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INTRODUCTION
Childhood obesity has reached epidemic proportions and is 
currently a serious public health issue. Its global prevalence has 
increased 10-fold in the past four decades1. In Brazil, the prev-
alence of overweight in the general population has increased 
from 43 to 60% between 2002 and 2019, currently reaching 
30% of children between 5 and 9 years of age and 19.4% of 
adolescents2. It is known that overweight children are more 
likely to become obese adults3.

The pathophysiology of excessive weight gain is complex 
with interactions between genetic and environmental factors4. 
Excessive adiposity causes a low-grade chronic systemic inflam-
mation, responsible for several comorbidities associated with it5. 

Neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lym-
phocyte ratio (PLR) obtained from blood count are recognized 
as simple ways to assess inflammation and prognosis of sev-
eral diseases as infections, mental disorders, and neoplasic dis-
eases6-11. Although it is easily accessible and low-cost markers, 

there are few studies that assess NLR and PLR in children and 
adolescents, especially in our field. In the overweight pediatric 
age group, in which a low-grade inflammatory state predomi-
nates, such markers can be important as predictive factors for 
the development of complications such as insulin resistance 
and cardiovascular events. 

The aims of this study were to compare NLR and PLR of 
overweight children and adolescents with the eutrophic ratios 
and to verify the association of these ratios with age, inflam-
mation, Z-score of body mass index (BMIz), and waist-to-
height ratio (WHtR).

METHODS
This is a cross-sectional, controlled study, involving 64 over-
weight children and adolescents, and 106 eutrophic and healthy 
individuals grouped by age and gender as a comparison group. 
The study was conducted at the Cidade dos Meninos Maria 
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SUMMARY
OBJECTIVE: This study aimed to compare neutrophil-to-lymphocyte ratio and platelet-to-lymphocyte ratio of overweight children and adolescents 

with the eutrophic ratios and to verify whether these ratios are associated with age, inflammation, Z-score of body mass index, and waist-to-height ratio.

METHODS: This is a cross-sectional study involving 64 overweight and 106 eutrophic children and adolescents. Data on weight, height, and waist 

circumference (body mass index and waist-to-height ratio), blood count (neutrophil-to-lymphocyte ratio and platelet-to-lymphocyte ratio), and high-

sensitivity C-reactive protein were collected.

RESULTS: The mean age of participants was 8.4±3.2 years. The ratios did not differ between the overweight and non-overweight groups. The platelet-

to-lymphocyte ratio has shown a direct and independent association with body mass index (p=0.031) and waist-to-height ratio (p=0.018), a fact not 

observed for neutrophil-to-lymphocyte ratio. The ultrasensitive C-reactive protein level was higher in the obesity group (p=0.003). Both ratios had 

a direct and independent association with age.

CONCLUSION: The ratios did not differ between the overweight and non-overweight groups. There was a direct and independent association of 

platelet-to-lymphocyte ratio with overweight, not observed in neutrophil-to-lymphocyte ratio. The ratios have significantly increased according to 

the age of the participants.
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Imaculada Institution, which serves underprivileged children 
in the city of Santo André, Brazil.

Inclusion criteria were as follows: children/adolescents 
enrolled at the institution in 2019, aged over 4 years. Exclusion 
criteria were as follows: family members and children who did 
not consent to participate in the study, people with short stat-
ure or thinness, children aged 4–5 years classified as at risk of 
overweight, children with chronic diseases except asthma and 
allergic rhinitis, children who made use, within 30 days prior 
to blood collection, of systemic corticosteroids or non-steroi-
dal anti-inflammatory drugs, and children who were ill within 
30 days prior to collection.

Participants and their family members signed a free and 
informed consent form and an assent form, with detailed expla-
nations on the research protocols.

A questionnaire was applied to the people responsible for 
the individuals, covering information about preexisting diseases, 
medications in use, and current health conditions.

The application of the questionnaire, physical examination, 
anthropometric measurements, and blood collection were per-
formed in appropriate spaces in the institution.

Regarding anthropometric measurements, weight (kg), height 
(m), and waist circumference (cm) were measured. Waist circum-
ference was obtained at the midpoint between the 10th rib and 
the iliac crest12. Subsequently, BMIz and WHtR were calculated. 
WHtR was classified as altered when the value was ≥0.513. For 
the BMIz classification, the cutoff points recommended by the 
World Health Organization (WHO) were adopted14. 

The school had 541 enrolled students, of which 173 were 
excluded for being under 4 years of age and 23 for not consent-
ing to participate. A questionnaire was applied and a physical 
examination was performed in 345 participants, of which 57 
were excluded due to changes in the physical examination and 
eight due to the questionnaire. Of 280 considered eligible for 
the study, 60 did not consent to blood collection and 50 were 
not invited to be paired with the participants. At the end, 170 
children and adolescents participated in all stages of the study.

Blood samples were obtained via vacuum venipuncture. The 
complete blood count was evaluated by automated flow cytom-
etry and the ultrasensitive C-reactive protein (us-CRP) was ana-
lyzed by turbidimetric method. Laboratory tests were performed 
at the Clinical Analysis Laboratory of the Centro Universitário 
FMABC. NLR was obtained by dividing the number of neu-
trophils and the number of lymphocytes. PLR was obtained by 
dividing the platelet count and the number of lymphocytes.

Data were entered into an Excel spreadsheet (Microsoft) 
and analyzed using the Stata (r) Software (StataCorp, LC) ver-
sion 11.0. Qualitative variables were presented as absolute and 

percentage numbers. Parametric data were expressed as mean±-
standard deviation, with p-value calculated using Student’s t-test. 
Non-parametric data expressed as median (minimum–maxi-
mum), with p-value calculated by the Mann-Whitney test. To 
compare the classifications of variables between eutrophic and 
overweight children, we used the χ2 test. For correlation anal-
ysis, the Spearman’s test was applied. For regression analysis, 
multivariate linear regression was performed. The significance 
level adopted was 5%.

The study was approved by the Research Ethics Committee 
of the Centro Universitário FMABC under opinion number: 
3,058,583, CAAE: 02670518.7.0000.0082.

RESULTS
A total of 170 children and adolescents were evaluated. The 
general characteristics of the study participants are shown in 
Table 1. The mean age was 8.4±3.2 years, 71.2% were prepu-
bescent, and there was a slight predominance of males (52.4%).

Regarding nutritional status, 106 (62.4%) were eutrophic 
and 64 (37.6%) were overweight (overweight, obesity, and 
severe obesity). As for WHtR, 64 (37.6%) had values con-
sidered to be increased (Table 1). WHtR was high in 21.7% 
of eutrophics and 64.1% of the overweight group (p<0.001).

Table 2 shows that there was no difference in the count of leu-
kocytes, neutrophils, lymphocytes, platelets, red cell distribution 
width (RDW) (anisocytosis index), NLR, and PLR when compar-
ing the medians of eutrophic, overweight, and obese individuals. 
The median of us-CRP was higher in the obesity group (p=0.003).

Spearman’s correlation was performed between age, BMIz, 
and WHtR with laboratory variables. There was a direct and 
significant correlation between age and mean platelet volume 

Table 1. General characteristics of the study population.

Variable N %

Sex Male 89 52.4

Age, years

4–5 32 18.8

5–10 78 45.9

≥10 60 35.3

Pubertal development Prepubescent 121 71.2

Nutritional diagnosis 

Eutrophy 106 62,4

Overweight 39 22.9

Obesity 19 11.2

Severe 
obesity

6 3.5

Waist-to-height ratio ≥0.5 64 37.6
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(MPV) (r=0.2077; p<0.001), NLR (r=0.3903; p<0.001), and 
PLR (r=0.2713; p<0.001) and an inverse correlation with leu-
kocyte count (r=-0.2039; p=0.007), lymphocytes (r=-0.4672; 
p<0.001), and platelets (r=-0.3445, p<0.001). BMI and WHtR 
showed significant and direct correlation with us-CRP (r=0.1619; 
p<0.001 and r=0.2518; p<0.001, respectively). WHtR was 
directly associated with platelet count (r=0.1508; p<0.001) 
and lymphocyte count (r=0.2328; p=0.002). 

Spearman’s correlation between us-CRP, NLR, and PLR with 
laboratory variables was also applied. There was a direct and 
significant correlation between us-CRP and RDW (p<0.001), 
which did not happen for NLR and PLR. 

Multivariate linear regression analysis was performed, con-
sidering NLR and PLR as dependent variables (Table 3). NLR 
was directly and independently associated with age (p<0.001), 
while PLR was directly and independently associated with age 
(p<0.001), BMIz (p=0.031), and WHtR (p=0.018). 

DISCUSSION
This study showed that NLR and PLR did not differ between 
overweight and non-overweight children and adolescents. Both 
ratios have increased according to the age of the participants. 
There was a direct and independent association of PLR with 
BMI and WHtR, the fact not observed for NLR.

A study performed in Turkey with 187 children and ado-
lescents aged 6–15 years (130 obese and 57 eutrophic) have 
shown that NLR and CRP concentrations were significantly 
higher in the obese group compared to healthy controls. PLR 
did not differ between the groups. Some hypotheses can be sug-
gested to explain the difference in relation to our findings: the 
study group from Turkey did not include overweight individ-
uals, only obese; in addition, the mean age (12.84±2.04 years) 
was higher than that of our study (8.4±3.2 years)15. 

The ratios were also assessed in adults. A cross-sectional and 
controlled study with 90 participants from Turkey (45 severely 

Table 2. Comparison of laboratory variables between groups of obesity (n=25), overweight (n=39), and eutrophic (n=106) children and adolescents.

Non-parametric data are expressed as median (minimum–maximum). RDW: anisocytosis index; NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte 
ratio, us-CRP: ultrasensitive C-reactive protein.

Variable Eutrophia (n=106) Overweight (n=39) Obesity (n=25) p

Leukocytes (k/mm3) 6.95 (2.9–14.6) 6.4 (3.3–10.8) 7.4 (3–23.4) 0.23

Neutrophils (k/mm3) 2.5 (0.32–8.71) 2.47 (0.46–4.78) 3.51 (0.2–15.64) 0.30

Lymphocytes (k/mm3) 2.81 (1.02–15.64) 2.79 (1.28–6.06) 2.79 (1.62–7.1) 0.80

Platelets (k/mm3) 297 (70–517) 284 (219–459) 304 (209–487) 0.92

RDW (%) 13.2 (11,9–15,6) 13.1 (11.8–14.9) 13.3 (12–14.6) 0.50

NLR 0.82 (0.11–3.99) 0.89 (0.12–0.61) 1.09 (0.06–0.66) 0.30

PLR 102.07 (35.35–249.02) 113.2 (46–236.5) 106.8 (38–224) 0.68

us-CRP (mg/L) 0.3 (0.1–13.5) 0.5 (0.1–10) 0.9 (0.1–11) 0.003

Table 3. Linear regression of variables associated with neutrophil-to-lymphocyte ratio and platelet-to-lymphocyte ratio (n=170).

Independent variables: age, BMIz, WHtR, and us-CRP. NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio; BMIz: Z-score of body mass 
index; WHtR: waist-to-height ratio; us-CRP: ultrasensitive C-reactive protein.

Variable Coefficient Standard error p Confidence interval

NLR-dependent variable

Age 0.005 0.001 0.000 0.003 to 0.008

BMIz 0.087 0.049 0.083 -0.011 to 0.185

WHtR -1.591 1.119 0.186 -3.954 to 0.771

us-CRP 0.035 0.020 0.084 -0.004 to 0.767

PLR-dependent variable

Age 0.324 0.089 0.000 0.147 to 0.501

BMIz 7.636 3.519 0.031 0.688 to 14.585

WHtR -201.356 84.341 0.018 -367.8 to -34.82

us-CRP 1.113 1.456 0.446 -1.762 to 3.990
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obese and 45 eutrophic) with mean ages of 33±7 and 33±5 years, 
respectively, showed a statistically significant difference between 
groups for PLR (p=0.033) and RDW (p<0.001). Severely obese 
individuals with overweight/obesity have showed PLR values 
significantly higher comparing to euthropic16. However, three 
studies conducted with adults (n=1,054) have found no asso-
ciation between BMI and PLR17-19. A Korean study evaluated 
the medical records of 15,654 individuals (median age 46 years, 
age range 14–90 years) observed that leukocyte, neutrophil, 
and lymphocyte counts, even within their normal range, are 
closely related to the presence of metabolic syndrome compo-
nents after adjustment for age, sex, smoking, alcohol consump-
tion, education, and income. The study did not assess NLR 
and PLR. Low-grade inflammation associated with metabolic 
syndrome may be the cause of the increased leukocyte count20. 

Regarding NLR, three studies (n=2,090) did not observe 
an association between BMI and ratio17,18,21. A study with 
231 participants (mean 57.1±16.3 years) observed lower 
NLR (p=0.04) in obese compared to eutrophic individuals. 
According to the Spearman’s test, there was a significant and 
negative correlation, although weak, between BMI and NLR 
(r=-0.145; p=0.029). The mean lymphocyte count was higher 
in the group of overweight and obese individuals (p=0.011), 
influencing lower NLR values in overweight19. 

A retrospective study conducted in Taiwan with 34,013 
participants (10,475, 30.8% with metabolic syndrome) have 
demonstrated that increased NLR is a significant risk factor 
for metabolic syndrome (p<0.001), demonstrating that this 
ratio can help identify individuals at risk for this syndrome22. 

One study evaluated 60 adolescents aged 11–16 years (obese 
group: 30; control group: 30) in 2021 and found no significant 
difference between the groups regarding leukocyte, neutrophil, 
lymphocyte, platelet, NLR, and PLR counts (p>0.05)23. 

In this study, only PLR showed an association with BMI 
and WHtR in children and adolescents. The association with 
WHtR, which reflects visceral adiposity and is related to insulin 
resistance, and the fact that PLR is simply obtained from the 
blood count, suggests the importance of this assessment and 
the investigation of its relationship with associated morbidities 
in children and adolescents, in future studies.

The highest median values of us-CRP in overweight indi-
viduals point to the low-grade chronic inflammation present in 

this group. Other studies also describe the association between 
overweight and inflammation detected by us-CRP18,21,24. The 
presence of inflammation in overweight individuals is admittedly 
a risk factor for comorbidities. A study with 1,376 children and 
adolescents from Greek schools (mean age of 11.19±0.66 years) 
showed that CRP levels can early identify metabolic syndrome25. 

A strong point of the study was the careful selection of the 
sample, excluding children and adolescents with acute or chronic 
diseases that present with inflammation from the collection. 
The main limitations of the study were the assessment of a sin-
gle institution on the outskirts of the city of Santo André/SP, 
not allowing to state that the data can be extrapolated to the 
general population, and also the cross-sectional design, not 
allowing the assessment of cause-effect.

CONCLUSIONS
Neutrophil-to-lymphocyte ratio (NLR) and PLR did not 
differ between the groups of overweight and non-overweight 
children and adolescents. PLR was independently associated 
with BMI and WHtR, a fact not observed for NLR. The 
ratios increased significantly and independently with the age 
of the participants. 
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