Egypt. J. Vet. Sci., pp. 1-10

Egyptian Journal of Veterinary Sciences
https://ejvs.journals.ekb.eg/

2
o

Evaluation of Neutrophil-to-Lymphocyte Ratio with @
Metabolic, Inflammatory and Oxidative Stress Markers in CrossMark
Hypothyroid Dogs with Autoimmune Thyroiditis

Gehad E. Elgalfy!, Mahmoud A. Y. Helal', Heba M. El-Khaiat' and
Mohamed M. Ghanem*

Animal Medicine Department, Faculty of Veterinary Medicine, Benha University, Moshtohor,
Toukh, Egypt Po Box 13736.

Abstract

YMPHOCYTIC thyroiditis is an autoimmune-mediated destruction of thyroid tissue and

considered as the most prevalent cause of canine hypothyroidism. This study aimed to evaluate
the neutrophil-to-lymphocyte ratio (NLR) as a marker of inflammation in hypothyroid dogs with
lymphocytic thyroiditis. Additionally, aimed to investigate the role of thyroid autoimmunity and
oxidative stress in the pathophysiology of thyroid dysfunction and disease progression.
Hypothyroidism was diagnosed in 51 dogs, among which 15 dogs were diagnosed with lymphocytic
thyroiditis based on the presence of thyroglobulin autoantibodies (TgAA) in their serum, these 15
dogs were included in this study. Ten additional healthy dogs were included as the control group. The
affected dogs in the present study showed a variety of clinical signs including dermatological and
metabolic abnormalities along with significant alterations in the levels of total thyroxin (TT4), free
thyroxin (FT4), and thyroid stimulating hormones (TSH). A statistically significant elevation of NLR
was detected in dogs with lymphocytic thyroiditis when compared to healthy dogs. Serum
biochemical analysis demonstrated significant changes in liver function, total protein, lipid profile and
fructosamine. Oxidative stress biomarkers showed a significant decrease in catalase and superoxide
dismutase with a statistically significant increase in Malondialdehyde level. The present study
concluded that the combination between NLR and TgAA measurements offers a more comprehensive
evaluation of autoimmune thyroiditis by reflecting both specific immune activity and systemic
inflammation. Oxidative stress, closely linked to lymphocytic thyroiditis, acts as both a cause and
effect of thyroid dysfunction, suggesting potential benefits of antioxidant therapy in some cases.
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Introduction cases of hypothyroidism in dogs are approximately
evenly distributed between these two causes [3].
Other causes, though far less common, include iodine
deficiency, ingestion of goitrogens, congenital
hypothyroidism, destruction of the thyroid gland due
to neoplasia, certain medications, surgical

Hypothyroidism is a medical condition resulting
from reduced concentrations of biologically active
thyroid hormones (T3 and T4) in the blood, and it is
commonly acknowledged as a prevalent endocrine
disorder, significantly affecting dog’s health and thyroidectomy, and radioactive iodine treatment were
well-being, it may be primary (thyroidal defect), recorded [2.4]

secondary (pituitary defect) or tertiary (hypothalamic T

defect) [1]. Lymphocytic thyroiditis in dogs was first
identified in 1968 in a purebred Beagle colony,
where its notable resemblance to human Hashimoto’s
thyroiditis was described. Since that initial report, it
has been documented in numerous dog breeds and is
now considered among the most frequently identified
endocrine conditions in dogs [5].
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Primary hypothyroidism is the most prevalent
naturally occurring thyroid condition in dogs,
representing more than 95% of diagnosed cases [2].
It is identified in two histologic forms: lymphocytic
thyroiditis and idiopathic thyroid atrophy. In general,
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It is characterized by autoimmune inflammation
of thyroid gland that marked by the infiltration of
activated T-lymphocytes, macrophages and plasma
cells into the thyroid tissue. In dogs, the major canine
lymphocytic thyroiditis antigen is thyroglobulin.
Thyroglobulin autoantibodies (TgAA) serve as a
specific marker for lymphocytic thyroiditis [6].

The neutrophil-to-lymphocyte ratio (NLR) is one
output of the complete blood count parameters that
recently considered to be a promising and cost-
effective  biomarker for assessing  systemic
inflammation, proved valuable in different medical
conditions [7]. It has been previously studied in
human with Hashimotos thyroiditis [8].

Thyroid hormones are closely associated with
oxidative stress, which arises from excessive
production of pro-oxidants and impairment of the
antioxidant defense system. This imbalance promotes
the generation of free radicals and leads to the
intracellular accumulation of reactive oxygen species
(ROS) that can lead to damage in thyroid tissue [9].

This study was designed to investigate the
neutrophil-to-lymphocyte ratio (NLR) as a potential
inflammatory biomarker in dogs with lymphocytic
thyroiditis and to determine its relationship with
another established inflammatory marker, C-reactive
protein (CRP). Additionally, the present study aimed
to elucidate the contribution of thyroid autoimmunity
and oxidative stress to the pathophysiological
mechanisms underlying thyroid dysfunction and
disease progression.

Material and Methods

Animals

A total of 350 adult dogs (over 3 years of age)
were presented to pet animal veterinary clinic at the
Faculty of Veterinary Medicine, Benha University
and private pet animal clinics located in Qalioubia
governorate, Egypt, during the period from August
2022 to February 2025. 102 dogs with signs
consistent with hypothyroidism (overweight and
dermatological changes) were subjected to initial
screening test for hypothyroidism by measuring TT4.
Only 51 dogs showed a reduced TT4 level; these
hypothyroid dogs were subsequently tested for the
presence of TgAA. Only 23 dogs revealed positive
TgAA. Among these cases 15 dogs were selected to
be included in the study, that were diagnosed with
lymphocytic thyroiditis (overt hypothyroidism) based
on the combination of specific signs of
hypothyroidism, thyroid function test results and the
positive detection of TgAA in their serum, seven
dogs with active infection (N= 2), inflammatory
diseases (N=3) and hematological disorders(N=2)
were excluded from the study. An additional group
of 10 dogs, deemed clinically healthy, served as the
control group. Their selection was based on normal
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findings from clinical, hematological (CBC), liver,
kidney, heart and thyroid function evaluation.

Ethical approval

All protocols and animal care were conducted in
accordance with guidelines prescribed by the
Institutional Animal Care and Use Committee
(IACUC) of Faculty of Veterinary Medicine, Benha
University, Egypt with the approval number
(BUFVTM300923). Samples were collected from
diseased dogs after obtaining all owner’s consent.

Samples

Blood samples were collected from each dog
from the cephalic vein; part of the sample was
collected with EDTA for CBC examination. Another
part without anticoagulant, clotted at room
temperature for 20 min, centrifuged at 3,000 rpm for
10 min, and then the clear non-hemolyzed serum
samples were separated to be assayed by a
commercial laboratory.

Serum analysis

Serum samples were analyzed to measure TT4
levels using veterinary-specific kits (Catalyst Total
T4 Slide) and the Catalyst One Chemistry Analyzer
(IDEXX Laboratories, Inc., Westbrook, Maine),
following the manufacturer's instructions. FT4 and
TSH concentrations were determined using an
enzyme-linked fluorescent  assay  (VIDAS,
bioMérieux). The presence of TgAA was assessed
through qualitative enzyme-linked immunosorbent
assay (ELISA) techniques.

Lipid profile, blood glucose level, liver function
and protein profile were determined by using
VIDAS, IDEXX CATALYST ONE. Catalase
(CAT), superoxide dismutase (SOD), glutathione
peroxidase (GPX) and Malondialdehyde (MDA),
were evaluated in the collected serum using
dedicated test kits (Bio- Diagnostic, Egypt).

Hematological analysis

The complete blood count (CBC) was performed
using an automated hematology analyzer (Model No.
93-91098-00-GF). NLR was determined manually by
dividing the neutrophils count by lymphocytes count
as previously described [8].

Statistical analysis

The statistical analysis was conducted using T-
test and correlation using SPSS, ver. 25 (IBM Corp.
Released 2013). Data were treated as a complete
randomization design [10]. Shapiro-Wilk test was
applied for data normality assessment. The
significance level was set at P value < 0.05.

Results

Clinical Examination
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The affected dogs in this study showed a broad
scale of clinical signs including mainly non-
inflammatory non-pruritic  bilateral symmetrical
alopecia, as well as alopecia in the tail, resulting in a
characteristic "rat tail" appearance (Fig.1) in addition
to overweight, lethargy and depression (Fig.2).

Serum analysis

Thyroid hormones evaluation of the affected dogs
revealed a significant reduction in TT4 and FT4
values, along with a marked elevation in TSH levels
as compared to the healthy control group Table (1).
A positive result for TJAA was observed in the
serum of the diseased dogs, confirming the presence
of autoimmune thyroiditis.

Liver function, protein profile, lipid profile,
glucose and fructosamnie changes are recorded in
Table (2). The hypothyroid dogs showed a
significant increase (P < 0.05) in Alkaline
phosphatase  (ALT), Alanine aminotransferase
(ALP), total protein, total cholesterol, triglycerides,
Low-density lipoprotein (LDL), Very low-density
lipoprotein (VLDL) and fructosamine with a non-
significant decrease in High-density lipoprotein
(HDL) and glucose level compared to control group.

Oxidative stress biomarkers in affected dogs
revealed a significant decrease in catalase and super
oxide dismutase (SOD) with a non-significant
decrease in glutathione peroxidase (GPX), as well as,
a significant increase in Malondialdehyde (MDA)
when compared to the control dogs. Additionally, the
diseased cases showed a significant increase in C-
reactive protein (CRP) level. These changes are
recorded in Table (3).

Hematological analysis

A statistically significant decrease in RBCs, HGB
values and HCT% was observed. In addition, there
was a non-significant decrease in lymphocytes and
platelets count. While there was a non-significant
increase in total leucocyte and neutrophils count. The
results revealed a significant increase in NLR in
lymphocytic thyroiditis dogs as compared to control
dogs Table (4).

The hypothyroid dogs with lymphocytic
thyroiditis demonstrated a statistically significant
increased NLR with a direct correlation with MDA
and CRP as well as an indirect correlation with
catalase, SOD and GPX of the same dogs. These
changes are recorded in Table (5).

Discussion

This study was applied on fifteen dogs that were
diagnosed with primary overt hypothyroidism caused
by lymphocytic thyroiditis, depending on the
presence of clinical signs of hypothyroidism,
abnormal thyroid function test as well as the positive
detection of TgAA in the serum of affected dogs.

Hypothyroidism is the most common endocrine
disorder recorded in dogs, it may be primary or
secondary according to the cause. Primary
hypothyroidism is caused by defect in thyroid gland
that indicated by lower TT4 level and increased
concentration of TSH [11]. While secondary
hypothyroidism is caused by defect in pituitary gland
which responsible for TSH production. So,
secondary hypothyroidism is evidenced by lower T4
and lower TSH concentration [12,2]. Our result is
consistent with primary hypothyroidism, as the
affected dogs in this study showed decreased levels
of TT4 and FT4 in addition to higher concentration
of TSH.

The main cause of primary hypothyroidism is
lymphocytic thyroiditis which confirmed by positive
detection of TgAA [13,14]. Due to the invasive
nature and logistical limitations associated with
thyroid biopsy for the diagnosis of thyroid disorders,
the quantification of anti-thyroid antibodies,
including TgAA, is utilized as a minimally invasive
diagnostic alternative to confirm lymphocytic
thyroiditis [15].

Lymphocytic thyroiditis has been identified into
four stages based on the presence or absence of
clinical signs, histopathological changes of thyroid
gland, thyroid hormones concentration as well as
absence or presence of TgAA, as following: silent
thyroiditis,  subclinical  hypothyroidism,  overt
hypothyroidism and  non-inflammatory  overt
hypothyroidism [2,15,16]. Hypothyroid dogs in our
study revealed clinical signs of hypothyroidism,
lower level of thyroxine hormones and increased
TSH concentration as well as positive TgAA, all
these findings are agreed with 3rd stage of
lymphocytic thyroiditis that referred to overt
hypothyroidism.

lymphocytic thyroiditis is marked by autoimmune
inflammation of thyroid gland that marked by the
infiltration of activated T-lymphocytes, plasma cells,
and macrophages into the thyroid tissue [3]. Thyroid
autoimmunity is investigated by evaluation of TgAA,
while the thyroid inflammation can be indicated by
evaluation of inflammatory markers such as NLR
and CRP [8].

NLR is considered to be a simple, low cost
marker of inflammation, has been studied in many
medical conditions in dogs such as chronic
enteropathy [17], different stages of heart failure
[18], canine inflammatory bowel disease [17], canine
systemic inflammatory response syndrome [19] and
hypercortisolism [20]. It has been previously studied
in human with Hashimotos thyroiditis but not studied
in dogs with lymphocytic thyroiditis. So, this study
was designed to evaluate the alteration in NLR as a
marker of inflammation in lymphocytic thyroiditis in
dogs.
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Hematological analysis of the affected dogs
revealed a significant decrease in RBC count, HGB
concentration, and HCT%, indicating the presence of
anemia. Additionally, our study demonstrated a
significant increase in the NLR in dogs with
lymphocytic thyroiditis. The observed anemia may
be attributed to reduced plasma erythropoietin levels,
decreased responsiveness of erythroid progenitor
cells to erythropoietin, or a direct effect of thyroid
hormones on early hematopoiesis and pluripotent
stem cells [21].

The result of this study showed a direct positive
correlation between NLR and CRP which is one of
the most well-established inflammatory markers
which responds immediately to infectious or
inflammatory stimulus [22]. These results suggesting
an underlying inflammatory response, similar results
were recorded in previous studies in human
[8,23,24].

Elevated NLR in Lymphocytic thyroiditis dogs
may be attributed to thyroid gland autoimmunity,
that defined as an immune response targeting thyroid
tissue antigens mainly thyroglobulin [6].  The
immune response is represented by activation of T
and B lymphocytes, activated lymphocytes migrate
to thyroid gland, where B cells produce
autoantibodies, and T cells contribute to the
destruction of thyroid follicular cells, migration of
lymphocytes to thyroid gland may be contribute to
reduction in circulating lymphocytes  [25].
Additionally, both thyroid epithelial cells and
infiltrating immune cells release pro-inflammatory
cytokines, which exacerbate the autoimmune process
and amplify inflammatory response [26]. Elevated
circulating neutrophil counts alongside reduced
lymphocyte counts are indicative markers of
inflammatory diseases [27].

This autoimmune inflammatory condition leads
to gradual damage of thyroid follicular cells,
eventually compromising the gland’s capacity to
produce sufficient thyroid hormones. As hormone
levels decline, overt hypothyroidism develops,
leading to the onset of clinical symptoms [6].

Thyroid hormones are vital for the proper
functioning of nearly all body systems. As a result,
thyroid hormone reduction can lead to a broad
spectrum of clinical signs, affecting metabolic,
dermatological, reproductive, gastrointestinal, ocular,
and neurological functions [2]. Dermatological and
metabolic changes were the most commonly
observed clinical manifestations recorded in the
affected dogs of our study.

The dermatological features included non-
inflammatory, non-pruritic, bilateral symmetrical
alopecia, along with alopecia on the dorsal tail
region, resulting in the characteristic "rat tail"
appearance. The observed alopecia can be explained
by the physiological role of thyroxine in promoting
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and sustaining the anagen phase of the hair growth
cycle. A deficiency in thyroxine results in the
premature shift of hair follicles into the telogen
phase, leading to increased hair loss, impaired
follicular regeneration, and subsequent alopecia
[2,28].

Reduced metabolic rate resulting in reduction in
energy and heat production which considered the
main cause of lethargy, depression, overweight and
heat intolerance that recorded in the affected dogs in
our study, similar results were recorded [29,30,31].

The catabolic effect of thyroid hormone includes
modulating energy utilization from various dietary
sources, such as carbohydrates and lipids [32]. So,
thyroid hormones reduction resulted in cessation of
theses process that evidenced by hyperlipidemia that
represented by a significant elevation in total
cholesterol, triglyceride, and LDL levels [33,34,1].

Hypercholesterolemia may be attributed to the
role of thyroid hormones in stimulating the synthesis,
mobilization, and degradation of lipids, as well as
enhancing the clearance of LDL (bad cholesterol) by
upregulating hepatic LDL receptors responsible for
converting LDL into HDL, which is subsequently
excreted in bile. In hypothyroidism, these processes
are suppressed, leading to lipid accumulation in
plasma and an increase in LDL levels, resulting in
hypercholesterolemia [2,35]. Hypothyroidism results
in a reduction in lipoprotein lipase activity which
impairs lipid metabolism and contributes to elevated
triglyceride levels [36].

Hyperlipidemia resulted in fatty infiltration in
liver that resulted in hepatopathy and myopathy
which evidenced by elevated level of ALT and ALP
enzymes in hypothyroid dogs [3,37].

The affected dogs exhibited a significant increase
in fructosamine which is a compound formed by a
non-enzymatic glycation reaction between glucose
and plasma proteins. That may have attributed to an
anabolic effect of thyroid hormones on protein
metabolism; therefore, a reduction in thyroid
hormone levels leads to decreased protein synthesis
and increased protein degradation, which results in
elevated fructosamine levels [15].

Additionally, this study aimed to investigate the
relationship between autoimmune inflammation of
thyroid gland and oxidative stress as well as their
role in the disease progression.

Oxidative stress (OS) occurs when there is a
disruption in the body's balance of antioxidant
defenses and the production of ROS. Mitochondria
represent the main site of ROS generation [38,37].

Thyroid hormones physiologically regulate
metabolism through their dual catabolic and anabolic
actions, resulting in increased cellular oxygen
consumption which act as a pivotal factor in the
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generation of ROS. Concurrently, thyroid hormones
play a crucial role in modulating the antioxidant
defense mechanisms by functioning as both
enzymatic and non-enzymatic free radical
scavengers, thereby mitigating oxidative stress [39].

In  hypothyroidism, mitochondrial respiratory
chain dysfunction, suppressed metabolic process as
well as a diminished antioxidant defense capacity
result in elevated production of ROS, resulting in
oxidative stress [40].

Our results indicated that hypothyroid dogs are
more susceptible to oxidative stress compared to
healthy dogs. That evidenced by a significant
elevation in MDA level and a significant decrease in
catalase and SOD, similar results were previously
described [41,40].

In the current investigation, elevated MDA level
may have attributed to elevated cholesterol levels and
prolonged circulation of aging lipoproteins in
hypothyroid dogs. These lipoproteins tend to
accumulate in the bloodstream, making them more
susceptible  to  oxidative  processes,  which
consequently leads to increased levels of lipid
peroxidation by products such as MDA [33, 42, 43].

In the present study, hypothyroid dogs showed a
significant reduction in the level of catalase enzyme
which responsible for decomposing hydrogen
peroxide (H,O;) into water and oxygen. In
hypothyroidism, catalase activity is often reduced,
weakening the body's antioxidant defenses. As a
result, excess hydrogen peroxide may accumulate
and react with nitric oxide (NO), forming harmful
hydroxyl radicals. These radicals can damage cell
structures through a process called lipid
peroxidation [41].

Another significant finding of this study is the
reduced level of SOD. This reduction in SOD
activity has also been reported in other studies of
hypothyroidism [44,45]. However, some studies have
shown no significant changes in SOD activity
between hypothyroid and euthyroid subjects [46,47].
These discrepancies are likely due to differences in
study design, subject populations, severity of
hypothyroidism, and the presence of comorbid
conditions [33].

SOD serves as the primary enzymatic defense
against intracellular free radicals. It has been
reported that the resulting accumulation of hydrogen
peroxide can lead to the inactivation of SOD.
Reduced SOD activity increases the vulnerability of
cell membranes and other cellular components to
oxidative damage [40].

Recent studies have demonstrated the role of
oxidative stress in the development of alopecia.
Oxidative stress can damage hair follicle cells,
particularly the dermal papilla, which plays a key

role in hair growth. Moreover, excessive free radicals
can trigger inflammatory responses in the scalp,
further harming hair follicles and contributing to hair
loss. This process may lead to the appearance of
alopecia, which is considered one of the main clinical
signs of hypothyroidism [48,49,50].

Prolongation of autoimmune inflammatory
condition and oxidative damage of thyroid tissue
may result in thyroid atrophy [51,6] which
considered end stage of lymphocytic thyroiditis as
evident by initial degenerative changes in thyroid
parenchyma,  which  progressed to  sever
inflammation, subsequent fibrosis, and thyroid gland
destruction [2].

All the previous investigations explain the
positive correlation of NLR with MDA and CRP as
well as the negative correlation with catalase, SOD
and GPX. As the autoimmune inflammation of
thyroid gland is associated with an elevated NLR and
also induces oxidative stress, as indicated by elevated
ROS such as MDA alongside a marked reduction in
antioxidant defense enzymes (catalase, SOD and
GPX).

Conclusion

This study concluded that the assessment of
hematological, biochemical, and oxidative stress
markers is of great importance for evaluating the
health status of hypothyroid dogs. While TgAA
serves as a specific marker of autoimmune
thyroiditis, NLR reflects the overall balance of the
immune response and systemic inflammation.
Therefore, combining TQAA and NLR measurements
can enhance the evaluation by identifying concurrent
systemic inflammatory activity that could influence
disease progression.

There is a strong relationship between
lymphocytic thyroiditis and oxidative stress, which is
regarded as both a consequence of, and a contributor
to, thyroid dysfunction and disease progression. This
association also highlights potential therapeutic
approaches, such as the use of antioxidant therapy in
certain cases. Further comprehensive and prospective
studies on a larger sample size are necessary to
substantiate the findings of the present study.
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TABLE 1. Thyroid function changes (mean+SE) in control healthy and hypothyroid dogs with lymphocytic

thyroiditis.
Group
Parameter Control Lymphocytic thyroiditis P-value
(N=10) (N= 15)
TT4 (mg/dL) 2.1320.02 1.1740.15 0.019
FT4 (mlu/L) 1.56£0.07 0.95+0.16 0.037
TSH (pmol/L) 7.42+.84 32.052.8 0.0001

TT4: Total tetraiodothyroxin, FT4: Free thyroxine, TSH: Thyroid stimulating hormone.

TABLE 2. Hepatic and metabolic profiles alterations (meanSE) in control and hypothyroid dogs with lymphocytic

thyroiditis.

Parameter g,\(l):tlrg)l IEKIng)ocytlc thyroiditis p-value
ALP (U/L) 44.446.23 248.87+27 0.001
ALT (U/L) 37.2+6.4 103.37+4.65 0.000
Total protein (g/dL) 6.08+.36 7.81+0.12 0.006
Cholesterol (mg/dL) 133.8£1.9 508.44+7.24 0.016
Triglycerides (mg/dL) 73.8+4.68 199.26+12.6 0.029
HDL-chl (mg/dL) 53.82+4.43 55.97+4.61 0.668
LDL-chl (mg/dL) 64.88+5.39 233.57+19.4 0.001
VLDL-chl (mg/dL) 14.76+0.93 36.9+2.34 0.029
Fructosamine(uM/L) 262.6+4.45 386.87+19.6 0.015
Glucose (mg/dL) 83.6+2.92 93.46+10.64 0.639
ALP: Alkaline phosphatase. ALT: Alanine aminotransferase

HDL: High-density lipoprotein. LDL: Low-density lipoprotein.  VLDL: Very low-density lipoprotein.

TABLE 3. Oxidative stress and inflammatory biomarkers (mean+SE) in control and hypothyroid dogs with
lymphocytic thyroiditis.

Parameter (CNO:IBC))I Izlir:pig;)cytlc thyroiditis P-value
CAT (Umg Hb) 5.46+.54 1.55+0.12 0.049
SOD (Umg Hb) 10.89+.73 4.25+0.13 0.027
GPX (Umg Hb) 4.79+.56 1.65+0.13 0.094
MDA (nmol/mL) 13.49+1.02 29.65+1.48 0.029
CRP (mg/dL) 3.44+.43 8.37+0.52 0.012
CAT: catalase. SOD: superoxide dismutase. GPX: glutathione peroxidase

MDA: Malondialdehyde. ~ CRP: C-reactive protein

TABLE 4. Hematological and NLR in control and hypothyroid dogs with lymphocytic thyroiditis.
Parameters (C,\(,):I(r,())l IEKIT{):)OCWC thyroiditis P-value
RBCs (M/uL) 7.0920.2 5.17+0.18 0.001
HGB (g/dL) 15.83+0.58 11.09+0.39 0.001
HCT (%) 47.66+.9 36.46+1.35 0.001
WBCs (K/ pL) 11.04+.73 13.59+.81 0.5
PLT (K/ pL) 228.55+27.66 224.13+20.6 0.9
NEU (K/uL) 6.95+.56 10.53+.65 0.07
LYM (K/uL) 2.91+.29 2.07+0.19 0.294
NLR 2.55+0.26 5.41+0.33 0.01
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TABLE 5. Correlation between NLR and oxidative stress and inflammatory markers in hypothyroid dogs with

lymphocytic thyroiditis.
NLR CAT SOD GPX MDA CRP

NLR Pearson Correlation 1.000 -0.467 -0.612 -0.437 0.723 0.372

Sig. (2-tailed) 0.329 0.204 0.358 0.074 0.281
CAT Pearson Correlation 1.000 871 979 -.882 -.867

Sig. (2-tailed) 0.019 0.000 0.024 0.021
SOD Pearson Correlation 1.000 .879 -.861 -.947

Sig. (2-tailed) 0.014 0.018 0.007
GPX Pearson Correlation 1.000 -.857 -.836

Sig. (2-tailed) 0.024 0.036
MDA Pearson Correlation 1.000 0.804

Sig. (2-tailed) 0.052
CRP Pearson Correlation 1.000

Sig. (2-tailed)

*. Correlation is significant at the 0.05 and 0.01 level
-Positive and negative number mean a direct and indirect correlation respectively.

Fig.1 a: Alopecia and a characteristic rat tail appearance  Fig.1 b: Non-inflammatory, non-pruritic bilateral truncal
in Griffon dog affected by hypothyroidism. symmetrical alopecia in German shepherd dog affected
by hypothyroidism.

Fig. 2. Golden retriever dog showing depression, lethargy, overweight (a) and bilateral symmetrical alopecia with skin
pigmentation (b).

Egypt. J. Vet. Sci.



8 GEHAD E. ELGALFY etal.
References 14. Ferm, K., Bjornerfeldt, S., Karlsson, A., Andersson,
1. Naveen, N., Lakshmi Rani, N., Basava Reddy, K. and G., Nachreiner, R. and Hedhammar, A., Prevalence of

10.

11

12.

13.

Devi Prasad, V., Therapeutic management of
hypothyroidism in dogs, Indian Vet. J., 101(11), 18-22
(2024).

Jaiswal, M., Tiwari, A., Gupta, D., Pavan Kumar, M.,
Singh, B., and Maravi, P., Recent approaches in
diagnosis and management of canine hypothyroidism,
A review. ~ 90 ~ Pharma. Innov. J. [Internet], 7(1),
90-94(2018). www.thepharmajournal.com

Boreti, F., Canine hypothyroidism: diagnosis and
treatment, ESVE Summer School of Veterinary
Endocrinology, Univ Zurich [Internet], 1(1), 1-6.
Available from:
https://www.zora.uzh.ch/id/eprint/226013/ (2022).

Mooney, C.T., Canine hypothyroidism, A review of
aetiology and diagnosis. N. Z. Vet. J., 59(3), 105-114
(2011).

Beierwaltes, W.H. and Nishiyama, R.H., Dog
thyroiditis: occurrence and similarity to Hashimoto’s
struma, Endocrinology, 83(3),501-508 (1968).

Sundberg, K., Unraveling the genetics of lymphocytic
thyroiditis using the dog as a model (No. 2012: 31)
(2012).

Imtiaz, F., Shafique, K., Mirza, S.S., Ayoob, Z., Vart,
P. and Rao, S., Neutrophil lymphocyte ratio as a
measure of systemic inflammation in prevalent chronic
diseases in Asian population. Int. Arch. Med., 5(1), 1-6
(2012).

Aktas, G., Sit, M., Dikbas, O., Erkol, H., Altinordu, R.,
Erkus, E. and Savli, H., Elevated neutrophil-to-
lymphocyte ratio in the diagnosis of Hashimoto's
thyroiditis. Revista da Associagdo Médica
Brasileira, 63(12),1065-1068 (2017).

Afifi, M.M., Antioxidant supplementation effects on
thyroid function, oxidative stress, biochemical and
hematological parameters in canine hypothyroidism,
Egypt. J. Vet. Sci., In Press (2024).

Steel, R.G.D., Torrie J.H. and Dickey D.A., Principles
and procedures of statistics: a biometrical approach,
(1997).

. Ghanem, M.M,, Yousif, H.M., Abd El-Raof, Y.M. and

El-Attar, H., Clinico-biochemical, ultrasonographic
and histopathological changes in experimentally-
induced hypothyroidism in dogs, Artic Benha Vet.
Med. J., 23(1), 131-141 (2012).

Travail, V., Fernandez Sanchez, C., Costo, J.M.,
Valentine, N., Conroy, M. and Lee, V.,. Assessment of
the likelihood of hypothyroidism in dogs diagnosed
with and treated for hypothyroidism at primary care
practices,102 cases (2016-2021), J. Vet. Intern. Med.,
38(2), 931-41 (2024).

Egbert, R.J., Basu, P., Refsal, K.R., Petroff, M.G. and
Petroff, B.K., Changes in thyroid hormone
concentrations over time in dogs with autoimmune
thyroiditis, Am. J. Vet. Res., 85(6), 6-11 (2024).

Egypt. J. Vet. Sci.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

diagnostic characteristics indicating canine
autoimmune lymphocytic thyroiditis in giant schnauzer
and hovawart dogs, J. Small. Anim. Pract., 50(4), 176—
179 (2009).

Spence, S., Canine hypothyroidism: avoiding over
diagnosing the condition, In. Pract., 44(2), 68-75
(2022).

Graham, P.A., Nachreiner, R.F., Refsal, K.R. and
Provencher-Bolliger A.L. Lymphocytic thyroiditis. Vet.
Clin. North Am. Small Anim. Pract., 31(5), 915-33
(2001).

Benvenuti, E., Pierini, A., Gori, E., Lucarelli, C.,
Lubas, G. and Marchetti, V., Neutrophil-to-lymphocyte
ratio (NLR) in canine inflammatory bowel disease
(IBD). Vet. Sci., 7(3), 141 (2020).

Kocaturk, M., Saril, A., Oz, A.D., Rubio, C.P., Ceron,
JJ. and Yilmaz, Z., Neutrophil-to-lymphocyte ratio
and red blood cell distribution width to platelet ratio
and their relationships with inflammatory and
antioxidant status in dogs with different stages of heart
failure due to myxomatous mitral valve disease. Vet.
Res. Commun., 48(4), 2477-87 (2024).

Pierini, A., Gori, E., Lippi, I., Ceccherini, G., Lubas,
G. and Marchetti, V., Neutrophil-to-lymphocyte ratio,
nucleated red blood cells and erythrocyte abnormalities
in canine systemic inflammatory response syndrome.
Res. Vet. Sci., 126, 150 154 (2019).

Yun, S., Yun, T,, Cha, S., Oh, J., Lee, D. and Koo, Y.,
Can  neutrophil-to-lymphocyte  and  platelet-to-
lymphocyte ratios be wused as markers for

hypercortisolism in dogs? Top Companion Anim. Med.,
61, 100890 (2024).

Roopali, B., Roy, S., Roy, M. and Ali, S.L,
Haematological alterations in hypothyroidism dogs.
Pharma. Innov., 9(9), 49-52 (2020).

Malin, K. and Witkowska-Pitaszewicz, O., C-reactive
protein as a diagnostic marker in dogs: a review.
Animals, 12(20), 2888 (2022).

Bilge, M., Yesilova, A., Adas, M. and Helvaci, A.,
Neutrophil-and platelet-to lymphocyte ratio in patients
with euthyroid hashimoto’s thyroiditis. Exp. Clin.
Endocrinol. Diabetes, 127(08), 545-549 (2019).

Keskin, H., Kaya, Y., Cadirci, K., Kucur, C., Ziypak,
E. and Simsek, E., Elevated neutrophil-lymphocyte
ratio in patients with euthyroid chronic autoimmune
thyreotidis. Endocr. Regul., 50(3), 148-53 (2016).

Erge, E., Kiziltunc, C., Balci, S.B., Atak, Tel, B.M.,
Bilgin, S. and Duman, T.T., A novel inflammatory
marker for the diagnosis of hashimoto’s thyroiditis:
platelet-count-to-lymphocyte-count  ratio. Diseases,
11(1), (2023).

Ajjan, R.A. and Weetman, A.P., Cytokines in thyroid
autoimmunity.  Autoimmunity, 36(6-7), 351-359
(2003).


http://www.thepharmajournal.com/
https://www.zora.uzh.ch/id/eprint/226013/

EVALUATION OF NEUTROPHIL-TO-LYMPHOCYTE RATIO WITH METABOLIC, INFLAMMATORY ... 9

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Resber, H.N., Takir, M. and Torun, C., Neutrophil-to-
lymphocyte ratio and platelet-to-lymphocyte ratio in
the patients with euthyroid hashimoto’s thyroiditis.
Medeni Med. J. 38(3), 204209 (2023).

Stenlund, F.H.K., The diagnosis and treatment of
thyroid gland disorders in dogs and cats (Master's
thesis, Lithuanian University of Health Sciences
(Lithuania)) (2021).

Chethan, G.E, Behera, S.K., Sarma K., Prasad, H.,
Rajesh, J.B. and Bhowmik, A., Diagnosis and
therapeutic management of cystolithiasis in a golden
retriever dog. J. Entomol. Zool. Stud., 59(6), 1124
(2020).

Das, G., Deka, P. and Dutta, K.J., Clinical management
of hypothyroidism associated dermatological signs in a
labrador: A Case report. Indian J. Vet. Sci. Biotechnol.,
17(01), 91-2 (2021).

Gori, E., Gianella, P., Lippi, I. and Marchetti, V.,
Retrospective evaluation of gastrointestinal signs in
hypothyroid dogs. Animals, 13(16), 1-10 (2023).

Seifert, J., Chen, Y., Schéning, W., Mai, K., Tacke, F.,
Spranger, J., Kohrle, J. and Wirth, E.K., Hepatic
energy metabolism under the local control of the
thyroid hormone system. International Journal of
Molecular Sciences, 24(5), 4861 (2023).

Masullo, L.F., Magalhdes, R.A., Lemes, R.P.G., de
Almeida Filho, T.P., De Castro, M.F., Maia Filho,
P.A., Cunha, T.0O.V., Quidute, A.R.P., Fontenele,
E.G.P., Sun, G. and Martins, M.R.A., Levothyroxine
replacement improves oxidative status in primary
hypothyroidism. Frontiers in Endocrinology, 9, 655
(2018).

Su, X., Peng, H.,, Chen X., Wu X. and Wang B.,
Hyperlipidemia and hypothyroidism. Clin. Chim. Acta.,
527, 61-70 (2022).

Bertalan, A., Kent, M. and Glass, E., Neurologic
manifestations of hypothyroidism in dogs. Compend.
Contin. Educ. Vet. 35 (3), 1-7 (2013).

Pearce, E.N., Update in lipid alterations in subclinical
hypothyroidism. J. Clin. Endocrinol. Metab., 97(2),
326-333 (2012).

Ryad, N.M., Ramadan, E.S, Salem, N.Y. and Saleh,
ILAEE.S., Oxidative biomarkers and lipid alterations in
euthyroid and hypothyroid dogs. Comp. Clin. Path., 30
(4), 571-576 (2021).

Blanca, P.M., Maria Luisa, F.R., Guadalupe, M. and
Fatima, C.L, Oxidative stress in canine diseases: A
Comprehensive review. Antioxidants, 13(11), 1-34
(2024).

Arostegui, L.G., Prieto, A.M., Marin, L.P.,L6pez,
G.G., Tvarijonaviciute, A. and Madrigal, J.J.C.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Changes in biomarkers of redox status in serum and
saliva of dogs with hypothyroidism. BMC Vet. Res., 19
(1), 1-11 (2023).

Roopali, B., Roy, S. and Roy, M., Oxidative and anti-
oxidant status in hypothyroid dogs. J. Entomol. Zool.
Stud., 8(4), 1188-92 (2020).

Afifi, M.M., Saleh, I.A., Yehia, S.G. and Elnour, H.H.,
Oxidative, biochemical and hematological parameters
alterations in canine hypothyroidism. Egyptian Journal
of Veterinary Sciences, 56(7), 1447-1456 (2025).

Arora, K., Seth, S., Basu, A. and Aggarwal, H.K,,
Original article Effect of thyroxine replacement
therapy on the redox status of primary hypothyroid
patients. Indian Journal of Basic and Applied Medical
Research, 6(1) 52-59 (2016).

Nada, S.E., Abd Allah, A.M. and Ayman, S.F. Thyroid
dysfunction in Wister rats status during. Artic. Benha
Vet. Med. J., 40, 52-57 (2021).

Baskol, G., Atmaca, H., Tanniverdi, F., Baskol, M.,
Kocer, D. and Bayram, F., Oxidative stress and
enzymatic antioxidant status in patients with
hypothyroidism before and after treatment. Exp. Clin.
Endocrinol. Diabetes, 115(08), 522-526 (2007).

Carmeli, E., Bachar, A., Barchad, S., Morad, M. and
Merrick, J., Antioxidant status in the serum of persons
with intellectual disability and hypothyroidism: A pilot
study. Res. Dev. Disabil., 29(5), 431-438 (2008).

Erdamar, H., Demirci, H., Yaman, H., Erbil, M.K,,
Yakar, T. and Sancak, B. The effect of
hypothyroidism, hyperthyroidism, and their treatment
on parameters of oxidative stress and antioxidant
status. Clin. Chem. Lab. Med., 46(7), 1004—-10 (2008).

Santi, A., Duarte, M.M., de Menezes, C.C. and Loro,
V.L., Association of lipids with oxidative stress
biomarkers in subclinical
hypothyroidism. International Journal of
Endocrinology, 2012(1), 856359 (2012).

Ma, Y.Q, Sun, Z., Li, Y.M. and Xu, H., Oxidative
stress and alopecia areata. Front Med., 10, 1-7 (2023).

Peterle, L., Sanfilippo, S., Borgia, F., Cicero, N. and
Gangemi, S. Alopecia areata: A review of the role of
oxidative stress, possible biomarkers, and potential
novel therapeutic approaches. Antioxidants, 12(1),135
(2023).

Trieb, R.M., Oxidative stress and its impact on skin,
scalp and hair. Int. J. Cosmet. Sci., 43(S1), S9-13
(2021).

Kochman, J., Jakubczyk, K., Bargiel, P. and Janda-
Milczarek, K., The influence of oxidative stress on
thyroid diseases. Antioxidants, 10(9), 1-11 (2021).

Egypt. J. Vet. Sci.



10 GEHAD E. ELGALFY etal.

G sl Agay) B i ailly Ay glialll LAY ) c¥ael) A anlls
G sHalll 438 )l Bard) Glgall oo il 438 ) Band) ) gually dliaal) IS

AlE 0 a2 5 hLal g A (D Ciagy Cibile 3 gana ¢ Alal) dud) dga
.Hc@@bcg)@|gﬂ\%ﬂs‘o\ﬁ;ﬂ¢ﬁm§

uadlall

30l gl 1B ol Y] Canad) a5 385l saall Ao 10 elie jae g (g ghaall) 38l sasdl gl
O A g AadlaS 4 laalll LAY I eVl A ads ) Al )l s3a Cangs SN 8 Al
050 Al o ) G celly ) Alal g sliagll) A8 Hall Bar) el dbiaal) 48 )l saxd) ) paly Lliadll
& omall ks &8 5al sall JIAT G el L o) ganadl) 8 auSlE) lgayls A0 saxll Al delid)
2l (g sliaalll 38 50l 3aal) QAL agiilia) (andls o5 WIS 15 Leby (e (LIS 57 (& 4850 8aall ) s (il
A Al a3 (A b Al COSI a3 Gpanl Ay caglian A Aol sasll saliadll alual) asa g o
(3 Ae st Ao game Adlall Al all & Abiaal) CMSI & jedal ) e de senaS ALl dyman S 5 e (el
Gl gapa Gl g (A B yuS Gljuad Qila ) o SRl Jaiall g dpalall e gl @llh 8 ey &g peadl Gl
el Abaall GOSN 8 2 slaalll LA ) il and) i 3 dgiliaa) AV 53 il GLES) 23 38 )l szl
& 5 ki Jeaall (3 (g all SLesl) Qi) jedal Al CBISIL et jlie die (5 slialll 48 ) 523
Lalan) anShll algadld & gall <l i sall < jelal el 3 5385 5 ¢ saall ala g JSI (555 5l 5 2 il
) Al A jall cuald oSl slea¥) jdise (s siue b Lilian) & sine 835 e B1uSY) Claliae 8 T, sine
sardl Y Y sad ST L iy 2 slaall) LOAT 1) c¥aed) B 5 aliaall alua¥l Cluld c geall 0
(Sl Mga¥) Jamy s lead) ClgiVly aaaall eliall Llaill e JS e DA o (I e liall 48 50l
g ) e Lea il Baall Aiada g JIAT Aaiiy s oglialll A8, 5aa]) ledlly By Unls ) asi sl
VA (any 85283 alaall 0kl dldiae

Ay glaall) LA L eVl A s slaalll A8l saxll lgl) A jall saall ) gl (SN AN clall)

Baliadl slua¥) ¢ gauslill gy

Egypt. J. Vet. Sci.



