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ARTICLE INFO ABSTRACT

Keywords: Background and aims: Patients with congenital adrenal hyperplasia (CAH) are at increased risk of cardiometabolic
21-Hydroxylase deficiency abnormalities. We aimed to evaluate vascular endothelial dysfunction and its association with serum neopterin
Neopterin

(NP) levels in CAH patients.

Methods: The study included 40 patients, with a mean age of 14.8 + 2.6 years; 28 (70%) subjects were females.
They were compared with 40 healthy controls matched in anthropometric evaluation and measurement of
fasting lipids, glucose, insulin, homeostasis model assessment for insulin resistance [HOMA-IR], and serum NP
levels (nmol/L). Vascular ultrasound was used to measure brachial artery flow-mediated dilation (FMD%) and
carotid intima-media thickness (CA-IMT). According to the degree of control on medical treatment, patients were
classified into poor (n = 12) and good (n = 28) control groups.

Results: Compared to controls, CAH patients had lower brachial FMD% (4.60 + 2.13 versus 9.31 + 2.29, p =
0.001), similar CA-IMT (0.44 + 0.08 versus 0.44 + 0.06, p = nonsignificant) and higher NP (42.6 + 11.6 versus
9.2 + 3.8, p = 0.001). However, differences between poor and good control CAH patients were significant
regarding FMD%, CA-IMT, and NP measurements. FMD% correlated significantly with NP (r = —0.54, p =
0.001), high-sensitivity CRP (r = —0.53, p = 0.001), HOMA-IR (r = —0.31, p = 0.01), CA-IMT (r = —0.22, p <
0.05), diastolic blood pressure (r = 0.32, p = 0.01) and systolic blood pressure (r = —0.022, p < 0.05). NP was the
most significant independent predictor of FMD%, as determined by linear regression analysis (p = 0.001).
Conclusions: Our study showed that CAH patients had endothelial dysfunction, which is an early process of
vascular affection. This was significantly associated with NP levels, suggesting a crucial role of inflammation in
the pathogenesis of vascular damage. Further studies are needed to confirm our findings and to investigate the
exact role of NP, as either protective or proatherothrombotic.

Carotid intimal media thickness
Flow-mediated dilation
Endothelial dysfunction
Inflammation

1. Introduction CAH exhibit androgen excess with or without SW. In both forms, pa-
tients are exposed for long periods to high concentrations of

Congenital adrenal hyperplasia (CAH) is an autosomal recessive corticotrophin-releasing hormone, adrenocorticotrophic hormone

condition resulting from mutations in enzymes required for adrenal
steroid synthesis. Classical CAH occurs in 1:13,000 to 1:15,000 live
births and defects in enzyme 21-hydroxylase (210HD) are responsible
for approximately 95% of cases [1]. It is estimated that 75% of patients
have the salt-wasting (SW) phenotype and the rest have the
simple-virilizing (SV) phenotype [2]. Patients with the classic form of
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(ACTH), steroid precursors and adrenal androgens. They are at
increased risk of cardiometabolic abnormalities [3], including obesity
[4], insulin resistance, impaired glucose tolerance [5], gestational dia-
betes [6], hypertension, dyslipidaemia, hyperhomocysteinemia, and
increased carotid artery intima-media thickness (CA-IMT) [7,8]. Of
note, cardiovascular disease is the second most common cause of death
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in CAH patients after adrenal crisis [9]. Life-long glucocorticoid therapy
is mandatory to suppress the overproduction of ACTH and adrenal
androgen and to restore normal growth. However, if therapy is not
optimized, patients may develop either hyperandrogenism or hyper-
cortisolism, aggravating cardiovascular risk [1,10,11].

Endothelial dysfunction is an early and reversible key event of
vascular affection and has been used to predict future coronary artery
disease prior to atherosclerotic changes [12]. Flow-mediated dilation
(FMD) is a noninvasive ultrasound method currently recognized as a
useful technique for the evaluation of endothelial function [13]. Addi-
tionally, neopterin (NP), a product of guanosine triphosphate produced
by macrophages when stimulated by interferon-gamma (IFN-gamma)
secreted by activated T-lymphocytes [14], is a novel biomarker for
detection of the inflammatory response. NP may play a role in vascular
dysfunction and atheromatous plaque formation [15]. Its vascular role
on atherosclerotic processes, either beneficial or deleterious, is still
under investigation. Moreover, its association with vascular dysfunction
in CAH patients has not yet been validated.

The aim of the study was to assess vascular endothelial dysfunction
in patients with CAH and to study its association with the biomarker NP
levels.

2. Patients and methods
2.1. Study population

The study was a matched case-control study and included 40 CAH
patients (28 females and 12 males), aged 9-16 years (mean 14.8 + 2.6
years). All patients were affected by classic CAH (210HD), 30 patients
had SW (22 females, 8 males) and 10 patients had SV. All patients were
recruited from the outpatient clinic of the Department of Paediatric
Endocrinology of our University Hospital during their regular 3-6
month follow-up appointments between January 2018 and December
2018. The diagnosis of CAH was made based on clinical signs and
biochemical assessment [elevated levels of ACTH, 17-hydroxyprogester-
one (17-OHP), dehydroepiandrosterone, androstenedione, and testos-
terone, as well as low cortisol levels]. The SW form was diagnosed in
patients with frank hyponatremia and hyperkalemia accompanied by
low plasma aldosterone and elevated renin concentrations [16]. The
mean duration of hydrocortisone therapy was 11.3 + 2.2 years. It was
given 3 times daily (50% of the daily dosage was given early in the
morning and the remaining doses were given equally at noon and in the
evening). Fludrocortisone therapy at a dose of 50-100 pg/m?/day was
also given [11]. The efficacy of the therapy was monitored periodically
based on clinical and laboratory data according to clinical practice
guidelines [1]. The exclusion criterion was subjects younger than 8
years, to ensure cooperation with ultrasound tests. None of the patients
used chronic treatments other than steroids. Patients with known
comorbidities such as liver failure, kidney failure, heart disease, other
concomitant chronic diseases, and recurrent adrenal crisis in the past 5
years prior to enrolment were excluded. Forty healthy children matched
for age, gender, pubertal status, and socioeconomic status were enrolled
as controls. They were recruited from healthy children coming for a
routine visit or vaccination. According to the degree of control of clinical
and laboratory manifestations on medical treatment, patients with CAH
were classified into 2 groups as poorly controlled patients (12 patients)
who had signs of androgen excess, increased growth velocity, advanced
bone age, and serum 17- hydroxyprogesterone levels >10 nmol/l and
well-controlled patients (28 patients) who had serum 17-hydroxypro-
gesterone values <10 nmol/1 [1]. The study protocol was approved by
the ethical committee of our Children University Hospital in accordance
with the Declaration of Helsinki, and written informed consent was
obtained from the parents/guardians of all the participants.

Demographic and clinical data, including age, sex, type of congenital
adrenal hyperplasia, mean hydrocortisone dosage (mg/m?/day) in the
last year, weight, weight standard deviation (SD) score, height, height
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SD score, body mass index, body mass index SD score (BMI-SDS), blood
pressure, heart rate, and pubertal status were collected. Blood pressure
was measured 3 times using an electronic sphygmomanometer (Omron
HEM 712C, Kyoto, Japan) [17], and the mean measurement was
recorded. Height was measured without shoes to the nearest 0.1 cm
using a Harpenden stadiometer (Holtain Ltd, Croswell, Crymych, UK).
Weight was measured using a digital scale to the nearest 0.1 kg, wearing
light clothing and without shoes. The BMI-SDS was calculated according
to our local reference standards [18]. Pubertal status was assessed ac-
cording to Tanner staging [19]. Bone age was calculated from the X-ray
of the left hand and wrist using the Greulich and Pyle method [20].

2.2. Laboratory investigations

Blood samples were drawn after an overnight fast of at least 12 h
between 8:00-9:00 a.m. before the first dose of steroids for assessment of
the serum levels of total cholesterol, triglycerides, high-density lipo-
protein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-
C), glucose, and insulin. Lipids were measured by the enzymatic color-
imetric method using a Hitachi 911 autoanalyser (Boehringer Man-
nheim, Indianapolis, IN, USA). Insulin levels were measured using the
electrochemiluminescence immunoassay “ECLIA” (Roche Elecsys 1010/
2010 and Modular Analytics E170, Roche Diagnostics GmbH, Man-
nheim, USA). Insulin resistance (IR) was calculated using the homeo-
stasis model assessment (HOMA-IR) equation formula as follows:
HOMA-IR = fasting insulin (pU/mL) multiplied by fasting glucose
(mmol/L) divided by 22.5. Patients were considered to have IR if
HOMA-IR >2.6 [21]. 17-OHP and testosterone concentrations were
measured using an enzyme-linked immunosorbent assay (ELISA) [DRG
17-a-OH Progesterone ELISA (EIA-1292), Germany]. Total testosterone
levels were measured by chemiluminescent enzyme immunoassay
(Immulite 2000; Diagnostic Products Corp., Los Angeles, CA, USA).
Plasma high-sensitivity C-reactive protein (hs-CRP) was measured by
enzyme immunoassay (catalogue no. E29-056; Immunospec Corp.,
Canoga Park, CA, USA). Determination of serum levels of neopterin was
performed by enzyme-linked immunosorbent assay (ELISA) using a kit
supplied by IBL International GmbH, Hamburg, Germany, according to
the manufacturer’s instructions.

2.3. FMD measurement

Ultrasound examination of the brachial artery was performed 5-10
cm above the antecubital fossa. The vessel diameter was measured at
baseline and then an arm cuff was inflated to exceed systolic blood
pressure. After 5 min, the cuff was deflated and the vessel diameter was
measured (hyperemic stage). FMD% = (mean hyperemic vessel diam-
eter — baseline vessel diameter)/baseline vessel diameter [22].

2.4. Measurement of carotid IMT

Carotid scanning was performed in the morning between 7:30 and
9:30 a.m. after overnight fasting. It was performed using a colour duplex
flow imaging system (Acuson 128 XP; Acuson Corporation, Mountain
View, CA, USA), which operates in several modes: real-time B, colour
Doppler, and spectral Doppler modes. The patients were placed in a
supine position with their necks slightly extended and their heads turned
45° away from the examination side. The probe was placed longitudi-
nally in the anterolateral position first on the right side of the neck and
then on the left side of the neck. Right CA-IMT was measured at 1 cm
below the bifurcation of the carotid artery. The distance between the
echogenicity of the lumen-intima interface and the adventitia-media
interface was recorded as the thickness of the intima-media [23].
Three measurements at 3-mm intervals were taken. CA-IMT was calcu-
lated as the mean of three independent measurements from each side of
the neck [24]. The images were analysed by independent trained readers
who were blinded to clinical details. CA-IMT and FMD in all cases and
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controls were measured by a well-trained cardiologist who was blinded
to the clinical details. CA-IMT and FMD in all cases and controls were
measured by a well-trained cardiologist who was blinded to the clinical
details.

2.5. Statistical analysis

All statistical analyses were carried out using SPSS version 18.0
(Chicago, IL, USA). Quantitative variables are presented as the mean
(£SD), and qualitative variables are presented as frequency and per-
centages (%). The Kolmogorov-Smirnov test was used to assess
normality in the distribution of data. Comparisons of normal variables
were made by using a t-test. Categorical variables were compared using
the chi-square test with Fisher’s exact method. Correlations were
assessed by using Pearson test. Linear regression analysis using the
stepwise method was used to determine factors that were significantly
associated with FMD%. Two-sided p < 0.05 was considered statistically
significant.

3. Results

Table 1 describes the anthropometric, biochemical, and hormonal
characteristics of CAH patients and healthy controls. Both were com-
parable in age, gender distribution, and lipid profile (total cholesterol,
triglycerides, LDL-C, and HDL-C). However, CAH patients had higher
BMI-SDS, advanced bone age, and higher systolic and diastolic blood
pressures. Although fasting insulin concentrations and HOMA index
were within normal values, they were significantly higher in CAH pa-
tients than in controls. Of note, 17-OHP and testosterone levels were
significantly higher in CAH patients than in controls, p = 0.001 for each.
Moreover, NP, hs-CRP, and FMD% were significantly different, p =
0.001 for each, while CA-IMT was not significantly different (Table 2).

Table 3 shows the differences between CAH patients according to the
response to medical treatment. Patients with poor control had signifi-
cantly higher measurements of NP levels, hs-CRP, blood pressure (sys-
tolic and diastolic), HOMA-IR, testosterone levels, and CA-IMT, but
lower FMD% compared to good control patients.

FMD% had moderate negative correlations with NP (r = —0.54, p =
0.001) and hs-CRP levels (r = —0.53, p = 0.001). Additionally, it was
significantly correlated with age, blood pressure (systolic and diastolic),
HOMA-IR, testosterone levels, and CA-IMT, but the strength of the

Table 1
Anthropometric, biochemical, and hormonal characteristics of the studied
groups.

CAH (n = 40) Controls (n = 40) p value

Age (years) 14.80 + 2.6 14.30 + 2.7 NS
Male/Female 12/28 14/26 NS
SDS-BMI 1.02 + 0.92 -0.24+1.5 0.001
SBP (mmHg) 119.0 + 8.0 106.0 + 7.0 0.001
DBP (mmHg) 75.0 £ 5.0 65.0 + 5.0 0.001
Heart rate (beat/minute) 87 +8 83+6 NS
Bone age; years 15.6 +£ 2.4 13.1 £0.8 0.01
Total cholesterol (mg/dl) 155 +12.7 152+ 9.5 NS
Triglycerides (mg/dl) 89.3 + 20 80.1 + 30 NS
LDL-C (mg/dl) 87.6 £13.4 829+ 9.5 NS
HDL-C (mg/dl) 46 + 5.2 43 + 4.6 NS
Fasting blood glucose (mg/dl) 92.4 +15.8 81.6 +12.9 0.01
Fasting insulin (IU/mL) 14.2 + 6.2 8.6 +2.8 0.001
HOMA-IR 33+1.2 1.7 £0.8 0.001
17-OHP, nmol/1 189.2 + 54.9 2.85 + 0.95 0.001
Testosterone, ng/dl 518.3 + 195.7 191.6 + 62.5 0.001

Data are expressed as mean + SD.

17-OHP, 17-hydroxyprogesterone; CAH, congenital adrenal hyperplasia; DBP,
diastolic blood pressure; HDL-C, high density lipoprotein cholesterol; HOMA-IR,
homeostasis model assessment of insulin resistance; LDL-C, low density lipo-
protein cholesterol; NS, nonsignificant; SBP, systolic blood pressure; SDS-BMI,
standard deviation scores of body mass index.
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Table 2
CA-IMT and FMD% values in the studied groups.
CAH (n = 40) Controls (n = 40) p value
hs-CRP (mg/L) 3.8+1.9 1.4+0.5 0.001
Neopterin (nmol/L) 42.6 +11.6 9.2+ 3.8 0.001
CA-IMT (mm) 0.44 + 0.08 0.44 + 0.06 NS
FMD (%) 4.60 £+ 2.13 9.31 + 2.29 0.001

Data are expressed as mean =+ SD.

CAH, congenital adrenal hyperplasia; CA-IMT, carotid intima-media thickness;
FMD%, percentage of flow-mediated dilation; hs-CRP, high sensitivity C-reac-

tive protein; NS, nonsignificant.

Table 3

Demographics, laboratory data, CA-IMT, and FMD% of patients according to the
degree of control on medical treatment.

Patients with poor Patients with good P
control (n = 12) control (n = 28) value
Age (years) 15.2+0.8 13.1£25 0.01
Bone age (years) 16.1 +1.2 13.3 + 2.2 0.01
SBP (mmHg) 126.0 + 7.0 112.0 + 8.0 0.01
DBP (mmHg) 79.0 £ 6.0 68.0 £ 5.0 0.01
HOMA-IR 4.6 +1.9 28+1.2 0.001
17-OHP (nmol/1) 284 + 325 7.2+1.3 0.001
Testosterone 875.8 + 212.6 183 £12.7 0.001
(ng/dD)
hs-CRP (mg/L) 6.7 +2.1 4.4 +1.6 0.001
Neopterin (nmol/  36.6 £+ 6.2 122 +£28 0.001
L)
CA-IMT (mm) 0.46 + 0.04 0.43 + 0.02 0.05
FMD (%) 24+1.1 6.7 £2.3 0.001

Data are expressed as mean =+ SD.

17-OHP, 17-hydroxyprogesterone; CA-IMT, carotid intima-media thickness;
DBP, diastolic blood pressure; FMD%, percentage of flow-mediated dilation;
HOMA-IR, homeostasis model assessment of insulin resistance; hs-CRP, high
sensitivity C-reactive protein; SBP, systolic blood pressure.

relationship was lower (Table 4).

By multivariate regression analysis, the significant independent
predictors of FMD% were NP levels (standardized coefficient 0.62, p =
0.001), testosterone levels (standardized coefficient 0.59, p = 0.001), hs-
CRP levels (standardized coefficient 0.43, p = 0.04), systolic blood
pressure (standardized coefficient 0.38, p = 0.03), and diastolic blood

Table 4
Correlations between neopterin and FMD% with various confounding variables
among CAH patients (n = 40).

Variables Neopterin (r and p values) FMD% (r and p values)
Age 0.298* -0.321?
SDS-BMI 0.277% -0.107
SBP (mmHg) 0.441° -0.223*
DBP (mmHg) 0.332" -0.316"
Total cholesterol (mg/dl) 0.171 —0.116
Triglycerides (mg/dl) 0.133 -0.118
HDL-C (mg/dl) 0.092 0.133
LDL-C (mg/dl) 0.081 -0.117
Insulin (1U/mL) 0.411° -0.134
HOMA-IR 0.523° -0.306"
Hs-CRP (mg/L) 0.426° —0.532¢
Testosterone (ng/dl) 0.368% —0.2317
CA-IMT (mm) 0.422" -0.223°
Neopterin (nmol/L) - —0.537¢
FMD (%) —0.537°¢ -

CA-IMT, carotid intima media thickness; DBP, diastolic blood pressure; FMD%,
percentage of flow-mediated dilation; HDL-C, high density lipoprotein choles-
terol; HOMA-IR, homeostasis model assessment of insulin resistance; hs-CRP,
high sensitivity C reactive protein; LDL-C, low density lipoprotein cholesterol;
SBP, systolic blood pressure; SDS-BMI, standard deviation scores of body mass
index.

p < 0.05; °p = 0.01; °p = 0.001.
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pressure (standardized coefficient 0.32, p = 0.07) (Table 5).
4. Discussion

The main finding of this study was the detection of vascular endo-
thelial dysfunction in patients with CAH especially in patients with poor
control. Moreover, the detected endothelial dysfunction was signifi-
cantly associated with elevated NP levels, thereby providing a useful
biomarker to detect endothelial dysfunction early, prior to the devel-
opment of chronic vascular diseases. To the best of our knowledge this is
the first study that demonstrates the association between NP and
endothelial dysfunction in patients with CAH. It is noteworthy that
cardiovascular disease is the second most common cause of death in
CAH after adrenal crisis [9]. As such, in-depth investigations are
required to elucidate the nature of the pathophysiology of endothelial
dysfunction, which constitutes an early stage of cardiovascular disease
in this group of patients. At this stage, serum NP level is considered a
useful biomarker of endothelial dysfunction, and further work is needed
to direct treatment to either augment or antagonize its action.

Atherosclerosis is a systemic disease affecting blood vessels resulting
from a chronic inflammatory response to vascular injury. Endothelial
inflammation produces proinflammatory cytokines and adhesive mole-
cules such as interleukin 6, monocyte chemotactic protein 1 (MCP-1),
intercellular adhesion molecule 1 (ICAM-1) and vascular cell adhesion
molecule 1 (VCAM-1), resulting in monocyte adhesion and infiltration of
the vessel wall. This releases proinflammatory cytokines such as tumour
necrosis factor-a (TNF-a) and interferon ¢ (IFN-c). Monocyte-derived
macrophages consume oxidized low-density lipoprotein forming foam
cells and fatty streaks resulting in plaque formation affecting the coro-
nary arteries, aorta, and carotid arteries. These atherosclerotic plaques
were found to contain NPs that were released from activated macro-
phages [14]. Endothelial dysfunction occurs early before atherosclerotic
plaque formation, resulting in disturbance of the normal homeostasis of
vascular integrity. This was evident in our population, who suffered
from a reduction in dilatation response (FMD%) in the absence of
pathologic thickening of carotid intima-media, suggesting early vascular
changes. However, the long-standing effect of hormonal disturbance on
the vascular bed may lead to intimal thickening and the development of
plaque formation. Of note, similar findings were reported previously by
Harrington et al. [25]. They reported no significant -carotid
intima-media thickening despite endothelial dysfunction in their CAH
patients whose mean age was 14.8 + 3.2 years. Wierzbicka-Chmiel et al.
[26] recruited older CAH patients with a mean age of 23.7 + 3.8 years.
Their CAH population had significant intima-media thickening affecting
the common carotid and the common femoral arteries, although the
patients were still younger than the known traditional risk factor for the
influence of age on the development of atherosclerosis. These findings
emphasize the importance of early detection of vascular dysfunction in
this group of patients.

NP can be considered a useful biomarker for atherosclerotic activity

Table 5

Linear regression analysis of the relation of FMD%.
Variables Standardized coefficients p value
Age (years) 0.22 0.34
Disease duration (years) 0.16 0.65
SDS-BMI 0.13 0.35
HOMA-IR 0.12 0.72
DBP (mmHg) 0.32 0.07
SBP (mmHg) 0.38 0.03
hs-CRP (mg/L) 0.43 0.04
Testosterone (ng/dl) 0.59 0.001
Neopterin (nmol/L) 0.62 0.001

DBP, diastolic blood pressure; FMD%, percentage of flow-mediated dilation;
HOMA-IR, homeostasis model assessment of insulin resistance; SBP, systolic
blood pressure; SDS-BMI, standard deviation scores of body mass index.
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predicting future adverse cardiovascular events [27]. Moreover, high
levels of NP were detected in atherosclerotic plaques, likely playing an
important role by exerting either pathogenic or protective roles. The
proatherothrombotic effect on endothelial cells was implicated through
the induction of the tissue factor-mRNA transcription increasing state
and cellular expression of the adhesion molecules, ICAM-1 and VCAM-1
[28]. On the other hand, a recent counteracting atheroprotective effect
was identified through suppression of TNF-o—induced mRNA expression
of MCP-1, ICAM-1, and VCAM-1 attenuating adhesion to human aortic
endothelial cells. Moreover, formation and migration of macrophages
foam cells and proliferation of vascular smooth muscle cells were all
suppressed [29,30]. For the aforementioned reasons, NP levels are not
only a biomarker of inflammation and endothelial dysfunction but also a
therapeutic target requiring further intervention trials. Recently, NP
levels were influenced by antihypertensive treatment for patients with
endothelial dysfunction and hypertension. A reduction in blood pressure
levels was associated with a decrease in NP levels [31].

Testosterone was significantly increased in our study population due
to hydroxylase enzyme deficiency in CAH patients resulting in accu-
mulation of 17-OHP and androstenedione, which are precursors of
testosterone. Consequently, testosterone levels increased in the circu-
lation. Elevated testosterone was more marked in patients with poor
medical control of CAH. Data from a recent meta-analysis of FMD
studies demonstrated a reduction in FMD after chronic therapy with
testosterone in hypogonadal men [32]. Not only exogenous testosterone
but also high free endogenous testosterone could induce endothelial
dysfunction in postmenopausal women [33]. In contrast, a low level of
testosterone found in Japanese men with atherosclerotic risk factors was
associated with reduced FMD [34]. We did not observe low testosterone
levels in our patients due to hydroxylase enzyme deficiency in CAH
patients. Moreover, the absence of association by linear regression
analysis between traditional risk factors (older patients, male sex,
smoking, diabetes mellitus, and dyslipidaemia) and FMD was most likely
because of the small sample size and a relatively short duration of
therapy. However, the testosterone level was significantly associated
with endothelial dysfunction supporting the effect of the hormonal
profile on FMD. Moreover, it correlated positively with NP levels, which
might aggravate endothelial dysfunction.

Although the mean blood pressure in CAH patients was not abnor-
mally high, even in poorly controlled patients, it was significantly
correlated with NP levels and inversely correlated with FMD%. This
finding highlighted the key role of inflammation in the pathogenesis of
vascular dysfunction in patients with hypertension and vice versa
because endothelial dysfunction might be a cause or a consequence of
elevated blood pressure [35]. Taking into consideration that antihy-
pertensive drugs used in the trials had different mechanisms of action,
they all reduced blood pressure, improved endothelial dysfunction [36]
and lowered NP levels [31].

FMD was impaired in CAH patients and associated with elevated
levels of both NP and hs-CRP linking the inflammatory process with the
pathogenesis of endothelial dysfunction detected in our patients [5].
Under the influence of inflammation and oxidative stress, hs-CRP was
significantly high in patients with metabolic syndrome [37,38].
Elevated levels of hs-CRP were a predictor of endothelial dysfunction
[37]. Additionally, it might play an important role in the process and
instability of atherosclerosis. It was thought to be released from the
smooth muscle cells of atherosclerotic plaques [39] and to be involved in
vascular damage. Vascular dysfunction was evident through multiple
mechanisms, including downregulation of endothelial nitric oxide syn-
thase, decreased production of endothelium-derived relaxing factor,
increased adhesion molecules, complement activation, upregulation of
engulfment of low-density lipoprotein by macrophages, induction of
smooth muscle cell migration, proliferation, and neointima formation
[40]. Recently, the ARIC study proved the association between hs-CRP
and the development of peripheral arterial disease in the general pop-
ulation after a median of 17.4 years of follow-up [41].
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4.1. Limitations

There were several limitations in the present study: it was a small-
sized study; TNF, IFN, and adhesion molecules were not measured;
long-term follow-up of the effect of NP on cardiovascular events was not
performed.

4.2. Conclusion

CAH patients suffer from endothelial dysfunction which is an early
event of vascular damage preceding the development of atherosclerotic
plaques and further cardiovascular events. NP, as an inflammatory
marker, was elevated and was involved in the pathogenesis of endo-
thelial dysfunction. However, its definitive role as a protective or a
proatherosclerotic factor needs further investigation.
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