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Correlation analysis of levels of inflammatory cytokines and
nitric oxide in peripheral blood with urine proteins and
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Abstract. The aim of the study was to investigate correlations
among inflammatory cytokines, nitric oxide (NO) level, urine
protein, renal function and blood pressure in peripheral blood
of patients with hypertensive disorder complicating pregnancy
(HDCP). A total of 60 patients diagnosed with HDCP in
the Obstetrics Department of Wuhan Children's Hospital,
Tongji Medical College, Huazhong University of Science
and Technology from May 2016 to April 2017 were selected.
The patients were divided into the HDCP (n=20), mild
pre-eclampsia (n=20) and severe pre-eclampsia (n=20) groups.
Additionally, 20 healthy pregnant women were selected as
the control group. General data of the patients were collected.
NO, renal function and 24-h urine protein were measured.
The systolic and diastolic blood pressure, C-reactive protein
(CRP), tumor necrosis factor-a (TNF-a) and interleukin-6
(IL-6) in the HDCP group was significantly higher than that
in the control group. The CRP, TNF-a and IL-6 levels in the
pre-eclampsia groups were higher than those in the gestational
hypertension group (P<0.05). The NO level in peripheral blood
of patients in the pre-eclampsia groups was lower than that
in the gestational hypertension group (P<0.05). The levels of
24-h urine protein, homocysteine (Hcy), cystatin-C (Cys-C),
serum creatinine (SCr), urea and 2 microglobulin in the pre-
eclampsia groups were higher than those in the gestational
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hypertension group (P<0.05). Gestational age and the levels of
baseline blood pressure, inflammatory cytokines, 24-h urine
protein and renal function have independent predictive value
for the occurrence of HDCP (P<0.05). The results show that,
24-h urine protein, renal function and inflammatory cytokines
are closely correlated with the occurrence of HDCP, which can
reflect the severity and prognosis of the disease to a certain
extent. In addition, it has important reference value for the
assessment and treatment of the disease.

Introduction

One of the most common complications of pregnancy is
hypertensive disorder complicating pregnancy (HDCP), and
relevant data showed that the incidence rate of it is as high
as ~10%, which seriously affects the perinatal survival rate
of mothers and children, albeit its pathogenesis remains to
be determined (1). Generally, HDCP can be diagnosed by
clinical manifestations, urinary protein examination, liver
and kidney function examination, and fundus examination; in
severe cases, retinal edema, exudation, and hemorrhage, may
manifest in the fundus of patients with HDCP (2). Levels of
nitric oxide (NO) and inflammatory cytokines represented by
C-reactive protein (CRP), tumor necrosis factor-a (TNF-a)
and interleukin-6 (IL-6) in peripheral blood of patients play
important roles in the causes of the disease, which promote
the occurrence and development of HDCP (3,4). In patients
with HDCP, the most representative laboratory examination
is the urine protein examination, which shows urinary tract
smooth muscle cell dysfunction, enlarged renal pelvis volume
and increased hydronephrosis (5). The excessive activation of
inflammatory or other systems lead to immune system disor-
ders and the deposition of an overdose of immune complexes
in the kidney, which increase vascular permeability to a certain
degree and impair the kidney function, thus leading to the
occurrence of proteinuria (6). At the same time, urine proteins
are related to the level of blood pressure, so determining the
levels of inflammatory factor and NO in peripheral blood is
of important significance for the conditions of urine proteins,
renal function, and blood pressure, in patients with HDCP (7).
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Patients and methods

Patients. A total of 60 patients diagnosed with HDCP in the
Obstetrics Department of Wuhan Children's Hospital (Wuhan,
China) from May 2016 to April 2017 were selected, and
were divided into the gestational hypertension (n=20), mild
pre-eclampsia (n=20) and severe pre-eclampsia (n=20) groups.
In addition, 20 healthy pregnant women were selected as the
control group. All the included patients were aged 24-33 years,
with an average age of 28.72+5.9 years; the gestational age was
34-40 weeks,withan average gestational age of 36.38+4.2 weeks.
The diagnostic criteria for the included patients with HDCP
were based on the ‘Chinese Expert Consensus Document on
Blood Pressure Management of HDCP’ (8), and the staging was
specifically conducted according to the level of blood pressure,
urine proteins and renal function in patients. All the included
patients signed the written informed consent. Inclusion criteria
for the study were: patients with high compliance with doctor's
advice who co-operated with examinations; patients who were
confirmed cases of HDCP; patients aged less than or equal to
36 years; and patients whose fetuses had no obvious defects
or diseases. Exclusion criteria were: patients with a history of
chronic hypertension disease; patients with a history of cardio-
vascular system disease; patients with endocrine disease, such
as thyroid disease and liver and kidney disease; patients with
malignant tumors; patients with severe infection; and patients
whose clinical data were incomplete. The study was approved
by the Ethics Committee of Wuhan Children's Hospital.

Methods. The clinical data of all patients were retrospectively
analyzed, including age, sex, weight, height, delivery times,
and gestational age, and the systolic and diastolic blood pres-
sures of all the patients were recorded. Determination of levels
of inflammatory cytokines and NO in peripheral blood of
patients: After the solid and liquid fasting for 10 h overnight,
10 ml peripheral blood was extracted, the upper-layer serum
was taken, and inflammatory cytokines, CRP, TNF-a and
IL-6, were detected using immunoturbidimetry (reagents and
instruments provided by Shandong Biological Instrument Co.,
Ltd., Sandong, China). Determination of 24 h urine proteins:
24 h urine was collected and detected using a UniCel DxI
800 automatic analyzer (Beckman Coulter, Inc., Atlanta, GA,
USA). Determination of renal function: 10 ml fasting periph-
eral venous blood of patients in the morning was extracted,
and homocysteine (Hcy), cystatin-C (Cys-C), serum creatinine
(SCr), urea and (3, microglobulin were also detected using a
Beckman Coulter UniCel DxI 800 automatic analyzer.

Statistical analysis. Statistical Product and Service Solutions
(SPSS) 19.0 statistical software was used to process data, and
the collected data were expressed as means + SD. The y” test
was used to compare the count data. The Pearson correlation
analysis was conducted for two factors, and the logistic anal-
ysis was performed for related risk factors. P<0.05 indicated
that the difference was statistically significant.

Results

Comparisons of general data between the HDCP and control
groups. There were no statistically significant differences in
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age, body mass index (BMI) and delivery times between the
HDCP and control groups (P>0.05). The systolic and diastolic
blood pressures in the HDCP group were significantly higher
than those in the control group, but the gestational age of
the former was significantly smaller than that of the latter
(P<0.05) (Table I).

Comparisons of levels of inflammatory cytokines in periph-
eral blood between the HDCP and control groups. Levels of
CRP, TNF-a and IL-6 in the HDCP group were significantly
higher than those in the control group. Levels of CRP, TNF-a
and IL-6 in the pre-eclampsia groups were higher than those
in the gestational hypertension group, and those in the severe
pre-eclampsia group were significantly higher than those in
the mild pre-eclampsia group. Differences were statistically
significant (P<0.05) (Table II).

Comparison of the NO level in peripheral blood between the
HDCP and control group. The NO level in peripheral blood
in the HDCP group was significantly lower than that in the
control group; levels of NO in the pre-eclampsia groups were
lower than that in the gestational hypertension group, and that
in the severe pre-eclampsia group was significantly lower than
that in the mild pre-eclampsia group (P<0.05) (Table III).

Comparisons of levels of 24 h urine proteins and rental func-
tion between the HDCP and control groups. Levels of 24 h
urine proteins, Hey, Cys-C, SCr, urea and 3, microglobulin in
the HDCP group were significantly higher than those in the
control group; those in the pre-eclampsia groups were higher
than those in the gestational hypertension group, and those
in the severe pre-eclampsia group were significantly higher
than those in the mild pre-eclampsia group. Differences were
statistically significant (P<0.05) (Table IV).

Correlation analyses of CRP with 24 h urine proteins and
systolic blood pressure, of 24 h urine proteins with systolic blood
pressure, and of NO with 24 h urine proteins. In peripheral blood
of the included patients, the level of CRP was positively associ-
ated with 24-h urine proteins (r=0.792,P<0.001) and the systolic
blood pressure (r=0.996, P<0.001), and 24-h urine proteins were
positively correlated with the systolic blood pressure (r=0.795,
P<0.001), but the level of NO in peripheral blood was negatively
related to 24 h urine proteins (r=-0.722, P<0.001) (Figs. 1-4).

Logistic analysis of the prediction of risk factors for the occur-
rence of HDCP in women during the gestation period. The
level of basic blood pressure (systolic blood pressure, P=0.016;
diastolic blood pressure, P=0.005), gestational age (P=0.001)
and the levels of inflammatory cytokines (TNF-a, P=0.039;
IL-6, P=0.025; CRP, P=0.022; NO, P=0.024), 24 h urinary
proteins (0.001) and renal function (Hcy, P=0.032; Cys-C,
P=0.029; SCr, P=0.018; Urea, P=0.013; 3, microglobulin,
P=0.036) had independent predictive values for the occurrence
of HDCP (P<0.05) (Table V).

Discussion

Concerning the health risks of perinatal pregnant women
and fetuses, HDCP exerts serious impacts on their health,
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Table I. Comparisons of general data between the HDCP group and the control group.

Age BMI Delivery times Systolic blood Diastolic blood Gestational age
Group n (years old) (kg/m?) (time) pressure (mmHg)  pressure (mmHg) (week)
HDCPgroup 60  30.53+4.8 29.35+42 1.6+0.7 169.3£18.5 104.7£9.9 35.1+£3.7
Control group 20  28.79+5.1  28.76+£3.9 1.4+£0.9 136.7+£14.8 88.3+8.7 379+3.1
P-value 0.351 0.096 0.812 0.001 0.001 0.023
HDCP, hypertensive disorder complicating pregnancy; BMI, body mass index.
Table II. Comparisons of levels of inflammatory cytokines between the HDCP group and the control group.
Group n TNF-a (pg/ml) IL-6 (ng/l) CRP (mg/1)
HDCP group 60 14.38+4.21 17.58+2.23 8.93+1.45
Gestational hypertension group 20 12.73+3.93 15.95+1.12 6.40+0.81
Mild preeclampsia group 20 14.26+5.01 16.88+2.84 7.51+£0.89
Severe preeclampsia group 20 15.67+4.42 19.06+2.57 10.96+1.88
Control group 20 9.53+2.38 8.59+1.18 2.82+1.73
P-value 0.001 0.001 <0.001

HDCP, hypertensive disorder complicating pregnancy; TNF-a, tumor necrosis factor-a; IL-6, interleukin-6; CRP, C-reactive protein.

Table III. Comparison of the NO level between the HDCP
group and the control group.

Group n NO (gmmol/l)
HDCP group 60 29.02+5.08
Gestational hypertension group 20 31.39+4.54
Mild preeclampsia group 20 28.82+4.03
Severe preeclampsia group 20 23.92+2.18
Control group 20 45.21+5.15
P-value <0.001

HDCP, hypertensive disorder complicating pregnancy; NO, nitric
oxide.

but there is no unified conclusion on the pathogenesis of
HDCP (9). There is an increasing number of studies on HDCP,
which aim to identify optimal early prevention or treatment
methods (10). It is generally believed in clinical practice that
HDCP is caused by the combined actions of immune system
dysfunction, shallow placental implantation, smooth muscle,
and cell dysfunction (11), and the most representative labora-
tory examinations are the examinations of 24 h urine protein
in urine and renal function in peripheral blood (12). NO plays
a very important role in the injury and recovery processes of
vascular endothelial cells. NO is capable of dilating blood
vessels (13), and the reduced NO content in the body repre-
sents severe vascular endothelial damages. Sufficient NO can
be synthesized and released within the body of normal healthy
pregnant women during the gestation period to maintain
placental blood circulation and repair vascular endothelial
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Figure 1. Correlation between CRP and 24 h urine proteins. CRP, C-reactive
protein.
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Figure 2. Correlation between CRP and the systolic blood pressure. CRP,
C-reactive protein.
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Table I'V. Comparisons of levels of 24 h urine proteins and rental function between the HDCP group and the control group.

n 24 hurine protein Hcy Cys-C SCr Urea [3, microglobulin

Group (g/24 h) (ummol/l) (ymmol/l) (gmmol/I) (mmmol/l) (mg/1)

HDCP group 60 1.07+0.66 16.53+226 1.37+029 49«12 44408 3.5+14
Gestational hypertension group 20 0.63+0.19 14.77+£2.21  1.15+0.44 46+12 4.1+0.6 3.3+0.9
Mild preeclampsia group 20 0.94+0.28 17.59+3.30 1.49+0.36  52+10 4.6+0.8 3.5+1.3
Severe preeclampsia group 20 2.63£0.57 21.38+3.38 3.03+£0.58 68+13 5.8+0.9 44405
Control group 20 0.10£0.09 8.96+2.27 0.97+0.18 39+5 3.0+0.6 2.8+0.2
P-value 0.001 0.001 <0.001 0.001 0.001 <0.001

HDCP, hypertensive disorder complicating pregnancy. Hcy, homocysteine; Cys-C, cystatin-C; SCr, serum creatinine.

Table V. Logistic analysis of the prediction of risk factors for
the occurrence of HDCP in women during the gestation period.

95%
Odds confidence
ratio (OR) interval

Factor P-value value (95% CI)
Age 0.108 1.094  0.988-1.157
BMI 0.847 0910 0.102-6.826
Delivery times 0.526 1448  0.465-4.987
Systolic blood pressure 0.016 7955 1.918-26.165
Diastolic blood pressure ~ 0.005 7347  1.919-22.159
Gestational age 0.044 1.029  0.955-1.118
TNF-a 0.039 1.001  0.927-1.019
IL-6 0.025 1432 0.576-3.572
CRP 0.022 2,654  0.964-7.117
NO 0.024 1.047  0.996-1.312
24 h urine protein 0.001 1.005 0.997-1.033
Hcy 0.032 1.065 0.959-1.115
Cys-C 0.029 1.054 0.984-1.065
SCr 0.018 1.006 0.974-1.082
Urea 0.013 7.543  1.918-18.747
[3, microglobulin 0.036 1017 0.954-1.119

HDCP, hypertensive disorder complicating pregnancy; BMI, body
mass index; TNF-a, tumor necrosis factor-Hcy, homocysteine;
Cys-C, cystatin-C; SCr, serum creatinine; 1L-6, interleukin-6; CRP,
C-reactive protein; Hcy, homocysteine; Cys-C, cystatin-C; SCer,
serum creatinine.

injury (14,15). If the content of NO is decreased, the vascular
pressure is increased due to vasoconstriction, vascular endo-
thelial damage and other factors (16), which is consistent with
the conclusion of this study, i.e., that the level of NO in periph-
eral blood of patients in the HDCP group was significantly
decreased compared with that in the control group.
Inflammatory cytokines also promote the occurrence and
development of HDCP. Normal endometrium and placenta
contain a certain amount of macrophages that are important
cells for the synthesis and secretion of TNF-a (17). TNF-a
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Figure 3. Correlation between 24 h urine proteins and the systolic blood
pressure.
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can maintain normal pregnancy and resist the occurrence of
various types of cancer including prostate cancer, ovarian
cancer and infections to a certain degree (18-20). However,
if the content of the synthesized and secreted TNF-a in vivo
is too high, vascular endothelial cells are injured through, for
example, the oxidation of free radicals, and arteries exces-
sively contract, thus leading to HDSP or exacerbating the
disease (21). Many kinds of tissue cells in the human body
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can produce IL-6, which has many functions, such as regu-
lating the immune system. Abnormal secretion can lead to
excessive accumulation of platelets in blood vessels and form
endothelial cell dysfunction (22). In addition, the level of CRP
in the normal human body is very low, but under infection,
inflammatory reactions, the level of CRP will be rapidly
increased; thus, CRP is a sensitive indicator of inflamma-
tory response (23). The level of CRP in peripheral blood of
women with HDCP is higher than that in healthy pregnant
women, because the overaction of the inflammatory system
damages the vascular endothelium and increases the blood
pressure (24). The findings of this study showed that, levels
of inflammatory cytokines in peripheral blood of patients in
the HDCP group were significantly higher than those in the
control group, and the differences were statistically signifi-
cant (P<0.05). Furthermore, inflammatory cytokines were
positively correlated with urine proteins and systolic blood
pressure, indicating that inflammatory cytokines can reflect
the severity of the disease to a certain degree.

Generally, renal function is represented by levels of Hcy,
Cys-C, SCr, urea and 3, microglobulin, which are also used
to reflect the severity of kidney dysfunction. In patients with
HDCP, the expressions of renal function indexes are different
at different stages of the disease, that is, the expression level
is increased with the development of the disease (22). In this
study, levels of 24 h urine protein, Hcy, Cys-C, SCr, urea and
[, microglobulin in the HDCP group were significantly higher
than those in the control group, those in the pre-eclampsia
groups were higher than those in the gestational hyperten-
sion group, and those in the severe pre-eclampsia group were
significantly higher than those in the mild pre-eclampsia group,
which were consistent with the results of many current studies,
as previously indicated. Therefore, 24-h urine proteins and
renal function in patients with HDCP change with the disease,
and at the same time, levels of inflammatory cytokines and
NO in peripheral blood of patients are closely correlated with
the occurrence and development of the disease. Timely detec-
tion of the above indexes provides more valuable references for
the treatment of patients with HDCP.
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