. For commercial use, please contact the journal
office at kardiologiapolska@ptkardio.pl.

REFERENCES

1. Ldczi L, Kappelmayer J, Tarr T, et al. Antiphospholipid syndrome and
the risk of myocardial infarction: current evidence and uncertain-
ties. Kardiol Pol. 2020; 78(1): 6-14, doi: 10.33963/KP.15090, indexed in
Pubmed: 31808421.

2. Calcaterra |, Tufano A, Lupoli R, et al. Cardiovascular disease and an-
tiphospholipid syndrome: how to predict and how to treat? Pol Arch
Intern Med. 2021; 131(2): 161-170, doi: 10.20452/pamw.15415, indexed
in Pubmed: 32491304.

3. Sabio JM, Vargas-Hitos JA, Navarrete-Navarrete N, et al. Prevalence of
and factors associated with hypertension in young and old women with
systemic lupus erythematosus. J Rheumatol. 2011; 38(6): 1026-1032,
doi: 10.3899/jrheum.101132, indexed in Pubmed: 21406497.

4. Munguia-Realpozo P, Mendoza-Pinto C, Sierra Benito C, et al. Systemic
lupus erythematosus and hypertension. Autoimmun Rev. 2019; 18(10):
102371,doi: 10.1016/j.autrev.2019.102371, indexed in Pubmed: 31415907.

5. deleeuwK, Kallenberg C, Bijl M, et al. Endothelial activation, endothelial
dysfunction and premature atherosclerosis in systemic autoimmune dis-
eases. Neth J Med. 2003; 61(9): 273-277, indexed in Pubmed: 14692439.

6.  Higaki A, Caillon A, Paradis P, et al. y6 t cells mediate angiotensin
ii-induced hypertension and vascular injury. Circulation. 2017; 135(22):
2155-2162, doi: 10.1161/CIRCULATIONAHA.116.027058, indexed in
Pubmed: 28330983.

7. Campbell JF, Swartz SJ, Wenderfer SE. Nocturnal hypertension and
attenuated nocturnal blood pressure dipping is common in pediatric lu-
pus.F1000Res. 2015;4: 164, doi: 10.12688/f1000research.6532.2, indexed
in Pubmed: 26664705.

8. Sabio JM, Martinez-Bordonado J, Sénchez-Berna |, et al. Nighttime
blood pressure patterns and subclinical atherosclerosis in women with
systemic lupus erythematosus. J Rheumatol. 2015; 42(12): 2310-2317,
doi: 10.3899/jrheum.150531, indexed in Pubmed: 26568596.

9.  Petri M, Orbai AM, Alarcon GS, et al. Derivation and validation of the
systemic lupus international collaborating clinics classification criteria for
systemic lupus erythematosus. Arthritis Rheum. 2012; 64(8): 2677-2686,
doi: 10.1002/art.34473, indexed in Pubmed: 22553077.

10.  Miyakis S, Lockshin MD, Atsumi T, et al. International consensus statement
onan update of the classification criteria for definite antiphospholipid syn-
drome (APS).J Thromb Haemost. 2006; 4(2): 295-306, doi: 10.1111/j.1538-
7836.2006.01753.x, indexed in Pubmed: 16420554,

11. Chang JC, Xiao R, Meyers KE, et al. Nocturnal blood pressure dipping as
a marker of endothelial function and subclinical atherosclerosis in pedi-

84 www.journals.viamedica.pl/kardiologia_polska



Dominika Klimczak-Tomaniak et al,, Endothelial dysfunction and NT-proBNP in SLE and APS

12.

13.

atric-onset systemic lupus erythematosus. Arthritis Res Ther. 2020; 22(1):
129, doi: 10.1186/513075-020-02224-w, indexed in Pubmed: 32493472.
Daya NR, McEvoy JW, Christenson R, et al. Prevalence of elevated NT-proB-
NP and its prognostic value by blood pressure treatment and control -
National Health and Nutrition Examination Survey, 1999-2004. medRxiv.
2023, doi: 10.1101/2023.02.20.23286211, indexed in Pubmed: 36865209.
Di Serafino L, Mangiacapra F, Pyxaras S, et al. Relationship between
peripheral arterial reactive hyperemia and the index of myocardial
resistance in patients undergoing invasive coronary angiography. Int
J Cardiol. 2021; 333: 8-13, doi: 10.1016/j.ijcard.2021.02.085, indexed in
Pubmed: 33667574.

14.

Norimatsu K, Gondo K, Kusumoto T, et al. Association between lipid profile
and endothelial dysfunction as assessed by the reactive hyperemia index.
Clin Exp Hypertens. 2021; 43(2): 125-130, doi: 10.1080/10641963.2020.1
825725, indexed in Pubmed: 33000665.

Cerqueira A, Quelhas-Santos J, Sampaio S, et al. Endothelial dysfunction
is associated with cerebrovascular events in pre-dialysis CKD patients:
a prospective study. Life (Basel). 2021; 11(2), doi: 10.3390/life11020128,
indexed in Pubmed: 33562195.

www.journals.viamedica.pl/kardiologia_polska 85



