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Abstract
Background: The immune system constitutes a sensory system both for intrinsic and extrinsic factors. Among the
extrinsic factors, social and environmental determinants of health may in�uence and shape the immune system from
the childhood to adulthood. The aim of this study was to assess the total and differential white blood cells (WBC)
according to social and environmental determinants of health in an adolescent population.

Methods: As part of the population-based cohort Epidemiological Health Investigation of Teenagers in Porto (EPITeen),
1213 adolescents were evaluated at the age of 13. Total and differential WBC were evaluated through a venous blood
sample. Sociodemographic, behaviour and clinical data were collected by self-administered questionnaires.

Results: Total WBC levels were positively related to female gender, increased body mass index (BMI) and negatively
related to private school enrollment, high parental education and practice of sports. The percentage of neutrophils was
positively related to female gender, low parental education and lack of sports practice, while the percentage of
eosinophils was positively related to chronic disease and medication, allergy, asthma and rhinitis. Monocytes proportion
was negatively related to female gender, chronic disease and medication, allergy, asthma and increased BMI. 

Conclusions: The presence of disease was associated with an allergic response pattern, while the worse socioeconomic
conditions and lack of sports activity were characterized by an in�ammatory response pattern. Therefore, our results
show that different exposures lead to distinct immune patterns of response that may last and shape the immune
system. 

Background
The immune system constitutes a sensory system both for intrinsic and extrinsic factors [1, 2]. Similar to other sensory
systems, in order to maintain its responsiveness to changes in stimuli over time, cells of the immune system must adapt
to inputs received [3, 4]. Among the extrinsic factors, social and environmental determinants of health, which includes
socioeconomic, demographic, environmental and cultural factors, along with the health system, may in�uence and
shape the immune system from childhood to adulthood [1–3, 5–7]. In fact, increasing evidence from epidemiological
studies suggest that, in healthy individuals, sociodemographic and health determinants, such as inhaled antigens,
infections, vaccinations and behavioural habits do in�uence and tune the immune system composition and function,
particularly the innate component [1–3, 5].

These extrinsic factors represent the main cause of the overall interindividual variation in immune cells present in the
healthy individuals leading to a lasting impression, although to what extent such exposures can modulate our immune
system is yet to be fully disclosed [2, 3, 8, 9]. In this regard, the white blood cells (WBC) count is a well-recognized marker
of the innate immune response, varying substantially among healthy individuals [10]. While the total and differential
WBC have been used to assess the presence of in�ammation, several epidemiologic studies have linked elevated WBC
counts, with different immune-related diseases, in adults as well as children and adolescents [10, 11]. In this sense,
herein, the main aim of this paper was to study how those variables may affect the innate immune response assessing
the total and differential WBC according to several social and environmental determinants in an adolescent population.

Methods
The participants were adolescents aged 13 years old from the population-based cohort Epidemiological Health
Investigation of Teenagers in Porto (EPITeen). As reported elsewhere [12], the EPITeen cohort evaluated adolescents born
in 1990, who were enrolled at public and private schools in Porto, Portugal, during the 2003/2004 school year.
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Subjects
We identi�ed 2786 eligible participants, of whom 2159 agreed to participate and provided information at least for part of
the planned assessment, resulting in an overall participation rate of 77.5%, (similar in public (77.7%) and private (77.0%)
schools (p = 0.709)). Of the 2159 participants, 772 participants did not perform the blood measurements, 137 had
missing data on haematological parameters and 37 presented high-sensitive C-reactive protein (hs-CRP) concentrations 
≥ 10 mg/L, which might be indicative of acute infection [13]. Thus, the analysis was based on the information of 1213
participants. Participants’ characteristics included in the analysis were compared between non-included participants.
Both groups were similar except for type of school (non-included participants were mostly from public schools 81.0% vs.
72.9%, p < 0.001).

Data collection
Data were collected using two self-administered questionnaires: one ful�lled at home, comprising information on
demographic and social characteristics, family and individual history of disease; another questionnaire was �lled at
school, which included information on physical activity, smoking and alcohol intake. A physical examination was
performed at school, by a trained team, comprising the collection of a blood sample and anthropometric assessment.

Blood measurements
A venous blood sample was drawn after a 12-hour overnight fast. All the samples were analyzed at the central laboratory
of São João Hospital Centre. Total WBC and it´s differential percentage (neutrophils, monocytes, lymphocytes,
eosinophils and basophils) were obtained using an automated blood counter Sysmex®XE-5000 (Hyogo, Japan). The hs-
CRP was determined through particle-enhanced immunonephelometry using an auto-analyzer Behring, Nephelometer II®
(Dade Behring Marburg GMBH, Germany). After excluded those with hs-CRP ≥ 10 mg/L, for the statistical analysis, since
hs-CRP median was 0.3 mg/L, we dichotomized it as < 0.3 mg/L and ≥ 0.3 mg/L.

Covariates
Parental education was obtained by asking the parents the question “What is the highest year of formal schooling you
have completed?” and in the analysis it was used the information from the parent with the higher education level.
Parental education was then categorized in ≤ 6 years, 7–9 years, 10–12 years, and > 13 years of school. Practice of
sports was considered the practice of sports in addition to the compulsory school curriculum, regardless of frequency or
intensity.

Chronic disease was assessed by asking parents if the child had any illness requiring regular medical care. If the answer
was positive, information was gathered on type of disease. The diagnosis of allergy, asthma, rhinitis was collected by
asking the parents, separately for each condition, if the child was ever diagnosed with those diseases. Chronic
medication was assessed by asking parents if the child had a regular intake of medicines in the previous 12 months. If
the answer was positive, information was gathered on type of medication and dosage and frequency/scheme.

Information on vaccination was collected by consulting the vaccination bulletin of each participant, when provided by
them (n = 523). The assessed vaccines in this study are all part of the Portuguese Childhood Vaccination Schedule
except the seasonal �u vaccine [14]. Participants were considered vaccinated if the participants had at least one register
in their own bulletin.

Height and weight was measured by a trained team using standardized procedures [12]. Weight and height were
obtained with the subject in light indoor clothes and barefoot. Weight was measured in kilograms (Kg), to the 0.1 Kg,
using a digital scale and height was measured in centimeters (cm), to the nearest 0.1 cm, according to standardized
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procedures. Participants were classi�ed according to the World Health Organization (WHO) sex- and age-speci�c growth
reference [15], as underweight (z <-2), normal weight (z ≥-2 & ≤z + 1), overweight (z > + 1 & z ≤ + 2), and obese (z > + 2).

Ethical considerations
The Ethics Committee of the Centro Hospital e Universitário de São João approved this the project, and appropriate
standard procedures were developed to guarantee data con�dentiality and protection. Written informed consent was
obtained from parents and adolescents.

Statistical Analysis
The distribution of quantitative variables was checked. Results were presented as mean (standard deviation) and
compared through the t-test or one-way analysis of variance (ANOVA), when applicable. However, since eosinophils and
basophils followed a non-parametric distribution, they were present by median (25th-75th percentiles) and compared
through Mann Whitney U test or Kruskal-Wallis, when applicable.

Statistical analyses were performed using the Statistical Package for the Social Sciences (IBM® SPSS Statistics),
version 26.0 and statistical signi�cance was considered with an alpha critical value of 0.05.

Results
The total WBC levels and their differential percentage according to the participants’ sociodemographic and behavioural
characteristics are depicted in Table 1. Female participants had signi�cantly higher total WBC levels and percentage of
neutrophils, and signi�cantly lower percentage of eosinophils, lymphocytes and monocytes.
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Table 1
Total and differential white blood cells (WBC) according to the participants’ sociodemographic and behavioural

characteristics.

      WBC
(x109/L)

Eosinophils
(%)

Neutrophils
(%)

Lymphocytes
(%)

Monocytes
(%)

Basophils
(%)

  n % Mean
(SD)

Median (P25
– P75)

Mean (SD) Mean (SD) Mean (SD) Median
(P25 –
P75)

Overall     6.28
(1.58)

2.50 (1.50–
4.30)

52.95
(10.52)

35.97 (9.54) 7.22 (2.01) 0.30
(0.20–
0.50)

Sex 1213              

Female 644 53.1 6.51
(1.62)

1.90 (1.23–
3.40)

55.59
(10.45)

34.23 (9.57) 6.96 (1.98) 0.30
(0.20–
0.50)

Male 569 46.9 6.02
(1.49)

3.10 (1.90–
5.50)

49.96
(9.78)

37.94 (9.11) 7.52 (2.00) 0.30
(0.20–
0.50)

p-value     < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.650

Type of
school

1213              

Public 884 72.9 6.35
(1.61)

2.55 (1.50–
4.30)

53.03
(10.87)

35.77 (9.83) 7.27 (2.03) 0.30
(0.20–
0.50)

Private 329 27.1 6.10
(1.48)

2.20 (1.30–
4.35)

52.75
(9.49)

36.51 (8.69) 7.09 (1.97) 0.40
(0.20–
0.50)

p-value     0.013 0.041 0.667 0.203 0.165 0.007

Parental
education

1180              

≤6 years 301 26.3 6.61
(1.78)

2.40 (1.45–
4.20)

54.58
(10.91)

34.36 (9.96) 7.27 (1.99) 0.30
(0.20–
0.50)

7–9 years 251 21.3 6.37
(1.67)

2.20 (1.40–
3.90)

54.25
(10.57)

35.14 (9.85) 7.09 (2.08) 0.30
(0.20–
0.40)

10–
12 years

316 26.8 6.13
(1.47)

2.40 (1.40–
4.18)

52.06
(10.93)

36.93 (9.64) 7.12 (2.01) 0.30
(0.20–
0.50)

≥13 years 312 26.4 6.06
(1.35)

2.60 (1.65–
5.10)

51.41
(9.42)

37.10 (8.58) 7.41 (2.00) 0.40
(0.20–
0.50)

p-value     < 0.001 0.140 < 0.001 < 0.001 0.188 0.014

Practice of
sports

1102              
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      WBC
(x109/L)

Eosinophils
(%)

Neutrophils
(%)

Lymphocytes
(%)

Monocytes
(%)

Basophils
(%)

No 553 50.2 6.42
(1.58)

2.20 (1.30–
3.90)

54.51
(10.70)

34.82 (9.73) 7.12 (1.99) 0.30
(0.20–
0.50)

Yes 549 49.8 6.18
(1.59)

2.70 (1.60–
4.80)

51.71
(10.34)

36.82 (9.35) 7.33 (2.03) 0.30
(0.20–
0.50)

p-value     0.010 < 0.001 < 0.001 0.001 0.079 0.169

 

Participants with better socioeconomic conditions (enrolled at private schools and with higher parental education)
showed signi�cantly lower total WBC levels, characterized by lower proportion of neutrophils and higher proportion of
lymphocytes. Those who practice sports, presented signi�cantly lower values of total WBC, characterized by signi�cantly
higher percentage of eosinophils and lymphocytes and lower neutrophils proportion.

The total WBC levels and their differential percentage according the participants’ clinical history are shown in Table 2. In
general, participants with chronic disease, chronic medication or the allergic diseases evaluated were characterized by
higher percentage of eosinophils and lower percentage of monocytes. With increasing body mass index (BMI) we found
a signi�cant increase on total WBC, characterized by a signi�cantly decreasing proportion of eosinophils and
monocytes. Those with higher levels of in�ammation, presented higher values of total WBC, with a higher proportion of
neutrophils and lower proportion of lymphocytes. Data according the participants’ vaccination are drawn in Table 3. In
general, no differences were found on total and differential WBC according history of vaccination. Only adolescents who
got Haemophilus in�uenzae type B vaccine had signi�cant lower percentage of basophils, and those who got
meningococcal C vaccine showed signi�cant higher percentage of neutrophils and signi�cant lower percentage of
eosinophils and basophils proportion.
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Table 2
Total and differential white blood cells (WBC) according to the participants’ clinical history.

      WBC
(x109/L)

Eosinophils
(%)

Neutrophils
(%)

Lymphocytes
(%)

Monocytes
(%)

Basophils
(%)

  n % Mean
(SD)

Median
(P25 – P75)

Mean (SD) Mean (SD) Mean (SD) Median
(P25 –
P75)

Chronic
disease

1139              

No 898 78.8 6.26
(1.53)

2.30 (1.48-
4.00)

53.12
(10.18)

36.10 (9.50) 7.29 (2.03) 0.30
(0.20–
0.50)

Yes 241 21.2 6.37
(1.73)

3.10 (1.45–
6.20)

52.58
(11.56)

35.47 (9.61) 6.95 (1.91) 0.30
(0.20–
0.50)

p-value     0.334 < 0.001 0.510 0.365 0.021 0.916

Chronic
medication

1108              

No 488 44.0 6.32
(1.66)

2.20 (1.40-
4.00)

53.72
(11.02)

35.36
(10.18)

7.39 (2.06) 0.30
(0.20–
0.50)

Yes 620 56.0 6.30
(1.55)

2.55 (1.50–
4.70)

52.65
(10.19)

36.24 (9.01) 7.06 (1.94) 0.30
(0.20–
0.50)

p-value     0.858 0.017 0.094 0.135 0.006 0.625

Rhinitis 1071              

No 961 89.7 6.30
(1.61)

2.40 (1.40-
4.00)

53.28
(10.66)

35.84 (9.85) 7.29 (2.05) 0.30
(0.20–
0.50)

Yes 110 10.3 6.25
(1.34)

3.50 (1.78–
6.63)

51.39
(10.24)

36.16 (7.82) 6.85 (1.91) 0.40
(0.20–
0.50)

p-value     0.721 < 0.001 0.069 0.698 0.032 0.089

Asthma 1091              

No 959 87.9 6.26
(1.59)

2.30 (1.40–
3.80)

53.25
(10.61)

35.98 (9.80) 7.32 (2.07) 0.30
(0.20–
0.50)

Yes 132 12.1 6.50
(1.54)

4.80 (2.43–
8.65)

51.17
(10.59)

35.65 (8.41) 6.65 (1.66) 0.30
(0.20–
0.58)

p-value     0.109 < 0.001 0.034 0.714 < 0.001 0.194

Allergy 1093              

No 797 72.9 6.25
(1.58)

2.30 (1.40–
3.80)

53.20
(10.33)

36.16 (9.67) 7.26 (1.96) 0.30
(0.20–
0.50)
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      WBC
(x109/L)

Eosinophils
(%)

Neutrophils
(%)

Lymphocytes
(%)

Monocytes
(%)

Basophils
(%)

Yes 296 27.1 6.43
(1.57)

3.10 (1.60-
6.00)

52.83
(11.50)

35.19 (9.69) 7.06 (2.08) 0.40
(0.20–
0.50)

p-value     0.105 < 0.001 0.609 0.141 0.145 0.002

z-scrore BMI 1210              

Underweight
(z <-2)

13 1.1 6.34
(1.45)

3.50 (2.35-
7.00)

50.09
(10.70)

36.53
(10.42)

8.03 (2.54) 0.40
(0.20–
0.65)

Normal
weight (z ≥-2
& ≤z + 1)

835 69.0 6.20
(1.62)

2.50 (1.50–
4.60)

52.85
(10.44)

36.01 (9.54) 7.22 (2.00) 0.30
(0.20–
0.50)

Overweight (z 
> + 1 & z ≤ + 
2)

256 21.2 6.29
(1.45)

2.40 (1.50-
4.00)

52.56
(11.31)

36.24
(10.33)

7.36 (2.04) 0.30
(0.20–
0.50)

Obese (z > + 
2)

106 8.8 6.74
(1.34)

2.20 (1.38–
3.73)

54.75
(8.57)

35.27 (7.06) 6.79 (1.88) 0.30
(0.20–
0.40)

p-value     0.011 0.041 0.210 0.843 0.040 0.257

hs-CRP 1213              

<0.3 mg/L 679 56.0 6.01
(1.35)

2.40 (1.50–
4.20)

51.26
(10.24)

37.71 (9.25) 7.20 (1.96) 0.30
(0.20–
0.50)

≥0.3 mg/L 534 44.0 6.63
(1.77)

2.60 (1.50–
4.45)

54.40
(10.54)

34.48 (9.54) 7.25 (2.07) 0.30
(0.20–
0.50)

p-value     < 0.001 0.537 < 0.001 < 0.001 0.690 0.160
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Table 3
Total and differential white blood cells (WBC) according to the participants’ vaccination.

      WBC
(x109/L)

Eosinophils
(%)

Neutrophils
(%)

Lymphocytes
(%)

Monocytes
(%)

Basophils
(%)

  n % Mean
(SD)

Median
(P25 – P75)

Mean (SD) Mean (SD) Mean (SD) Median
(P25 –
P75)

Hepatitis B
virus vaccine

487              

No 71 14.6 6.56
(1.93)

2.60 (1.30–
4.80)

53.47
(10.08)

35.30 (9.02) 7.33 (2.13) 0.40
(0.20–
0.50)

Yes 416 85.4 6.12
(1.47)

2.20 (1.50–
4.10)

52.69
(10.26)

36.65 (9.49) 7.11 (1.86) 0.30
(0.20–
0.50)

p-value     0.074 0.405 0.553 0.264 0.375 0.304

Inactivated
polio vaccine

224              

No 99 44.2 6.40
(1.87)

2.90 (1.60–
5.20)

52.22
(10.30)

35.95 (9.54) 7.62 (2.23) 0.40
(0.20–
0.60)

Yes 125 55.8 6.03
(1.52)

2.40 (1.50–
4.60)

52.98
(9.11)

35.92 (8.63) 7.36 (2.02) 0.30
(0.20–
0.40)

p-value     0.104 0.219 0.562 0.983 0.360 0.064

Haemophilus
in�uenzae type
B vaccine

198              

No 148 74.7 6.33
(1.93)

2.35 (1.60–
4.15)

52.61
(10.01)

36.13 (9.14) 7.40 (2.17) 0.40
(0.20–
0.50)

Yes 50 25.3 6.47
(1.52)

2.15 (1.25–
4.13)

53.84
(9.64)

35.49 (8.92) 7.27 (1.56) 0.20
(0.20–
0.40)

p-value     0.644 0.289 0.450 0.669 0.707 0.025

Meningococcal
C vacccine

330              

No 114 34.5 6.25
(1.67)

2.90 (1.88–
4.88)

51.03
(9.85)

37.02 (8.95) 7.58 (2.23) 0.40
(0.20–
0.60)

Yes 216 65.5 6.13
(1.50)

2.00 (1.30–
4.20)

53.95
(9.28)

35.26 (8.70) 7.20 (1.67) 0.30
(0.20–
0.50)

p-value     0.529 0.006 0.008 0.085 0.113 0.007

Flu vaccine 523              
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      WBC
(x109/L)

Eosinophils
(%)

Neutrophils
(%)

Lymphocytes
(%)

Monocytes
(%)

Basophils
(%)

No 386 73.8 6.25
(1.57)

2.30 (1.40–
4.20)

52.85
(10.49)

36.33 (9.33) 7.10 (1.90) 0.30
(0.20–
0.50)

Yes 137 26.2 6.18
(1.43)

2.50 (1.40–
5.20)

51.90
(9.61)

36.65 (9.33) 7.41 (1.92) 0.30
(0.20–
0.50)

p-value     0.641 0.202 0.349 0.729 0.103 0.607

Discussion
In line with the literature, girls had more total WBC levels and percentage of neutrophils, while boys presented more
lymphocytes, monocytes and eosinophils [11, 16]. Since sex hormones, namely estrogens can be able to shape the
immune system, mounting stronger pro-in�ammatory responses and leading to an increased immune responsiveness in
girls, the higher total WBC levels and neutrophils proportion in females may be explained by sex-differences in this
hormones [4, 17].

In this study, we reported that a lower parental education and public school enrollment, proxies of low SES, were
positively associated with the total WBC levels, as well as a higher proportion of neutrophils and a lower lymphocyte
percentage. Actually, lymphocytes, are involved in the suppression of in�ammation, representing the regulatory arm of
the immune system, while neutrophils promote the increase of systemic in�ammation secreting several pro-
in�ammatory mediators [18–21]. In addition, a decreased neutrophils-to-lymphocytes ratio (NLR), marker of immune
response, was observed for adolescents with higher parental education, as we previously have reported [22]. The
pathophysiological mechanism by which socioeconomic status (SES) affects systemic in�ammation is still unknown,
however, adverse socioeconomic conditions (low SES proxy) and, the consequent exposure to stressful circumstances,
could play a signi�cant role in the etiology of in�ammation. Actually, recent evidence has shown that a low SES is
accompanied by physiological changes in the endocrine and immune systems [23]. In the latter, stress causes leukocytes
to become overly aggressive which eventually contributes to increased systemic in�ammation [23–26].

Regarding physical activity, in our study active adolescents presented a decreased systemic in�ammation with
signi�cantly lower total WBC levels and neutrophils percentage and with signi�cantly higher proportion of lymphocytes.
Although the underlying mechanisms are not yet fully clari�ed, Johannsen NM and colleagues stated that physical
activity may alter the tra�cking of leukocyte subsets between secondary lymphoid organs and blood. These authors
also suggest that exercise may lower WBC count through its direct impact on bone marrow haematopoiesis [27].
Furthermore, various studies have shown that increased total WBC levels are related with lower physical activity, albeit
most these reports focus on adult subjects [27–30].

Our results are in line with the literature that points asthma and allergy as the most common chronic diseases and
medication in adolescence [31, 32]. Actually, for the adolescents diagnosed with allergy, rhinitis and asthma, we found a
speci�c immune response pattern, with higher percentage of eosinophils and basophils as well as lower monocytes
proportion. In fact, local eosinophil in�ltrate is frequently found in these conditions [33, 34]. Eosinophils activation in the
air tract following pharmacological, hormonal, infectious, or environmental stimuli prompts a Th2-driven immune
response, which causes airway hyperresponsiveness and chronic remodelling [34]. In consequence, eosinophils are key
players in asthma and other allergic diseases by secreting cytokines, chemokines and cytotoxic proteins that contribute
to macrophage activation along with mast-cell and basophil degranulation, triggering the release of several allergic
mediators [33, 34]. Furthermore, basophils also promote the progression of the allergic reactions, migrating from the
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blood compartment to in�amed tissues, acting as in�ammatory cells [33, 35]. On the other hand, regarding the effect of
BMI on the total and differential WBC, we observed an increase in total WBC with the increase of BMI, in accordance with
other studies [36–38]. These studies point that changes in the levels of circulating leukocytes may re�ect the stimulation
of various in�ammatory mediators [36–38]. Whilst most of these studies have been conducted in adult populations,
Zaldivar and colleagues reported that overweight adolescents had an increase in the circulating leukocytes [39]. The
underlying mechanism linking weight gain with an increase in total WBC levels is not fully understood. Nonetheless,
leptin may be involved since it stimulates myeloid differentiation, decreasing after weight loss [40, 41].

Our results, globally, showed no signi�cant differences in total and differential WBC between vaccinated and non-
vaccinated adolescents. Vaccinations have a substantial impact on the development and shaping of the immune
system in childhood, promoting immunological memory and stimulating protective immune responses with a lasting
impact on adolescence and adulthood [2, 5, 42]. However, the literature is scarce regarding the long-term effect of the
vaccination on the leukocyte count with some studies pointing to no considerable in�uence on these immune cells, as
our results also suggest [43].

This study should be interpreted in light of some limitations. The participants who did not accept perform blood
measurements were mostly from public schools representing a potential selection bias, however, in general, there were
no signi�cant differences between those included and excluded, indicating that the potential bias is small. Further, the
cross-sectional design of this study hinders our ability to infer causality, though it may be fairly helpful for stating future
research hypotheses. Finally, the absence of leukocyte immunophenotyping does not allow the evaluation of speci�c
WBC subsets and, therefore, prevents a deeper characterization of the studied population.

On the other hand, the relatively large and apparently healthy sample is one of the strengths of this study since most
studies are conducted in small and non-healthy samples. Moreover, since vaccination data was not self-reported but
obtained from the vaccination bulletin, greater data reliability and validity was ensured.

Conclusions
In conclusion, higher levels of WBC were found in the most disadvantaged adolescents, those who do not practice
sports, in the obese and in the adolescents who reported a disease condition. However, while the presence of disease
was associated with an allergic response pattern (higher percentage of eosinophils and lower monocyte proportion), the
worse socioeconomic conditions and absence of sports activity were characterized by an in�ammatory response pattern
(higher total WBC and percentage of neutrophils as well as lower lymphocytes proportion). Therefore, our results show
that different exposures lead to distinct immune patterns of response that may last and shape the immune system.
Further prospective studies are warranted to get a better understanding of the associations between immune cells and
social and environmental determinants of health that may modulate the immune response, in order to help us to
promote long-term immunological health through the optimization of these modi�able determinants.
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