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Abstract

Introduction: Raynaud phenomenon (RP) is a multifactorial disorder. If any underlying disease cannot be detected responsible
for RP then it considered as primary RP (pRP). We aimed to investigate the differences between laboratory markers and
impaired endothelial function in pRP. Material and Methods: Forty-two pRP patients included as study and control groups
were created from 30 healthy individuals. The endothelial function was evaluated with flow-mediated dilatation (FMD) of the
brachial artery. The blood samples were obtained both groups and white blood cell [WBC]|, hemoglobin, platelet, mean platelet
volume [MPV], creatinine, alanine aminotransferase [ALT]|, aspartate aminotransferase[AST]|, D-dimer, fibrinogen, albumin,
fibrinogen to albumin ratio [FAR|, Neutrophil to Lymphocyte ratio [NLR|, D-dimer to albumin ratio [DDAR| and monocyte
chemo-attractant protein-1 [MCP-1]. Obtained blood parameters and FMD values were compared between groups. Results:
The groups were found as similar in regards to age, gender, smoking history (p<0.05). There was no difference between the
two groups in regards to hemoglobin, platelet, MPV, creatinine, ALT, D-dimer, albumin, FAR, NLR, DDAR levels (p<0.05).
AST levels were slightly higher in pRP group (p=0.027). Markedly increased WBC, fibrinogen, MPV and MCP-1 values were
detected in pRP group (p=0.000). Additionally, higher abnormal FMD responses were detected in pRP group (p=0.000). There
was a direct correlation between abnormal FMD response and serum MCP-1 values in patients with pRP (R: 0.308, R2: 0.095,
p: 0.044). Conclusion: It seems to be that MCP-1 levels are higher in patients with pRP and increased values of MCP-1 levels

seem to be related to impaired endothelial functions
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ABSTRACT

Introduction: Raynaud phenomenon (RP) is a multifactorial disorder. If any underlying
disease cannot be detected responsible for RP then it considered as primary RP (pRP). We
aimed to investigate the differences between laboratory markers and impaired endothelial
function in pRP.

Material and Methods: Forty-two pRP patients included as study and control groups were cre-
ated from 30 healthy individuals. The endothelial function was evaluated with flow-mediated
dilatation (FMD) of the brachial artery. The blood samples were obtained both groups and
white blood cell [WBC], hemoglobin, platelet, mean platelet volume [MPV], creatinine, ala-
nine aminotransferase [ALT], aspartate aminotransferase[AST|, D-dimer, fibrinogen, albumin,
fibrinogen to albumin ratio [FAR], Neutrophil to Lymphocyte ratio [NLR], D-dimer to albumin
ratio [DDAR] and monocyte chemo-attractant protein-1 [MCP-1]. Obtained blood parameters
and FMD values were compared between groups.



Results: The groups were found as similar in regards to age, gender, smoking history (p<0.05).
There was no difference between the two groups in regards to hemoglobin, platelet, MPV,
creatinine, ALT, D-dimer, albumin, FAR, NLR, DDAR levels (p<0.05). AST levels were
slightly higher in pRP group (p=0.027). Markedly increased WBC, fibrinogen, MPV and
MCP-1 values were detected in pRP group (p=0.000). Additionally, higher abnormal FMD
responses were detected in pRP group (p=0.000). There was a direct correlation between
abnormal FMD response and serum MCP-1 values in patients with pRP (R: 0.308, R2: 0.095,
p: 0.044).

Conclusion: It seems to be that MCP-1 levels are higher in patients with pRP and increased
values of MCP-1 levels seem to be related to impaired endothelial functions

Key Words: Primary Raynaud phenomenon, blood parameters, monocyte chemoattractant protein-1,
endothelial function, flow mediated dilatation

What’s already known about this topic?

Raynaud’s phenomenon (RP) is a reversible vasospastic disorder that may be provoked by cold or emotional
stress. This phenomenon can be occur without underlying disease or unknown etiology which named as
primary RP (pRP). The essential finding of pRP is aggravation of symptoms by exposure cold and the
detection of color changes (turn white, blue, or both). The diagnosis is clarified after exclusion of possible
underlying diseases with checking nail capillaroscopy and laboratory panel such as complete blood counting,
inflammatory parameters, metabolic panel, antibodies, enzymes etc. However, any specific laboratory marker
was not determined for diagnosing pRP. Therefore, researchers tried to determine an objective laboratory
marker that is highly specific and scientific for pRP.

What does this article add?

To best of our knowledge this is the first study about relationship between FMD response (impaired en-
dothelial response) and blood parameters in patients with pRP. On the other hand this is the first report
about relationship between impaired endothelial response and MCP-1 levels in pRP. Our results indicated
that patients with pRP have higher impaired endothelial to ischemia. The incremental levels of serum WBC,
MPV, MCP-1 and fibrinogen values were detected in pRP group. Moreover, moderate direct correlation was
found between abnormal FMD response and serum MCP-1 values.

INTRODUCTION

Raynaud’s phenomenon (RP) is a reversible vasospastic disorder that may be provoked by cold or emotional
stress. RP involves extremity arteries and presented with ischemic symptoms of extremities . RP can be
preliminary finding of some diseases and called as secondary RP (sRP). This disorder can be related with
traumas or micro-traumas (prolonged usage of vibratory tools), exposure of some chemicals and auto immune
rheumatic or connective tissue diseases (such as systemic sclerosis). If it is progressed it can be resulted with
digital ulcers or micro-amputations '3 . However, RP can be occur without underlying disease or unknown
etiology which named as primary RP (pRP). This sort of pRP commonly littered with atmospheric condition
and therefore the symptoms reliefs dramatically when exposure to the cause is removed 4° . In primary type,
there is no autoimmunity associated marker or reaction. Therefore, a comprehensive anamnesis should be
taken and physical and laboratory examination should be made in every case with RP and after excluding
suspected pathologies the RP are often classified as primary type 1 .

The essential finding of pRP is aggravation of symptoms by exposure cold and the detection of color changes
(turn white, blue, or both). The diagnosis is clarified after exclusion of possible underlying diseases with
checking nail capillaroscopy and laboratory panel such as complete blood counting, inflammatory parameters,
metabolic panel, antibodies, enzymes etc. Avoiding contact with cold and stress is suggested for these
patients. Lifestyle changes such as reducing smoking and caffeine use are important. Additionally, some
medications can be applied!-® . However, some patients have borderline symptoms without physical findings
like sort of a feeling of cold within the extremities. In this patient group, management is harder because no



finding apart from anamnesis has been determined, and no parameter has been defined for possible suspicion
6,7 . Especially, an abnormal capillaroscopic finding for differentiation of RP is discriminative for secondary
RP. Thus, nailfold capillaroscopy is losing potential predictor role for pRP.

The aim of this study was to investigate the possible predictors for pRP. Therefore, flow-mediated dilatation
(FMD), routine blood markers, and monocyte chemoattractant protein-1 (MCP1) levels were compared
between pRP patients and healthy individuals.

MATERIAL AND METHOD

The study steps were designed according to the Declaration of Helsinki and ethical approval was obtained
from the Local Ethics Committee of the University. The signed informed consent was obtained from all
participants. This study was designed as a prospective, case-control study.

Patients over 50 years of age (because of increased risk of atherosclerotic occlusive arterial diseases), with
past medical history with trauma, thoracic outlet syndrome, secondary RP (malignity, vasculitis, systemic
inflammatory disease, auto-immune diseases, etc.), anti-inflammatory or corticosteroid usage history, and
patients with accompanying diabetes, hypertension, familial hyperlipidemia were excluded from the study.

After exclusion of secondary RP, a total of 43 patients was included in the study who admitted to the
cardiovascular surgery clinic with RP symptoms (bruising and cold hands/f provoked by cold) and diagnosed
as primary RP (Figure 1). The control group was formed from healthy individuals who admitted to the
hospital for a routine checkup without cardiovascular symptoms.

Evaluation of flow-mediated dilatation (FMD)

The FMD evaluation was made in each participant in early morning after overnight fasting period in a
standard ultrasound room by expert sonographer before starting other steps of study (blood sampling) as
described in previous literature ®? . An android compatible linear transducer (Philips Lumify L12-4 [12-4
mHz|; Philips Ultrasound Inc., Bothell, WA) was used to evaluation of vessel diameter. The normal diameter
of the brachial artery was measured over about 5 cm of the antecubital fossa and therefore the evaluation
point was marked. Thereafter the sphygmomanometer cuff was placed to proximal site of evaluation point
and inflated to above 50 mmHg of normal blood pressure for five minutes as explained in previous literature®?
. After 5 minutes of ischemia period cuff was deflated and the ultrasound probe was placed to marked point
for measurement of post-ischemic diameter of brachial artery. The enlargement of diameter equal or over
than 5% was accepted as normal response and lower than 5% was accepted as abnormal vascular response
to ischemia which indicates abnormal endothelial function®® .

Blood Sampling

After evaluation of the FMD response the routine 10 ml venous blood samples were obtained from each par-
ticipant. After centrifugation, routine laboratory parameters (white blood cell [WBC] (103 /uL), hemoglobin
(g/dL), platelet (10-3/uL), mean platelet volume [MPV]| (fL), creatinine (mg/dL), alanine aminotrans-
ferase [ALT] (IU/L), aspartate aminotransferase[AST]| (IU/L), D-dimer (ng/L), fibrinogen (pg/ml), albumin
(g/dL), fibrinogen to albumin ratio [FAR] (%), Neutrophil to Lymphocyte ratio [NLR] (%), D-dimer to
albumin ratio [DDAR] (%)) and monocyte chemo-attractant protein-1 [MCP-1] (pg/ml) levels were studied
from obtained serum samples. The commercially available human MCP1 ELISA kit (SUNLONG, Sun Long
Biotech Co., LTD) was used for determining MCP-1 levels (SUNLONG, Sun Long Biotech Co., LTD) as
described in previous reports 19 .

Statistical Analyze

The nominal data analysis was made by using Yates- corrected chi-square test. A comparison of parametric
data between the two groups was made by using student tests. Pearson correlation coefficients were used to
compare the relation of parameters with FMD. SPSS 17.0 (SPSS Inc., Chicago, IL, USA) statistical software
program was used for all statistical analyses. A p-value less than 0.05 was considered significant.



RESULTS

The groups were found as similar (p>0.05) in regards of demographical variables (age, gender, smoking)
and markedly higher abnormal FMD responses rates detected in primary RP patient group (p= 0.000). The
comparison of demographical, clinical (FMD) and laboratory variables between control and pRP patients
was demonstrated in Table 1.

Serum hemoglobin, platelet, creatinine, ALT, D-Dimer, FAR, NLR, albumin, DDAR values were found
as similar between groups (p>0.05). Slightly higher AST values (p= 0.027) were detected in pRP group
(25.60+9.77 TU/L) when compare with healthy subjects (21.204+5.14 TU/L). Serum WBC, MPV, fibrinogen
and MCP-1 values were significantly higher in pRP group (Table 1) when compare with healthy control
group (p<0.05).

Higher MCP-1 values (Figure 2) were detected in participants with abnormal FMD response (p=0.001). The
significant correlation was detected between abnormal FMD response and MCP-1 levels (R: 0.308, R2: 0.095,
p: 0.044). Additionally, the low level of relationship was found between FMD response and MPV, MCP-1
and fibrinogen values (Table 2).

DISCUSSION

To best of our knowledge this is the first study about relationship between FMD response (impaired endo-
thelial response) and blood parameters in patients with pRP. On the other hand this is the first report
about relationship between impaired endothelial response and MCP-1 levels in pRP. Our results indicated
that patients with pRP have higher impaired endothelial to ischemia. The incremental levels of serum WBC,
MPV, MCP-1 and fibrinogen values were detected in pRP group. Moreover, moderate direct correlation was
found between abnormal FMD response and serum MCP-1 values.

The impaired endothelial dysfunction demonstrated in both primary and secondary RP in previous studies.
Furthermore it was shown that microvascular derangement was found as associated with endothelial dys-
function in RP patients ''2 . The endothelium has an important role in the regulation of vascular response
against blood flow-associated shear stress and ischemia-reperfusion events. Insufficient flow-mediated va-
sorelaxation response is an indicator for increased vascular disease '® . The dilation response of the brachial
artery after a 4-5 minutes ischemic period is a reliable non-invasive assessment method for the evaluation
of endothelium functions. The post-ischemic brachial artery dilatation with equal to or more than 5% of
normal diameter is accepted as normal endothelial functions. Additionally, dilatation with lower than 5% of
diameter is accepted as impaired endothelial functions %14 . The FMD response was studied in patients with
RP. Flavahan indicated as FMD response is normal in pRP and it was added that cold induced disruption of
arteriovenous connections in RP cases, can lead to digital artery spasm '° . Mavrikakis et al. studied FMD
in patients with sSRP and they detected abnormal FMD response in these patients. Additionally, they found
that ascorbic acid does not reverse endothelial vasomotor dysfunction in their study !¢ . Klein-Weigel et al.
investigate the seasonal variations in patients with RP and they did not show abnormal FMD response in
pRP '7 . However most of the previous reports were conducted with mall RP populations. Although our
results indicated that abnormal FMD response can detected 5 (17%) of 30 healthy individuals, the abnormal
FMD was detected at 30 (70%) of 43 pRP patients.

The routine blood parameters were investigated for several kinds of vascular diseases '® . Platelet indices

were investigated in vasospastic disorders detected with cold stimulation test by Kadan et al. ' . They found
that the relationship between severity of disease and MPV. Shemirani et al. found independent relationship
between pRP and higher serum MPV levels?® . Another study higher MPV was suggested as triggering
factor for pRP 2! . In same study WBC levels were found as insignificant predictor in same study. Lau et al.
was found increased white blood cell activation in patients with RP?? . Our findings supported that MPV
and WBC levels in patients with pRP. Plasma fibrinogen is another laboratory parameter that investigated
in vasospatic disorders. Splenger et al. concluded as increased plasma fibrinogen levels in patients with RP
are related with disrupted distal microcirculation 23 . Similarly, higher fibrinogen levels found as associated
with plasma fibrin clots displaying impaired lysability and increased endothelial damage in pRP by Zuk et



al. 24 . In our study higher fibrinogen levels were detected in pRP patients.

MCP-1 is an important potent regulatory chemokine that is responsible for the migration and the infiltration
of monocytes. The ischemia, oxidative stress, released cytokines, or growth factors triggers the biological
activity of MCP-1 and leads to infiltration of monocytes/macrophages. Rajagopalan et al. investigated
to MCP-1 levels in sRP and pRP and they found that MCP-1 levels were higher in sRP when compared
with primary type. However, they did not compare the MCP-1 levels with healthy controls and did not
investigate the relation with endothelial response 2° . MCP-1 was suspected to pathogenesis of vasospastic
outcomes of diseases that presented with sRP?%:27 . However, the literature includes insufficient reports about
the relationship between impaired endothelial function and MCP-1 levels in pRP. Furthermore, another
insufficiency is about the differences between pRP and normal population in regards to MCP-1 levels. Our
results indicated that MCP-1 levels are higher in patients with pRP and these results revealed a relation
between impaired endothelial functions and serum MCP-1 levels.

In conclusion, our findings demonstrated that MPV, WBC, fibrinogen, and MCP-1 levels were higher in
pRP patients when compare with healthy control. It seems to be that increased MCP-1 values were related
to abnormal FMD response in pRP group. These results might be helpful for the establishment of the
pathophysiology of the RP.

Limitations of Study

The main limitation of the study is concerning about small sample size. Although previous literature has
present findings with smaller patient groups, the comprehensive cohorts are necessary for obtaining powerful
and exact results. The second limitation is concerning the determination of endothelial response with a
single method (FMD). The endothelial response should be confirmed with other techniques to present more
clarified findings. The third limitation is related to the nature of the disease. If any underlying disease
cannot be detected responsible for RP then it called primary RP. However, there is multifactorial etiology
for RP and it is possible to skip diagnosis.
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Figure and Table Legends
Figure 1. The bruising on hand and foot in patients with pRP

Figure 2. The comparison of monocyte chemoattractant protein-1 (MCP1) values in normal and abnormal
flow-mediated dilatation (FMD) groups.

Table 1. The comparison of demographic and laboratory variables in pRP and healthy control group
Table 2. The relation between laboratory parameters and abnormal flow-mediated dilatation (FMD)

Table 1. The comparison of demographic and laboratory variables in pRP and healthy control group

Raynaud Phenomenon

Variables Control N:30 N:43 p#

Female n(%) 22 (73%) 34 (79%) 0.772
Age (mean+SD) 27.17+£8.01 28.33£8,71 0.565
Smoking n(%) 8 (27%) 19 (44%) 0.201
Abnormal FMD* n(%) 5 (17%) 30 (70%) 0.000
WBC** (103 /uL) 6.20+1.43 7.64+1.73 0.000
Hemoglobin (g/dL) 13.4641.06 12.934 1.78 0.148
Platelet Count (1073 /ul)  225.50479.23 250.91+74.67 0.167
MPV*** (L) 8.36+0.96 10.4740.87 0.000
Creatinine (mg/dL) 0.854+0.17 0.79+0.21 0.232
AST* (IU/L) 21.20+5.14 25.60£9.77 0.027
ALT*T* (IU/L) 23.45+7.36 26.12+£12.94 0.311
D-Dimer (%) 1.25+1.15 2.5045.049 0.185
Fibrinogen (ug/ml) 258.94489.74 375.57+160.49 0.000
FART*+ (%) 88.38+66.85 112.54+45.49 0.090
NLR¥ (%) 9.444+11.26 8.0746.03 0.501
Albumin (g/dL) 3.3500 .38841 3.3279 .70561 0.579
DDAR%® (%) 0.3819+0.37301 0.9210+1.65428 0.877
MCP1¢ (pg/ml) 264.4342471.12647 332.49334+39.45015 0.000



Variables

Control N:30

Raynaud Phenomenon
N:43

p#

*FMD: flow mediated
dilatation. **WBC:
white blood cell.
¥*AMPV: main platelet
volume. TAST:
aspartate
aminotransferase.
++ALT: alanine
aminotransferase.
T++FAR: fibrinogen to
albumin ratio. ¥NLR:
Neutrophil to
Lymphocyte ratio.
L&DPDAR: D-dimer to
albumin ratio.
@MCP1: monocyte
chemo-attractant
protein-1 #p<0.05 is
considered as
statistically significant

*FMD: flow mediated
dilatation. **WBC:
white blood cell.
*AMPV: main platelet
volume. TAST:
aspartate
aminotransferase.
++ALT: alanine
aminotransferase.
TTTFAR: fibrinogen to
albumin ratio. ¥NLR:
Neutrophil to
Lymphocyte ratio.
&&PDDAR: D-dimer to
albumin ratio.
@MCP1: monocyte
chemo-attractant
protein-1 #p<0.05 is
considered as
statistically significant

*FMD: flow mediated
dilatation. **WBC:
white blood cell.
*HFMPV: main platelet
volume. TAST:
aspartate
aminotransferase.
++ALT: alanine
aminotransferase.
TTTFAR: fibrinogen to
albumin ratio. ¥NLR:
Neutrophil to
Lymphocyte ratio.
&&PDDAR: D-dimer to
albumin ratio.
@MCP1: monocyte
chemo-attractant
protein-1 #p<0.05 is
considered as
statistically significant

*FMD: flow mediated
dilatation. *WBC:
white blood cell.
***FMPV: main platelet
volume. TAST:
aspartate
aminotransferase.

T+ ALT: alanine
aminotransferase.
TTTFAR: fibrinogen to
albumin ratio. ¥NLR:
Neutrophil to
Lymphocyte ratio.
&&PDDAR: D-dimer to
albumin ratio.
@MCP1: monocyte
chemo-attractant
protein-1 #p<0.05 is
considered as
statistically significant

Table 2. The relation between laboratory parameters and abnormal flow-mediated dilatation (FMD)

MCP1*

WBC**

MPV***

Fibrinogen

@FMD: flow mediated dilatation. **WBC: white blood cell. ***MPV: main platelet volume. #p: Correlation is significant
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