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ATHEROGENIC INDICES CAN PREDICT ATHEROSCLEROSIS IN PATIENTS
WITH SARCOIDOSIS
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AsstracT. Background: Sarcoidosis, a multisystemic disease of unknown etiology, is characterized by non-ca-
seating granulomatous inflammation. This study aimed to investigate the efliciency of atherogenic indices and
ultrasonographic evaluation of carotid artery on predicting atherosclerosis in patients with sarcoidosis. Methods:
The study included 44 subjects followed with diagnosis of sarcoidosis and 53 age and gender matched healthy
subjects as controls. Laboratory findings, pulmonary function tests and carotid artery ultrasonography of all par-
ticipants were evaluated. Results: Of the participants with sarcoidosis 70.5% was female and the mean age was
35.36+7.18 years, while 64.2% of the control group were female and the mean age was 33.58+8.13 years (P=0.511
and P=0.191, respectively). High-density-lipoprotein cholesterol level in the sarcoidosis group was significantly
lower than that of the control group (P=0.017), while other cholesterol levels were higher than those of the con-
trols (P<0.05). Intima-media thickness (IMT) and peak systolic velocity (PSV) of carotid artery were higher
in patients with sarcoidosis (P<0.001 and P=0.009, respectively). Atherogenic indices (Atherogenic Index (AI),
Atherogenic Coeflicient (AC) and Cardiogenic Risk Ratio (CRR)) were higher in sarcoidosis group compared to
the controls (P<0.001, for all parameters). IMT was positively correlated with PSV, AI, AC, and CRR. A positive
correlation between PSV and atherogenic indices was also detected. Conclusions: Sarcoidosis may be a predispos-
ing factor for atherosclerosis. Atherogenic indices, IMT of carotid artery and PSV might be considered predictors
for atherosclerosis and cardiovascular diseases in asymptomatic sarcoidosis patients.
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INTRODUCTION

Sarcoidosis, a multisystemic inflammatory disease
of unknown etiology and chronic nature, is character-
ized by proliferation of non-caseating granulomas.
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The lungs and intrathoracic lymph nodes are the most
common sites for involvement. It commonly occurs
between the ages of 20 and 50 years (1). In the study
published by the Turkish Thoracic Society (T'TS) in
2009, the incidence of sarcoidosis in Turkey was esti-
mated at 4 in 100,000 (2).

Atherosclerosis is very common in the population
and causes narrowing or occlusion of large and medium
sized arteries. The atheromatous plaques occur espe-
cially in the branching sites of the vessels. The plaques
consist of inflammatory cells, connective tissue cells and
calcium as well as LDL (low density lipoprotein) accu-
mulating within the intimal layer of blood vessels (3,4).
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The efficacy of atherogenic indices in predict-
ing atherogenic risk and atherosclerosis have been
evaluated in Chronic Obstructive Pulmonary Dis-
ease (COPD), Familial Mediterranean Fever (FMF),
pregnancy induced hypertension, etc.) (5-7). To the
best of our knowledge, no study in the current liter-
ature evaluated the use of atherogenic indices (Ath-
erogenic Index (AI), Cardiogenic Risk Ratio (CRR)
and Atherogenic Constant (AC)) and the thickness of
carotid intima-media in predicting atherosclerosis in
sarcoidosis.

This study aimed to investigate the use of the
serum lipid levels, atherogenic indices and thickness
of the intima media layers and systolic flow velocities
evaluated via carotid artery Doppler ultrasonography
(USG) as a predictor of atherosclerosis in subjects with
sarcoidosis.

MATERIALS AND METHODS
Patient selection

The study was carried out between October 2017
and February 2018. The study included only the sub-
jects with histopathologically confirmed diagnosis of
sarcoidosis and with exclusion of other granuloma-
tous diseases. All patients were contacted by phone
call and invited for visit and participation to our study.
Fifty-three (96.36%) of the 55 patients followed up
with sarcoidosis could be contacted over the phone.
Two subjects were excluded because of death within
the last 3 months due to non-pulmonary reasons.
Three subjects could not apply for thevisits for vari-
ous reasons, and four subjects were excluded from the
study because they had previously used antihyperlipi-
demic medications, or other criteria that required their
exclusion. The flow chart for admittance of patients is
given in Figure 1.

Accompanied by clinical and radiological find-
ings, subjects with histopatologically confirmed
"non-necrotizing granulomatous inflammation", or
mycobacterial infections were excluded. Addition-
ally, all patients were interrogated and the diagnosis
confirmed in order to exclude other causes of granu-
lomatous inflammation. The subjects with suspected
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Figure 1. Flow diagram for inclusion of participants diagnosed
with sarcoidosis

or confirmed granulomatous diseases other than sar-
coidosis, those who rejected to participate in the study,
who had chronic use of antihyperlipidemic medica-
tion, or who had systemic arterial hypertension, cor-
onary artery disease, stroke and vascular dysfunction
were excluded.

Age and gender matched 55 healthy controls were
enrolled in the study. Two of them were excluded from
the study for failing to complete the tests. Thus, 53
healthy volunteers completed the study protocol.

For both sarcoidosis and healthy control groups,
complete blood count (CBC) and routine biochemi-
cal tests, serum lipid panels (triglyceride (T'G), high
density lipoprotein (HDL), low density lipoprotein
(LDL), very low density lipoprotein (VLDL), and total
cholesterol) and C-reactive protein (CRP) were stud-
ied. Pulmonary Function Test (PFT), 6-minute walk-
ing test (6MWT) and Carotid artery color-Doppler
ultrasonography (USG) were applied to all partici-
pants in both groups.

Pulmonary Function Tests (PFT)

Pulmonary function test was applied to all partic-
ipants in accordance with the GOLD guideline with
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at least three forced vital capacity (FVC) maneuvers.
The procedure was performed by an experienced tech-

nician in Pulmonary Function Test Laboratory (ZAN
GPI. Applied with 3.00 (Germany)).

6-Minute Walking Test

The procedure was initially explained to the par-
ticipants in details by an experienced technician of
respiratory laboratory. After recording the baseline
oxygen saturation rates and blood pressures, the par-
ticipants were asked to walk for 6 minutes in a lane of
30 meters in length.. In case of desaturation or feel-
ing of poor, the test was discontinued. Otherwise, the
patients completed the test. At the end of the sixth
minute, the total distance walked, oxygen saturation
rates and heart rates were recorded.

Laboratory Investigations

Venous blood samples were collected into dipo-
tassium ethylenediaminetetraacetic acid (dipotassium
EDTA) test tubes for CBC test. The Sysmex-XE
2000i (Sysmex, Kobe, Japan) automatic blood cell
analyzer were used for analyzes. Biochemical tests,
serum triglycerides, high density lipoprotein (HDL),
low density lipoproteins (LDL), and very low density
lipoprotein (VLDL) measurements were carried out
via standard laboratory procedures with the Roche

Cobas C501 (Germany) with spectrophotometric
methods.

Atherogenic Indices

Atherogenic indices were calculated using the ob-
tained laboratory results;

- Atherogenic Coefficient (AC): [(Total Choles-
terol (TC) - HDL) / HDL];

- Cardiogenic risk ratio (CRR):[TC/HDL]

- Atherogenic index (AI): obtained with loga-
rithmic calculation on the website http://www
.biomed.cas.cz/fgu/aip/calculator.php (8).

Doppler Ultrasonographic Evaluation

Carotid Doppler Ultrasonography was performed
by a trained radiologist with a Terason (U-SMART
3200T) brand portable ultrasonic device, with the pa-
tient lying on back, head in hyperextension, neck in
neutral position or in an angle of 30-45° opposite to the
side being evaluated (Fig. 2A and 2B). In all partici-
pants, right Common Carotid Artery (CCA) B-Mode
ultrasonography was used to assess intima-media
thickness (IMT), and PSV were evaluated using Pulse
Wave Doppler. The cut-off value of IMT for athero-
sclerosis was reported 0.9 mm by European Society of
Cardiology (ESC) and European Society of Hyper-
tension (ESH) guideline in 2018 (9).

Figure 2. A. Application of carotid Doppler USG. B. The measurement of right CCA tunica intima-media thickness.
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Etichal Committee Aproval

The study was approved by the local Ethics Com-
mittee of Afyonkarahisar Health Sciences University
(2017/255).

Statistical Analysis

Statistical analysis was performed with Statisti-
cal Package for the Social Sciences for Windows Ver-
sion 20.0 (SPSS Inc., Chicago, IL, USA) program.
Kolmogorov-Smirnov test was used to evaluate the dis-
tribution of continuous variables. Categorical variables
were expressed as number and percentage (N (%)). Chi-
square test was used to compare group ratios. Normally
distributed variables were expressed as mean+standard
deviation; non-normally distributed variables were
expressed as median (minimum-maximum). In com-
parison of two groups, the student T-test or Mann-
Whitney U test were used according to distribution
normality. The Pearson or Spearman Correlation tests
according to distribution normality were used for cor-
relation analysis. After setting cut-off value for carotid
? sensitivity
and specificity of ultrasonographic values and athero-

IMT to predict atherosclerosis as 20.9 mm,

genic indices to evaluate atherosclerosis were calcu-
lated by analysis of receiver operating characteristic
(ROC) curve. The level of statistical significance was
set as p<0.05.

REesuLTs

The study included 44 participants with sar-
coidosis and 53 healthy individuals as controls. Of the
participants, 31 (70.5%) were female in the sarcoido-
sis group, and 34 (64.2%) were female in the control
group (P=0.511). The average age of patients with sar-
coidosis was 35.36 years, and that of the control group
was 33.58 years (P=0.191). The vast majority of those
with sarcoidosis were in early stage (Stage 1 and 2)
(Table 1).

The laboratory findings of all participants are
given in Table 2. Mean Platelet Volume (MPV) was
found to be significantly low in sarcoidosis group,
while their RDW (%) values were significantly higher

Table 1. Demographic features (gender, age and body com-
positions) of all participants and stages, involvement sites and
steroid treatment status of sarcoidosis patients in the study.

Sarcoidosis Control
N=44 N=53 P

Gender
Male, N (%) 13 (29.5) 19(35.8) |0.511
Female, N (%) 31(70.5) 34 (64.2)
Age, year 35.36£7.18 | 33.58:8.13 |0.191
(Average: SD)
Smoking patient, 9 (20.5) 14 (26.4) | 0.492
N (%)
Cigarette 15.50+7.76 16.93+7.43 | 0.647
consumption,
pack-years
Weight, kg 76.39+14.18 | 74.84+14.01 | 0.380
Height, cm 164.68+9.74 | 168.68+8.84 | 0.039
Body mass index 27.84x5.20 26.22+4.23 | 0.066
(BMI), kg/m*
Sarcoidosis stage
Stage 1 21 (47.7)
Stage 2 13 (29.5)
Stage 3 8 (18.2)
Stage 4 2 (4.5)
Steroid treatment
reception status
Current receiver 5(11.4)
of steroid
Previous receiver 21 (47.7)
of steroid
Organ
involvements of
sarcoidosis
Lung 44 (100)
Lymph node 37 (84.1)
Skin 10 (22.7)
Eye 3(6.8)
Neurological 1(2.3)
Other 2 (4.6)

(respectively, P=0.001 and P=0.018). C-reactive pro-
tein was significantly higher in the sarcoidosis group
(P<0.001).

Serum lipid parameters are given in Table 3.
HDL cholesterol was significantly lower in sarcoidosis
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Table 2. Complete blood count and biochemical test results of the study groups.

Laboratory parameters Sarcoidosis Control P
CBC
WBC, 10/3/ul. 8.18+3.23 7.40+1.98 0.147
Hemoglobin, (g/dL) 13.66+1.70 14.00+1.67 0.320
MCV, {L 86.45 (63.10-99.70) 88.50 (63.70-102.70) 0.063
MPV, (fL) 9.45 +1.04 10.17 = 1.07 0.001
RDW,% 14.10 (12.40-21.20) 13.50 (12.20-18.20) 0.018
Plt, 10/3/ul 274.07+77.89 263.74+63.80 0.474
PDW, {fL 15.94+0.43 16.08 +0.36 0.075
PCT (plateletcrit), % 0.24 (0.10-0.41) 0.25 (0.17-2.21) 0.323
Biochemical Parameters
Glucose, mg/dl 97.05 (71.40-126.70) 89.90 (66.20-104.00) <0.001
Urea (mg/dL) 27.65 (14.00-66.00) 24.60 (14.20-48.40) 0.029
Blood Urea Nitrogen (BUN), mg /dl 12.92 (6.54-31.12) 11.50 (6.64-22.60) 0.031
Creatinine, mg / dl 0.75 (0.46-1.51) 0.79 (0.54-1.20) 0.264
AST,U/L 17.20 (10.90-49.00) 17.40 (11.00-36.50) 0.510
ALT,U/L 16.90 (9.90-46.20) 14.10 (7.70-40.90) 0.101
Sodium, mmol/L 140.70£2.58 139.49+2.66 0.026
Potassium, mmol/L 4.48+0.40 4.49+0.34 0.957
Chloride, mEq /1 101.43+2.45 101.78+2.58 0.498
C-Reactive Protein (CRP), mg/dl 0.57 (0.10-21.90) 0.23 (0.11-0.80) <0.001
Table 3. Lipid profile results of the sarcoidosis and control groups.
Serum Lipid Variables Sarcoidosis Control P
Cholesterol, mg / dLL 191.62+37.99 171.31+24.18 0.002
VLDL, mg/dl 35.23+17.82 20.27+8.64 <0.001
LDL, mg/dl 127.12+32.21 106.02+20.08 <0.001
HDL, mg/dl 44.49+10.92 51.00+14.65 0.017
Triglyceride, mg/dl 175.72+89.37 101.35+43.22 <0.001

group; however the remaining lipid panel results were
significantly higher in the sarcoidosis group compared
to the controls.

In the spirometric tests, FVC (%), Forced expira-
tory volume at first second (FEV;) (%) FEV,/FVC
(%) and Forced Expiratory Flow at 25-75% of the
pulmonary volume (FEF,s ;5) (%) values were lower
in the sarcoidosis group (P<0.001, P=0.002, P<0.001

and P<0.001, respectively) (Table 4). Regarding the
participants’ exercise capacities, the total walking dis-
tance of the sarcoidosis group was significantly lower
in the 6-minute walk test compared to the control
group(P<0.001).

The atherogenic indices of the both groups are
also outlined in Table 5. All indicators were signifi-
cantly higher in the sarcoidosis group.
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Table 4. Results of spirometric measurements and exercise capacities of the study groups.

Values Sarcoidosis Control P

FVC, 1t 3.07+1.18 4.1420.99 <0.001
FVC,% 84.29+20.44 98.96+14.15 <0.001
FEV, It 2.43+0.96 3.42+0.81 <0.001
FEV,, % 86.89+22.51 95.72+13.99 0.020
FEV,/FVC, % 80.50 (55.00-100.00) 82.00 (72.00-97.0) <0.001
FEF,5 75, 1t 63.70+10.66 95.00+6.19 <0.001
6MWT 372.50 (120.00-550.00) 480.00 (300-740) <0.001
Male, 6t MWT, m 450.00 (120.00-540.00)¥ 480.00 (360.00-740.00)" 0.054
Female, 6t MWT, m 360.00 (120.00-550.00) 450.00(300.00-660.00) <0.001

FEV1: Forced expiratory volume at 1% second; FVC: Forced Vital Capacity; FEF)5 ;5: Forced expiratory flow at 25-75% of vital capacity. 6MWT:

6 minute walking test

¥ Within the Sarcoidosis group, for the 6MWT distance between the genders, P= 0.098
"Within the Control group, for the 6MWT distance between the genders, P= 0.174

Table 5. Intima-media thickness (IMT) and Peak Systolic Flow Velocity (PSV') evaluated by superficial carotid artery ultrasonogra-

phy and color Doppler Ultrasonography in study groups, and Atherogenic markers used for prediction of atherogenic risk; Athero-
genic Index (AI), Atherogenic Coeficient (AC), and Cardiogenic Risk Ratios (CRR)

| Sarcoidosis | Control P

Ultrasonographic Evaluation of Carotid artery

Intima-media layer thickness (IMT), mm 0.56+0.10 0.48+0.09 <0.001
Peak Systolic Flow Velocity (PSV), cm/s 82.73+20.80 73.52+12.84 0.009
Atherogenic Indices

Atherogenic index (AI) 0.55+0.28 0.28+0.25 <0.001
Atherogenic coefficient (AC) 3.51+1.25 2.56x0.94 <0.001
Cardiogenic risk ratio (CRR) 4.51+1.25 3.55+0.94 <0.001

Carotid artery superficial and color Doppler
ultrasonography revealed that the thickness of the
intima-media layer in the sarcoidosis group was sig-
nificantly higher (0.56+0.10 mm) than that of the con-
trol group (0.48+0.09 mm) (P<0.001). Moreover, peak
systolic flow velocity (PSV') was lower in the control
group (P=0.009) (Table 5).

In sarcoidosis group, IMT was positively cor-
related with PSV and the Atherogenic index (AI)
(R=0.586, p=<0.0001, for both). Similarly, a positive
correlation was detected between PSV and Al in the
sarcoidosis group (R=0.810, P<0.001). All data re-
garding correlations for the groups were presented in
Tables 6 and 7.

In addition, Figures 3 and 4 represent the correla-
tions between Al ultrasonographic findings (IMT and
PSV) of the sarcoidosis and the control groups.

While 7 (15.9%) of the sarcoidosis patients had
IMT of higher than 0.9 mm (cutoff) to diagnose ath-
erosclerosis, there was only 1 (1.9%) participant in the
control group (P=0.012). Among 26 sarcoidosis pa-
tients who received steroid treatment (current or pre-
vious steroid user), IMT was higher than the cut-off
value in 7 (26.9%) participants. On the other hand,
IMT was lower than the cut-off value in non-steroid
users (N=28 patients) (P=0.016). Other results of
ROC analysis to predict atherosclerosis are given in
Table 8.
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Table 6. Correlations of common carotid artery (CCA) linear
ultrasonographic findings (Intima-media thickness- IMT) with
other variables in Sarcoidosis and control groups.

Table 7. Correlations of common carotid artery (CCA) color
Doppler ultrasonographic evaluation (PSV (Peak Systolic Flow
Rate)) with other variables in Sarcoidosis and control groups.

Sarcoidosis Control

R P R P
Body Mass Index | -0.077 0.621 | 0.146 0.297
(BMI)
6-minute -0.286 0.060 | -0.155 0.266
walking test
Cigarette 0.640 0.046 | -0.010 0.970
Consumption
Peak Systolic 0.586 | <0.001 0.214 0.123
Flow Rate (PSV)
Al 0.586 <0.001 0.337 0.014
CRR 0.302 0.046 0.512 | <0.001
AC 0.302 0.046 0.512 | <0.001
CRP 0.068 0.660 | -0.139 0.320
HDL -0.364 0.015 | -0.420 0.002
TG 0.496 0.001 | 0.153 0.275
Total -0.067 0.666 0.092 0.510
Cholesterol
VLDL 0.496 0.001 0.153 0.275
LDL -0.168 0.276 0.191 0.170

Discussion

Sarcoidosis patients (N=44) and age and gender
matched healthy participants (N=53) were included
in the study. The participants with sarcoidosis had no
cardiac involvement within the tests for initial diag-
nosis. We aimed to evaluate the risk of atherosclerosis
for the control and study groups by assessing certain
biochemical markers, indices with reported validity for
prediction of atherosclerosis (A, AC, CRR), and vas-
cular ultrasonography (5-7,10,11). The present study
revealed that atherogenic indices used for prediction
of atherosclerosis (Al, AC, and CRR) were higher in
the sarcoidosis group compared to the controls. Ad-
ditionaly, the intima-media layer of the carotid artery
was thicker and PSV values were significantly higher
in sarcoidosis group compared to the controls.

In the literature, pulmonary involvement was
reported to occur in 85-95% of the sarcoidosis

Sarcoidosis Control

R P R P
Body Mass Index -0.100 0.520 | 0.126 | 0.369
(BMI)
6-minute walking 0.035 0.823 | -0.231 | 0.096
test
Cigarette 0.401 0.250 | -0.441 | 0.099
consumption
Intima-media 0.586 | <0.001| 0.214 | 0.123
thickness
Al 0.810 | <0.001 | 0.419 | 0.002
CRR 0.665 | <0.001| 0.228 | 0.100
AC 0.665 | <0.001| 0.228 | 0.100
C-Reactive Protein | 0.218 0.156 | -0.175 | 0.210
HDL -0.685 | <0.001 | -0.185 | 0.185
TG 0.642 | <0.001| 0.384 | 0.005
Total Cholesterol 0.004 0.981 | 0.041 | 0.773
VLDL 0.641 | <0.001| 0.384 | 0.005
LDL -0.007 0.962 | -0.056 | 0.693

patients (12). Although there are inconsistencies
in the literature regarding the data about the rates
of extrapulmonary involvement, the rate is 40.6%
in the TTD study and 36% in the ACCESS study
(3,13). Especially, cardiac and progressive pulmo-
nary involvements are most frequently associated
with mortality in sarcoidosis (14).

It is known that lipoprotein profile changes occur
in sarcoidosis. These changes may occur in all patients
even if they do not receive treatment (especially steroid
treatment) (15,16). The level of HDL cholesterol, in
particular, was reported to be lower in sarcoidosis pa-
tients, whereas no significant changes in total Choles-
terol, LDL and Triglyceride levels were reported (15).
In the study of IvaniSevi¢ et al. a significant decrease
in HDL cholesterol levels and significant increase in
the triglyceride levels were reported in sarcoidosis pa-
tients (17). In accordance with the previous studies,
HDL cholesterol was lower in the sarcoidosis group
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compared with the control group in our study. Addi-
tionally, similar to the results stated by IvaniSevi¢ et al.,
the triglyceride levelswere lower than those of the con-
trol group. On the contrary, the remaining serum cho-
lesterol levels (Total Cholesterol, LDL and VLDL)
were significantly higher in sarcoidosis group than the
controls in our study.

The changes in the lipid metabolism and the ac-
companying increased oxidative stress lead to damage
in the plasma membranes, and bronchial and pulmo-
nary capillary endothelium (18-20). Mochizuki et al.
explained that they play a role in the progression of
the disease even in the early stages via the endothelial
cells as seen with the inspection of respiratory samples
(19). Recently, alterations in lipid profile in sarcoidosis
patients were reported to be associated with increased
risk of atherosclerosis (21-22). In our study, athero-
genic indices were used for predicting atherosclero-
sis in sarcoidosis for the first time. According to our
results; Al, AC, and CRR were higher in sarcoidosis
compared to the control group.

Steroid treatment gives rise to adverse effects on
the vascular system and the endothelial layer by sup-
pressing proinflammatory cytokines. There are stud-
ies reporting the inhibition of endothelial nitric oxide
synthase enzyme through steroid use, thus resulting in
diminished levels of nitric oxide, which in turn result
in elevated arterial pressure and level of norepineph-
rine (23). Also, corticosteroid use in sarcoidosis was
reported to increase the tendency towards metabolic
syndrome (24). However, there are also studies that
report no associations between steroid use and vascu-
lar parameters (25). Samanci et al. studied the effect
of corticosteroid use on IMT of sarcoidosis patients.
They could find no significant effect of steroid use on
IMT of patients with sarcoidosis (26). In our study,
5 (11.4%) participants were currently receiving cor-
ticosteroid treatment and 21 participants had used
corticosteroid previously. Regarding participants with
history of steroid use (N=26), IMT of 7 patients was
higher than the cut-off value, which was statistically
higher than that of the non-steroid users (P=0.016).

Atherosclerosis can affect the whole arterial tree
including coronary and carotid arteries. It is known
that coronary flow reserve may diminish significantly
in sarcoidosis patients compared to healthy controls,

which in turn result in atherosclerotic changes (27-29).
Hu et al. (14) reported that 2 of 4 cardiac deaths in
sarcoidosis patients were associated with coronary ath-
erosclerosis especially in older ages (= 60 years).

Intima-media thickness, generally evaluated in
the B-Mode of linear ultrasonography, is obtained by
the measurement of the combined intima and media
layer thickness of the carotid artery. The thickening of
the combined layers plays a role in the development
and progression of atherosclerosis (30).

It has been reported that the evaluation of carotid
artery IMT with ultrasonography can be used for de-
tecting subclinic and asymptomatic atherosclerotic
vascular diseases and help to catch the development
of primordial atherosclerosis at an early stage. Some
studies reported that IMT of carotid artery was cor-
related with atherosclerotic changes in other parts of
the body (30-32). In our study, IMT of carotid artery
in the sarcoidosis group was higher than that of the
healthy controls. Additionally, a positive and signifi-
cant correlation was detected between atherogenic
markers (Al, AC, and CRR) and IMT in sarcoidosis
patients. Furthermore, the correlation of both ath-
erogenic indices and IMT help physician to predict
pre-atherosclerotic and atherosclerotic lesions and to
refer for further evaluations to decrease cardiac mor-
tality and morbidity in asymptomatic patients.

The ultrasonographic evaluation of carotid arte-
rial stenosis is widely used recently. PSV, in particular,
increases with the narrowing of arterial caliber. There
is an association between flow rate and constricted vas-
cular bed caliber. This association was firstly defined
by Spencer and Reid and named as "Spencer’s Curve"
(33,34). According to this principle the flow velocity
of the blood passing through the stenosis site increases
(35). Yong et al recently reported that, the pulse wave
velocity (PWV) used to compare aortic stiffness was
found to be higher in sarcoidosis patients than in the
control group (36). In accordance with the literature,
in our study, the PSV was also increased in sarcoidosis
patients compared to the control group. Additionally,
a positive correlation was detected between PSV and
the intima-media thickness evaluated by ultrasonog-
raphy. However, there are many studies in the litera-
ture, that specify the index of carotid artery PSV could
not be used alone to determine carotid artery stenosis.
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However, the index of NASCET (North American
Symptomatic Carotid Endarterectomy Trial) in which
the PSV is evaluated together with "end-diastolic ve-
locity" is a correct indicator for the degree of stenosis

(35,37-39).

LimiTaTIONS

The present study has several limitations. First one
is the limited number of study population. Second; the
number of patients with advanced stage sarcoidosis was
also limited. Therefore, the association between athero-
genic state and advanced stage of sarcoidosis could not
be assessed. The third limitation is the absence of data
on the duration of the disease in the study protocol.
So, the effect of duration of disease on development of
atherosclerosis could not be evaluated. Another limi-
tation was that carotid artery PSV alone was used to
predict atherosclerosis. We believe that further studies
should be performed to evaluate the predictor efficacy
of “NASCET index” in sarcoidosis patients.

CoNCLUSION

In conclusion, atherogenic indices are increased in
sarcoidosis patients, and are associated with increased
IMT. 'The use of Doppler ultrasonographic data of
carotid artery alone as a "predictor” of atherosclerosis
seems illogical, since it shows only pre-atherosclerotic
and atherosclerotic lesions. Given that atherogenic
indices correlate with Doppler ultrasonographic data,
sarcoidosis patients should be referred to cardiology
clinic for further evaluation of atherosclerosis.
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