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Neutrophil‑to‑lymphocyte ratio predicts the severity of
motor impairment in cerebral palsy children living at home
and the rehabilitation center: A comparative study
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Abstract. The aim of the present study was to investigate
the neutrophil‑to‑lymphocyte ratio (NLR) level in children
with cerebral palsy (CP) living at home or the rehabilitation
center. The correlation of NLR with different severities of
motor impairment was assessed. This was a single‑center,
cross‑sectional, observational study. A total of 80 CP children
who were either living at home (n=34) or at the rehabilitation
center (n=46) were included. Demographic characteristics,
anthropometric parameters and complete blood counts were
recorded, and the NLR values were calculated. The severity of
motor impairment was evaluated and categorized according to
the Gross Motor Functional Classification System (GMFCS)
level. The mean age of CP participants was 8.52±1.92 years.
The percentage of children with CP who were malnourished
(underweight, stunted and wasted) was higher amongst those
at the rehabilitation center compared with those living at
home. The mean NLR of children with CP in the rehabilita‑
tion center was significantly higher compared with the patients
living at home (P=0.003). Participants from the rehabilitation
center had severe motor impairment (GMFCS levels IV‑V) and
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significantly higher NLR values than those with mild motor
impairments (GMFCS levels II‑III; P=0.006). However, there
were no differences in NLR values in relation to severity of
motor impairment in CP children living at home. CP chil‑
dren had some degree of neuroinflammation and systemic
inflammation. NLR may be a potential simple inflammatory
parameter that may be used to predict the severity of the
motor impairment, particularly in CP children living at a
rehabilitation center.
Introduction
Cerebral palsy (CP) is a heterogeneous disorder and there
are several degrees of motor impairment and permanent
non‑progressive neurologic deficits due to the injury of the
immature brain (1). CP is the most prevalent cause of disabili‑
ties in children. The overall global prevalence of CP is 2‑3
per 1,000 live births (1). The motor disorders of CP include
disturbances of sensation, perception, cognition, communica‑
tion and behavior; and these symptoms are caused by epilepsy
and secondary musculoskeletal disorders (2). Aside from the
physical and mental disabilities, children with CP are often
malnourished due to disruption of the enteric neural pathways
resulting in problems swallowing, and as a result exhibit gastro‑
esophageal reflux and difficulty in breathing (3). Previous
studies have reported the negative effects of malnutrition on
muscle strength, impairment of motor function and weakness
of the respiratory muscle (4), pre‑dispositions to congestive
heart failure (5), impairments in wound healing and immune
function, and increased risk of postoperative complications (6).
The classification of CP is based on the motor type and
distribution including ataxia, athetoid, diplegia, double
hemiplegia, hemiplegia and quadriplegia (3). The Gross Motor
Function Classification System (GMFCS) is used in clinical
practice (3). Studies have shown that a persistent and exac‑
erbated inflammatory response in the central nervous system
can cause neuronal damage (7,8). To the best of our knowl‑
edge, there are no studies aimed at identifying inflammatory
biomarkers that can indicate the severity of CP.
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Peripheral blood tests are routinely used in clinical practice.
Several studies have reported that the neutrophil‑to‑lympho‑
cyte ratio (NLR) and lymphocyte‑to‑monocyte ratio (LMR)
may serve as biomarkers of an inflammatory response, and
may be used as prognostic factors to predict the outcome
or the severity of various malignancies (9), cardiovascular
disease (10), systemic lupus erythematosus (11), hip fracture
and polytrauma (12). Moreover, studies have demonstrated
that NLR is associated with nutritional status in geriatric and
cancer patients (13,14).
The healthcare costs for CP children with co‑morbidities
are high. In Australia, the cost of taking care of a single CP
child is $43,431 per year (15). There are two primary means of
providing healthcare for children with CP: Home‑based proce‑
dures and rehabilitation center‑based procedures. Home‑based
patients exhibit improved social acceptance, functioning,
participation and physical health, emotional wellbeing and
self‑esteem, as well as family health; in addition, these patients
do not need to spend a lot of time traveling to the doctor, and
thus have lower transportation costs (15). However, the health‑
care costs for these patients are higher compared to children
living in a rehabilitation center.
As CP children may live in different settings, the aim of the
present study was to investigate the physical growth, nutritional
status and inflammatory predictors between children living at
home and the rehabilitation center. It was hypothesized that
CP children living at home would exhibit improved physical
growth, nutritional status and lower inflammatory parameters
when compared with CP children living in a rehabilitation
center. The relationships between these parameters and the
severity of the motor impairment in CP children were also
examined.
Materials and methods
Ethics. The study protocol used in the present study conformed
to the ethical standards outlined in the Declaration of Helsinki
and was approved by the Institutional Review Board on
Human Research of the Faculty of Medicine, Chulalongkorn
University. Informed consent was obtained from one of the
parents or the legal guardian of the children, as well as from
the child prior to his/her participation in the study.
Study participants. A total of 86 CP children were enrolled in
a cross‑sectional analytical study that was performed between
June and December 2013. A total of 6 children were excluded
as they had a history of gastrostomy (n=2), osteotomy around
the knee (n=2), or were infections during the screening period
(n=2). A total of 80 children with CP (45 males and 35 females)
were eligible for analysis. The mean age in this study popula‑
tion was 8.52±1.92 years. These children were recruited from
either a home‑living setting (n=34) or a rehabilitation center
(n=46). The home‑living participants were those who lived at
home and visited the rehabilitation center during office hours.
Participants who lived at the rehabilitation center for at least
9 months were enrolled into the study.
Determination of clinical parameters. For the anthropometric
measurements in the present study, the body weight was
obtained and the height was calculated using Stevenson's

recommended formula (16). The height (cm) was measured
while in a sitting position from the knee to the floor. This
measurement was taken 3 times, and the mean height was used.
The body mass index (BMI) was calculated. To evaluate the
nutritional status of the children, the anthropometric indices,
including weight‑for‑age, height‑for‑age and weight‑for‑height,
were used to calculate the z score based on the World Health
Organization reference population median (17). Z‑scores >2
standard deviations lower than the mean, for weight‑for‑age,
height‑for‑age and weight‑for‑height, were considered as
underweight, stunted and wasted, respectively.
The motor function for all CP children was evaluated and
assigned according to the Gross Motor Function Classification
System (GMFCS) level by certified physical therapists (18).
The severity levels of motor impairment were divided into
two groups: Mild motor impairment (GMFCS levels I‑III) and
severe motor impairment (GMFCS levels IV‑V).
Peripheral blood counts were obtained from all participants
as part of routine analysis. An automated hematology analyzer
(Advia 2120 Hematology system; Siemens Healthineers) was
utilized to obtain the complete blood count (CBC). Neutrophil
and lymphocyte counts were extracted from the differential
blood pictures. The NLR was calculated by dividing the
absolute count of neutrophils by the number of lymphocytes
from the CBCs. Additionally, the LMR was determined by
dividing the absolute number of lymphocytes to the number
of the monocytes.
Statistical analysis. Statistical analysis was performed using
SPSS version 22.0 (IBM Corp.). Continuous data are presented
as the mean ± standard error of the mean. Categorical data are
summarized as the frequency and percentages. Comparisons
of the frequencies of various demographic variables between
the two groups were performed using a χ2 test. The distri‑
butions of the continuous data were examined using a Q‑Q
plot, Shapiro‑Wilk's test and a Kolmogorov‑Smirnov test.
To compare the means between the two groups, an unpaired
Student's t‑test was used for variables that were normally
distributed. A Mann‑Whitney U test was used for variables
that did not have a normal distribution. For comparisons
between >2 groups of variables, a Kruskal‑Wallis one‑way
ANOVA with a Dunn's post hoc test was used for all pair‑
wise comparisons. Pearson's and Spearman's correlation
analysis were used to examine the relationship between vari‑
ables. P<0.05 was used to indicate a statistically significant
difference.
Results
The participants were divided into two groups, those living at
home and those living in the rehabilitation center. The clinical
characteristics of the participants are shown in Table I. There
were no significant differences in the clinical characteristics
between the two groups of children. Diplegic CP was the most
common type of CP amongst participants living at home and
the rehabilitation center. The severity of the motor impairment
was categorized by GMFCS levels. In both care settings, the
children had mild and severe motor impairments.
For anthropometric parameters, the height, weight and BMI
were not significantly different between the children living at
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Table I. Clinical characteristics of CP children living at home or the rehabilitation center.
Characteristics
Total
Sex
Male
Female
CP type
Ataxia
Athetoid
Diplegia
Double hemiplegia
Hemiplegia
Quadriplegia
GMFCS level
MMI
Level II
Level III
SMI
Level IV
Level V
Malnutrition
Underweight
Stunted
Wasted

Living at home, n (%)

Living at rehabilitation centre, n (%)

34

46

P‑value

18 (52.9)
16 (47.1)

27 (58.7)
19 (41.3)

0.18
0.612

1 (2.9)
4 (11.8)
19 (55.9)
1 (2.9)
1 (2.9)
8 (23.5)

0 (0)
4 (8.7)
33 (71.7)
1 (2.2)
5 (10.9)
3 (6.5)

‑
1
0.052
1
0.102
0.132

16 (47.1)
3 (8.8)
13 (38.2)
18 (52.9)
11 (32.4)
7 (20.6)

28 (60.9)
6 (13)
22 (47.9)
18 (39.1)
15 (32.6)
3 (6.5)

0.07
0.317
0.128
1
0.433
0.206

12 (35.3)
17 (50)
3 (8.8)

19 (41.3)
25 (54.3)
8 (17.4)

0.209
0.217
0.132

CP, cerebral palsy; GMFCS, gross motor functional classification system; MMI, mild motor impairment; SMI, severe motor impairment.

home and the rehabilitation center. However, the percentage
of underweight, stunted and wasted participants was higher
amongst children living at the rehabilitation center compared
with those living at home (Table I). The weight-for-height
percentiles were strongly correlated with BMI in CP children
(r=0.919, P<0.001; Fig. 1). The distribution of weight-for-height
percentiles with stacking of each GMFCS level demonstrated
left shifting, particularly in children living at the rehabilitation
center (Fig. 2).
The CBC analysis showed that total white blood cell
counts, neutrophil counts and the NLR values were signifi‑
cantly greater in the CP children at the rehabilitation center
compared with those living at home (P<0.05; Table II). There
was a direct association between the total white blood cell
count and the NLR (r=0.446, P<0.001). However, NLR was
inversely correlated with LMR in CP children, as illustrated in
Fig. 3 (r=‑0.699, P<0.001).
Overall, the NLR of the children in the rehabilitation
center was significantly higher than those living at home
(P= 0.003; Table II). Additionally, the NLR was significantly
higher in children with severe motor impairment (P=0.001;
Table III; Fig. 4). In the rehabilitation center, the NLR values
between mild and severe motor impairments were statisti‑
cally different (P=0.006) and the proportion of children with
GMFCS level V was greater than those with levels II and III
(P=0.021 and P=0.04, respectively; Table III; Fig. 4).
However, the NLR values were not significantly different

Figure 1. Scatter diagram and correlation analysis of body mass index and
weight‑for‑height percentiles in children with cerebral palsy. Body mass
index was directly associated with weight-for-height; P, percentile.

amongst children based on severity of motor impairment.
NLR was significantly positively correlated with GMFCS
level (r=0.467, P=0.001; Fig. 5).

4

RIEWRUJA et al: NEUTROPHIL-TO-LYMPHOCYTE RATIO AND MOTOR IMPAIRMENT IN CEREBRAL PALSY

Table II. Comparison of anthropometric and biochemical parameters of study samples compared between children with CP living
at home or the rehabilitation center.
Characteristics
Age, years
Height, cm
Weight, kg
BMI, kg/m2
Haemoglobin, g/dl
Haematocrit, %
White blood cells, x106/l
Neutrophils, x106/l
Lymphocytes, x106/l
Monocytes, x106/l
Neutrophil‑to‑lymphocyte ratio
Lymphocyte‑to‑monocyte ratio

Living at home, n=34
mean ± SEM

Living at rehabilitation centre, n=46
mean ± SEM

P‑value

8.41±0.4
115.21±2.73
22.14±1.13
15.46±0.41
13.06±0.16
38.77±0.46
7,785.59±339.46
3,726.5±238.25
3,111.8±144.34
455.6±31.34
1.29±0.1
7.82±0.62

8.52±0.28
114.52±1.79
21.64±1.03
15.02±0.4
12.76±0.15
38.25±0.39
8,728.04±297.02
4,791.3±257.5
2,939.13±130.05
488.7±27.12
1.81±015
6.66±0.41

0.819
0.828
0.778
0.376
0.18
0.386
0.022a
0.002b
0.38
0.273
0.003b
0.106

P<0.05, bP<0.01. BMI, body mass index; CP, cerebral palsy; SEM, standard error of the mean.

a

Figure 2. Histogram of weight‑for‑height percentiles of children with cerebral palsy. (A) Living at home. (B) Living at the rehabilitation center. Frequency of
children with each GMFCS level is stacked on top of each other. GMFCS, gross motor functional classification system; P, percentile.

Discussion
The aim of the present study was to evaluate the physical
growth, nutritional status, and the inflammatory parameters of
NLR and LMR between CP children living at home compared
with those living in a rehabilitation center. The results showed
that almost half of the children had one form of malnutrition.
The most common type of malnutrition was stunted growth
(50% of children at home and 54.3% of children at the center),
followed by being underweight (35.3% of children at home and
41.3% of children at center) and wasted (8.8% of children at

home and 17.4% of children at center), in agreement with a
previous study (19).
Henderson et al (20) reported that residential care children
showed improved growth and nutrition scores, lower height Z
scores, similar weight and muscle mass, and greater subcuta‑
neous fat Z scores than children living at home. In contrast, the
results of the present study showed higher percentages of all
forms of malnutrition in CP children living at the rehabilita‑
tion center compared with those living at home.
In routine medical practice, CBC and differentiation analysis
are commonly used (21,22). In the present study, the severity of
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Figure 3. Scatter diagram and correlation analysis of inflammatory parameters in children with cerebral palsy. (A) Total white blood cell counts were positively
correlated with NLR. (B) NLR was inversely correlated with lymphocyte‑to‑monocyte ratio. NLR, neutrophil‑to‑lymphocyte ratio.

Figure 4. Clustered bar graph of the neutrophil‑to‑lymphocyte ratio for each GMFCS level between children living at home (gray) and at the rehabilitation
center (black). *P<0.05. GMFCS, gross motor functional classification system.

the motor impairments was associated with higher NLR values,
particularly in CP children living at the rehabilitation center.
NLR values were significantly higher in CP children with severe
motor impairment in the rehabilitation center.
NLR is easy to calculate and can provide useful
information. Increases in NLR are indicative of systemic
inflammation and physiological stress responses, including
an increase in neutrophil counts, a decrease in lymphocyte
counts, or both (23). Recently, NLR has been shown to be a
good prognostic parameter for assessment of various diseases
and was correlated with the treatment or operational outcomes
of several clinical conditions, including gastric, liver and

colorectal cancer (24‑26). Additionally, NLR is positively
correlated with several biomarkers of cancer, such as carbo‑
hydrate antigen 19‑9 and carcinoembryonic antigen, and was
associated with advanced stage malignancies (27,28), and
overall survival and mortality for various diseases (29,30).
Persistent elevation in inflammation‑related proteins during
the first two postnatal weeks is associated with the diagnosis
of CP, and this pattern of expression was also observed in
severely cognitively impaired children (31). CP is a neurodevel‑
opmental disorder and is attributed to injury in the developing
brain. Various animal models of CP have shown that the injury
to the central nervous system is due to hypoxia‑ischemia and
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Table III. Comparison of NLR and motor impairment severity between children with CP living at home‑living and those living
at a rehabilitation center.
Characteristics
MMI
GMFCS level II
GMFCS level III
Total
SMI
GMFCS level IV
GMFCS level V
Total
Overall
P (MMI/SMI)
P (GMFCS)

Living at home, n=34
n (mean ± SEM)

Living at rehabilitation centre, n=46
n (mean ± SEM)

P‑value

3 (0.89±0.63)
13 (1.41±0.15)
16 (1.31±0.13)

6 (1.15±0.11)
22 (1.47±0.11)
28 (1.4±0.1)

0.121
0.759
0.38

11 (1.3±0.21)
7 (1.21±0.22)
18 (1.26±0.15)
34 (1.29±0.1)
0.437
0.194

15 (2.23±0.31)
3 (3.53±0.22)
18 (2.45±0.29)
46 (1.81±0.15)
0.006b
0.01b

0.014a
0.017a
0.001b
0.003b

P‑values for differences between the home‑living and rehabilitation center. aP<0.05, bP<0.01. CP, cerebral palsy, GMFCS, Gross Motor
Function Classification System; MMI, mild motor impairment, SMI, severe motor impairment; SEM, standard error of the mean.

Figure 5. Scatter diagram and correlation analysis of NLR and GMFCS of the children with cerebral palsy living at the rehabilitation center. NLR was
positively correlated with GMFCS. GMFCS, gross motor functional classification system; NLR, neutrophil‑to‑lymphocyte ratio.

inflammation in the brain (32). Furthermore, elevated inflam‑
matory response‑associated proteins may reflect the ongoing
damage of the brain cells resulting in brain dysfunction (33).
Over half of neuroanatomical abnormalities in CP patients
are white matter injuries, cystic periventricular leukomalacia
and periventricular hemorrhagic infarction (34). The ELGAN
cohort found that systemic inflammation was associated with
white matter abnormalities (35). Inflammatory cytokines and
inflammation related proteins are present during the neonatal
period (36,37). Additionally, levels of IL‑1β, IL‑6, TNF and
CXCL8/IL‑8 in children with CP are persistently elevated (8).

Unfortunately, the markers mentioned above are rarely used
in routine medical practices, and only in research. Thus, our
proposed low cost, accessible inflammatory predictor, NLR,
may be an improved prognostic parameter for CP; however,
additional studies are required to confirm these results.
The present study has some limitations. First, this was a
cross‑sectional study. Therefore it was not possible to deter‑
mine a cause‑effect relationship. Second, a healthy control
group was not available for comparison. Third, the sample
size was too small, and thus made identification of significant
differences between groups difficult. Finally, it is possible that
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the environment, family participation and emotional stress
may be different between the two groups, and this may affect
the overall quality of life of CP children.
In conclusion, a high NLR value was associated with
severe motor impairment in children with CP, particularly
those living in rehabilitation centers. These results suggest
that NLR may be used as a prognostic predictor of severe
motor impairment. However, further studies on the value and
relevance of NLR are required to ascertain whether it can be
used to predict treatment and/or surgical outcomes, as well as
mortality and survival amongst CP children.
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