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ABSTRACT 
Aim: Specific learning disorder (SLD) is a term that refers to reading, writing and arithmetic 
difficulties. The neutrophil/lymphocyte ratio (NLR), plat elet/lymphocyt e ratio (PLR) and sy st emic 
inflammation index (SII) are affordable and ac c essible inflammat ory biomarkers. This r esear ch aims 
to ev alua te the relationship between NLR, PLR, SII and SLD to determine whether inflammation 
c ontribut es t o pathogenesis. 
M etho ds: This study included 90 SLD-diagnosed pa tien ts and 90 age-, sex- and ethnicity -ma tched 
healthy controls. Blood cell counts and NLR, PLR and SII values w er e obtained from medical records 
and compared between the two groups. 
Results: The NLR, PLR and SII w er e significantly higher ( p = 0.029, p = 0.033 and p = 0.018 
r espectiv ely) and lymphocyte counts w er e significantly low er ( p = 0.041) in the SLD group. WISC- 
R t otal sc or es decr eased with age in the SLD group (-1.988 coefficient, Beta = -0.247 ß, p = 0.041). 
Multiv aria t e log istic reg ression analy sis r ev ealed tha t the SII w as the only parameter independen tly 
associated with the diagnosis of SLD (Beta = 0.003, p = 0.023). 
Conclusion: Inflamma tion migh t play a role in SLD etiopathogenesis. NLR, PLR and SII may be 
potential biomarkers for SLD in children. Further research may lead to early diagnosis and additional 
an ti-inflamma t ory pharmac olog ical therapies for SLDs. 
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 n 1963, Samuel K ir k first used the ter m ‘lear ning disability’
o describe children with normal intellectual capacity
ho suffer ed fr om a brain-based disability that hinder ed

heir lear ning [ 1 ]. R eading impair ment , or dysle xia, is
oor reading proficiency despite average int elligenc e and
ducation. Dy scalculia and dy sg raphia, refer t o difficulties

n math and writing, r espectiv ely, and often coexist
ith other learning disabilities [ 2 ]. Although the etiology
f specific learning disor ders (SLD) r emains unclear,
cien tific da ta indica t e biolog ically based genetic and
nvironmental factors [ 3 , 4 ]. 

The immune sy st em affects brain and behavior
ia well-established molecular pa thw ays. Pa tien ts
reated with inflammatory cytokines for diseases such as
epatitis-C oft en experienc e sympt oms of depression [ 5 ].
imilarly, an ti-depressan t effects of an ti-inflamma tory
edicines have been demonstrated [ 6 ]. To date, several

tudies have shown a link between inflammation and
eur odev elopmental disor ders (NDDs) [ 7 ]. In 1977, the
rst report of immunological abnormalities in individuals
ith autism spectrum disorder (ASD) was published [ 8 ].

n the 1980s, Geschwind et al . pr oposed a r elationship
ONTACT Pınar Aydo ̆gan Av ̧s ar Tel.: + 90 506 366 70 36; dr_pinaraydogan@ho
2024 Informa UK Limited, trading as Taylor & Francis Group 
between dyslexia and immunological dysfunction during
fetal development [ 9 ]. Although certain components
of their theory are debatable, multiple studies support
the theory that dyslexia is connected with a greater
risk of immunological dysfunction in at least certain
individuals [ 10–12 ]. 

Predicting inflammation with neutrophil-lymphocyte
ratio (NLR) is a cost-effective and efficient method. Neu-
tr ophils pr oduc e cyt okines and other inflammat ory medi-
a tors tha t trigger oxida tiv e str ess and inflammation in the
innate immune system, boosting infection response [ 13 ].
Lymphocytes ar e r esponsible for r egulatory or pr otectiv e
functions in addition to their critical role in adaptive
immunity . Frequently , decreased lymphocyt e c ounts are
indicative of general malhealth and compromised physi-
ological stress [ 14 ]. The NLR was first created to establish
an appropriate metric that ac curat ely r epr esents the level
of stress and sy st emic inflammation in pa tien ts who
ar e critically ill . How ev er, further studies hav e shown
that it has prognostic significance in predicting worse
out c omes in several medical conditions, such as cardio-
vascular disorders and liver illnesses [ 15 , 16 ]. Psychiatric
disor ders, including schizophr enia, bipolar disor der (BD)
tmail.com 
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nd NDDs, have also been associated with elevated
LRs [ 17 ]. Cytokines and proinflammatory chemicals are
lso abundant in platelets. Ther efor e, the platelet count
nd the plat elet-lymphocyt e ratio (PLR) are other good
redictors of the state of inflammation and have also
een shown to be related to a variety of mental illnesses,
uch as schizophrenia, BD and obsessive-compulsive
isorder (OCD) [ 18 , 19 ]. In 2014, Hu and colleagues

ntroduced a novel prognostic indicator termed the
y st emic inflammation index (SII). This indicator was
pecifically desig ned t o assess the prog nosis of pa tien ts
ho underwent curativ e r esection for hepat oc ellular

ancer [ 20 ]. Various studies have used SII as a marker of
ubclinical inflammation and prognosis [ 21 ]. In addition,
 ecent r esear ch has shown that the SII is higher in adults
ith mental disorders [ 22 , 23 ]. 

NDDs are pervasive, lifelong disorders for which
harmac olog ical int erv entions ar e not r eadily available.
he substantial increases in the prevalence of NDDs
ver a relatively short period may not be attributed
olely to genetic factors and/or impr ov ed diagnostic
r iter ia [ 24 ]. There is widespread consensus that environ-
ental risk factors and genetic predispositions during

ey neur odev elopmen t, particularly inflamma tion, affect
DD susceptibility and severity [ 25 ]. Identifying NDDs
t an early stage may result in prompt actions that
ave the pot ential t o decrease their social and economic
 onsequenc es. 

The NLR, PLR and SII are currently being extensively
nvestigated by medical disciplines as indicators of sys-
emic inflammation [ 26 ]. This is due to their accessibility
hr ough standar d blood counts, which eliminates the
ecessity for costly immunoassays. This r esear ch aims to
ompare the NLR, PLR and SII of SLD individuals to healthy
 ontrols t o det er mine if inflammation under lies SLD. To
he best of our knowledge, no studies have investigated
he SII in childhood mental disorders or NDDs, including
LD. 

. Materials & methods 

.1. Pa rticipa nts 

n this cr oss-sectional/r etr ospectiv e study, w e performed
 r etr ospectiv e analysis of a database of c omplet e blood
ounts (CBC) for 180 individuals from their medical
 ecor ds. The SLD gr oup consisted of 90 children aged
etween 7 and 12 (30 girls and 60 boys) who applied

o the child and adolescent psychiatry outpatient clinic
 t an educa tion and r esear ch hospital and r eceiv ed a
LD diagnosis between June 2023 and January 2024. The
 ontrol g roup c onsist ed of 90 age-, ethnicity- and gender-
atched healthy, randomly selected children (34 girls and

6 boys) who applied to the pedia tric outpa tien t clinic for
r egular car e in the same period to obtain a health license,
such as for participating in sports. Blood cell counts w er e
obtained from the CBC panel and used t o calculat e the
NLR, PLR and SII. The exclusion cr iter ia for both groups
included the following: a chronic medical condition;
comor bid psychiatr ic disorders (including other NDDs);
neurologic or genetic disorders; obesity (body mass
index (BMI) > 30 kg/m 

2 ); and the exist enc e of an active
infectious disease at the time of blood sample collection
that could influence the CBC panel. 

The Alaaddin Keykubat University Faculty of Medicine
Clinical Trials Ethical C ommittee ( ALKÜ-KAEK) (10354421-
2023/10-03) appr ov ed this study, and all pr ocedur es
adhered to local laws and regulations as well as the
Helsinki Declaration. We obtained written informed con-
sent from the parents and verbal consent from the
children. 

2.2. P sychiatric e xamination 

We used clinical int erview s based on the Diagnostic
and Statistical Manual of Mental Disorders, Fifth Edition
(DSM-5), family int erview s, t eacher inf ormation f orms
and psychia tric examina tions, including ev alua tion of
age and grade level reading, writing and arithmetic
abilities, to make the diagnosis of SLD. The r esear chers
document ed sociodemog raphic and clinical information
using a questionnair e. Ev ery participant in the study
underwent a diagnostic evaluation by a child/adolescent
psychiatrist using the Schedule f or Affectiv e Disor ders
and Schizophrenia for School-Aged Childr en, Pr esent
and Lifetime Version (K-SADS-PL). Licensed psycholo-
g ists administ ered the Wechsler Int elligenc e Scale for
Children-Revised (WISC-R) to the SLD group participants
t o det ermine int elligenc e quotient (IQ) sc ores. 

2.3. St atistical analy sis 

The data w er e analyzed using SPSS version 26.0 software.
The normality of the distribution of variables was t est ed
using the Kolmogoro v-Smirno v test . A n independent t -
test was used to compare the mean values of normally
distribut ed c on tinuous v ariables betw een gr oups, and
the Mann-Whitney U test was used to compare the
median values of nonnor mally distr ibut ed c ontinuous
variables betw een gr oups. The chi-squar e test was used
t o c ompar e the fr equencies of ca tegorical v ariables
betw een gr oups. The corr elation betw een laboratory
parameters and WISC-R scores was assessed using the
Pearson correlation coefficient, depending on the nor-
mality of the var iables. R eceiver oper ating char acteristic
(ROC) analysis was performed to ev alua te the diagnostic
performance of the SII for distinguishing the SLD group
from the c ontrol g roup. Log istic reg ression analy sis was
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erf ormed f or the SLD g roup only t o investigat e the
arameters tha t migh t influenc e SLD diag nosis. A p -value

ess than 0.05 was considered to indicate statistical signif-
cance, and the p -value was calculated bidirectionally. 

. Results 

able 1 shows the sociodemographic data of the r esear ch
articipants. The SLD group consisted of 90 subjects (30

emales and 60 males), and the c ontrol g roup c onsist ed
f 90 subjects (36 females and 54 males). The gender
istribution was also similar: 34.2% of females w er e in

he SLD group, and 40.9% of females were in the control
roup ( p = 0.353). The SLD group had a mean age of
.06 ± 1.59 years, while the control group had a mean age
f 9.46 ± 1.75 y ears. Ther e w as no significan t difference

n age between the two groups ( p = 0.116). The parental
emographics of both cohorts w er e comparable in terms
f age, occupation and level of education ( p > 0.05).
he sole observable difference in family composition
 as the sta tistically grea ter percen tage of single-paren t
ouseholds within the SLD group ( p = 0.047). The two
roups did not significantly differ in terms of the number
f siblings, the number of children, the presence of
ental disorders in the family, or the income lev el . The
ean scores for the WISC-R verbal and performance

ubtests and the WISC-R total scor es w er e 77.3 ± 14.2,
00.0 ± 14.4 and 88.1 ± 12.7, r espectiv ely, for the SLD
roup ( Table 1 ). 

The mean hemoglobin levels and red blood cell (RBC),
hite blood cell (WBC), neutr ophil , eosinophil , basophil ,
onocyte and pla telet coun ts w er e not significantly

iffer ent betw een the tw o gr oups ( p > 0.05). How ev er,
he mean lymphocyte coun t w as significan tly lower in
he SLD group (2.90 ± 0.85) than in the control group
3.15 ± 0.77) ( p = 0.041). The SLD group also had a
ignificantly higher NLR (1.80 ± 1.14 vs. 1.47 ± 0.80,
 = 0.029), PLR (121.82 ± 47.93 vs. 108.70 ± 32.52,
 = 0.033) and SII (531.33 vs. 440.97, p = 0.018) than did
he control group ( Table 2 & Figure 1 ). 

Age w as nega tiv ely corr elated with the WISC-R verbal
r = -0.254, p = 0.017), WISC-R performance (r = -0.238,
 = 0.026) and WISC-R total (r = -0.260, p = 0.014)
cores, suggesting that older children in the SLD group
ad lower c og nitive abilities. Furthermore, the results
f the logistic r egr ession analysis demonstrated that
ge had a statistically significant impact on the WISC-
 t otal sc ore. A s age incr eased , the analysis r ev ealed a
ta tistically significan t decrease in WISC-R t otal sc ores (-
.988 coefficient, -0.247 ß, p = 0.041). The NLR, PLR and
II w er e positiv ely corr elated with each other ( p < 0.001),
uggesting that they reflect similar aspects of sy st emic
nflammation. The NLR, PLR and SII w er e not significantly
c orrelat ed with any of the WISC-R subscales ( p > 0.05)
( Figure 2 ). 

We used r eceiv er operating characteristic (ROC) curve
analy sis t o identify the best cut-off value for the SII, which
we found to be 535.67, to predict SLD. The cut-off point
was established using Youden’s index, with a maximum
value of 0.222. The sensitivity and specificity of the test
w er e c omput ed t o be 72.22 and 50%, r espectiv ely, for
this cut-off value. The positiv e pr edictiv e value (PPV) was
64.29%, while the negative predictive v alue (NPV) w as
59.09%. In addition, the area under the curve (AUC) was
0.602 ( p = 0.018). The results show that the test used is a
proficien t instrumen t for iden tifying SLD, and the cut-off
v alue accura tely predicts the presence or absence of the
disease with considerable precision. These findings have
the potential to aid in clinical practice, as well as diagnosis
and follow-up pr ocedur es ( Figur e 3 ). 

The R 
2 , McFadden R 

2 and Cox & Snell R 
2 values of

the logistic r egr ession model w er e 0.0689, 0.0911 and
0.122, r espectiv ely, indicating a modest level of predictive
ac curacy. Log istic reg ression analy sis was used to exam-
ine the effect of various predictors on the likelihood of
SLD. The results presented in Table 3 reveal that most
of the predictors did not have a sta tistically significan t
effect ( p > 0.05). How ev er, the sy st emic inflammation
index (SII) was found to be a significant predictor of
SLD, with an odds ratio of 1.003 (95% CI: 1.0–1.006)
(B = 0.003, p = 0.023). This suggests that higher SII
values are associated with a slightly increased likelihood
of SLD. Ov erall , the SII show ed a significan t associa tion
with the likelihood of SLD, while other variables in the
model, including age, maternal and paternal age, number
of siblings, sex, PLR and NLR, did not show significant
pr edictiv e pow er ( Table 3 ). 

4. Discussion 

Increasing evidence suggests that inflammation and
immune activ a tion con tribute to central nervous system
dysfunction, which is associated with mental disor-
ders [ 27 , 28 ]. Pr evious r esear ch examining cytokine lev els
in cerebral fluid revealed that children diagnosed with
OCD, schizophrenia and a tten tion-deficit hyperactivity
disorder (ADHD) had impairments in both their cell-
mediated and humoral immune responses [ 29 ]. Ac c ord-
ing to Buske-Kirschbaum et al ., psy chological str ess and
allergic inflamma tion activ a te inflamma tory cytokines
that affect the pr efr ontal c ort ex and neurotransmitter
sy st ems implicat ed in ADHD pathogenesis [ 30 ]. de Theije
and colleagues reported autistic-like r epetitiv e behaviors
and decreased social communication in a mouse model
of food allergy. They suggested that neuroimmune
interactions have an impact on brain circuits that are



910 P. AYDO ̆GAN AV ̧S AR ET AL. 

Table 1. Comparison of sociodemog r aphic data between the specific learning disorder group and the control group. 

Parameter SLD group (n = 90) Contr ol gr oup (n = 90) p -value 

Age 9.06 ± 1.59 9.46 ± 1.75 0.116 a 

Gender Female 30 (34.2%) 36 (40.9%) 0.353 c 

Male 60 (65.8%) 54 (59.1%) 
Maternal age 38.22 ± 6.11 38.93 ± 6.65 0.457 a 

Mat ernal emplo yment status Housewife 68 (75.6%) 62 (68.9%) 0.597 c 

Free 12 (13.3%) 16 (17.8%) 
Institutional 10 (11.1%) 12 (13.3%) 

Ma ternal educa tion Primary education 58 (64.4%) 55 (61.1%) 0.825 c 

High school 26 (28.9%) 27 (30.0%) 
Above high school 6 (6.7%) 8 (8.9%) 

Paternal age 41.77 ± 6.09 42.10 ± 6.65 0.735 a 

Pat ernal emplo yment status Unemployed 9 (10.0%) 8 (8.9%) 0.240 c 

Free 56 (62.2%) 66 (73.3%) 
Institutional 25 (27.8%) 16 (17.8%) 

Pa ternal educa tion Primary education 55 (61.1%) 45 (50.0%) 0.248 c 

High school 23 (25.6%) 33 (36.7%) 
Above high school 12 (13.3%) 12 (13.3%) 

Family structure Nuclear family 78 (86.7%) 88 (97.8%) 0.047 c 

Single parent 10 (11.1%) 2 (2.2%) 
Extended family 2 (2.1%) 0 (0%) 

Number of children 2 (1–4) 2 (1–4) 0.137 b 

Number of siblings 2 (1–5) 2 (1–4) 0.057 b 

Psychiatric illness in the family 8 (7.0%) 1 (1.5%) 0.103 c 

Income level 1–2 MW 32 (36.0%) 22 (24.4%) 0.139 c 

2–3 MW 45 (50.6%) 48 (53.3%) 
4 and above MW 12 (13.5%) 20 (22.2%) 

WISC-R verbal (n = 88) 77.3 ± 14.2 
WISC-R performance (n = 88) 100.0 ± 14.4 
WISC-R total (n = 88) 88.1 ± 12.7 
a Independent t -test (mean ± SD). 
b Mann-Whitney U test [median (min-max). 
c Chi-Square test (n%)]. 

Table 2. Comparison of laboratory parameters between the specific learning disorder group and the control group. 

Parameter SLD group (n = 90) Contr ol gr oup (n = 90) p -value 

Hemoglobin 12.79 ± 1.15 12.67 ± 1.29 0.509 a 

RBC 4.80 ± 0.46 4.66 ± 0.58 0.087 a 

WBC 8.58 ± 3.04 8.81 ± 3.02 0.620 a 

Nötrofil 4.48 ± 1.87 4.29 ± 1.64 0.473 a 

Lenfosit 2.90 ± 0.85 3.15 ± 0.77 0.041 a 

Eozonofil 0.21 (0.00–7.30) 0.19 (0.00–5.00) 0.686 b 

Bazofil 0.04 (0.00–0.50) 0.03 (0.00–0.30) 0.754 b 

Monosit 0.54 (0.24–10.10) 0.58 (0.20–1.73) 0.795 b 

Platelet 325.43 ± 82.80 327.47 ± 80.59 0.930 a 

NLR 1.80 ± 1.14 1.47 ± 0.80 0.029 a 
PLR 121.82 ± 47.93 108.70 ± 32.52 0.033 a 
SII 531.33 (111.78–2188.00) 440.97 (125.87–1302.40) 0.018 a 

a Independent t -test (mean ± SD). 
b Mann-Whitney u test [median (min-max). 
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Figure 1. Box plots r epr esenting the distributions of the SII, neutrophil/lymphocyte ratio and plat elet/lymphocyt e ratio in the specific 
learning disorder group and controls. 
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Figure 2. Correlations of age, systemic inflammatory parameters and WISC-R subscales. 
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inv olv ed in c og nition and social int eraction due t o a
genetic predisposition [ 31 ]. 

Blood biomarkers are often utilized to analyze inflam-
mat ory proc esses, but many of them ar e expensiv e or
difficult to use for regular exams . Thus , less expensive,
simpler approaches are needed. The NLR is a cost-
effectiv e, highly sensitiv e and r eliable inflammatory
paramet er. Its orig inal purpose was t o measur e str ess
and sy st emic inflamma tion in critically ill pa tien ts, but
it has since been shown to predict poor outcomes in
pancreatitis and cardiovascular and liver diseases [ 32 ].
Research has shown a correlation between high NLRs and
elev a ted C-r eactiv e pr ot ein (CRP) and cyt okine levels [ 33 ].
As a consequence, the NLR is increasingly used to
ev alua t e sy st emic inflamma tion. PLR is yet another low -
cost, dependable and readily accessible inflammatory
parameter [ 34 ]. Additionally, a low lymphocyte count is
common during the systemic inflammatory response and
is reportedly associated with mortality [ 35 , 36 ]. The NLR
and PLR have been studied in adult pa tien ts with a variety
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Table 3. The impact of predictors on the specific learning disorder as determined by logistic r egr ession analysis. 

Variable B S.E. Wald Sig. Exp(B) 95% CI for 
EXP(B) Lower 

95% CI for EXP(B) 
Upper 

Constant 1.686 1.601 1.109 0.292 5.396 
Age -0.14 0.106 1.737 0.188 0.869 0.706 1.071 
Maternal age -0.015 0.043 0.12 0.729 0.985 0.905 1.072 
Paternal age -0.007 0.044 0.026 0.872 0.993 0.911 1.082 
Number of 
siblings 

0.258 0.217 1.41 0.235 1.294 0.845 1.982 

Gender -0.395 0.36 1.208 0.272 0.674 0.333 1.363 
SII 0.003 0.001 5.154 0.023 1.003 1.0 1.006 
PLR -0.001 0.006 0.009 0.923 0.999 0.988 1.013 
NLR -0.008 0.006 1.109 0.093 0.992 0.98 1.004 

Bold values denote statistical significance. 
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f neur opsy chiatric illnesses, such as mood disor ders,
chizophrenia and Parkinson’s disease [ 17 , 37 ]. A meta-
nalysis r ev ealed tha t the NLR w as significan tly elev a ted

n pa tien ts with nonaffectiv e psy chosis, wher eas the
LR remained unchanged [ 38 ]. Another study reported
lev a ted NLRs and PLRs and lower lymphocyte counts

n both first-episode schizophrenia pa tien ts and manic-
pisode BD pa tien ts [ 23 ]. Additionally, newly diagnosed
epr essiv e pa tien ts w er e r eport ed t o have a higher
LR and lower lymphocyt e c ount, which impr ov ed after
 months of antidepressant treatment [ 39 ]. 

How ev er, ther e is not as much r esear ch examining
nflammatory biomarkers in mental health problems in
hildhood as in adults. Adolescents with major depr essiv e
isor der ar e r eport ed t o have higher NLRs and PLRs

han healthy controls, which were positively c orrelat ed
ith Beck Depr ession Inv ent ory sc ores [ 40 ]. Oz yur t et al.

ound that adolescents with OCD and AD had higher
LRs and PLRs than the control group and those with

ust OCD [ 18 ]. Inflammation biomar kers der iv ed fr om CBC
xcept for SII have also been investigated in NDDs in
hildhood. In c omparison t o healthy c ontr ols, childr en
ith ADHD exhibited higher NLRs and PLRs and lower

ymphocyt e c ounts [ 41 , 42 ]. K utlu et al . r eported incr eased
LR but a similar PLR and lower lymphocyte counts

n the ASD group than in the healthy controls [ 43 ].
c c ording t o another study, higher Childhood Autism
ating Scale (CARS) scores were associated with greater
LRs in children with ASD [ 44 ]. Based on the findings
r esented abov e, inflammatory pr ocesses may affect the
evelopment of synaptogenesis and neural connections

n the early stages of life and may play a role in the
evelopment of many NDDs as well as SLDs. A review
f the literature revealed little research examining the

ole of inflammation in SLD. Tønnessen et al . r eported a
ignifican t associa tion between dyslexia, handedness and
mmune disorders [ 11 ]. Dyslexic children were reported
o exhibit significan t v aria tions in the amounts of IgA
ntibodies to dietary proteins [ 45 ]. SLD has been reported

n 40 percent of male children born to mothers with
sy st emic lupus erythematosus (SLE) [ 46 ]. Additionally, we
found two studies that examined the NLR and PLR in
SLDs. The first study compared 31 SLD pa tien ts without
c omorbidities t o 33 healthy c ontr ols. Although ther e
was no difference in the PLR between the two groups,
the SLD group had higher NLRs and lower lymphocyte
counts [ 47 ]. The second study compared 70 SLD pa tien ts
with 69 healthy controls, and the NLR and PLR did not
differ between the tw o gr oups [ 48 ]. In our r esear ch, w e
found that the NLR and PLR w er e significantly higher in
pa tien ts with SLD, and the mean lymphocyte coun t w as
significantly lower in the SLD group than in the healthy
controls, in line with the literature. 

SII, a novel biomarker of sy st emic inflammation can
be easily calculated from formula using measurements of
platelets (P), neutrophils (N) and lymphocytes (L) per liter
of peripheral blood: SII = P × N/L [ 20 ]. It has been used to
predict the prognosis of many neurological and cardiac
illnesses [ 49 ]. Evidence indica ting tha t inflamma tion is
inv olv ed in the etiology of psychiatric diseases has led
r esear chers to investigate SII in mental disorders. Recent
r esear ch indica ted tha t schizophrenia, BD, anxiety and
methamphetamine and cannabis use disorder pa tien ts
have a significantly higher SII than healthy individuals
in the adult population [ 23 , 50 , 51 ]. How ev er, w e w er e
unable to locate any study that examined SII in childhood
mental disorders. In our research, we found that SII was
higher in pa tien ts with SLD than in the healthy con trols.
Additionally, a multiv aria t e log istic reg ression analy sis
r ev ealed that only higher SII values w er e associated with
SLD diagnosis. The results of our study indicate that
inflammation may c ontribut e t o the etiology of SLDs. 

In terms of the overall disease burden that children
and adolescents exper ience, psychiatr ic disorders play a
significant r ole. They ar e the pr imary cause of impair ment
among young people worldwide. Indeed, several mental
diseases begin during childhood or adolescence [ 52 ].
Moder n psychiatr ic disor der tr ea tmen t programs target
at-risk individuals and treat them early to modify their
illness trajectory and r educe dev elopmental delays. Stud-
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es have indicated that increased inflammatory mark-
rs in childhood are associated with NDDs, including
LDs [ 53 , 54 ]. In this framework, the evidence linking

nflammation to SLD during its early clinical manifesta-
ions c ould sig nifican tly impact trea tmen t, especially for
ndividuals with elev a ted inflamma tory markers. Iden ti-
ying a particular group of individuals who have higher
nflammatory activity may allow for the use of anti-
nflammatory therapy approaches that reduce disease
urden. Our study’s results and literature both show a

ink between an inflammatory state and SLD, suggesting
ha t inflamma tory markers, such as those in other medical
elds, may be useful as biomarkers for SLD diagnosis,
everity and progression. Unfavorable school results,
imited v ocational options, decr eased employmen t ra tes,
ow self-esteem and poor mental and physical health
re all associated with SLDs [ 55 ]. Early iden tifica tion of
LDs is crucial for ensuring that children with SLDs can
ully achieve their educational potential . How ev er, early
den tifica tion alone is insufficient because difficulties
ssociated with SLDs may not become apparent until a
hild begins school. This “waiting for failure” attitude is
r oblematic . Pr olonged inability to read and inadequate
chool performance may result in social isolation and
xt ernalized and int ernalized behavioral problems [ 56 ].
urther more, the ear liest stages of a child’s education,
uch as kindergarten, are the most suc c essful for imple-

en ting in terven tions [ 57 ]. Ther efor e, it is essential to
ave additional tools for early diagnosis, and inflamma-

ory markers may serve as one such tool. 
IQ scor es ar e variable; numer ous IQ examinations

dminist ered sinc e childhood r ev eal considerable indi-
idual v aria tion [ 58 ]. Empirical evidence suggests that
pecific NDDs may be associated with a pr ogr essiv e
ecline in IQ with age [ 59 ]. A longitudinal study of
 og nitive ag ing r ev ealed that 23% of individuals with ASD
howed signs of cognitive loss. Our research revealed a
ta tistically significan t decrease in WISC-R total scores as
ge increased in SLD pa tien ts, supporting the data on
 og nitive decline in NDDs. 

This r esear ch has sev eral str engths and limitations.
lthough a few studies have examined the SII in adult
a tien ts with neur opsy chiatric diseases, w e hav e not

dentified any r esear ch examining the SII in children with
ental disorders. To our knowledge, our study is the first

o examine the SII in children with an NDD. Higher values
f the SII further demonstrate that individuals with SLDs
ave elev a ted levels of inflammation. The present study,
espite using a r elativ ely larger sample size of 90 SLD
a tien ts and 90 healthy contr ols, r equir es consideration
f the following limitations. First and foremost, this
as a cross-sectional retrospective study, which made

t impossible to assess other proinflammatory markers,
such as cytokine lev els. Furthermor e, our r esear ch’s
limit ed sc ope at a single sit e and small sample size may
limit its applicability to a larger population. Additional
pr ospectiv e longitudinal studies with larger sample sizes
and multic ent er r esear ch may pr ovide mor e ac curat e
findings. 

5. Conclusion 

The etiology of SLD is unknown; how ev er, this r esear ch
suggested tha t inflamma tory pa thw a ys ma y be inv olv ed .
Individuals with immune abnormalities may be associ-
ated with a wider range of age groups, subtypes of SLD
and even distinct immune endophenotypes. To deter-
mine whether immunity influences SLD pathogenesis,
follow-up studies should examine the NLR, PLR, SII and
other immunological markers, such as interleukins and
cytokines. A t pr esent, no univ ersally ac c ept ed threshold
for the NLR, PLR, or SII that can definitively determine
whether the values are within the normal range. In
the futur e, standar dizing “normal” and “elev a ted” levels
would be helpful if they are to serve as reliable and
c onsist ent markers of increased inflammatory processes.
This would make it easier to compare studies and
diseases. The NLR, PLR and SII may be beneficial for
iden tifying SLD pa tien ts early t o reduc e the burden of
the disorder, as well as for those who might benefit from
further an ti-inflamma t ory pharmac eutical trea tmen t. 

Article highlights 

Introduction 
• Learning disability is a broad term that includes a range of 

heter ogeneous disor ders characterized by a delay or impairment in 
learning and use abilities such as reading, writing, or arithmetic 
despite average intelligence and education. 

• In recent years, researchers have studied the role of inflammatory 
biomarkers, such as the neutrophil-lymphocyte ratio (NLR), 
plat elet-lymphocyt e ratio (PLR), lymphocyte count and systemic 
inflammation index (SII), in various mental disorders for diagnosis 
and prognosis. 

• SII has never been studied in childhood mental disorders, 
including specific learning disabilities (SLD). 

Results 
• The present study found that children with SLDs have higher NLRs, 

PLRs and SII, as well as lower lymphocyte counts than controls. 
• We also discov er ed that in children with SLDs, IQ decreases as age 

increases. 
Discussion 
• The results of our study (higher NLR, PLR and SII and lower 

lymphocyte counts) suggest elevated levels of inflammation in 
children with SLDs. 

• Our study demonstrated that SII is independently associated with 
SLD diagnosis. 

Conclusion & future perspective 
• Iden tifying biomark ers in SLDs for early diagnosis, monitoring and 

prognosis is important to reduce disease burden and economic 
costs. 

• The use of SII (an inexpensive, easily ac c essible and reproducible 
biomarker) can be beneficial in SLD patients. 
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