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Mean platelet volume (MPV), measured using automated blood analysers, has been
appraised as a potential biomarker in cardiovascular disease, diabetes mellitus, and
cancer. The test, a useful tool in differentiation of thrombocytopenic states, has now
been carried out for autoimmune disorders, but data are yet scarce. Controversial results
have been obtained in systemic and organ-specific autoimmune disorders. Another test,
the immature platelet fraction (IPF) reflects the amount of young, reticulated platelets.
IPF is calculated by automated hematology analysis or flow cytometry, and it is usually
high in patients with rapid platelet destruction. For both MPV and IPF, standardization of
cutoff is a major need. In this review, we focus the current applicability of MPV and IPF
as biomarkers in patients with autoimmune diseases.

Keywords: mean platelet volume, immature platelet fraction, autoimmune di platelet size, p volume

INTRODUCTION

Platelets are intriguing and complex cells. Approximately one trillion platelets circulate in blood to
provide vascular regulation. Nowadays, the biological functions of platelets are considered to be far
beyond hemostasis and thrombosis. Platelets have also been linked to inflammation, atherosclerosis,
autoimmunity, and tumor immunology (1).

Platelet receptors such as CD40, GPIb/IX/V, and selectins have all been implicated in perpetua-
tion of atherosclerosis, rheumatoid arthritis (RA), and tumors. Knowingly, platelets can recognize
bacteria and attract immune cells to inflammatory sites. Also, they release granular contents (growth
factors) active in wound repair (2).

In autoimmune diseases such as systemic lupus erythematosus (SLE), immune complexes activate
platelets by interacting with Fc receptors; in RA, the platelet is a well-known source of prostaglandins
within the inflamed synovium. IL-1-containing platelet-derived vesicles are abundant in synovial
fluid and stimulate synovial fibroblast to produce inflammatory mediators. Moreover, serotonin
released by platelets enhances vascular permeability within the inflamed synovium (3).

Platelet size heterogeneity is mostly determined by variations in territory growth and demarca-
tion, but not accurately upon aging in circulation. Size correlates with cell activity and can be assessed
by volume indices (4). Among them, the mean platelet volume (MPV), routinely measured in blood
cell count, and the immature platelet fraction (IPF) are tests of current interest (5).
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In this review, we will be focusing on the “non-hemostatic”
functions of platelets in rheumatic and non-rheumatic autoim-
mune disorders. We will particularly approach the clinical
applicability of MPV and IPF in such a context.

MPV: GENERAL ASPECTS

Mean platelet volume, normally measured using automated
blood analysers, reflects the average size of platelets in circulation.
It is meant to show the relationship between platelet synthesis in
bone marrow and cell destruction. A normal MPV has a range
of 7.5-11.5 fL. MPV correlates with platelet function and may
be more sensitive than platelet count as a biomarker in a variety
of disorders. It is also regarded as a useful surrogate marker of
platelet activation or reactivity (4, 5). Clinical utility of MPV has
been a matter of debate for the last few years. MPV cutoff has not
been fully validated so far, and standardization is a major need.

The test is particularly useful in patients with thrombocyto-
penia and thrombocytosis. Thrombocytopenia with high MPV is
seen in immune thrombocytopenic purpura (ITP), disseminated
intravascular coagulation (DIC), sepsis, and preeclampsia.
Thrombocytopenia with low MPV is typical of patients with low
platelet production, i.e., aplastic anemia. In patients with high
platelet counts, a high MPV is suggestive of primary thrombocy-
tosis, while a low MPV characterizes a reactive thrombocytosis,
seen in infection, inflammation, or malignancy (5).

There has also been a body of interest for MPV in patients with
normal platelet counts. In a 2010 meta-analysis, an elevated MPV
associated with acute myocardial infarction (AMI), mortality
after AMI, as well as restenosis following coronary angioplasty.
The test might behave as a prognostic biomarker in individuals
with cardiovascular disease (6). MPV is augmented in patients
with type 2 diabetes mellitus (DM) and might associate with risk
of cardiovascular events in this population (7).

Mean platelet volume level was significantly higher in malig-
nant tumors than in healthy subjects and decreased with therapy,
according to a recent meta-analysis (8). Clinical utilization of
MPV in cardiovascular disease, DM, and malignancy is open to
discussion.

MPV AND RHEUMATIC DISEASES

A low MPV is usually related to inflammatory states. A recent
study correlated MPV with inflammatory and disease indexes in
rheumatic disorders. An inverse correlation of MPV with eryth-
rocyte sedimentation rate (ESR), C-reactive protein (CRP), and
DAS-28 was found in RA patients. MPV correlated negatively
with both the BASDALI in ankylosing spondylitis (AS) and with
CRP in psoriatic patients. An inverse correlation of MPV with
ESR was also seen in lupus patients. Overall, a low MPV level
surrogated inflammatory states in a large number of rheumatic
patients. The authors suggested that MPV works as a negative
marker in these patients (9).

There has been a recent interest in MPV levels in patients
with SLE. A Mexican study accounted for lower MPV levels in
active lupus patients as compared to those with inactive disease.
At a cutoff level of 8.32 fL, MPV sensitivity and specificity for

detecting active disease were 86 and 41%, respectively. Of note, a
positive correlation of MPV with albumin levels was documented
(10). Another group of authors reported lower MPV levels in
patients with active lupus arthritis in comparison to SLE patients
in remission or healthy controls (11).

In 20 patients with juvenile SLE, differently, MPV was found
to be higher in active than inactive patients or controls. A cutoff
level of 8.4 fL was predictive for disease activation (sensitivity
75%, specificity 90%). MPV was positively correlated with
SLEDAI, CRP and negatively correlated with C3. The authors
concluded that MPV can be an early marker of SLE reactivation
in children (12). As seen, data on MPV levels in SLE patients are
conflicting in juvenile and adult populations; newer, prospective,
studies are warranted to evaluate this potential marker in SLE
(12).

Few, but interesting, data concern MPV in patients with
antiphospholipid syndrome (APS), a thrombotic diathesis typical
of young individuals. Twenty-two patients with APS were assessed
during a thrombotic event and 3 months ahead. Of note, MPV
was significantly high during the event and normalized 3 months
later with treatment (13). In another study, 70 APS patients had
MPYV compared to healthy controls. MPV was higher in patients,
and levels were particularly elevated in those with triple positivity
for antiphospholipid antibodies. Of major interest, multivariate
analysis demonstrated that an MPV above 7.4 fL significantly
predicted thrombosis recurrence in APS patients (14). These data
on APS suggest that a high MPV relates to vascular obstruction.

We also reviewed data regarding MPV utilization in RA
patients. Yet in 1988, a significant inverse relationship of MPV
with platelet count was observed in RA subjects (15). In a recent
study including 100 RA subjects and 100 controls, MPV (cutoft
of 10.4) was significantly higher in RA. MPV was similar to ESR
and CRP to disclose inflammatory activity, but the test did not
correlate with pain and disease activity score of 28 joints (DAS28)
(16).

In contrast, MPV values were found to be lower in active RA
patients than inactive, according to a 2015 report (17). Of note,
TNF blockers promoted a significant increase in MPV levels after
3 months of therapy, according to a 2010 description (18). Yazici
et al. reported higher MPV in RA patients than controls; the
tested significantly correlated with ESR, CRP, and DAS28. Both
anti-TNF-alpha and conventional therapy decreased MPV and
other markers of inflammation (19).

Gasparyan et al., using a 10.7 fL cutoff, documented higher
values of MPV in RA patients than controls. In RA patients, hyper-
tension was associated with high levels of MPV, suggesting that
this platelet indice eventually reflects an enhanced vascular risk
(20). A 2008 study accounted for lower levels of MPV in RA and
AS patients with active disease in comparison to controls. Levels
increased with treatment (21). As seen, data concerning MPV
as a biomarker in adult RA patients are far from homogeneous.

In one of the few reports looking at the biological behavior of
MPV in juvenile idiopathic arthritis (JIA), 115 patients and 64
controls were evaluated. An augmented MPV was demonstrated
in active disease as compared to inactive disease and controls.
Regular therapy diminished platelet activation (22). In a survey of
55 patients with JIA, MPV measured after 2 months of treatment
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did not significantly vary in comparison to results in the acute
phase (23).

Reports on MPV in patients with AS have been increasingly
available. A very recent study disclosed that MPV is signifi-
cantly higher in AS patients than in the controls; however, no
correlation of MPV with disease activity index (BASDAI)
was found (24). Data from Bozan et al,, in turn, showed no
difference in MPV values of AS patients and healthy controls
(25). In areport where AS patients were stratified in osteopenic
or not, MPV values were higher in the former, suggesting a
role for MPV in bone loss (26). Data from Yazici et al. showed
that MPV was significantly higher in patients with AS than
controls; values were reduced by conventional or anti-TNF
therapy. Also, a positive correlation of MPV with BASDAI was
observed (27).

Reports of MPV in psoriatic arthritis are sporadic. According
to a 2010 study, MPV levels were higher in patients with psoriasis
and psoriatic arthritis than controls. MPV may be a marker of
severe psoriasis. Also, the authors suggested that increased plate-
let activation might associate with cardiovascular risk in these
patients (28).

In an isolated report in the issue, Soydinc et al. evaluated MPV
in 76 patients with scleroderma and 45 healthy controls. MPV
was significantly higher in patients, particularly in those with
cardiopathy, digital ulcers, and gangrene. Increased MPV might
be a marker of vascular disease in scleroderma (29).

As compared to a similar number of controls, MPV of 53
patients with acute rheumatic carditis did not significantly differ
(30). A Chinese study with alarge survey of subjects with Kawasaki
disease (KD) showed lower MPV of patients as compared to con-
trols (31). In turn, a previous meta-analysis had shown that the
levels of MPV, among various other markers, were significantly
higher in KD patients with coronary disease than those without
coronary involvement (32). The precise role of MPV as a marker
of KD (with or without coronaritis) is a pending issue.

MPV AND OTHER AUTOIMMUNE
CONDITIONS

The MPV has been investigated as a potential biomarker in
a variety of non-rheumatic autoimmune disorders. It seems
a hot topic at the moment, but most studies have low samples
and lack a greater level of evidence. In Crohn’s disease (CD), for
instance, data are unclear. Even though a decrease in MPV has
been documented in patients as compared to healthy controls, the
test was not able to distinguish active from inactive CD patients,
according to a 2012 report (33).

In patients with ulcerative colitis (UC), a similar decrease in
MPV was noted as compared with healthy controls. As opposed
to CD patients, MPV of active UC patients was significantly lower
than that of inactive UC patients. For determining active UC
activity, sensitivity was 67% and specificity was 73%. Of note, a
negative correlation of MPV with endoscopic activity index was
described (34).

Pediatric patients with type 1 DM were found to show high
MPYV, and this finding might relate to future cardiovascular events

(35). Another study accounted for raised MPV in type 1 DM, but
without concomitant hyperaggregability (36).

Idiopathic sudden hearing loss (ISHL) may have an autoim-
mune origin. MPV was significantly higher in patients with
ISHL than healthy controls, leading to the hypothesis that this
syndrome is also characterized by ischemic events (37). Very
recently, decreasing MPV levels were documented in individuals
with subjective tinnitus, also potentially an autoimmune disorder
(38).

In a study featuring 19 patients with bullous pemphigoid,
high levels of MPV and eosinophil levels were detected. MPV
may work as an indicator of cardiovascular risk in these patients,
but this is yet to be proved (39). Chronic urticaria frequently
associates with autoimmune systemic disorders such as SLE and
RA and can be itself an autoimmune condition. Higher MPV
was described in patients with this dermatological disorder as
compared to controls (40).

IPF: GENERAL ASPECTS

The IPF represents the percentage of circulating platelets which
still retain RNA. It is a modern parameter measuring young,
reticulated, platelets in peripheral blood. IPF is a rapid and inex-
pensive automated biomarker for etiology of thrombocytopenia.
It is usually determined by flow cytometry or hematology analys-
ers. According to a recent study in a large Danish population,
reference interval for IPF as determined by hematology analyzer
was 1.3-9% (41).

Immature platelet fraction cutoffis not a closed question; how-
ever, Korean data accounted for reference intervals of 0.5-3.2% in
men and 0.4-3.0% in women, respectively (42). Standardization
of IPF cutoff levels is a clear need.

The IPF is usually high in conditions where rapid platelet
destruction is observed (ITP, as mentioned, but also thrombotic
thrombocytopenic purpura and DIC). In thrombocytopenic
disorders with low bone marrow activity or suppression, IPF is
generally low (43).

The test has been increasingly ascertained in other clinical
conditions. For instance, IPF levels, as well as MPV counts, were
significantly higher in patients with gestational hypertensive
disorders than controls, according to data from our Hospital (44).
High IPF levels were documented in individuals with severe sep-
sis/septic shock, being correlated with severity scores. IPF might
be considered as a biomarker of sepsis (45). The biological role of
IPF in autoimmune conditions, ITP apart, is an interesting issue
yet to be explored.

IPF IN AUTOIMMUNE DISEASES

In practical terms, ITP is the only autoimmune disease whereby
the IPF has been extensively evaluated. Very recent data from a
large population of patients with thrombocytopenia disclosed
that Sysmex-measured IPF values were well higher in ITP than
non-ITP patients (16.3 versus 7.6%). Sensitivity of IPF as bio-
marker of ITP was 85.7% (46). In childhood, a cutoff value of
9.4% was practically diagnostic for ITP, with a sensitivity of 88%
and a specificity of 85.7% (47).
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According to a recent report, the test, although useful for
screening of macrothrombocytopenia, can be influenced by
platelet size (48). Both IPF and platelet-associated antibody were
valuable in differential diagnosis of ITP, but the former showed a
better performance (49). Interestingly, low IPF levels were seen in
patients with refractory thrombotic microangiopathic hemolytic
anemia. Serial IPF may guide therapy in these patients (50).

LIMITATIONS

There are some limitations about MPV and IPF assessments.
Preanalytical drawbacks are important and can affect results. For
example, the method of venipuncture and the degree of accuracy
of filling and gently mixing the sampling tubes can cause platelet
activation (51). Other methodological interference can succeed
secondary to the choice of standard anticoagulant, time interval
of the measurement, specimen transport, and best storage tem-
perature of sample tubes. Lancé et al. (51), in a recent review of
these techniques, referred the lack of literature about it. There are
also different techniques in assessing platelet counting and MPV
assessment: impedance counting, optical light scatter counting,
and immunological flow cytometry techniques. All these elements
indicate a need for standardization of the MPV and IPF methods,
to achieve the minimum possible interference on the results.

REFERENCES

1. Franco AT, Corken A, Ware J. Platelets at the interface of thrombosis,
inflammation, and cancer. Blood (2015) 126(5):582-8. doi:10.1182/blood-
2014-08-531582

2. McNicol A, Israels S]. Beyond hemostasis: the role of platelets in inflammation,
malignancy and infection. Cardiovasc Hematol Disord Drug Targets (2008)
8(2):99-117. doi:10.2174/187152908784533739

3. Boilard E, Blanco P, Nigrovic PA. Platelets: active players in the pathogenesis
of arthritis and SLE. Nat Rev Rheumatol (2012) 8(9):534-42. do0i:10.1038/
nrrheum.2012.118

4. Paulus JM. Platelet size in man. Blood (1975) 46(3):321-36.

5. Leader A, Pereg D, Lishner M. Are platelet volume indices of clinical use? A mul-
tidisciplinary review. Ann Med (2012) 44(8):805-16. doi:10.3109/07853890.
2011.653391

6. Chu SG, Becker RC, Berger PB, Bhatt DL, Eikelboom JW, Konkle B, et al.
Mean platelet volume as a predictor of cardiovascular risk: a system-
atic review and meta-analysis. ] Thromb Haemost (2010) 8(1):148-56.
doi:10.1111/j.1538-7836.2009.03584.x

7. Ulutas KT, Dokuyucu R, Sefil E Yengil E, Sumbul AT, Rizaoglu H, et al.
Evaluation of mean platelet volume in patients with type 2 diabetes mellitus
and blood glucose regulation: a marker for atherosclerosis? Int | Clin Exp Med
(2014) 7(4):955-61.

8. PyoJ-S, Sohn JH, Kang G. Diagnostic and prognostic roles of the mean platelet
volume in malignant tumors: a systematic review and meta-analysis. Platelets
(2016) 27(8):722-8. d0i:10.3109/09537104.2016.1169265

9. Sahin A, Yetisgin A, $ahin M, Durmaz Y, Cengiz A. Can mean platelet volume
be a surrogate marker of inflammation in rheumatic diseases? West Indian
Med ] (2015) 65(1):165-9. doi:10.7727/wim;j.2014.202

10. Delgado-Garcia G, Galarza-Delgado DA, Colunga-Pedraza I, Borjas-
Almaguer OD, Mandujano-Cruz I, Benavides-Salgado D, et al. Mean platelet
volume is decreased in adults with active lupus disease. Rev Bras Reumatol
(2016) 56(6):504-8. doi:10.1016/j.rbre.2016.03.003

11. Safak S, Uslu AU, Serdal K, Turker T, Soner S, Lutfi A. Association
between mean platelet volume levels and inflammation in SLE patients
presented with arthritis. Afr Health Sci (2014) 14(4):919-24. doi:10.4314/ahs.
v14i4.21

CONCLUSION

o Mean platelet volume, a rapid and practical test available in
blood cell count, represents platelet reactivity. The test is useful
to discriminate causes of thrombocytopenia.

o In patients with autoimmune rheumatic disorders, the useful-
ness of MVP as a biomarker remains to be defined. Discrepant
results have been reported in SLE and RA. In non-rheumatic
or organ-specific disorders, data are again heterogeneous.

« Immature platelet fraction reflects the amount of young plate-
lets in circulation. Apart from ITP, where it is confirmedly
high, the role of IPF as an eventual marker of other autoim-
mune conditions is a field open to research.

« For both tests, padronization of normal levels and cutoff are
a major need in order to facilitate interpretation of future
studies.

AUTHOR CONTRIBUTIONS

DS, MP, TM, CF, and HS were equally responsible for the litera-
ture review, paper writing and reviewing the final document for
submission. HS was responsible for project coordination and
supervision.

12. Yavuz§, Ece A. Mean platelet volume as an indicator of disease activity in juve-
nile SLE. Clin Rheumatol (2014) 33(5):637-41.d0i:10.1007/s10067-014-2540-3

13. Korkmaz S, Uslu AU, Sahin S, Senel S, Sencan M. Is there a link between
mean platelet volume and thrombotic events in antiphospholipid syndrome?
Platelets (2014) 25(5):343-7. d0i:10.3109/09537104.2013.824563

14. Rupa-Matysek J, Gil L, Wojtasinska E, Cieptuch K, Lewandowska M,
Komarnicki M. The relationship between mean platelet volume and throm-
bosis recurrence in patients diagnosed with antiphospholipid syndrome.
Rheumatol Int (2014) 34(11):1599-605. doi:10.1007/500296-014-2996-0

15. Baynes RD, Lamparelli RD, Bezwoda WR, Gear AJ, Chetty N, Atkinson P.
Platelet parameters. Part II. Platelet volume-number relationships in various
normal and disease states. S Afr Med ] (1988) 73(1):39-43.

16. Tecer D, Sezgin M, Kanik A, Incel NA, Cimen OB, Biger A, et al. Can mean
platelet volume and red blood cell distribution width show disease activity
in rheumatoid arthritis? Biomark Med (2016) 10(9):967-74. doi:10.2217/
bmm-2016-0148

17. Tekeoglu 1, Giirol G, Harman H, Karakege E, Ciftci ITH. Overlooked hema-
tological markers of disease activity in rheumatoid arthritis. Int ] Rheum Dis
(2016) 19(11):1078-82. doi:10.1111/1756-185X.12805

18. Gasparyan AY, Sandoo A, Stavropoulos-Kalinoglou A, Kitas GD. Mean
platelet volume in patients with rheumatoid arthritis: the effect of anti-TNF-«
therapy. Rheumatol Int (2010) 30(8):1125-9. doi:10.1007/s00296-009-
1345-1

19. Yazici S, Yazici M, Erer B, Erer B, Calik Y, Ozhan H, et al. The platelet indices
in patients with rheumatoid arthritis: Mean platelet volume reflects disease
activity. Platelets (2010) 21(2):122-5. d0i:10.3109/09537100903474373

20. Gasparyan AY, Stavropoulos-Kalinoglou A, Toms TE, Douglas KM]J,
Kitas GD. Association of mean platelet volume with hypertension in
rheumatoid arthritis. Inflamm Allergy Drug Targets (2010) 9(1):45-50.
doi:10.2174/187152810791292854

21. Kisacik B, Tufan A, Kalyoncu U, Karadag O, Akdogan A, Ozturk MA, et al.
Mean platelet volume (MPV) as an inflammatory marker in ankylosing
spondylitis and rheumatoid arthritis. Joint Bone Spine (2008) 75(3):291-4.
doi:10.1016/j.jbspin.2007.06.016

22. Giines A, Ece A, Sen V, Uluca U, Aktar E Tan I, et al. Correlation of mean plate-
let volume, neutrophil-to-lymphocyte ratio, and disease activity in children
with juvenile 1diopathic arthritis. Int J Clin Exp Med (2015) 8(7):11337-41.

Frontiers in Medicine | www.frontiersin.org

September 2017 | Volume 4 | Article 146


http://www.frontiersin.org/Medicine
http://www.frontiersin.org
http://www.frontiersin.org/Medicine/archive
https://doi.org/10.1182/blood-
2014-08-531582
https://doi.org/10.1182/blood-
2014-08-531582
https://doi.org/10.2174/187152908784533739
https://doi.org/10.1038/nrrheum.2012.118
https://doi.org/10.1038/nrrheum.2012.118
https://doi.org/10.3109/07853890.2011.653391
https://doi.org/10.3109/07853890.2011.653391
https://doi.org/10.1111/j.1538-7836.2009.03584.x
https://doi.org/10.3109/09537104.2016.1169265
https://doi.org/10.7727/wimj.2014.202
https://doi.org/10.1016/j.rbre.2016.03.003
https://doi.org/10.4314/ahs.
v14i4.21
https://doi.org/10.4314/ahs.
v14i4.21
https://doi.org/10.1007/s10067-014-2540-3
https://doi.org/10.3109/09537104.2013.824563
https://doi.org/10.1007/s00296-014-2996-0
https://doi.org/10.2217/bmm-2016-0148
https://doi.org/10.2217/bmm-2016-0148
https://doi.org/10.1111/1756-185X.12805
https://doi.org/10.1007/s00296-009-
1345-1
https://doi.org/10.1007/s00296-009-
1345-1
https://doi.org/10.3109/09537100903474373
https://doi.org/10.2174/187152810791292854
https://doi.org/10.1016/j.jbspin.2007.06.016

Schmoeller et al.

MPV and IPF in Autoimmune Disorders

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Vakili M, Ziaee V, Moradinejad MH, Raeeskarami SR, Kompani F, Rahamooz T.
Changes of platelet indices in juvenile idiopathic arthritis in acute phase and
after two months treatment. Iran ] Pediatr (2016) 26(3):e5006. doi:10.5812/
ijp.5006

Sezgin M, Tecer D, Kanik A, Kekik FS, Yesildal E, Akaslan E, et al. Serum RDW
and MPV in ankylosing spondylitis: can they show the disease activity? Clin
Hemorheol Microcirc (2016) 65(1):1-10. doi:10.3233/CH-162067

Bozan N, Alpayct M, Aslan M, Cankaya H, Kiroglu AF, Turan M, et al.
Mean platelet volume, red cell distribution width, platelet-to-lymphocyte
and neutrophil-to-lymphocyte ratios in patients with ankylosing spondylitis
and their relationships with high-frequency hearing thresholds. Eur Arch
Otorhinolaryngol (2016) 273(11):3663-72. doi:10.1007/s00405-016-3980-y
ResorluH, Resorlu M, Gokmen F, Akbal A, Adam G, KomurcuE, etal. Association
between mean platelet volume and bone mineral density in patients with anky-
losing spondylitis and diagnostic value of diffusion-weighted magnetic resonance
imaging. J Phys Ther Sci (2015) 27(4):1137-40. doi:10.1589/jpts.27.1137

Yazici S, Yazici M, Erer B, Erer B, Calik Y, Bulur S, et al. The platelet functions
in patients with ankylosing spondylitis: anti-TNF-alpha therapy decreases
the mean platelet volume and platelet mass. Platelets (2010) 21(2):126-31.
do0i:10.3109/09537100903470306

Canpolat F, Akpmar H, Eskioglu F Mean platelet volume in psoriasis
and psoriatic arthritis. Clin Rheumatol (2010) 29(3):325-8. do0i:10.1007/
$10067-009-1323-8

Soydinc S, Turkbeyler IH, Pehlivan Y, Soylu G, Goktepe ME, Bilici M, et al.
Mean platelet volume seems to be a valuable marker in patients with systemic
sclerosis. Inflammation (2014) 37(1):100-6. d0i:10.1007/s10753-013-9716-x
Ozdemir R, Karadeniz C, Doksoz O, Celegen M, Yozgat Y, Guven B, et al.
Are mean platelet volume and platelet distribution width useful parameters
in children with acute rheumatic carditis? Pediatr Cardiol (2014) 35(1):53-6.
do0i:10.1007/s00246-013-0738-9

Liu R, Gao E Huo J, Yi Q. Study on the relationship between mean platelet
volume and platelet distribution width with coronary artery lesion in children
with Kawasaki disease. Platelets (2012) 23(1):11-6. d0i:10.3109/09537104.
2011.586073

Peng Q, Chen C, Wu Q, Yang Y. [Meta-analyses of the associations of genome-
wide association study-linked gene loci with Kawasaki disease]. Chin ] Pediatr
(2013) 51(8):571-7. d0i:10.3760/cma.j.issn.0578-1310.2013.08.004

Liu S, Ren J, Han G, Wang G, Gu G, Xia Q, et al. Mean platelet volume: a
controversial marker of disease activity in Crohn’s disease. Eur | Med Res
(2012) 17(1):27. doi:10.1186/2047-783X-17-27

Yiiksel O, Helvaci K, Bagar O, Koklii S, Caner S, Helvaci N, et al. An overlooked
indicator of disease activity in ulcerative colitis: mean platelet volume. Platelets
(2009) 20(4):277-81. d0i:10.1080/09537100902856781

MalachowskaB, TomasikB,Szadkowska A, Baranowska-JazwieckaA, WegnerO,
Mlynarski W, et al. Altered platelets’ morphological parameters in children
with type 1 diabetes — a case-control study. BMC Endocr Disord (2015)
15(1):17. doi:10.1186/s12902-015-0011-8

Myrup B, Bregengaard C, Petersen LR, Winther K. Platelet aggregation and
fatty acid composition of platelets in type 1 diabetes mellitus. Clin Chim Acta
(1991) 204(1-3):251-61. doi:10.1016/0009-8981(91)90236-6

Ulu S, Ulu MS, Ahsen A, Yucedag E Aycicek A, Celik S. Increased levels of mean
platelet volume: a possible relationship with idiopathic sudden hearing loss. Eur
Arch Oto Rhino Laryngol (2013) 270(11):2875-8.d0i:10.1007/s00405-013-2348-9
Yiiksel F, Karatas D. Can platelet indices be new biomarkers for subjective tinni-
tus?J Craniofac Surg(2016) 27(5):e420-4. doi:10.1097/SCS.0000000000002693
Rifaioglu EN, Sen BB, Ekiz 0, Dogramaci AC. Mean platelet volume and
eosinophilia relationship in patients with bullous pemphigoid. Platelets (2014)
25(4):264-7. doi:10.3109/09537104.2013.784735

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Confino-Cohen R, Chodick G, Shalev V, Leshno M, Kimhi O, Goldberg A.
Chronic urticaria and autoimmunity: associations found in a large popu-
lation study. J Allergy Clin Immunol (2012) 129(5):1307-13. doi:10.1016/j.
jaci.2012.01.043

Joergensen MK, Bathum L. Reference intervals for mean platelet volume
and immature platelet fraction determined on a sysmex XE5000 hematology
analyzer. Scand ] Clin Lab Invest (2016) 76(2):172-6. doi:10.3109/00365513.
2015.1124448

Ibrahim H, Nadipalli S, Usmani S, DeLao T, Green L, Kleiman NS. Detection
and quantification of circulating immature platelets: agreement between
flow cytometric and automated detection. J Thromb Thrombolysis (2016)
42(1):77-83. doi:10.1007/s11239-016-1338-3

Jung H, Jeon H-K, Kim H-J, Kim S-H. Immature platelet fraction: estab-
lishment of a reference interval and diagnostic measure for thrombocy-
topenia. Korean ] Lab Med (2010) 30(5):451. doi:10.3343/kjlm.2010.30.
5.451

Cannavo I, Ferrero-Vacher C, Sudaka I, Aquaronne D, Berthier F, Raynaud S.
[Assessment of an immature platelet fraction (IFP%) in the diagnosis of
thrombocytopenia]. Ann Biol Clin (Paris) (2010) 68(4):415-20. doi:10.1684/
abc.2010.0449

Moraes D, Munhoz TP, Pinheiro da Costa BE, Hentschke MR, Sontag F,
Silveira Lucas L, et al. Immature platelet fraction in hypertensive pregnancy.
Platelets (2016) 27(4):333-7. d0i:10.3109/09537104.2015.1101060

Enz Hubert RM, Rodrigues MV, Andreguetto BD, Santos TM, de Fatima
Pereira Gilberti M, de Castro V, et al. Association of the immature platelet
fraction with sepsis diagnosis and severity. Sci Rep (2015) 5:8019. doi:10.1038/
srep08019

Muronoi T, Koyama K, Nunomiya S, Lefor AK, Wada M, Koinuma T, et al.
Immature platelet fraction predicts coagulopathy-related platelet consump-
tion and mortality in patients with sepsis. Thromb Res (2016) 144:169-75.
doi:10.1016/j.thromres.2016.06.002

Naz A, Mukry SN, Shaikh MR, Bukhari AR, Shamsi TS. Importance of imma-
ture platelet fraction as predictor of immune thrombocytopenic purpura. Pak
] Med Sci (2016) 32(3):575-9. doi:10.12669/pjms.323.9456

Adly AAM, Ragab IA, Ismail EAR, Farahat MM. Evaluation of the immature
platelet fraction in the diagnosis and prognosis of childhood immune throm-
bocytopenia. Platelets (2015) 26(7):645-50. doi:10.3109/09537104.2014.
969220

Miyazaki K, Koike Y, Kunishima S, Ishii R, Danbara M, Horie R, et al.
Immature platelet fraction measurement is influenced by platelet size and is a
useful parameter for discrimination of macrothrombocytopenia. Hematology
(2015) 20(10):587-92. doi:10.1179/1607845415Y.0000000021

Lancé MD, Sloep M, Henskens YM, Marcus MA. Mean platelet volume as
a diagnostic marker for cardiovascular disease: drawbacks of preanalytical
conditions and measuring techniques. Clin Appl Thromb Hemost (2012)
18(6):561-8. doi:10.1177/1076029612458147

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2017 Schmoeller, Picarelli, Paz Munhoz, Poli de Figueiredo and Staub.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) or licensor are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Medicine | www.frontiersin.org

September 2017 | Volume 4 | Article 146


http://www.frontiersin.org/Medicine
http://www.frontiersin.org
http://www.frontiersin.org/Medicine/archive
https://doi.org/10.5812/ijp.5006
https://doi.org/10.5812/ijp.5006
https://doi.org/10.3233/CH-162067
https://doi.org/10.1007/s00405-016-3980-y
https://doi.org/10.1589/jpts.27.1137
https://doi.org/10.3109/09537100903470306
https://doi.org/10.1007/s10067-009-1323-8
https://doi.org/10.1007/s10067-009-1323-8
https://doi.org/10.1007/s10753-013-9716-x
https://doi.org/10.1007/s00246-013-0738-9
https://doi.org/10.3109/09537104.2011.586073
https://doi.org/10.3109/09537104.2011.586073
https://doi.org/10.3760/cma.j.issn.0578-1310.2013.08.004
https://doi.org/10.1186/2047-783X-17-27
https://doi.org/10.1080/09537100902856781
https://doi.org/10.1186/s12902-015-0011-8
https://doi.org/10.1016/0009-8981(91)90236-6
https://doi.org/10.1007/s00405-013-2348-9
https://doi.org/10.1097/SCS.0000000000002693
https://doi.org/10.3109/09537104.2013.784735
https://doi.org/10.1016/j.jaci.2012.01.043
https://doi.org/10.1016/j.jaci.2012.01.043
https://doi.org/10.3109/00365513.2015.1124448
https://doi.org/10.3109/00365513.2015.1124448
https://doi.org/10.1007/s11239-016-1338-3
https://doi.org/10.3343/kjlm.2010.30.5.451
https://doi.org/10.3343/kjlm.2010.30.5.451
https://doi.org/10.1684/abc.2010.0449
https://doi.org/10.1684/abc.2010.0449
https://doi.org/10.3109/09537104.2015.1101060
https://doi.org/10.1038/srep08019
https://doi.org/10.1038/srep08019
https://doi.org/10.1016/j.thromres.2016.06.002
https://doi.org/10.12669/pjms.323.9456
https://doi.org/10.3109/09537104.2014.969220
https://doi.org/10.3109/09537104.2014.969220
https://doi.org/10.1179/1607845415Y.0000000021
https://doi.org/10.1177/1076029612458147
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Mean Platelet Volume and Immature Platelet Fraction in Autoimmune Disorders
	Introduction
	MPV: General Aspects
	MPV and Rheumatic Diseases
	MPV and Other Autoimmune Conditions
	IPF: General Aspects
	IPF in Autoimmune Diseases
	Limitations
	Conclusion
	Author Contributions
	References


