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Abstract
Introduction: Orthostatic hypotension (OH) affects 5–20% 
of the population. Our study investigates the presence of OH 
in diabetic nephropathy (DNP) patients and the factors af-
fecting OH in comparison with nondiabetic chronic kidney 
disease (NDCKD) patients. Method: Patients presented to 
the nephrology clinic, and those who consented were in-
cluded in the study. DNP was defined by kidney biopsy and/
or clinical criteria. NDCKD patients of the same sex, age, and 
eGFR were matched to DNP patients. Demographic param-
eters and medications were obtained from the records. OH 
was determined by Mayo clinic criteria. The same researcher 
used an electronic device to measure blood pressure (BP). All 
samples were taken and analyzed the same day for biochem-
ical and hematologic parameters and albuminuria. Results: 
112 (51 F, 61 M, mean age: 62.56 ± 9.35 years) DNP and 94 
(40 F, 54 M, mean age: 62.23 ± 10.08 years) NDCKD patients 
were included. There was no significant difference between 
DNP and NDCKD groups in terms of OH prevalence (70.5 vs. 
61.7%, p = 0.181). Male patients had significantly higher OH 

prevalence than female patients (74.7 vs. 60.0%, p = 0.026). 
There was no significant difference in change in systolic BP 
between the groups (24.00 [10.00–32.00] mm Hg vs. 24.00 
[13.75–30.25] mm Hg, p = 0.797), but the change in diastolic 
BP was significantly higher in the DNP group (8.00 [2.00–
13.00] mm Hg vs. 6.00 [2.00–9.00] mm Hg, p = 0.025). In the 
DNP group, patients with OH had significantly higher uric 
acid levels than those without OH (7.18 ± 1.55 vs. 6.36 ± 1.65 
mg/dL, p = 0.017). And, 73.7% of patients on calcium channel 
blockers developed OH (p = 0.015), and OH developed in 
80.6% of 36 patients on alpha-blockers (p = 0.049). Conclu-
sion: OH prevalence is very high in CKD, and etiology of CKD 
does not have a statistically significant effect on the frequen-
cy of OH, despite a difference that could be meaningful clin-
ically. Therefore, patients with CKD are checked for OH, with 
or without concurrent diabetes mellitus. Evaluation of pos-
tural BP changes should be a part of nephrology practice.

© 2021 The Author(s)
Published by S. Karger AG, Basel

Introduction

Diabetes is a leading public health problem with its in-
creasing frequency and a disease with various macro- and 
microvascular complications. Although it affects one in 
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every 11 people between the ages of 20 and 79 years , it 
still goes undiagnosed for one out of 5 people in the pop-
ulation [1]. Together with the rapid changes in lifestyle, 
the prevalence of type 2 diabetes is rapidly increasing in 
all the developed and developing countries [2].

Diabetic nephropathy (DNP) is one of the microvas-
cular complications of diabetes. Its pathology includes 
glomerulopathy, vasculopathy, and tubulopathy, and it 
has been reported that 25% of diabetic patients develop 
DNP [3]. It is the most common cause of chronic kidney 
disease (CKD) according to recent studies [4].

Orthostatic hypotension (OH) is defined as a decrease 
in systolic blood pressure (SBP) of 20 mm Hg or a de-
crease in diastolic blood pressure (DBP) of 10 mm Hg 
within 3 min of standing when compared with blood 
pressure (BP) from the sitting or supine position [5]. OH, 
progressing from dizziness to syncope, is a condition that 
affects 5–20% of the population; while it is often caused 
by volume depletion or autonomic reflexes, it can also be 
caused by medications [5, 6]. Its frequency varies by co-
morbidities and age. Studies show that OH is an impor-
tant parameter affecting quality of life [7].

Although OH and DM are a dangerous combination 
and DNP and OH are shown to be correlated with and 
related to each other in the literature [8], there is no study 
investigating a causal relationship or a pathophysiologi-
cal link between these pathologies. Therefore, the aim of 
this study was to investigate and compare the presence 
and affecting factors of OH among diabetic and NDCKD 
patients.

Materials and Methods

Patients
In this study, we included patients among those who presented 

to the Nephrology Outpatient Clinic of the Bezmialem Vakif Uni-
versity Hospital between February and August 2019 and fulfilled 
the inclusion criteria after obtaining their consent. We have used 
a frequency match design to eliminate confounding by age, gender, 
and eGFR; for this purpose, we have formed age-groups for par-
ticipants at 10-year intervals, except the 18–25 group, and formed 
eGFR groups based on the GFR staging of CKD (5 groups from G1 
to G5). We have included every DNP patient who visited the ne-
phrology outpatient clinic and who were previously diagnosed ei-
ther clinically [9] or with kidney biopsy, and after the DNP patients 
were included, the nondiabetic CKD (NDCKD) group was created 
to match the DNP patients in the age, gender, and eGFR distribu-
tions.

We have excluded patients whose hemoglobin values were less 
than 7 mg/dL, who had class 3–4 heart failure according to New 
York Heart Association classification, who had a stroke in the last 
15 days, those with sudden developing tachycardia; dehydration; 

electrolyte imbalance; acute hemorrhage; sepsis; malignancy; neu-
rological diseases that might lead to OH such as multiple system 
atrophy, Parkinson’s disease, and spinal cord injury; and those re-
ceiving kidney replacement therapies. Additionally, patients who 
cannot stand up actively by themselves or who were immobile 
were not included in the study.

Demographic Information
We have recorded patient’s age, gender, additional comorbidi-

ties, medications which have been used regularly for the last 30 
days at the time of the measurements, and additional relevant 
medical histories. Missing information was accessed via the hospi-
tal’s electronic patient files and was recorded.

Orthostatic Hypotension
BP measurements were performed with an automatic measure-

ment device (Omron M3 Comfort HEM-7134-E; Omron Health-
care, Co., Ltd., Japan). We ensured that the patients did not take 
caffeine, smoke, or exercise 30 min before the measurements. In 
order to determine OH, systolic and diastolic BPs for all patients 
were evaluated by the same investigator. The first measurements 
were taken in the supine position after a rest of at least 5 min, and 
then patients were asked to rest for 3 more minutes in the supine 
position. At the end of the 3-min rest, we asked the patients to 
stand up, and the second measurements were taken while they 
were standing. The Consensus Committee of the American Auto-
nomic Society and the American Academy of Neurology’s defini-
tion [5] of OH which is “a drop of >20 mm Hg in systolic blood 
pressure (systolic OH) and/or a drop >10 mm Hg in diastolic blood 
pressure (diastolic OH)” was used to define OH.

Laboratory Findings
The results of the routine laboratory tests from the nephrology 

outpatient clinic visits including fasting plasma glucose, urea, uric 
acid, creatinine, albumin, eGFR, sodium, potassium, phosphorus, 
calcium, complete blood count (including mean corpuscular vol-
ume, mean corpuscular hemoglobin concentration, hemoglobin, 
and hematocrit), iron, iron-binding capacity, ferritin, HbA1c, spot 
urine protein/creatinine ratio (ACR) were all obtained and recorded.

Statistical Analysis
The distribution of the data was examined with the Shapiro-

Wilk test. Normally distributed data are presented as mean ± stan-
dard deviation; nonnormally distributed data are presented as me-
dian with interquartile range; and categorical variables are pre-
sented as frequency and percentages (%). To compare the 
differences among groups, an independent samples t test, one-way 
ANOVA, and Kruskal-Wallis tests were used for continuous vari-
ables, while Pearson χ2 analysis was used for categorical variables. 
Correlations between parameters were analyzed with Pearson and 
Spearman correlation tests. Binary logistic regression analyses 
were performed with diastolic OH (DOH), systolic OH (SOH), 
and OH as dependent variables to identify and adjust for multiple 
factors associated with them. Multiple linear regression analyses 
were performed with changes in SBP and DBP as dependent vari-
ables to identify and adjust for multiple factors associated with 
them. All statistical analyses were done with IBM SPSS statistics 
22.0 program (SPSS, Inc., Chicago, IL, USA) and were analyzed 
and reported at α = 0.05 significance level, and all p values were 
two-tailed.
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Results

A total of 206 CKD patients participated in this study. 
112 of these patients had DNP, and 94 of them had NDCKD. 
The female-to-male gender ratio of the patients was 1.26 to 

1, with 115 female and 91 male patients. The mean age of 
the patients in our DNP group was 62.56 ± 9.35 years, and 
it was 62.23 ± 10.08 years in our NDCKD group.

The biochemical and hematologic parameters of the 
study groups are presented in Table 1. In the DNP group, 

Medication NDCKD group 
(n = 94)

DNP group 
(n = 112)

p value

Insulin, n (%) – 103 (92.0) –
Diuretics, n (%) 32 (34.0) 70 (62.5) <0.001*
ACE/ARB inhibitors, n (%) 39 (41.5) 59 (52.7) 0.109
Ca channel blockers, n (%) 46 (48.9) 68 (60.7) 0.090
Vitamin B supplements, n (%) 5 (5.3) 13 (11.6) 0.111
Allopurinol, n (%) 5 (5.3) 20 (17.9) 0.006*
Iron supplements, n (%) 14 (14.9) 17 (15.2) 0.955
Neuropathy medications, n (%) 1 (1.1) 12 (10.7) 0.005*
Alpha-blockers, n (%) 10 (10.6) 26 (23.2) 0.018*
Beta-blockers, n (%) 37 (39.4) 58 (51.8) 0.075

The Pearson χ2 test was performed for categorical variables. ACE, angiotensin-con-
verting enzyme; ARB, angiotensin receptor blocker; DNP, diabetic nephropathy; NDCKD, 
nondiabetic chronic kidney disease. * Statistically significant.

Table 1. Medications

Table 2. Biochemical and Hematologic parameters

Parameter NDCKD group (n = 94) DNP group (n = 112) p value

Age, years 62.23±10.08 62.56±9.35 0.809
FPG, mmol/L 5.1 [4.6–5.6] 8.1 [5.6–12.1] <0.001*
Urea, mmol/L 11.3±5.6 15.10±7.44 <0.001*
Creatinine, μmol/L 147.6 [115.8–210.3] 153.8 [114.92–254.5] 0.576
Uric acid, mmol/L 0.4±0.1 0.41±0.10 0.333
Sodium, mmol/L 139 [138–141] 139 [137–140] 0.329
Potassium, mmol/L 4.54±0.49 4.7±0.6 0.022*
Calcium, mmol/L 2.4 [2.3–2.5] 2.2 [2.2–2.4] <0.001*
Phosphorus, mmol/L 1.2 [1.0–1.4] 1.2 [1.1–1.4] 0.475
Vitamin B12, pmol/L 236.1 [173.4–324.6] 281.47 [210.2–383.6] 0.018*
Albumin, g/L 42.1±3.1 39.6±3.8 <0.001*
eGFR, mL/min/1.73 m2 36.00 [22.25–52.00] 32.75 [20.67–49.59] 0.566
ACR, mg/mmol 31.67 [17.53–126.13]† 141.40 [44.40–400.45]‡ <0.001*
Hemoglobin, g/L 126.0±18.3 117.2±15.5 <0.001*
MCV, fL 88.6±6.5 86.1±5.9 0.005*
MCHC, g Hb/L 326.4 [317.8–332.7] 322.7 [315.5–328.4] 0.036*
Iron, μmol/L 11.5 [7.3–14.5] 9.6 [7.5–13.6] 0.286
Iron binding, μmol/L 35.8±9.8 43.9±16.3 0.004*
Ferritin, μg/L 149.4 [82.1–289.4]† 65.6 [36.8–108.9]‡ 0.007*
HbA1c, % – 7.56 [6.7–8.7] –

The independent samples t test was performed for normally distributed variables. The Mann-Whitney U test 
was performed for nonnormally distributed variables. ACR, albumin-to-creatinine ratio; DNP, diabetic nephrop-
athy; eGFR, estimated glomerular filtration rate; FPG, fasting plasma glucose; MCV, mean corpuscular volume; 
MCHC, mean corpuscular hemoglobin concentration; NDCKD, nondiabetic chronic kidney disease. * Statisti-
cally significant. † n = 59. ‡ n = 91.
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patients with OH had significantly higher ACRs than 
those without OH (182.69 [47.51–477.09] mg/mmol vs. 
105.20 [26.30–220.02] mg/mmol, p = 0.024). In the same 
group, patients with OH had significantly higher uric acid 
levels than those without OH (0.43 ± 0.09 vs. 0.38 ± 0.10 
mmol/L, p = 0.025). Serum albumin levels were signifi-
cantly higher in the NDCKD group than in the DNP 
group (42.10 ± 3.13 vs. 39.60 ± 3.72 g/L, p < 0.001) and in 
the NDCKD group. Serum albumin levels of patients with 
OH were significantly higher than the levels in those 
without OH (43.5 [41.0–44.0] vs. 42.0 [41.0–42.0] g/L, p 
= 0.013). Urea levels of the DNP group were significantly 
higher than those in the NDCKD group (15.10 ± 7.44 vs. 
11.30 ± 5.68 mmol/L, p < 0.001) (Table 2). We have found 
that there was a significant correlation between ACR lev-
els and change in DBP (p = 0.043, r = 0.159). Our results 
indicate that there is no significant difference in the ACRs 
between people who have OH and people who do not 
have OH (p = 0.447). The most common etiology of CKD 
among the NDCKD group was hypertension (57.4%) and 
the second most common was urological problems 
(13.8%), followed by tubulointerstitial nephritis (9.6%) 
and polycystic kidney disease (7.4%). There was no sig-
nificant relationship between etiologies and OH (p = 
0.152).

The medications of the DNP and NDCKD patients are 
presented in Table 1. Some medications had a relation-

ship with OH, such as OH prevalence was significantly 
higher in patients who used calcium channel blockers 
than that in others (OR: 2.06, 95% CI: 1.14–3.70, p = 
0.015), and in patients who used alpha-blockers than oth-
ers (odds ratio [OR]: 2.37, 95% confidence interval [CI]: 
0.98–5.74, and p = 0.049). In the DNP group, alpha-
blocker use and calcium channel blocker use were associ-
ated with significantly higher OH prevalence (OR: 4.10 
95% CI: 1.13–14.80, p = 0.022/OR: 2.93 95% CI: 1.26–
6.77, p = 0.010). There was no significant relationship be-
tween diuretic use and OH prevalence in either of the 
study groups.

There was no significant difference between DNP and 
NDCKD groups in terms of OH prevalence (70.5 vs. 
61.7%, p = 0.181). When we look at the groups in terms 
of systolic and diastolic OH prevalence, the DNP group 
had significantly higher DOH prevalence (44.6 vs. 20.2%, 
p < 0.001). But there was no significant difference in SOH 
prevalence (Fig. 1a). There was no significant difference 
in change in SBP between the groups (24.00 [10.00–32.00] 
vs. 24.00 [13.75–30.25] mm Hg, p = 0.797), but the change 
in DBP was significantly higher in the DNP group (8.00 
[2.00–13.00] vs. 6.00 [2.00–9.00] mm Hg, p = 0.025) (Ta-
ble 3). After binary logistic regression analyses with back-
ward LR elimination method, we have found that study 
group was an independent factor for DOH (OR: 1.95 95% 
CI: 1.38–2.75, p < 0.001) but not for OH or SOH after ad-

Fig. 1. Orthostatic hypotension prevalence comparison by study groups (A) and gender (B). DNP, diabetic ne-
phropathy; NDCKD, nondiabetic chronic kidney disease. All p values in this figure were calculated with the Pear-
son χ2 test.
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justing for age, sex, eGFR, albumin, hemoglobin levels, 
alpha-blockers, diuretics, and neuropathy medications. 
After multiple linear regression analyses with the step-
wise elimination method, we have found that the study 
group was not a factor for change in SBP or DBP after 
adjusting for age, sex, eGFR, albumin, hemoglobin levels, 
alpha-blockers, diuretics, and neuropathy medications.

While male patients had significantly higher DBP in 
the supine position (89.56 ± 11.27 vs. 84.19 ± 13.01 mm 
Hg, p = 0.002), there were no significant differences be-
tween the genders in the standing position (p = 0.609), 
and because of that, male patients had a significantly 
higher change in DBP between positions than female pa-
tients (9.0 [5.0–14.0] vs. 5.0 [1.0–9.0] mm Hg, p < 0.001). 
In general, male patients had both significantly higher 
SOH and DOH prevalence than female patients (p = 0.023 
and p < 0.001) (Fig. 1b).

Discussion

Our study demonstrated that OH is frequent among 
DNP patients, and actually, it is not more frequent than 
any other CKD, but reduction in DBP and the presence 
of DOH were more than those in NDCKD. It was also 
found that in patients with DNP, albuminuria and higher 
uric acid levels were associated with the development of 
OH.

Both prolonged life expectancy due to improvement in 
community health and increase in the trend of etiologic 
diseases, such as DM and hypertension, cause increased 

incidence of CKD. In our study, in line with previous 
studies, the two most important causes of CKD in pa-
tients included were hypertension and DM [10]. How-
ever, compared to other etiological causes of CKD, DM 
can make the treatment and management of CKD much 
more complicated and can increase health expenses [11]. 
Although two similar groups were created with matching 
in terms of age, gender, and eGFR in our study, the high-
er potassium levels and lower levels of calcium, hemoglo-
bin, and iron parameters in the DNP group support that 
DNP patients were more convoluted.

The dangerous combination of DM and OH has been 
demonstrated in many previous studies, and the combina-
tion of OH and DM has been found to be associated with 
numerous adverse clinical outcomes such as increased 
cardiovascular events and mortality from any cause or de-
creased quality of life [12–14]. Autonomic denervation 
causes endothelial dysfunction and reduces neuropeptide 
responses, volume depletion caused by nephropathy, and 
osmotic diuresis, which may induce OH. It is not surpris-
ing that alpha-blockers and calcium channel blockers, 
which are known to cause OH, were found to be associ-
ated with OH in our study, as shown previously [6]. In a 
recently published meta-analysis, risk factors for the de-
velopment of OH in those with diabetes mellitus (DM) 
were investigated, and it was reported that the presence of 
DNP increased OH 2.37 times, just as in our study [14]. 
Several studies have shown that one of the factors in the 
development of mortality and heart failure in patients 
with DM and OH is DNP; this supports our study result 
indirectly [13, 15]. It may be that drugs that reduce albu-

Table 3. BP measurements and OH prevalence

Parameter NDCKD group (n = 94) DNP group (n = 112) p value

SBP in supine position, mm Hg 142.50 [128.75–154.50] 157.00 [145.00–170.75] <0.001*
SBP in standing position, mm Hg 121.00 [107.75–135.25] 133.50 [117.25–154.00] <0.001*
Change in SBP, mm Hg 24.00 [13.75–30.25] 24.00 [10.00–32.00] 0.797
DBP in supine position, mm Hg 88.93±10.89 84.58±13.49 0.013*
DBP in standing position, mm Hg 82.96±11.59 76.95±12.39 <0.001*
Change in DBP, mm Hg 6.00 [2.00–9.00] 8.00 [2.00–13.00] 0.025*
OH prevalence, n (%) 58 (61.7) 79 (70.5) 0.181
SOH prevalence, n (%) 58 (61.7) 69 (61.6) 0.989
DOH prevalence, n (%) 19 (20.2) 50 (44.6) <0.001*

The independent samples t test was performed for normally distributed variables. The Mann-Whitney U test 
was performed for nonnormally distributed variables. The Pearson χ2 test was performed for categorical variables. 
Change in BP: [BP in the supine position] – [BP in the standing position]. OH, orthostatic hypotension; SBP, 
systolic blood pressure; DBP, diastolic blood pressure; BP, blood pressure; NDCKD, nondiabetic chronic kidney 
disease; DNP, diabetic nephropathy. * Statistically significant.
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minuria and block RAS are not associated with OH be-
cause they control DNP. One of the interesting results of 
our study is the correlation between the level of uric acid 
and OH in those with DM. Few studies in the literature 
have investigated orthostatic BP changes with uric acid. In 
one study, Jiang et al. found no relationship between se-
rum uric acid levels and arterial stiffness causing OH de-
velopment [16]. In another study, he found that associa-
tion of high serum uric acid and increased arterial stiffness 
was dependent on cardiovascular risk factors in female 
population [17]. In our study, it is important to find a re-
lationship between uric acid and OH in patients with DM, 
which is an important risk factor for the development of 
cardiovascular disease. Hyperuricemia is one of the nu-
merous cardiovascular risk factors; however, biological ef-
fects of uric acid are debatable. Uric acid is a natural anti-
oxidant compound with beneficial characteristics, but 
preclinical studies have demonstrated that it is also a pro-
inflammatory compound, and an elevated uric acid level 
has been found to be associated with the risk of myocar-
dial infarction, stroke, and cardiovascular mortality [18]. 
On the other hand, OH is already seen at a high rate in 
CKD patients, and many risk factors in CKD patients, just 
like DM, can cause arterial stiffness, anemia, impairment 
of sympathetic nervous system function, and autonomic 
dysfunction [19, 20]. In this study, it was shown for the 
first time that whether the etiology of CKD is DNP or not 
does not influence the OH prevalence in these patients.

The limitations of the study are that it is a cross-sec-
tional study and has low sample size, and that we have not 
recorded the diabetic disease duration of the patients. In 
addition, the fact that the BP of the patients was measured 
only for the 3rd minute while standing but the 1st minute 
was not evaluated and the fact that the BP measurements 
of the patients were made only once and that there were 
no repeated measurements may be other limitations of 
the study. The strengths of the study are that it is the first 
study in the literature where the comorbid diseases, drugs, 
and laboratory parameters are detailed.

It should be noted at this point that in this study, we 
found the prevalence of OH in CKD patients to be much 
higher than that found in some of the studies in the lit-
erature which we believe arises from measurement meth-
ods. While the first BP measurements were made while 
the patients were in a supine position in this study, many 
of the said studies have made their first measurements 
while the patients were in seated positions [21]. We 
should also note that ethnicity of the study population 
may also be a factor in OH prevalence, which has been 
shown by previous studies to be so [22].

As a result, OH is common in CKD patients, and con-
trary to the popular belief, DNP does not increase this 
frequency. Therefore, patients with CKD, like DM pa-
tients, should be evaluated for orthostatic BP at each vis-
it, and potential causes should be reviewed, and necessary 
precautions should be taken to prevent future OH-related 
complications.
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