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ABSTRACT 
AIM: While the ratio of neutrophil-to-lymphocyte (NLR) increases with infl ammation, its importance in Graves’ dis-
ease is not clear. The aim of this study was to evaluate NLR, a marker of chronic infl ammmation, in Graves’ disease. 
METHODS: 86 Graves’ patients (37 before treatment,49 euthyroid patients after treatment) and 112 controls 
were enrolled. Hematologic parameters, thyroid function tests, age and gender were recorded. NLRs were cal-
culated. Firstly, groups were composed as Graves’ group (Group1) and participants without thyroid disorder as 
control group (Group2). Secondly, Graves’ patients before treatment were considered as Group1a, euthyroid 
Graves’ patients after antithyroid treatment were considered as Group1b. These groups were compared with 
each other in terms of descriptive data and hematological parameters. 
RESULTS: Lymphocyte, monocyte, platelet, free T3, and free T4 levels were signifi cantly higher in Graves’ group 
than the controls. TSH and NLR were signifi cantly lower in Graves’ group Graves’ than the controls. Differences 
among group1a and group1b for monocyte (p = 0.013), for basophil (p= 0.002), for platelet (p = 0.029), and for 
NLR (p = 0.029) were statistically signifi cant.
CONCLUSION: Unlike other infl ammatory diseases, in Graves’ disease; hematological parameters may not give 
information about infl ammatory state of the disease. Therefore, NLR should be evaluated with other serum in-
fl ammatory markers in Graves’ disease (Tab. 2, Fig. 1, Ref. 26). Text in PDF www.elis.sk.
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Introduction

Graves’ disease is one of the autoimmune thyroid disorders and 
the most common reason of thyrotoxicosis. Thyrotoxicosis due to 
Graves’ disease causes many changes in the whole body. Hemato-
poetic system is one of the altered systems. Blood cell levels can be 
affected by thyrotoxicosis (1). Besides thyrotoxicosis, antithyroid 
drugs may cause side effects in the hematological system (2–4). 

Recently, neutrophil-to-lymphocyte ratio (NLR) as simple, 
non-invasive and cost-effective marker of infl ammation, is fre-
quently investigated in infl ammatory diseases (5, 6) and malig-
nancies (7). 

The aim of this study was to evaluate NLR, a marker of chronic 
infl ammmation, and hematological parametres in Graves’ disease. 

Material and method

In this study, over 18 years old, 86 (37 before treatment,49 
euthyroid patients after treatment) participants with Graves’ dis-
ease and age-sex matched 112 participants without thyroid dis- order were enrolled between January 2017 and September 2018 

(Fig. 1). Graves’ disease diagnostic criteria were: hyperthyroid 
symptoms, suppressed thyroid stimulating hormone levels (TSH 
normal range 0.35–4.95 mIU/L), high free thyroxine (FT4 nor-
mal range 0.7–1.48 ng/dL), high free triiodotropin (FT3 normal 
range 1.71–3.71 ng/L), diffuse uptake in technetium scan and high 
TSH receptor antibody level (normal range 0–14 U/L). Analyses 

Fig. 1. Randomization scheme.



Turan E. Neutrophil-to-lymphocyte ratio and hematologic parameters in Graves’ disease 

xx

477

of free T3, free T4, TSH, anti-Tg, and anti-TPO were performed 
on DxI 800 Access Immunoassay (Beckman Coulter Inc., Brea, 
CA, USA) using a direct chemiluminescence detection system.
TSH receptor antibody performed by electrochemiluminescence 
methods, using the system Cobas e801, Roche® Tc99m thyroid 
scintigraphy was performed with gamma camera interfaced dedi-
cated computer system (Siemens E.CAM, Siemens Medical Sys-
tems Inc., Hoffman Estates, IL, USA). Thyroid ultrasonography 
was performed with an ultrasonography device (LOGIQ P6; GE 
Healthcare, Milwaukee, USA) equipped with a 10 MHz linear 
probe. Hematological tests were measured using automated stan-
dard laboratory methods. Euthyroidism was defi ned as the levels 
of TSH, FT3 and FT4 in normal range. Methimazole was pre-
ferred as the fi rst-line treatment for Graves’ disease  (8). Propyl-
thiouracil was reserved for patients with side effects. Participants 
were categorized in two ways. Firstly; patients with Graves’ dis-
ease were considered as Group 1, and the control subjects without 
thyroid disorder were considered as Group 2. These two groups 
were compared in terms of age, gender, leukocyte, neutrophil 
lymphocyte, monocyte, eosinophil, basophil, hemoglobin (hb), 
Free T3, Free T4, TSH levels, NLR, platelet to lymphocyte ratio 
(PLR). Secondly; patients with Graves’ disease and overt hyper-
thyroidism, before treatment were considered as group 1a, euthy-
roid Graves’ patients after 6 months of antithyroid treatment were 
considered as group 1b. These groups were compared among 
themselves. Exclusion criteria were; pregnancy, infection, rheu-
matologic and hematologic disorders.. The study was approved by 
the Bozok University ethics committee (Project no: 2017-KAEK-
189_2018.06.06_02). All procedures were in accordance with the 
ethical standards of the responsible committee on human studies 
(institutional and national) and with the Helsinki Declaration of 
1975, as revised in 2008. 

All statistical analyses were calculated with the Statistical 
Package for the Social Sciences, version 18.0 (SPSS Inc., Chi-

cago, IL, USA). P value <0.05 was considered as statistically 
signifi cant. Baseline characteristics were expressed in numbers 
and percentage. Continuous variables were expressed as mean ± 
standard deviation. To compare the two groups; χ2-test was used 
for categorical variables, student t-test was used for continuous 
variables with a normal distribution, and Mann-Whitney U-test 
for the others. In analysis of the three groups; One-way analysis 
of variance test was used to compare groups. Parameters with 
non-normal distribution were evaluated by using Kruskal Wallis. 

Results

The characteristics of the participants for the two groups are 
shown in Table 1. In two groups analysis (Group 1 and 2); lympho-
cyte (p=0.047), monocyte (p=0.03), platelet (p=0.039), free T3 
(p<0.001), and free T4 (p<0.001) levels were signifi cantly higher 
in Graves’ disease group than in the control group. TSH (p <0.001) 
and NLR (p=0.019) were signifi cantly lower in Graves’ group than 
the control group. PLR was similar among the groups (p˃0.05).

Group 1a and Group 1b analysis demonstrated signifi cant dif-
ference between groups in terms of monocyte (p=0.013), basophil 
(p=0.002), platelet (p=0.029) levels, NLR (p=0.029) ), freeT4 
(p<0.001), free T3 (p<0.001) and TSH levels (p<0.001). Other 
parameters were similar between the groups (Tab. 2). 

Discussion

This study showed that, incompatible with previous data on 
other autoimmune and infl ammatory diseases, NLR was lower 
in Graves’ disease with overt hyperthyroidism and after Graves’ 
treatment a signifi cant increase was observed.

Autoimmune diseases can be defi ned as disorders in which 
body’s cells inexplicably attack its own tissues. Autoimmunity has 
the key role in Graves’ disease pathogenesis. Due to the breach of 
immune tolerance, leukocytes and monocytes migrate to the thy-

Graves’ disease 
(n=86) 

(Group A)

Control 
(n=112) 

(Group B)

p

Age 44.5±12.9 43.1±12.7 0.46
Gender (n) male/female 61/25 75/37 0.59
Leukocyte 103/μL 7.85±2.11 7.64±2.29 0.23
Neutrophil 103/μL 4.42±1.51 4.51±1.77 0.78
Lymphocyte 103/μL 2.63±1.03 2.36±0.73 0.047
Monocyte 103/μL 0.61±0.2 0.51±0.18 0.003
Eosinophil 103/μL 0.19±0.21 0.19±0.23 0.64
Basophil 103/μL 0.04±0.028 0.045±0. 023 0.757
Hb g/dL 13.9±1.67 14.2±1.91 0.25
Platelet ng/dL 288.31±66.19 275±64.3 0.039
Free T3 ng/dL 5.85±5.64 2.76±0.33 <0.001
Free T4 ng/dL 1.54±0.87 1.01±0.26 <0.000
TSH mIU/L 1.07±1.41 1.88±.01 <0.001
Neutrophil to lymphocyte ratio 1.77±0.63 2.11±1.21 0.019
Platelet to lymphocyte ratio 118.1±38.67 132.27±73.41 0.62
Hb – Hemoglobin, TSH – Thyroid stimulating hormone, Free T3 – Free triiodo-
thyronine, FreeT4 – Free throxine, p – Pearson correlation Values are mean±SD.

Tab. 1. Descriptive features.

Graves’disease 
before treatment 

(n=37)

Graves’disease 
after treatment 

(n=49)

p

Age 43.40±13.2 45.34±12.77 0.6
Gender (male/female) 9/28 16/33 0.6
Leukocyte 103/μL 7.62±1.78 7.98±2.34 0.63
Neutrophil 103/μL 4.13±1.25 4.63±1.66 0.35
Lymphocyte 103/μL 2.65±0.62 2.62±1.26 0.09
Monocyte 103/μL 0.68±0.22 0.55±0.16 <0.001
Eosinophil 103/μL 0.16±0.13 0.21±0.25 0.58
Basophil 103/μL 0.035±0.018 0.054±0.031 0.002
Hb g/dl 13.71±1.49 14.08±1.80 0.334
Platelet 103/μL 306.02±64.03 268.1±72.2 0.029
FreeT3 ng/dL 9.94±6.69 2.77±0.48 <0.001
FreeT4 ng/dL 2.17±0.046 1.07±0.46 <0.001
TSH mIU/L 0.0039±0.0085 1.88±1.41 <0.001
Neutrophil to lymphocyte ratio 1.60 ±0.53 1.89 ±0.67 0.029
Platelet to lymphocyte ratio 119.35 ±32.05 117.18 ±43.30 0.26
Hb – Hemoglobin, TSH – Thyroid stimulating hormone, Free T3 – Free triiodo-
thyronine, FreeT4 – Free thyroxine, p – Pearson correlation. Values are mean±SD.

Tab. 2. Values in Graves disease before and after treatment.
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roid gland, causing progressive tissue damage. Neutrophils and 
lymphocytes play an important role in this process. Platelets are 
also responsible for pathogenesis. Platelets and lymphocytes act 
on each other’s function. Platelets increase the adhesion and cell 
migration of helper T cells, cytolytic T cells, natural killer cells and 
B cells with the secretion molecules (9). Recently, white blood cells 
and subgroups (neutrophils, lymphocytes, monocytes, basophils, 
eosinophils) are easily detectable. These subgroups play a critical 
role in infl ammation and cytokine release. Generally, neutrophilia 
and lymphocytopenia may be observed in tissue damage, stress 
and infl ammation (10). Unlike other diseases with infl ammation, 
Graves’ disease may vary in white blood cell distribution, e.g, leu-
copenia, absolute and relative neutropenia, relative lymphocytosis  
(3). A previous study demonstrated that the prevalence of neutro-
penia in Graves’ disease is 15–30%  (11). Leucopenia may also 
be seen in hyperthyroid patients (12, 13). When we compared the 
group1 and 2, leukocyte and neutrophil counts were similar, and 
lymphocyte counts were signifi cantly higher in Graves’ patients 
compared to the control group. Van der Weerd K and et al reported 
that with fl ow cytometry method analysis, T and B lymphocyte 
counts were signifi cantly higher in Graves’ disease than in healthy 
control group and in the same study there was a positive correla-
tion between the levels of ft4 and B lymphocytes (14). 

Although antithyroid drugs are known to cause neutropenia as 
a side effect (15), Peng Y and et al, reported that compared with 
untreated Graves’ patients, neutrophil counts increase in Graves 
patients who are euthyroid with treatment  (16). In this study neu-
trophil count increased but not statistically signifi cantly. Klatka 
et al. reported that lymphocytes were slightly diminished with 
antithyroid treatment in Graves’ disease (17). This fi nding can be 
connected with the anti-infl ammatory effect of these drugs, be-
cause previous data suggest that methimazole may also decrease 
pathological infl ammation (18). 

Neutrophil-to-lymphocyte ratio and platelet-to-lymphocyte ra-
tio are the recent indicators of severe infl ammation. Several studies 
have investigated the relation of diabetes, hypertension, systemic 
diseases and malignancies with NLR (19, 20). Ulu et al. reported 
a signifi cant association between NLR and diabetic retinopathy  
(21). Bilge et al. found that NLR and PLR were higher in euthyroid 
Hashimoto patients than healthy controls (22). Whereas, in a study 
by Cıray et al. there was no difference among NLR between the 
patients with or without diabetic retinopathy (23). Also there are 
studies in which Hashimoto thyroiditis, which is one of the auto-
immune thyroid diseases, is found to be signifi cantly higher than 
in the NLR and PLR control group (24) and before treatment than 
after levothroxine replacement (22). Despite the development of 
a similar autoimmune process with Graves’ disease in Hashimoto 
thyroiditis, the thyroid hormone levels and the used medication 
are different. The effect on hematological parameters is known. In 
our study, in contrast to these results, PLR was similar between the 
groups and NLR was signifi cantly lower in Graves’ patients before 
treatment (Group1a) than euthyroid Graves’ patients (Group1b). In 
accordance with previous data (3, 11), although not statistically 
signifi cant, there was an increase in neutrophil and a decrease in 
lymphocyte count in Group1a, compared with group1b. As stat-

ed earlier, unlike other infl ammatory diseases, NLR levels were 
signifi cantly lower in the Graves group and we can conclude that 
these results may probably be the result of increase in lympho-
cytes in Graves disease.

We found that monocyte and basophil counts were signifi cantly 
higher in untreated Graves’ patients than in euthyroid Graves’ pa-
tients after anti-thyroid treatment and in the controls. Irvine et al. 
found that the monocyte count in Graves’ patients was similar with 
the control group (3). There is not enough data about the basophil 
counts in Graves’ disease.

Cases of thrombocytopenia due to hyperthyroidism have been 
reported in the literature (25). Although the mechanism is not 
clearly understood, the possible mechanism has been reported 
to be the immune-induced thrombocytopenia or hypersplenism 
in Graves’ disease (26). On the other hand, in Graves’ disease, 
megakaryocytes increase in bone marrow, while platelet count is 
normal, and platelet survival time is shortened (26). In our study, 
platelet counts were signifi cantly increased in the Graves’ group 
with overt hyperthyroidism compared to the controls and euthy-
roid Graves’ patients.

There are some limitations of our study; fi rstly it was a retro-
spective study and we do not have an infl ammation marker to com-
pare our results, such as sedimentation, C-reactive protein, tumor 
necrosis factor, interleukin 1 β, interleukin 6. Secondly, we had a 
small number of patients in the groups. Thus, further large-scale 
studies are needed to prospectively evaluate these hematologic 
markers in Graves’ disease.

Conclusion 

Our results showed that NLR was decreased and platelet count 
was increased in untreated Graves’ patients and these results were 
different from the literature. Signifi cantly lower NLR in Graves’ 
disease is thought to be compatible with the pathophysiology of the 
disease and antithyroid drug’s suppressive effect on lymphocytes. 
NLR should be evaluated using other serum infl ammatory mark-
ers in Graves’ disease and larger prospective studies are needed to 
fully assess the benefi ts of NLR in patients with Graves’.
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