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ABSTRACT
Aim: Thyrotoxicosis is a clinical state of inappropriately high levels of free T4 (thyroxine) and/or free T3 (tri-iodothyronine) 
in the body caused by distinct etiologies including Graves’ disease (GD), subacute thyroiditis (SAT), toxic adenoma and toxic 
multinodular goiter (TMNG). Simple hematologic indices such as neutrophil/lymphocyte ratio (NLR), platelet/lymphocyte 
ratio (PLR) and mean platelet volume (MPV) have increasingly been mentioned as measures of presence and severity of 
thyrotoxicosis. In this study, we aimed to analyze whether there is a link between these peripheral blood parameters and the 
presence of thyrotoxicosis.
Material and Method: A total of 46 GD, 46 TMNG, 39 TA and 45 SAT patients and 45 healthy controls were included. 
Laboratory parameters and NLR, PLR, and MPV values were recorded from peripheral blood complete blood cell counts for 
each patient.
Results: This study showed that NLR and PLR levels are elevated in patients with SAT in comparison with other thyrotoxic 
patient groups and controls. The post hoc analysis of comparison of NLR and PLR in each study groups revealed that NLR 
and PLR were statistically different in the SAT group in comparison to the GD, TMNG, TA, and healthy controls. A significant 
decrease in the level of MPV was demonstrated in thyrotoxicosis patients (p<0.001).
Conclusion: NLR, PLR and MPV that is routinely and automatically calculated from complete blood count plays an important 
diagnostic role in thyrotoxicosis.
Keywords: Thyrotoxicosis, mean platelet volume, neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte ratio
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INTRODUCTION
Thyrotoxicosis is usually characterized by the clinical 
manifestations of unsuitably elevated thyroid hormone 
(TH) action in the body. Hyperthyroidism is a kind 
of thyrotoxicosis owing to elevated TH synthesis 
and secretion in the thyroid gland. Although Graves’ 
disease (GD) is one of the most common reason of 
hyperthyroidism in iodine-sufficient regions all over the 
world that affects <1.0% of the entire population, the 
other three most frequent causes of hyperthyroidism 
are toxic multinodular goiter (TMNG), toxic adenoma 
(TA), and subacute thyroiditis (SAT) (1-3). Patient 
characteristics and laboratory work-up are crucial 
in order to differentiate the underlying disorder. 
Unfortunately due to some confounding factors, the exact 
diagnosis cannot be performed in some cases. Moreover, 
differential identification of exact cause of thyrotoxicosis 

is also important for medical therapy and follow-up 
visits for subsequent observations, because GD and TA 
require further therapy with antithyroid medications and 
likely requires thyroid operation and SAT is a self-limited 
inflammation related disorder in which the usual therapy 
is anti-inflammatory drugs (4,5). 

Thyroid hormones are crucial for the normal 
development, differentiation, proliferation, metabolic 
balance and physiological function of virtually all 
tissues (6). The functions of THs are also exceedingly 
pleiotropic, influencing a number of body tissues at 
diverse developmental stages. By affecting and regulating 
haematopoiesis in the bone marrow, it has been reported 
that thyroid dysfunction can cause alterations in 
haematological parameters, such as haematocrit (Hct), 
haemoglobin (Hgb), mean platelet volume (MPV), white 
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blood cell (WBC) and its differentials (7,8). Enlarging 
literature data suggests that hyperthyroidism is related 
with increased risks for leucopenia, neutropenia, 
thrombocytopaenia, and WBC differentials including 
altered platelet-to-lymphocyte ratio (PLR) and 
neutrophil-to-lymphocyte ratio (NLR) (1,9).

Mean platelet volume (MPV), NLR, and PLR are simple 
and quick to compute hematologic markers that have 
been demonstrated to suggest inflammatory response and 
disease activity in several disease conditions comprising 
ulcerative colitis, acute pancreatitis, acute appendicitis, 
gestational diabetes mellitus, cirrhosis, coronary artery 
disease, neoplastic disorders (10-14). Moreover, there 
are several reports depicting the importance of NLR, 
PLR and MPV in differentiating the central causes of 
thyrotoxicosis (7-9). Unfortunately, these findings were 
inconsistent across studies, many of which were restricted 
by relatively undersized sample range and by the lack 
of replication. Thus, there are still no clinically defined 
diagnostic characteristics with respect to complete blood 
cell counts (CBC) which can discriminate the etiology of 
thyrotoxicosis. In this manner, the present research aimed 
to analyze the diagnostic significance of NLR, PLR and 
MPV in thyrotoxicosis patients with distinct etiologies. 

MATERIAL AND METHOD
The study was approved by the institutional ethics 
committee of COMU (decision no:14-22, dated 
09.12.2020). All procedures were performed adhered 
to the ethical rules and the  Helsinki Declaration of 
Principles.

A total of 46 patients with GD, 39 patients with TA, 46 
patients with TMNG and 45 patients with SAT admitted 
to the endocrinology clinic of Çanakkale Onsekiz Mart 
University (COMU) Training and Research Hospital 
between April 2016 and November 2020 included in the 
present study. The healthy controls were recruited from 
healthy persons without any history of acute or chronic 
inflammatory diseases admitted to internal medicine 
department for routine check-up. 

Graves disease diagnosis was established on the existence 
of regular symptoms of hyperthyroidism and laboratory 
criteria, including elevated serum TH levels, decreased 
thyroid-stimulating hormone (TSH) values, positive 
TSH receptor antibody (TRAb), and/or high radioactive 
iodine (RAI) uptake tests. Toxic adenoma/multinodular 
goiter was diagnosed by the use of RAI uptake with/
without thyroid scan and fine-needle aspiration. 
Diagnosis of SAT was made on the basis of conventional 
clinical indicators, elevated erythrocyte sedimentation 
rate (ESR), and pronounced decrease of thyroid RAI 
uptake.

Exclusion criterias included patients under 18 years 
old, pregnant women, patients having hematologic or 
neoplastic disease conditions, serious renal or hepatic 
disease, chronic inflammatory or autoimmune disorders, 
use of antithyroid drugs at the time of disease diagnosis. 
Those having chronic rheumatologic conditions, active 
or chronic infectious disease, diabetes mellitus, active 
thyroid orbitopathy and smokers were also excluded.

After database access was granted by the management of the 
COMU medical center, demographic data of the patients 
and biochemical and hormonal parameters including CBC 
parameters including Hgb, Htc, WBC, neutrophil count, 
lymphocyte count and MPV at diagnosis were extracted 
from COMU Hospital Information and Management 
System (HIMS). NLR and PLR were calculated for each 
study participant from the differential count by dividing the 
absolute neutrophil count by the absolute lymphocyte count 
and by dividing the platelet count by the lymphocyte count 
respectively. All blood samples were collected without the 
use of any anticoagulant from the antecubital vein after an 
overnight fast and all CBC analyses were carried out in the 
hematology laboratory of COMU medical center.

Statistical Analysis
Statistical analysis was done by using SPSS 22 (SPSS Inc., 
Chicago, IL, USA). Data are presented as mean±standard 
deviation (SD) for normally distributed variables, median 
(minimum–maximum) for non-normally distributed 
variables, and as the number of cases (%) for nominal 
variables. To assess differences between groups, a chi-
square test was performed for categorical variables. The 
comparisons between groups were performed by ANOVA 
and Kruskal–Wallis for parametric and nonparametric 
variables respectively. Post hoc comparisons were evaluated 
with Tukey’s test for parametric variables and Bonferroni 
correction Mann–Whitney U test for nonparametric 
variables. P<0.05 were considered as significant.

RESULTS
This study included 176 patients (46 GD; 46 TMNG; 45 
SAT; and 39 TA patients) with a diagnosis of thyrotoxicosis 
and a control group with 45 healthy individuals. NLR, 
PLR were 176.07±59.59 and 112.04±46.49 respectively. 
Mean MPV levels of GD, SAT, TMNG, TA and controls 
were 9.04±1.35, 8.34±0.96, 8.88±1.25, 8.88±0.92 and 
9.99±1.39 respectively. A statistically significant decrease 
in MPV levels was observed in patients with thyrotoxicosis 
(p<0.001). Table 1 summarizes demographic characteristics 
and biochemical and hormonal data of study participants 
and controls. Mean NLR levels of SAT patients and 
controls were 2.99±1.47 and 1.73±0.66 respectively. Mean 
MPV and PLR levels of SAT patients and controls were 
significantly different between groups.
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In post hoc analysis, NLR and PLR were significantly 
higher in the SAT group when compared to the GD, TA, 
TMNG and control groups (p<0.005 for each group). 
MPV levels were different between groups (p=0.000) in 
post hoc analysis. Figure 1 shows the levels of hematologic 
parameters within each study groups and controls. 

DISCUSSION
In this study, we revealed that NLR and PLR is increased 
in SAT patients and MPV is decreased in all causes of 
thyrotoxicosis. These findings clearly suggests the role 
of MPV and WBC differentials in the pathophysiology 
of thyrotoxicosis particularly in SAT.

Thyroid hormones take part a significant physiological 
role in the metabolism, growth and development of the 
human body. The relation between thyroid disorders and 
abnormalities in haematological parameters by affecting 
bone marrow is a well-known issue (8). In this context, 
MPV is one of the determinants of the platelet function 
which is situated in the routine CBC analysis and was 
shown to be affected in distinct disease conditions 
including acute pancreatitis, inflammatory bowel diseases, 
cardiac disorders, peritonitis, autoimmune disorders and 
tumoral diseases (10-13,15,16). The diagnostic role of 
MPV in thyroid diseases is a novel topic of research with 
conflicting results. In a study by Simsek et al. (17) the role of 
MPV in hyperthyroid toxic adenoma patients undergoing 
radioactive iodine (RAI) ablation treatment was evaluated. 
It was demonstrated that MPV levels are decreased after 
radioactive iodine therapy in hyperthyroid patients. In a 
recent study by Bagir et al. (18) higher initial MPV levels in 
GD patients and significant drop following the restoration 
of hyperthyroidism was reported. Lippi et al. (19) reported 
a considerable relation between MPV and TSH valevels 

Figure 1. Comparison of NLR (A), PLR (B) and MPV (C) levels 
within each study group (NLR: Neutrophil-to-lymphocyte ratio, PLR: 
platelet-to-lymphocyte ratio, MPV: Mean platelet volume, TA: Toxic 
adenoma, TMNG: Toxic multinodular goiter, GD: Graves’ disease, 
SAT: Subacute thyroiditis).

Table 1. Demographic and laboratory characteristics of study participants

TA patients 
(n =39)

TMNG patients 
(n =46)

GD patients 
(n =46)

SAT patients
 (n =45)

Control group 
(n =45) P value*

Age, years 64.97±10.14 69.23±8.33 51.00±16.37 44.62±9.86 49.22±14.49 0.000

Gender (F/M) 24/15 34/12 31/15 42/3 27/18 0.003

Hgb (g/dl) 13.64±1.58 13.62±1.56 12.91±1.44 12.01±1.25 13.46±1.79 0.000

Plt  (x1000/ml) 241.30±71.34 242.93±56.43 247.15±65.37 341.86±80.89 260.33±80.25 0.000

WBC (x1000/ml) 7.38±2.17 7.73±1.98 6.75±1.75 8.46±1.69 7.39±1.94 0.001

TSH (mIU/L) 0.09±0.24 0.12±0.24 0.03±0.05 0.07±0.11 2.20±0.98 0.000

Free T4 (ng/dL) 1.43±0.81 1.23±0.33 2.31±1.69 2.33±0.98 - 0.000

Free T3 (ng/dL) 5.24±2.93 4.73±2.35 7.87±6.94 5.20±1.54 - 0.001

Anti-TPO (+/-) 3/36 6/40 8/38 2/43 - 0.204

Anti-Tg (+/-) 2/37 6/40 8/38 4/41 - 0.312

CRP (mg/dl) 0.64±0.63 0.62±0.48 0.60±0.71 5.04±4.13 0.49±0.55 0.000

ESR (mm/h) 19.51±12.88 20.97±10.10 18.00±10.90 61.95±27.72 15.60±10.16 0.000

NLR 2.21±1.43 2.18±1.10 2.17±2.17 2.99±1.47 1.73±0.66 0.002

PLR 118.78±56.93 114.81±41.57 131.76±82.63 176.07±59.59 112.04±46.49 0.000

MPV (fl) 8.88±0.92 8.88±1.25 9.04±1.35 8.34±0.96 9.99±1.39 0.000

Values are presented as median (range) or mean±SD as appropriate. WBC=White blood cells, TSH=thyroid-stimulating hormone, Anti-TPO=thyroid peroxidase antibody, Anti-
Tg=antithyroglobulin, CRP= C-Reactive protein, ESR= Erythrocyte sedimentation rate,NLR=neutrophil-to-lymphocyte ratio, PLR=platelet-to-lymphocyte ratio, 
MPV=mean platelet volume,  
*P-value, calculated by chi-square (for categorical variables), ANOVA (for parametric variables), and Kruskal–Wallis (for nonparametric variables). P<0.05 is significant.
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in both univariable (p<0.001; r=0.12) and multivariable 
logistic regression analysis (beta coefficient, 0.07; p<0.001) 
after adjustment for multiple confounders including 
patient age, gender, free T4 values and thrombocyte 
counts. After homogenization of the study population in 
context to quartiles of serum TSH levels, a graded increase 
of MPV values was observed from the first to the fourth 
quartile of TSH. Contrary to these findings a recent study 
from China reported no significant relationship between 
MPV or platelet distribution width (PDW) and THs in a 
Chinese patient cohort (20). This study demonstrated low 
MPV levels in all 4 groups of patients with thyrotoxicosis. 
Low grade inflammation that can be seen in the clinical 
course of the disease may be responsible for the relation 
between MPV and thyrotoxicosis. MPV is an initial 
parameter of platelet activation and big platelets are further 
reactive than their smaller counterparts in releasing 
different kinds of pro-inflammatory cytokines that is more 
likely to aggregate. Therefore, aggregation that is triggered 
by inflammation causes severe infiltration of large platelets 
into vascular and intestinal wall, and a final decrease in 
platelet size (21-23).

In addition to the change of total leukocytic count, 
alterations of WBC and its differentials, such as NLR 
and PLR have been proved to be associated with distinct 
causes of thyrotoxicosis. Moreover, the final outcome 
of anti-thyroid medical treatment on the granulocytic 
series are notable and the data on the direct effect 
of thyroid disorders on granulocytes are partially 
restricted. Furthermore, literature data on lymphocyte 
subpopulation distributions in thyroid patients with or 
without neutropenia are also insufficient (24-25). In this 
context, SAT which is distinguishable by painful swelling 
of the thyroid, systemic inflammatory symptoms, and 
transient thyrotoxicosis is reported to be associated with 
higher NLR and PLR levels in several studies (4,26). An 
elegant study by Taşkaldıran et al. (4) the relationship 
between WBC differentials and the most common causes 
of thyrotoxicosis including GD, toxic multinodular 
goiter (TMNG), TA and SAT were investigated. Authors 
demonstrated higher NLR and PLR levels in the SAT group 
when compared to other etiologies of thyrotoxicosis. 
The present study demonstrated elevated NLR and PLR 
levels in SAT patients compared to the GD, TA, TMNG 
and healthy controls. Among these, the difference in 
NLR and PLR was statistically significant. We think that 
this association might be related to the activation of 
monocytes and platelets early in the disease process seen 
in SAT as well as an increase in the number of platelets. 

This study didn’t observe any significant association 
between NLR and PLR with other causes of thyrotoxicosis 
including GD which is the most common reason of 
hyperthyroidism. GD is an autoimmune disorder, in 

which the human body produces specific antibodies to the 
receptor for TSH. Based on this inflammatory background, 
it is not surprising to find out studies evaluating the role of 
NLR and PLR in GD. In this context, Taskaldiran et al. (4) 
investigated the role of these peripheral blood differentials 
in distinct causes of thyrotoxicosis including GD. Similar to 
our results authors’ demonstrated insignificant association 
between these parameters and GD. Contrary to our 
findings Turan et al. (27) revealed higher lymphocyte, 
monocyte, platelet levels and lower NLR levels in GD 
patients compared to the healthy controls. Although not 
compared to healthy population, a study by Alay et al. (28) 
revealed a statistically significant decrease in NLR in GD 
compared to TMNG group after treatment.

The main limitation of the present study is the 
retrospective nature of analysis and relatively low 
numbers of cases. Moreover, due to the different age 
distribution of thyrotoxicosis causes, mean ages were 
different between groups. Another important limitation 
of our study was the lack of simultaneous measurement 
of inflammatory markers such as tumor necrosis factor 
alfa, interleukin 1 beta, interleukin 6 and interleukin 
8 with CBC. We accept that it would be noteworthy 
to demonstrate a possible association between these 
inflammatory markers and CBC indices. 

CONCLUSION 
This study evaluated the role of NLR, PLR and MPV 
in newly diagnosed thyrotoxic patients. We strongly 
believe that NLR and PLR may be helpful to differentiate 
SAT from other causes of thyrotoxicosis before applying 
more expensive and difficult diagnostic studies such as 
RAI uptake.
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