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Increased CRP/albumin ratio is associated with superficial
venous reflux disease and varicose vein formation

Orcun Unal?, Didem Melis Oztas®, Metin Onur Beyaz¢, Ibrahim Erdincd,
Mert Mericé, Mustafa Ozer Ulukanf, Atalay Karakayaf, Fatma Nihan Turhan
Caglar9, Murat Ugurlucanf

@ Cardiovascular Surgery Clinic, Yedikule Chest Diseases and Chest Surgery Training and Research Hospital, Istanbul, Turkey
b Cardiovascular Surgery Clinic, Istanbul Training and Research Hospital, Istanbul, Turkey

< Department of Cardiovascular Surgery, Hatay Mustafa Kemal University Medical Faculty, Hatay, Turkey

4 Cardiovascular Surgery Clinic, Izmir Bozyaka Training and Research Hospital, Izmir, Turkey

¢ Department of Cardiovascular Surgery, Istanbul University Istanbul Medical Faculty, Istanbul, Turkey

f Department of Cardiovascular Surgery, Istanbul Medipol University Medical Faculty, Istanbul, Turkey

9 Cardiology Clinic, Bakirkoy Training and Research Hospital, Istanbul, Turkey

ARTICLE INFO

SOUHRN

Article history:

Submitted: 15. 12. 2020
Accepted: 11. 1. 2021
Available online: 9. 8. 2021

Klicova slova:
Albumin

CRP

Reflux povrchovych Zil
Varikézni zily

Zanét

Kontext: Nedavno byl publikovén nazor, ze kromé zvy$eného Zilniho tlaku muZze vznik a progresi kfecovych
zil ovliviiovat i zanét. Pomér C-reaktivniho proteinu (CRP) a albuminu (CRP/albumin ratio, CAR) predstavuje
novy marker zanétu spojeny s nepfiznivou progndzou u riiznych skupin pacientd. Cilem nasi studie bylo zjis-
tit vztah mezi primérem varikdzni velké safény (varicose greater saphenous vein, VSM) a parametrem CAR.
Metody: Do studie bylo zafazeno celkem 150 pacientd s nedostatecnosti VSM (skupina 1, n = 114)
a nepostizenymi VSM (n = 36). Primér VSM se méfil B-mode ultrazvukem a reflux se kvantifikoval délkou
uzavirdni chlopné mérenou spektralni dopplerovskou kfivkou. Krevni vzorky se odebiraly pfi zafazovani
pacientll do studie. Hodnota CAR se stanovuje vydélenim hodnoty CRP hodnotou albuminu v séru.
Vysledky: Skupinu 1 tvotilo 21 (18,4 %) muzut a 93 (81,5 %) Zen; ve skupiné 2 bylo 7 muzd a 29 zen. Prdimérny
vék pacientl v obou skupinéach byl podobny (48,02 + 12,20 roku ve skupiné 1 vs. 44,9 + 8,92 roku ve skupiné
2; p = 0,44). Primérnéa hodnota indexu télesné hmotnosti (BMI) pacientl se vyznamné nelisila (skupina 1:
26,4 + 3,7 kg/m? vs. skupina 2: 25,7 + 4,2 kg/m?; p = 0,13). Primérné hodnoty prdmeéru VSM byly 5,70 + 0,29
mm ve skupiné 1 a 3,21 + 0,34 mm ve skupiné 2 (p = 0,0023). Primérné hodnoty CRP a albuminu ve skupiné 1
byly 6,18 + 4,99 mg/l, resp. 4,45 + 0,27 g/dl; ve skupiné 2 to bylo 4,25 + 2,46 mgl/l, resp. 6,18 + 1,14 g/d| (hod-
nota p pro CRP = 0,049, hodnota p pro albumin = 0,074). Pomér CRP/albumin ve skupiné 1 ¢inil 1,28 + 1,34;
ve skupiné 2 byla namérena hodnota 1,11 £ 1,21, tedy statisticky nevyznamny rozdil (p = 0,58). Byla nalezena
stfedné tésnd korelace mezi primérem VSM a pomérem CRP/albumin i refluxem povrchovych Zil (r: 0,48).
Zaveér: Zvyseny pomér CRP/albumin je spojen se zvysenou incidenci varix( a vétsim prdmérem velké safény,
a tedy i vyssi incidenci refluxu povrchovych Zil. Zjisténi podporuji hypotézu, Ze ve vzniku kiecovych Zil muze
hrat jistou ulohu systémovy zanét.

© 2021, CKS.

ABSTRACT

Background: It has been recently postulated that inflammation may have an effect on varicose vein develop-
ment and prognosis, besides increased venous pressure. CRP/albumin (CAR) is a novel inflammatory marker
associated with poor prognosis in a various group of patients. Our aim in this study was to investigate the
relation between varicose greater saphenous vein (VSM) diameter and CAR.

Methods: A total of 150 patients with patients VSM insufficiency (Group 1, n: 114) and normal VSM (n: 36)
were included in the study. The diameter of the VSM was measured with B-mode ultrasound, and reflux was
quantified based on valve closure time using Doppler spectral tracings. Blood samples were taken during
recruitment. The CAR value is determined by dividing the serum CRP level to the albumin level.

Results: There were 21 (18.4%) males and 93 (81.5%) females in Group 1 and 7 males and 29 females in
Group 2. Mean age of the patients were similar in both groups (48.02+12.20 years in Group 1 vs. 44.9+8.92
years in Group 2, p = 0.44). Mean BMI of the patients did not differ significantly (Group 1: 26.4+3.7 kg/m?
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vs. Group 2: 25.7+4.2 kg/m?, p = 0.13). The mean diameter of VSM was measured 5.70£0.29 mm in Group 1
whereas 3.21£0.34 mm in Group 2 (p = 0.0023). Mean CRP and albumin values in Group 1 were 6.18+4.99
mg/L and 4.45+0.27 g/dL whereas 4.25+2.46 mg/L and 6.18+1.14 g/dL in Group 2, respectively (p value for

Keywords: CRP = 0.049, p value for albumin = 0.074). CRP/albumin was 1.28+1.34 in Group 1 and 1.11+1.21 in Group 2,
Albumin which was not statistically significant (p = 0.58). There was a positive moderately strong correlation between
CRP VSM diameter and CRP/albumin ratio as well as superficial venous reflux disease (r: 0.48).

Inflammation Conclusion: CRP/albumin ratio is associated with increased incidence of varicose veins and increased diame-

Superficial venous reflux disease
Varicose veins

ter of greater saphenous vein; hence, superficial venous reflux disease. The findings support the hypothesis
that systemic inflammation may play a role in varicose vein disease.

Introduction

Varicose veins are among the most common conditions of
chronic venous reflux disease (CVD)." Reports about the
varicose vein prevalence varies between 5-30% in gene-
ral population, and it deteriorates the quality of life of
the patients.” Meanwhile, the economic burden of the di-
sease rises, as its incidence increases.? Vena saphena mag-
na (VSM) incompetence is the most widespread site of the
upper-knee segment varicose disease." Although venous
hypertension, incompetence of venous valves, and blood
reflux are well known mechanisms of venous reflux, infla-
mmation is another potential factor suggested for patho-
genesis.> The fundamental role of inflammation in other
vascular diseases has already been recognised.? Moreover,
inflammatory markers have been shown to be more ele-
vated in blood taken from varicose veins than systemic
circulation.?4

C-reactive protein (CRP) is an acute phase reactant
produced upon inflammatory situations.> Several studies
have investigated the relation between CRP and venous
function.5” Albumin is also considered as an inflammatory
marker, and its low levels have been associated with poor
nutrition and worse outcomes in various inflammatory
conditions including leg ulcer healing.>® CRP to albumin
ratio (CAR) is a novel inflammatory indicator, assumed to
be more powerful than the each marker alone in terms of
determining inflammatory status.® Up to now, the signifi-
cance of CAR has been investigated in various clinical situ-
ations such as diabetes mellitus, coronary artery disease,
cancer, and vasculitis.®

The literature lacks reports regarding the correlation
between the diameter of the VSM, and inflammation and
nutrition markers. The aim of this study was to evaluate
the correlation between CAR and superficial venous re-
flux disease related with the varicose veins and the diam-
eter of the VSM.

Patients and methods

The study comprised a total of 150 patients. Among
them 114 consecutive patients (21 [18.4%] males, 93
[81.5%] females) comprised the study group with su-
perficial venous reflux disease (Group 1) whereas 36 he-
althy individuals (7 [19.4%] males, 29 [80.5%] females)
comprised the control group (Group 2). Demographic
characteristics were retrospectively reviewed from the
retained electronic file records of the participants. This
study was conducted in accordance with the Declarati-

on of Helsinki. The local institutional ethics committee
approved the study.

The main symptoms of the patients were pain, ede-
ma, itching and cramp in the legs. Patients with active
or chronic infectious disease, autoimmune disease, cere-
brovascular disease, morbid obesity, peripheral arterial
disease, hematological diseases, severe hepatic and re-
nal disease, malnutrition, deep vein thrombosis, venous
ulcers and malignancy were excluded from the study.
Doppler ultrasonography was performed on all patients.
The patients were carefully examined about venous in-
sufficiency and increased diameter of VSM. Also, patients
were evaluated by taking blood samples to examine bio-
chemical parameters.

After 12 hours fasting, venous blood samples were
obtained from antecubital veins. LDL, urea, creatinine,
hemoglobin, white blood cells (WBC), CRP and albumin
values were evaluated.

Greater saphenous vein diameter was measured with
duplex ultrasound 3 cm below the saphenofemoral junc-
tion, while the patient was standing. Diameters were
measured on B-mode transverse projections at the cross-
ing of the fascia. An ultrasound scanner equipped with
a 7.5-MHz transducer was used in all cases (ATL HDI 3000,
Advanced Technology Laboratories, Bothell, Wash). The
Clinical, Etiology, Anatomy, and Pathophysiology (CEAP)
classification was used in the assessment of venous dis-
ease and the clinical findings were examined with the Ve-
nous Clinical Severity Score.

In the patients who had saphenofemoral junctional
and/or greater saphenous vein reflux with manual com-
pression when the patient is standing or with Valsalva
maneuver for more than 0.5 second and with measured
diameter of the greater saphenous vein more than 5.5
mm in Doppler ultrasonography, the interventional ther-
apy was planned. All the patients are prescribed compres-
sion stockings.

Statistical analysis

Number Cruncher Statistical system (NCSS) (Kaysville, Utah,
USA 2007) programme was used for statistical analysis. Stu-
dy data were analyzed using descriptive statistical methods
such as mean, standard deviation, median, frequency, ra-
tio, minimum, maximum. Normally distributed quantitative
data were analysed by Student t test, and non-normally
distributed data were analysed by Mann-Whitney U test.
Comparison of qualitative data was performed by Fisher
Exact Test. Spearman’s rank correlation was used to test the
correlation among data. The r values below 0.2, between
0.2-0.4, 0.4-0.6, and 0.6-0.8 and above 0.8 indicated very
weak or no correlation, poor correlation, moderate corre-
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Table 1 - Demographic features of the patients in groups

Demographic features

Male

Female

Mean age (years)

BMI (kg/m?)

Smoker

Ex smoker

Deep venous insufficiency

Superficial venous reflux

Bilateral greater saphenous vein reflux
Lesser saphenous vein insufficiency
Perforating vein reflux

Increased VSM diameter without reflux
The mean diameter of VSM (mm)
Mean CRP value (mg/dL)

Mean albumin value (g/dL)
CRP/albumin (CAR) value

Group 1 (n: 114)

Group 2 (n: 36)

21 (18.4%) 7(19.4%)
93 (81.6) 29 (80.5%)
48.02+12.20 44.9+8.92
26.4+3.7 25.7+4.2
52 (45.6%) 13 (36.1%)
20 (17.5%) 10 (27.7%)
17 (14.9%) =

86 (75.4%) =

16 (14%) =

12 (10.5%) =

17 (14.9%) =

28 (24.6%) =
5.70+0.29 3.21£0.34
6.18+4.99 4.45+0.27
4.25+2.46 6.18+1.14
1.28+1.34 1.11x1.21

BMI - body mass index; CAR — CRP to albumin ratio; CRP — C-reactive protein; VSM - greater saphenous vein.

Table 2 - Correlation analysis

Correlation r value
CRP and VSM diameter 0.52
Albumin and VSM diameter -0.09
CAR and VSM diameter 0.48
CRP and bilateral venous reflux 0.42
Albumin and bilateral venous reflux -0.07
CAR values and bilateral venous reflux 0.4
CRP and lesser saphenous vein reflux 0.45
Albumin and lesser saphenous vein reflux -0.08
CAR values and lesser saphenous vein reflux 0.42
CRP and perforating veins reflux 0.41
Albumin and perforating veins reflux -0.05
CAR values and perforating veins reflux 0.4
CRP and deep venous system reflux 0.47
Albumin and deep venous system reflux -0.08
CAR values and deep venous system reflux 0.45

CAR - CRP to albumin ratio; CRP - C-reactive protein; VSM - grea-
ter saphenous vein.

r value:

<0.2: Very weak or no correlation

0.2-0.4: Poor correlation

0.4-0.6: Moderate correlation

0.6-0.8: Strong correlation

>0.8: Very strong correlation

lation, strong correlation and very strong correlation, re-
spectively. The p values (two-tailed) lower than 0.01 with
99% confidence level and 0.05 with 95% confidence level
were considered as statistically significant.

Results

The cohort consisted of a total of 150 patients divided into
two groups. Patients with superficial venous reflux disease
(n: 114) comprised Group 1 and healthy individuals devoid
of varicosities were included into Group 2. There were 21
(18.4%) males and 93 (81.5%) females in Group 1 and 7
males and 29 females in Group 2. Mean age of the patients
in Group 1 was 48.02+12.20 years and 44.9+8.92 years in
Group 2, which were similar (p = 0.44). Diabetes mellitus
and hypertension was not detected in any patients in both
groups. Body mass indexes were calculated 26.4+3.7 kg/m?
in Group 1 vs. 25.7+4.2 kg/m? in Group 2 (p = 0.13). Se-
venty-two patients were smokers and 20 of them were ex-
-smokers in Group 1 and corresponding numbers in Group
2 were 23 and 13. Demographic features of the patients in
both groups are presented in Table 1.

All the patients underwent duplex USG of the symp-
tomatic lower extremity. Doppler USG revealed deep
venous insufficiency in 17 patients in Group 1 as well
as superficial venous reflux disease in 102 legs. Bilateral
greater saphenous vein reflux disease was detected in 16
patients. Lesser saphenous vein insufficiency and perfo-
rating vein reflux disease was present in 12 and 17 pa-
tients, respectively in Group 1. Twenty-eight patients
with varicosities did not have refluxing VSM despite in-
creased VSM diameter. The mean diameter of VSM was
measured 5.70+0.29 mm in Group 1 where as 3.21+0.34
mm in Group 2 (p = 0.0023). Mean CRP and albumin val-
ues in Group 1 were 6.18+4.99 mg/dL and 4.45+0.27 mg/
dL where as 4.25+2.46 g/dL and 6.18+1.14 g/dL in Group
2, respectively (p value for CRP = 0.049, p value for albu-
min = 0.074). CRP/albumin was 1.28+1.34 in Group 1 and
1.11+1.21 in Group 2, which was not statistically signifi-
cant (p = 0.58). There was a positive moderate correlation
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between the VSM diameter and CRP (r: 0.52). The correla-
tion between albumin and VSM diameter was negative;
however, very weak (r: -0.09). Again there was a positive
moderately strong correlation between VSM diameter
and CAR (r: 0.48).

The correlation analyses were also performed between
the CRP, albumin, CAR values and venous reflux disease
affecting both legs, lesser saphenous vein, perforating
veins and deep venous system. Similarly, there was a posi-
tive and moderately strong correlation with CRP values,
negative and very weak correlation with albumin and
moderately strong positive correlation with CAR. The
data regarding the correlation analysis are presented in
Table 2.

Discussion

Venous insufficiency is a disease of the mankind even de-
scribed in the ancient medical writings. It has a life-long
prevalency approximately 30% in general population.™ It
leads to discomfort in the lower extremities, cramps, pain
and in advanced cases, edema, pigmentation and ulcer for-
mation all of which significantly affect the quality of life of
the patients." The sapheno-femoral junction insufficiency
and/or reflux disease of the VSM are blamed for superficial
venous reflux phenomenon in most instances.?

Various mechanisms are accused in the formation of
varicose veins. Insufficient valves promoting vein dilation,
venous stasis, and eventually venous hypertension are
known to be the principle mechanisms.® Increased venous
pressure and valve coaptation defects are the identifiable
known factors; however, the underlying mechanisms are
still controversial.’®* The cellular events are thought to be
an important factor in the beginning and progression of
the pathology.™ In this context, some factors such as peri-
vascular fibrin cuffs, ischemia, hypoxia and inflammation
are proposed in the etiology. In some studies, white blood
cell infiltration was detected as a supporting factor of the
inflammation role in the etiology of varicose veins."

The triggering mechanism of the inflammatory cas-
cade may be the pathological environment as a result of
elevated venous pressure and a change in shear stress."
It is thought that increased venous pressure and wall
hypoxia may cause leukocyte activation and migration.
This mechanism leads to mediator secretion which ends
up decreased elasticity of venous wall."”® TGF-B1 is one
of the released substances following the inflammation.
The overexpression of TGF-B1 was found associated with
increased production of inducible nitric oxide (NO) syn-
thase in varicose veins. Also the overproduction of NO
improves the production of TGF-$1 and this may lead to
progressive hypertrophy of venous wall due to cell cycle
pathology.”™ This hemodynamic alterations create an in-
flammatory environment leading to disease progression
and complications.® Also, in the literature, there are some
studies that have shown infectious agents such as cyto-
megalovirus, chlamidia pneumonia, Helicobacter pylori,
and some herpesvirus subtypes may be responsible in the
triggering of vascular inflammatory cascade.®

CRP and serum albumin are two of the inflammation
markers and widely used in clinical practice. While CRP is

a positive acute phase reactant, albumin serves as a neg-
ative acute phase reactant. Decreased albumin may be
related with chronic diseases, impaired endothelial func-
tions, and may be an indicator of inflammatory status."”
Besides measurement of these markers is a simple and in-
expensive to analyze the inflammation.®

Recently, the CAR has been widely studied and found
to be associated with infection, malignancy, inflamma-
tion, and various others as well as for the prediction of the
prognosis in certain disease states.> Also, CAR has been
recently shown to be used as a disease activity marker in
patients with Takayasu arteritis, rheumatoid arthritis and
Crohn’s disease.'® Akkececi et al determined 1.14 as a cut-
off value of CAR for Takayasu arteritis with 96.9% sensi-
tivity and 96.9% specificity."® When compared with either
sole hs-CRP or albumin alone, the CAR is found superior
as a predictor of prognosis in patients with acute medical
pathologies. Recently, CAR is also found strongly associ-
ated with poor prognosis in patients with tumor or sep-
sis. The CAR is thought to have higher sensitivity due to
being a combination of two different reliable markers."

The role of inflammatory cascade in the etiology of
venous insufficiency attracted attention in recent years.
There are several studies in the literature confirming this
hypothesis.® Saharay et al. found acute and temporary
leucocyte activation by inducing venous hypertension
in patients with varicose veins.?® Another study showed
marked chemokine expression in varicose veins which
they believe attracts leucocytes in the area and trigger in-
flammatory process.® Poredos et al showed more elevated
levels of inflammatory markers like CRP and interleukin-6
in blood samples of drawn from the varicose veins of the
patients than systemic blood.® Mosmiller et al. compared
neutrophil count and neutrophil-lymphocyte ratio in pa-
tients with mild versus severe chronic venous insufficien-
¢y, and suggested to use neutrophil-lymphocyte ratio as
a severity predictor in this clinical context.?' Karahan et
al. demonstrated a relation between the severity of the
chronic venous insufficiency and serum albumin levels.
Moreover, fibrinogen/albumin ratio was a good predic-
tor of disease progression with 75% sensitivity and 87.5%
specificity in their study.?? Legendre et al. revealed lower
serum albumin and higher CRP levels in patients with leg
ulcers compared to controls, and an association between
protein deficiency and leg ulcers healing process.®

In our study, we observed increased CAR in patients
with varicose veins. We detected significant correlation
between the CAR and superficial venous reflux disease,
diameter of dilated VSM and varicose veins supporting
the role of inflammation in the etiology of venous insuf-
ficiency. To the best of our knowledge, this is the first
prospective study to demonstrate a correlation between
CAR and varicose VSM diameter.

Limitations

This study has several limitations. The relatively small
sample size of patients and single-centered design are the
main limitations. Since the study was performed in a sin-
gle-center, the number of patients was small to achieve
a subgroup analysis. Another limitation regards to the
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lack of immediate postoperative and postoperative long-
-term blood samples and correlation analysis; however,
early postoperative period is an inflammatory state and
blood samples drawn at that period would not reveal re-
liable correlation analysis. On the other hand, we do not
know how long the healing period would last in patients
undergoing conventional surgical superficial venous re-
flux disease or in patients receiving treatment with per-
cutaneous endovenous techniques; hence, the study also
lacks long-term follow-up blood tests.

Conclusion

In conclusion, CRP/albumin ratio has been found strong-
ly associated with varicose VSM diameter in this present
preliminary study. Further multicentre based studies with
larger cohors size are warranted to validate CRP/albumin
ratio cut-off values to predict various prognostic criteria
for the course of the superficial venous reflux disease in
the affected patients.
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