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Abstract
Background. Patients with systemic lupus erythematosus (SLE) have an increased risk of thrombotic events. 
Platelets become more active and they enlarge to release proteins from alpha granules for aggregation during 
the plaque formation period. Beta-thromboglobulin is one of the proteins released from alpha-granules when 
platelets are activated and used as a marker of platelet activation in vivo.

Objectives. The aim of this study was to evaluate the plasma levels of beta-thromoglobulin and mean 
platelet volume as markers of the presence of platelet activation in systemic lupus erythematosus patients 
compared with healthy controls.

Material and methods. Thirty-seven SLE patients with a mean disease duration of 4.96 years and with-
out any organ involvement as well as 30 healthy volunteers were included in the study. All patients were 
in remission of SLE.

Results. The mean beta-thromboglobulin level was 97.36 ±55.8 ng/mL in the SLE group and 72.67 ±33.5 ng/mL  
in the control group (p = 0.029). The mean platelet volume level was 8.27 ±1.68 fL in the SLE group and 
9.16 ±1.52 fL (p = 0.031) in the controls.

Conclusions. Elevated beta-thromboglobulin levels in systemic lupus erythematosus patients may be 
associated with platelet activation in the early stages of disease, whereas lower mean platelet volume levels 
in the same population may be due to the effects of hydroxychloroquine and the inactivity of SLE.
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Introduction

Systemic lupus erythematosus (SLE) is an autoimmune 
disease with an increased risk of thrombosis.1 Thrombot-
ic events are becoming more of a factor on morbidity and 
mortality than inflammation due to developing effective 
anti-inflammatory treatments.2 For these reasons, SLE pa-
tients experience thrombotic events at younger ages than 
the general population.3 According to  a  study by  Mok 
et al., women with SLE are hospitalized with myocardial 
infarction and stroke almost 9 times more often than the 
normal population.4 Longer disease duration, older age at 
SLE diagnosis, disease activity, smoking, and the presence 
of antiphospholipid antibodies have all been established as 
risk factors for thrombosis in SLE patients.5 Several blood 
parameters have been proposed to predict the occurrence 
of thrombosis, including the presence of lupus anticoagu-
lant, anticardiolipin antibodies, and anti-2-glycoprotein I  
antibodies. However, these well-known risk factors do not 
explain thrombosis formation exactly. For example, approxi-
mately 40% of SLE patients with thrombosis tested negative 
for antiphospholipid antibodies in 2005.1 Therefore, better 
predictors of thrombosis are needed for the early prevention 
of this potentially fatal disease complication.

The activation and aggregation of platelets during hemo-
stasis is essential for plug formation and for preventing ex-
cessive blood loss. However, if this process occurs in an un-
controlled manner it may lead to thrombotic events. During 
the formation of plaque, platelets become more active and 
they enlarge to release proteins from alpha granules for ag-
gregation. Platelet factor 4 and β-thromboglobulin (β-TG) 
are proteins released from alpha-granules when platelets be-
come activated and can be used as a marker of platelet activa-
tion in vivo.6 An elevation in mean platelet volume (MPV) 
may also be an indicator for platelet activation, as demon-
strated in studies of many different diseases.7–11 There have 
also been many studies investigating β-TG levels in different 
autoimmune diseases.12–15 A review of the literature, how-
ever, shows that there are few studies evaluating β-TG levels 
and MPV levels in SLE patients as a platelet activator.16–19

Many studies suggest that there is persistent platelet 
activation in SLE patients.16,20,21 In this study, we aimed 
to show platelet activation in the early stages of the disease 
and during the remission period in SLE patients by evalu-
ating β-TG and MPV levels and comparing them with 
healthy controls. We can hypothesize that there is a risk 
of thrombosis in the early stages of SLE.

Material and methods

Study design

This study was designed as a prospective, cross-sectional 
clinical trial with a control group. It was performed in the 
outpatient clinics of the internal medicine and rheumatol-
ogy departments of Haydarpasa Numune Training and 

Research Hospital. The study protocol was performed 
in accordance with the Declaration of Helsinki and ap-
proved by the ethic committees of our hospital. Written 
informed consent was obtained from each participant be-
fore the commencement of the study.

Thirty-seven patients who were followed in the outpa-
tient clinics of the rheumatology and internal medicine 
departments of our hospital with a diagnosis of SLE as 
well as 30 healthy volunteers without any systemic dis-
ease were included in the study. All patients were in the 
remission period of SLE and were not on any medication 
apart from hydroxychloroquine phosphate. The diagnosis 
of SLE was based on the diagnostic criteria revised by the 
American Rheumatism Association in 1987.22 Patients 
were excluded from the study if they had any disease af-
fecting platelet function, diabetes mellitus, renal failure, 
liver failure, any kind of malignancy, peripheral vascular 
disease, any thrombotic events, cerebrovascular disease, 
chronic thyroid disease, hypertension, coronary artery 
disease, congestive heart failure, idiopathic thrombocy-
topenic purpura, iron deficiency anemia, or pregnancy, 
or if they were using any medications which affect platelet 
functions (for example, aspirin, clopidogrel, non-steroidal 
anti-inflammatory drugs, anti-coagulants, or corticoste-
roids) within the previous 15 days, their body mass index 
(BMI) was ≥30, or they had active SLE. None of the patients 
had kidney involvement of SLE. For each individual partici-
pating in the study, a questionnaire consisting of physical 
examination and medical history was completed.

After the approval of informed consent from all patients, 
the patients were physically examined by an internist and 
checked for inclusion and exclusion criteria. All patients 
had no organ involvement according to ACR criteria and 
none of them had any active complaints. All patients were 
using only hydroxychloroquine phosphate for SLE.23 None 
of the patients were receiving corticosteroids and/or im-
mune suppressant agents. After 12 h of fasting and half 
an hour of rest, venous blood samples were taken for bio-
chemical tests between 8:00 and 8:30 am. The total cho-
lesterol, low-density lipoprotein cholesterol (LDL-C), high-
density lipoprotein cholesterol (HDL-C), and triglyceride 
levels, the sedimentation rate, and C-reactive protein levels 
of all patients were measured in the Biochemistry Labora-
tory with “Beckman Coulter” device (Beckman Coulter 
Diagnostics, Fullerton, USA).

Measurement of MPV and β-TG

The measurement of MPV and β-TG levels was per-
formed in  the Ozel Gelisim Tip Laboratory (Istanbul, 
Turkey). Blood samples were taken as stated above and 
sodium citrate was used for the anticoagulation of the 
blood samples taken for MPV and β-TG. All samples were 
meticulously studied within half an hour. The first 2 mL 
of blood was drained out and the remaining amount was 
put into a special tube containing a mixture for β-TG level 
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platelet markers. The tubes were kept for 15 min in ice 
water and were then centrifuged at 2–8ºC at the 2,500 
cycle for 20 min. The middle 1/3 part of the plasma of the 
centrifuged blood was isolated from the rest with a pipette. 
The samples were stored at –20ºC and β-TG levels were 
measured with an ELISA kit for human beta thrombo-
globulin (Elabscience Biotechnology, Wuhan, China).

Statistical analysis

Statistical analysis was performed using v. 16.0 of SPSS 
(Statistical Package for Social Sciences) for Windows (SPSS 
Inc., Chicago, USA). Besides descriptive statistical meth-
ods (mean, median, standard deviation, and range), Stu-
dent’s t-test was used for the comparison of the parameters 
showing normal distribution. The c2 test or Fisher’s exact 
test was used to compare qualitative data. The distribu-
tion of the continuous variables was tested with the One-
Sample Kolmogorov-Smirnov Test. A p-value of <0.05 was 
considered significant.

Results

Thirty-seven patients (SLE group) and 30 healthy volun-
teers (control group) who were similar to the patient group 
in terms of age and gender distribution were included in the 

study. The SLE group consisted of 34 females and 3 males, 
and the mean age was 35.78 ±8.93 years. The healthy con-
trol group consisted of 26 females and 4 males and the 
mean age was 34.76 ±9.84 years. There was no significant 
difference between the groups in terms of age or gender 
distribution (p > 0.05). The mean age of diagnosis was 
33.05  ±9.05  years and the mean disease duration was 
4.96 ±4.97 years for SLE patients (Table 1).

The  demographic characteristics, cholesterol levels, 
acute phase reactants, and complement levels of the SLE 
and control groups are presented in Table 1. There was 
no statistical difference between the groups with respect 
to these parameters (p > 0.05).

The number of patients who smoked in the SLE group 
was 13 and in  the control group it  was 9. The  differ-
ence between the groups was not statistically significant 
(p = 0.656) (Table 1). There was no difference between 
the groups in terms of platelet count (p > 0.05). The mean 
β-TG levels in the SLE group was 97.36 ±55.85 ng/mL and 
72.67 ±33.55 ng/mL in the healthy controls. The difference 
between the groups in terms of β-TG levels was found to be 
significant (p = 0.029) (Table 2).

The mean MPV value of the SLE group was 8.27 ±1.68 fL  
and in the control group it was 9.16 ±1.52 fL. The diffe-
rence between these groups in terms of MPV levels was 
significant (p = 0.031) (Table 2).

Table 1. Demographic characteristics, cholesterol levels, acute phase reactants, and complement levels of the groups

Parameters SLE patients (n = 37) Healthy controls (n = 30) p-value

Age [years], mean ±SD   35.78 ±8.93 34.76 ±9.84 0.66*

Female, n 34 26 0.692**

Smoking status, n 13 9 0.656**

Total cholesterol [mg/dL], mean ±SD 178.46 ±38.41 185.0 ±31.21 0.455*

High-density lipoproteins [mg/dL], mean ±SD   59.37 ±17.33 53.96 ±9.02 0.106*

Low-density lipoproteins [mg/dL], mean ±SD    95.62 ±32.26 110.33 ±27.91 0.053*

Triglycerides [mg/dL], mean ±SD   117.81 ±63.61 101.20 ±50.21 0.248*

Age of diagnosis [years], mean ±SD  33.05 ±9.05 – –

Disease duration [years], mean ±SD    4.96 ±4.97 – –

Sedimentation rate [mm/h], median (min–max) 11 (3–73) – –

C-reactive protein [mg/dL], median (min–max) 0.10 (0.06–2.7) – –

White blood cell [×103/uL], mean ±SD    6.84 ±2.35 – –

Complement C3 [mg/dL], mean ±SD   87.46 ±2.26 – –

Complement C4 [mg/dL], mean ±SD   16.69 ±6.51 – –

* Student’s t-test; **c2 test; SLE – systemic lupus erythematosus.

Table 2. Comparison of the groups in terms of β-thromboglobulin, MPV, and platelet count levels

Parameters SLE patients (n = 37) Healthy controls (n = 30) p-value*

β-thromboglobulin [ng/mL], mean ±SD    97.36 ±55.85   72.67 ±33.55 0.029

MPV [fL], mean ±SD   8.27 ±1.68   9.16 ±1.52 0.031

Platelet count, mean ±SD 211406.25 ±81476.63 209041.66 ±70825.86 0.910

* Student’s t-test; SLE – systemic lupus erythematosus; MPV – mean platelet volume.
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Discussion

The β-TG levels were significantly higher and the MPV 
levels were significantly lower in  the SLE group than 
in the healthy controls in this study. The SLE group and 
the healthy controls were similar demographically and 
in terms of cardiac risk factors (e.g., age, sex, smoking, 
and lipid levels). All patients were in remission for SLE 
because the sedimentation rate and the C-reactive pro-
tein, white blood cell, and complement levels of patients 
were within normal range. The mean age of diagnosis was 
33.05 years and the mean disease duration of the patients 
was 4.96 years. Due to the increased levels of β-TG, it can be 
assumed that platelet activation occurs in the early course 
of the disease and during the remission period, according 
to our findings. Ekdahl et al. studied β-TG, phosphorylated 
fibrinogen, and activated factor IX-antithrombin complex-
es in SLE patients with and without deep vein thrombosis 
(DVT) and compared these levels to patients with DVT 
and to healthy individuals. They reported that high levels 
of β-TG and phosphorylated fibrinogen in the samples 
from patients with SLE were strongly associated with 
thrombosis. β-TG levels of SLE patients without thrombo-
sis were also higher than the normal range in their study.16 
When we evaluate our results together with the Ekdahl 
study, we may conclude that SLE patients may be prone 
to thrombosis in the early course of the disease. This hy-
pothesis is compatible with a study done by Chang et al.24  
They concluded that thrombovascular events occur 
throughout the course of lupus with the highest risk in the 
first year after diagnosis.24

β-TG levels were higher and MPV values were signifi-
cantly lower in SLE patients, though these results may 
seem contradictory. There are a few studies investigating 
MPV levels in SLE patients and their results are also con-
tradictory. In one of the earliest laboratory investigations, 
Turner-Stokes et al. reported that the platelet count and 
volume were significantly lower in SLE patients according 
to 2 different hematology analyzers.18 In a recent study, 
MPV levels were found to be lower in adult patients with 
active SLE as compared to inactive patients. In that study, 
there was no healthy control group and MPV values were 
7.16 fL and 8.16 fL in active and inactive SLE patients, 
respectively.19 Safak et al. also found that the MPV levels 
in active SLE patients were significantly lower than in SLE 
patients in remission and in healthy controls, which is con-
sistent with our results.25 Lower MPV levels correlated 
with active inflammatory states in that study. In another 
study, Yolbas et al. reported that MPV levels were higher 
(but not statistically significantly higher) in SLE patients 
than in healthy controls.26 Although the findings of this 
study seem to be the opposite of our findings, the mean 
SLEDAI score of SLE patients was 12.1 in that study. Our 
study population had no complaints of SLE and were in re-
mission; this may be the reason for the lower MPV levels 
in this study.

This discordance of MPV levels between studies may 
be explained by the different methodologies and designs 
of  the studies. The blood sample anticoagulation type 
(ethylenediaminetetraacetic acid [EDTA] used as an an-
ticoagulant), a delay in the processing of blood samples, 
anti-inflammatory therapies, and smoking are a few such 
differences. We processed samples quickly (in under 1 h) 
and used tubes with sodium citrate to minimize techni-
cal mistakes. We did not exclude smokers, but there was 
no difference in the smoking status between patients and 
controls in our study.

All patients in our study were taking only hydroxychlo-
roquine for SLE. Although not fully understood, hydroxy-
chloroquine may have potential anti-thrombotic effects 
through several mechanisms.27 The inhibition of platelet 
aggregation, the inhibition of the intravascular aggrega-
tion of red blood cells, and the inhibition of the binding 
of antiphospholipid antibodies to phospholipid surfaces 
are the mechanisms of the potential anti-thrombotic ac-
tions of  hydroxychloroquine.27 In  the literature, there 
is not a single study precisely investigating the effects 
of drugs, including hydroxycholoroquine, used for SLE 
on the platelets.28 The effect of hydroxychloroquine may 
be another reason for the lower MPV levels in our study, 
but this contrasts with higher β-TG levels in same group. 
Further studies that include more patients are needed for 
more precise elucidation of this issue.

We have included in the study patients with no organ 
involvement and whose disease duration was less than 
10 years. We may include some of the exclusion criteria 
and the small sample size as limitations of this study.

Conclusions

Elevated β-TG levels in SLE patients who were in the early 
stages of disease and in remission may support the hypothesis 
that there is platelet activation throughout the course of SLE. 
In contrast, lower MPV levels in the same population may be 
associated with the hydroxychloroquine effect and the inac-
tivity of SLE. Clinicians should also watch out for thrombosis 
in the early stages of SLE, even if the patients have no organ 
involvement. However, further prospective, controlled stud-
ies with larger populations are needed in this area.
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