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Purpose: We aim to identify Th1 and Th2 cell clusters in young subjects, including their 
clinical and metabolic characteristics and the Th1/Th2 balance.
Patients and Methods: A total of 100 participants were included. The frequencies of Th1 and 
Th2 cells in peripheral blood were determined by flow cytometry. Serum C-reactive protein was 
measured using a turbidimetric assay, and insulin levels were quantified with an enzyme-linked 
immunosorbent assay. Circulating cytokine levels were analyzed using a multiplex system.
Results: A cluster analysis was performed to determine the Th1/Th2 balance in a group of young 
people, and 3 clusters were formed with the following characteristics: 1) subjects with a higher 
prevalence of hyperglycemia (38%), dyslipidemia (38–75%), and insulin resistance (50%), as well 
as a higher percentage of Th1 cells and Th1/Th2 ratio, including elevated IFN-ɣ levels; 2) subjects 
with a lower prevalence of hyperglycemia (23%) and insulin resistance (15.4%), but a higher 
prevalence of dyslipidemia (8–85%) with a predominance of Th2 cells, and lower Th1/Th2 ratio; 3) 
subjects with a lower prevalence of hyperglycemia (6%), insulin resistance (41%), and dyslipidemia 
(10–63%), as well as a balance of Th1 and Th2 cells and lower Th1/Th2 ratio, including low IFN-ɣ 
levels. Positive correlations between Th1 cells with IFN-γ, IL-12, and IL-1β and between Th2 cells 
with IFN-γ, IL-2, and IL-4 were found (p < 0.05). A significant increase in Th1 cells was observed in 
the presence of hyperglycemia and high LDL-C levels, as well as increased Th2 cells in the absence 
of abdominal obesity and high blood pressure, including low HDL-C levels. The Th1/Th2 ratio was 
higher in the group with high cardiometabolic risk (p = 0.03).
Conclusion: Th1/Th2 balance is related to metabolic abnormalities that may occur in young 
population, and thus the timely identification of different phenotypes may help predict an 
increased cardiometabolic risk.
Keywords: Th1 cells, Th2 cells, hyperglycemia, dyslipidemias, IFN-ɣ levels

Introduction
Chronic low-grade systemic inflammation is an essential component of metabolic dis
eases, such as insulin resistance (IR), type 2 diabetes mellitus (T2DM), hypertension, 
metabolic syndrome (MetS), nonalcoholic fatty liver disease (NAFLD), and cardiovas
cular disease (CVD). In this sense, obesity is considered the main link between inflam
mation and these comorbidities.1,2 Chronic low-grade inflammation is characterized by 
circulating elevated levels of acute-phase proteins and cytokines, including C-reactive 
protein (CRP), tumor necrosis factor-alpha (TNF-α), interleukin 1β (IL-1β), interleukin 6 
(IL-6), and the increased infiltration of immune cells, namely macrophages and 
T lymphocytes in insulin-dependent tissue.3,4

Several epidemiological studies have shown elevated levels of inflammatory 
biomarkers, for instance, CRP, and IL-6 in T2DM, interleukin 12 (IL-12) in T2DM, 
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and a mixed Th1 and Th2 serum cytokine profile in sub
jects with MetS.5–7 Similarly, in another study, a mixed 
Th1 and Th2 serum cytokine profile in T2DM, while 
subjects with T2DM-coronary artery disease showed an 
increase in Th1 cytokines and a reduction in Th2 cyto
kines, indicating that in addition to proinflammatory cyto
kines, Th2 cytokines could play an important role in 
inflammation, IR, T2DM, and MetS.8 These high concen
trations of inflammatory biomarkers reflect the activation 
of both innate and adaptive immune systems in response to 
metabolic changes that occur in obesity and its 
comorbidities.9

The activation of the innate immune system is the main 
component of chronic low-grade inflammation and is char
acterized by the accumulation of proinflammatory macro
phages within adipose tissue and the production of 
proinflammatory cytokines. Interleukin 6 (IL-6) and tumor 
necrosis factor alpha (TNF-α) are proinflammatory cytokines 
secreted by adipocytes and macrophages, which have been 
documented as the link to inflammation with IR and 
T2DM.10 However, in recent years, there has been growing 
interest in studying the contribution of the adaptive immune 
response to obesity-associated inflammation, IR, and T2DM. 
In 2009, three independent studies demonstrated the crucial 
role of T cells infiltrating white adipose tissue for the devel
opment of IR and the associated inflammatory phenotype in 
genetically obese mouse models.11–13 Furthermore, several 
studies demonstrated the accumulation of T cells in adipose 
tissue of obese humans and mice, which precedes the accu
mulation of macrophages.14–16

Th1 and Th2 cells are phenotypes of the specific 
immune response mediated by CD4+ T cells during the 
host’s defense against harmful microorganisms and in the 
pathogenesis of inflammatory diseases.17 Some studies 
have found a relationship between the peripheral blood 
T cells and several diseases, namely obesity, T2DM, and 
MetS.18,19 In obesity, a positive correlation of body mass 
index (BMI) with CD4+ T cells in peripheral blood has 
been reported in previous studies, while a decreased 
T lymphocyte population (CD4+ and CD8+) was found 
in another study.20–22 In subjects with T2DM, an increase 
in Th22, Th1, and Th17 subpopulations, while a decrease 
in Treg subpopulations, have also been reported.23,24

Some studies have reported that obesity-associated 
inflammation leads to increased cardiovascular risk in 
young adult population. In this context, it is important to 
analyze the mechanisms that may explain this relationship to 
accurately identify apparently healthy young subjects who 

already have immunometabolic phenotypes of increased 
cardiovascular risk to provide personalized therapy and 
thus improve their inflammatory and metabolic status.25,26 

To our knowledge, no studies have determined the associa
tion of Th1 and Th2 cells clusters with the metabolic profile 
in a young adult population. In this research, we aimed to 
identify Th1 and Th2 cell clusters in young subjects and 
their clinical and metabolic characteristics and investigate 
the relationship between cytokine levels and metabolic 
abnormalities in the Th1/Th2 balance.

Patients and Methods
Subjects
We recruited a total of 100 apparently healthy subjects 
aged 18 to 30 years old from the state of Guerrero, 
Mexico. Inclusion criteria were subjects without renal, 
hepatic, autoimmune, or thyroid disease, nor infectious 
diseases, and without pharmacological treatment. 
Pregnant women or women undergoing hormonal treat
ment were excluded. This protocol was approved by the 
Research Ethics Committee of the Autonomous University 
of Guerrero (CB-005/2017). Informed consent was 
obtained from all study subjects.

Anthropometric and Clinical 
Measurements
Body weight was determined in light clothes and without 
shoes using a body composition monitor (Tanita TBF-300 
GS), and height was measured to the nearest 0.1 cm using 
a stadiometer (Seca, Hamburg, Germany).

Both waist (WC) and hip (HC) circumferences were 
measured with an anthropometric tape to the nearest 
±0.1 cm (Seca 201, Hamburg, Germany). The abdominal 
obesity was defined using the harmonized definition estab
lished in 2009 by the International Diabetes Federation 
(IDF) and the American Heart Association/the National 
Heart, Lung, and Blood Institute (AHA/NHLBI) as ≥90  
cm for men and ≥80 cm for women.24 Blood pressure was 
measured in the sitting position with an automatic sphyg
momanometer (Omron Hem-7120, Omron Healthcare, 
USA) on the left arm after a 10 min rest. The systolic 
blood pressure (SBP) and diastolic blood pressure (DBP) 
were calculated from two readings taken at least with a 10- 
min interval. High blood pressure was defined as SBP 
≥130 mmHg and/or DBP ≥85 mmHg, in accordance with 
the harmonized definition.27
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Biochemical Parameters
A venous blood sample was taken from each subject after a fast 
of at least 12 hours to measure total cholesterol (TC), high- 
density lipoprotein-cholesterol (HDL-C), low-density lipopro
tein-cholesterol (LDL-C), triglycerides (TG), and glucose 
levels; these parameters were determined immediately by 
enzymatic colorimetric methods using commercially available 
kits (Spinreact, Barcelona, Spain). The cardiometabolic risk 
factors (CRFs) were defined as TC ≥200 mg/dL, TG ≥150 mg/ 
dL, LDL-C ≥100 mg/dL, HDL-C ≤40 mg/dL in men and 
≤50 mg/dL in women, and glucose ≥100 mg/dL, and based 
on the criteria of the National Cholesterol Education Program 
Expert Panel on the Detection, Evaluation, and Treatment of 
High Blood Cholesterol in Adults (Adult Treatment Panel III).

The serum concentrations of high-sensitivity C-reactive 
protein (hs-CRP) were measured by turbidimetric assays 
using a clinical chemistry analyzer (Mindray BS-200, 
Shenzhen, China); the detection limit was less than 1 mg/L. 
High hsCRP was determined as ≥1 mg/L according to the 
recommendations of the American Heart Association. Insulin 
levels were measured using an enzyme-linked immunosorbent 
assay (Human Insulin, Invitrogen by Life Technologies, CA, 
USA); the detection limit was 0.17 µU/mL. The homeostasis 
model assessment of insulin resistance (HOMA-IR) was used 
to determine IR with the following formula: fasting serum 
insulin (μU/mL) x fasting serum glucose (mg/dL)/405.28 IR 
was defined as a HOMA-IR at the 90th percentile or above, 
which was ≥ 3.2.

Flow Cytometry Analysis
The peripheral blood mononuclear cells (PBMCs) were 
isolated from ethylenediaminetetraacetic acid (EDTA) 
blood samples by Ficoll-HypaqueTM Premium (GE 

Healthcare) density-gradient centrifugation and were accu
rately counted by the trypan blue exclusion method for 
each subject. The cell samples from all studied subjects 
were individually manipulated and analyzed by multicolor 
flow cytometry in a FACSCanto II flow cytometer (BD 
Biosciences) after staining with fluorochrome-conjugated 
antibodies to cell surface markers of T helper cells: anti- 
CD3-APC (clone UCHT1) and anti-CD4-FITC (clone 
RPA-T4); all kits were purchased from BioLegend.

Th1/Th2 helper T cells were quantified by intracellular 
cytokine staining for anti-IFN-ɣ-PE (clone B27) (Th1) and 
anti-IL-4-PE (clone 8D4-8) (Th2) (BioLegend): PBMCs 
were incubated with Brefeldin-A (BFA, BioLegend) for 5 
h at 37°C. After surface staining for CD3 and CD4 (to select 
CD3+/CD4+ T helper cells), cells were fixed and permeabilized 
using BD Cytofix/CytopermTM and BD Perm/WashTM (BD 
Biosciences, Pharmingen) according to manufacturer´s 
instructions. After intracellular staining for IFN-ɣ and IL-4, 
cells were immediately analyzed by flow cytometry, calculat
ing the percentage of Th1 and Th2 cells of the total CD3+CD4+ 

population. Analysis of flow cytometry data was performed 
using the FlowJo version 7.6.1 software. Immune cell subsets 
were expressed as a percentage of the total white cell count. 
Figure 1 shows a representative example in which T cells were 
subdivided according to CD4 expression and CD3 co- 
expression. Representative dot plots showing Th1 
(CD3+CD4+IFN-ɣ+) (1A) and Th2 (CD3+CD4+IL4+) (1B) 
cells.

Quantification of Serum Cytokines Levels
Cytokine serum levels (IFN-γ, IL-2, IL-12, IL-6, IL-1β, IL-4, 
and IL-10) were measured in 77 samples of the total using 
a MAGPIX® System (Luminex, USA) with the Human 

Figure 1 Representative dot plots of flow cytometry data. Figure shows a representative example in which T cells were subdivided according to CD4 expression and CD3 
co-expression. Th-cells identification was performed by intracellular detection of IFN-ɣ and IL-4. The CD3+CD4+ T-helper cells were quantified as Th1 cells 
(CD3+CD4+IFN-ɣ+) (A) and Th2 cells (CD3+CD4+IL4+) (B).
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Cytokine Magnetic 10-plex custom kit (Invitrogen Life 
Technologies, USA) according to manufacturer’s instructions.

Statistical Analysis
Data analysis was performed using STATA software (v.13.0) 
and GraphPad Prism (v 8.4.3). Differences in characteristics 
between groups were analyzed using the Fisher´s exact test for 
categorical variables (data presented as percentages), 
Student’s t-test or one-way ANOVA for parametric variables 
(data presented as mean ± SD), and Kruskal–Wallis test for 
non-parametric variables (data presented as median and 25th 
to 75th percentiles). Correlations between variables were 
expressed as Spearman correlation coefficient. P <0.05 was 
considered statistically significant.

In the STATA software (v.13.0), a K-means cluster analy
sis was carried out to identify structures within the data and 
divide subjects into different groups based on the percentages 
of Th1 and Th2 cells. Before conducting the clustering analy
sis, the cell percentage values were standardized (Z scores). 
We examined 2 to 3 solutions to evaluate which set of clusters 
was more significant to define cell phenotypes.

Results
Characteristics of the Study Population
Demographic and anthropometric characteristics, cardiometa
bolic abnormalities, and the percentage of Th1 and Th2 cells 
are shown in Table 1. A total of 100 participants, 46 men and 
54 women with a median age 21 years, were enrolled in this 
study.

Heterogeneity of the Th1 and Th2 Cells
A K-means cluster analysis was performed to explore possible 
phenotypes of Th1 and Th2 cells in the total population; with 
this analysis, we were able to identify 3 phenotypes of cells, 
which were very different from each other: cluster 1 (n=8), 
cluster 2 (n=13) and cluster 3 (n=79). A heat map of Th1 and 
Th2 cells was created using cluster analysis and heterogeneity 
of cells was observed among all subjects to clearly identify 
three groups of subjects with different cell phenotype 
(Figure 2A). A comparison analysis of Th1 and Th2 cells 
and Th1/Th2 ratio according to the three clusters was also 
performed and a higher percentage of Th1 cells was found in 
cluster 1 compared to clusters 2 and 3 (23.7±8.2, 9.9±4.9, 1.95 
±2.5; p<0.001, respectively). The percentage of Th2 cells was 
increased in cluster 2, followed by cluster 1 and 3 (34.6±7.9, 
26.0±13.8, 9.5±5.8; p<0.001, respectively) (Figure 2B). 
Similarly, the Th1/Th2 ratio was found to be higher in cluster 

1 compared to clusters 2 and 3 (1.47±1.8, 0.30±0.16, 0.21 
±0.29; p<0.001, respectively) (Figure 2C). An imbalance of 
Th1 and Th2 cells was observed in the subgroup of subjects in 
cluster 1 because they have a higher percentage of both Th1 
and Th2 cells, whereas those in cluster 2 have an increase in 
Th2 cells and a decrease in Th1 cells, and those in cluster 3 
have decreased Th1 and Th2 cells.

Comparison of Clinical Characteristics 
and Serum Cytokine Levels Among the 
Three Clusters
Table 2 shows clinical characteristics, cardiometabolic 
alterations, and serum cytokine levels among the three 
clusters. Cluster 1 (n=8) had the smallest number of indi
viduals, of which, 50% were male and 50% female and 
individuals presented hyperglycemia (37.5 vs 23 and 6%, 

Table 1 Clinical Characteristics and Th1 and Th2 Cells of 
Participants Included in the Study

Variables Total (n=100)

Age (years)c 21(20–23)

Sex n(%)a

Male 46(46)

Female 54(54)

Weight (kg)c 76.9(59.7–89.3)

Height (cm)b 164±7.9
BMI (kg/m2)c 27.5(22.4–33.4)

WC (cm)c 89.5(79.3–104)

Male 90.5(81–104.5)
Female 89.5(79–104)

HC (cm)c 105(96–155)

WHRb 0.87± 0.07
Insulin(µU/mL)c 11.58(6.71–20.19)

HOMA-IRc 2.43(1.36–4.31)

High blood pressure n(%)a 17(17)
Hyperglycemia n(%)a 11(11)

Hypertriglyceridemia n(%)a 24(24)

Hypercholesterolemia n(%)a 12(12)
High LDL-C n(%)a 55(55)

Low HDL-C n(%)a 67(67)

IR n(%)a 37(38.5)
hsCRP (mg/L)c 0.87(0.44–1.46)

Th1 cells (%)b 4.7±7.2

Th2 cells (%)b 14.1±11.4
Th1/Th2 ratiob 0.32±0.64

Notes: Data are expressed as cmedian (25th–75th percentiles), bmean ±SD, or an (%). 
Abbreviations: BMI, body mass index; WC, waist circumference; HC, hip circum
ference; WHR, waist to hip ratio; HOMA-IR, Homeostasis model assessment of 
insulin resistance; LDL-C, low-density lipoprotein-cholesterol; HDL-C, high-density 
lipoprotein-cholesterol; IR, insulin resistance; hsCRP, high sensitivity C-reactive 
protein; Th1 cells, Type 1 T help cells; Th2 cells, Type 2 T help cells.
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p= 0.01), as well as increased serum IFN-ɣ levels (2.86 vs 
2.54 and 2.21, p= 0.04), with respect to the other clusters. 
Cluster 3 (n=79), the largest cluster with more than 70% of 
all individuals in the study, only presented a significant 
increase in cholesterol levels (166 vs 161 and 157 mg/dL, 
p= 0.03) when compared to the other clusters.

Correlation of the Th1 and Th2 Cells and 
Pro- and Anti-Inflammatory Cytokine Levels
In Figure 3, a heat map is presented where Th1 and 
Th2 cells and levels of pro- and anti-inflammatory 

cytokines are observed for each cluster. 
A heterogeneous pattern in the distribution of cytokine 
levels is observed and all cytokines were detected in 
each subject (Figure 3A). A correlation analysis 
between Th1 and Th2 cells and cytokines showed 
that Th1 cells correlated significantly with IFN-ɣ 
(r=0.33, p=0.003), IL-12 (r=0.25, p=0.03) and IL-1β 
(r=0.24, p=0.04). Similarly, Th2 cells correlated with 
IFN-ɣ (r=0.32, p=0.004), IL-2 (r=0.25, p=0.03), and 
IL-4 (r=0.25, p=0.02) (Figure 3B).

Figure 2 Heat map of Th1 and Th2 cell by K-means cluster analysis in the total population. (A) In the heat map, rows represent each subject, while columns display Th1 and 
Th2 cells, (B) cluster-wise comparison of Th1 and Th2 cells, and (C) Th1/Th2 ratio. Data are expressed as mean ± SD; p value was calculated by one-way ANOVA.
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Th1 and Th2 Cells According to 
Cardiometabolic Abnormalities
Table 3 shows the number of Th1 and Th2 cells accord
ing to cardiometabolic abnormalities presented by study 
subjects. A significant increase in Th1 cells was 
observed in the presence of hyperglycemia (10.28 vs 
4.04, p=0.006) and high LDL-C (6.13 vs 3.01, 

p=0.03). Th2 cells were increased in the group without 
abdominal obesity (17.40 vs 12.10, p=0.02), with nor
mal blood pressure (15.47 vs 7.49, p=0.008), and with 
low HDL-C (15.90 vs 10.48, p=0.03). The Th1/Th2 
ratio was higher in the group with hyperglycemia (0.84 
vs 0.26, p=0.004) and with hypercholesterolemia (0.74 
vs 0.27, p=0.02).

Table 2 Clinical Characteristics and Cytokine Levels by Cluster

Cluster 1 (n=8) Cluster 2 (n=13) Cluster 3 (n=79) p value

Age (years)c 20(19–20) 20(20–21) 22(20–23) 0.14
Sex, male/female n(%)a 4(50)/4(50) 8(62)/5(38) 42(53)/37(47) 0.83

Weight (kg)c 63.3(58.5–85.5) 61.1(54.8–78.5) 79.8(60.1–92.2) 0.10

Height (cm)b 164±8.8 162±7.4 165± 7.9 0.51
BMI (kg/m2)c 24(21.4–32.8) 23.6(21.1–31.1) 30(23–34) 0.18

WC (cm)c 82.5(79–104) 83(79–91.5) 92(80–105) 0.16

Male 82.5(80.3–103) 83(81–85) 99(81–108) 0.38
Female 88.8(76.8–104) 82.5(77–93.5) 90.8(80–104) 0.51

HC (cm)c 100.3(91–1116) 97.5(93–108) 108.5(96–115.5) 0.31
WHRb 0.88± 0.07 0.84± 0.05 0.87±0.07 0.29

SBP (mmHg)c 110(107–116) 111(104–116) 113(104–126) 0.54

DBP (mmHg)c 73.4±7.3 70.8± 7.1 73±10.04 0.71
Glucose (mg/dL)c 91.5(85–103) 91(88–97) 85(78–89) 0.01*

Cholesterol (mg/dL)b 161±30.5 157±29.6 166±31.1 0.03*

Triglycerides (mg/dL)c 108(95–176.5) 97(79–109) 110(65–151) 0.46
LDL-C (mg/dL)c 129.5(98–164.5) 120(83–158) 101(84–133) 0.32

HDL-C (mg/dL)c 38.5(36.5–41.5) 34(31–47) 40(34–50) 0.48

Male 38.5(36.5–41) 32(31–33) 37(33–49) 0.37
Female 39(35.5–47.5) 44(31–48) 42(34–54) 0.79

Insulin (µU/mL)c 13.4(6.3–27.1) 10.1(6.5–12.3) 12.1(6.95–20.8) 0.58

HOMA-IRc 3.42(1.36–5.86) 2.19(1.44–2.8) 2.45(1.32–4.33) 0.69
hsCRP (mg/L)c 1.24(0.48–2.04) 0.44(0.34–0.71) 0.91(0.51–1.54) 0.07

High blood pressure n(%) 0(0) 0(0) 17(22) 0.07

Hyperglycemia n(%) 3(37.5) 3(23) 5(6) 0.009*
Hypertriglyceridemia n(%) 3(37.5) 1(8) 20(25) 0.25

Hypercholesterolemia n(%) 3(37.5) 1(8) 8(10) 0.07

High LDL-C n(%) 6(75) 9(69) 40(51) 0.23
Low HDL-C n(%) 6(75) 11(85) 50(63) 0.28

IR (%) 4(50) 2(15.4) 31(41) 0.16

High hsCRP (mg/L) n(%) 5(62.5) 3(23.1) 35(44.3) 0.21
IFN-ɣ (pg/mL)c 2.86(2.22–3.87) 2.54(2.21–2.86) 2.21(1.57–2.86) 0.04*

IL-2 (pg/mL)c 1.26(0.23–1.99) 0.23(0.05–0.85) 0.23(0.05–1.19) 0.46

IL-12 (pg/mL)c 110.9(92.5–124.9) 124.2(106.7–173.3) 96.8(68.2–131.9) 0.11
IL-6 (pg/mL)c 2.38(1.25–3.52) 1.96(1.25–2.95) 1.95(0.97–3.23) 0.90

IL-1β (pg/mL)c 4.39(3.82–4.89) 5.26(4.01–6.83) 4.76(2.32–6.83) 0.49

IL-4 (pg/mL)c 4.52(3.96–6.21) 3.96(3.96–5.07) 3.96(9.96–5.07) 0.86
IL-10 (pg/mL)c 2.27(2.04–2.73) 2.39(2.27–2.73) 2.27(2.27–2.5) 0.20

Notes: Data are cmedian (25th–75th percentiles), bmean ± SD, or an (%). P-values were calculated using the Kruskal–Wallis test, one-way ANOVA, or chi-square test, 
respectively. *P value <0.05 was considered statistically significant. 
Abbreviations: BMI, body mass index; WC, waist circumference; HC, hip circumference; WHR, waist to hip ratio; SBP, systolic blood pressure; DBP, diastolic blood 
pressure; LDL-C, low-density lipoprotein-cholesterol; HDL-C, high-density lipoprotein-cholesterol; IR, insulin resistance; hsCRP, high sensitivity C-reactive protein; IFN-ɣ, 
interferon gamma; IL, interleukin.
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Comparison of Th1 and Th2 Cells 
Between Groups with <3 and ≥3 
Cardiovascular Risk Factors
Figure 4 shows the comparison of the number of Th cells 
between groups with <3 CRFs and with 3 or more CRFs; 
no significant differences were found in Th1 and Th2 cells 
between groups (Figure 4A), but there were significant 
differences in the Th1/Th2 ratio, which was higher in the 
group with ≥3 CRFs compared to the group with <3 CRFs 
(p=0.03) (Figure 4B).

Discussion
In this study, a cluster analysis was performed to deter
mine the Th1/Th2 balance in a group of young people and 
3 clusters were identified, which were characterized 
according to inflammatory and metabolic markers. It 
appeared that each cluster was marking a transient patho
physiological stage, which could be interchanged accord
ing to the metabolic state. As observed in cluster 1, 
subjects showed a higher prevalence of cardiometabolic 

alterations: 38% had hyperglycemia, hypertriglyceridemia 
or hypercholesterolemia; 75% presented high LDL-C or 
low HDL-C, suggesting higher cardiometabolic risk in this 
group; besides, a low-grade systemic inflammation may be 
present since cluster 1 subjects have a higher number of 
Th1 cells and Th1/Th2 ratio, and higher levels of hsCRP 
and IFN-ɣ. Cluster 2 was characterized by high LDL-C 
(69%) or low HDL-C (85%) levels; Th1 cells decreased 
and Th2 cells increased, and the Th1/Th2 ratio was low, 
suggesting a compensatory effect of Th2 cells to balance 
the proinflammatory response, probably presented by clus
ter 1 subjects before moving to cluster 2. Finally, in the 
most abundant cluster (cluster 3), subjects had high LDL- 
C (51%) or low HDL-C (63%) levels more frequently and 
a lower number of Th1 and Th2 cells, as well as a lower 
Th1/Th2 ratio, suggesting a balance between Th1 and Th2 
cells and a low concentration of proinflammatory cyto
kines that indicate a reduced cardiometabolic risk.

The results suggest that cluster 1 individuals present 
a proinflammatory state defined by a higher percentage of 
Th1 cells and Th1/Th2 ratio with high levels of IFN-ɣ. It 

Figure 3 Heat map of Th1 and Th2 cells and serum cytokine levels by cluster. (A) In the heat map, rows represent individual subjects, while columns display Th1 and Th2 cells and 
cytokine levels, (B) correlation between Th1 and Th2 cells with pro- and anti-inflammatory cytokines in the total population. Spearman correlation coefficient was calculated.
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should be noted that 37.5% of study subjects had abdom
inal obesity and/or prediabetes, 50% insulin resistance, 
and 25% cardiometabolic risk profile, suggesting that 
these cardiometabolic abnormalities may be related to 
T-cell homeostasis and systemic inflammation. Several 
studies have shown that inflammatory immune cells and 
their cytokines participate in the pathogenesis of T2DM, 
including Th1, Th17, Th22, and CD8+ T cells.24,29,30 The 
imbalance of circulating Th1/Th2 cytokines has been 
reported in MetS,7 acute coronary syndrome (ACS) with 
T2DM, or impaired glucose tolerance (IGT),31 and T2DM, 
whereas in diabetic coronary artery disease (CAD), an 
increase in Th1 cytokines with a suppression of Th2 cyto
kines was observed.8 These changes suggest that the Th1/ 
Th2 cytokine balance plays an important role in the 
inflammatory state accompanying MetS and T2DM, and 

even in patients with acute coronary syndrome and asso
ciated comorbidities, such as T2DM or IGT where a more 
severe degree of inflammation may be present.

In line with our results, Pacifico et al in children with 
obesity reported that a change in the Th1 cytokine profile 
with predominance of IFN-ɣ production, 
a proinflammatory and proatherogenic cytokine is 
already present in children with obesity. Thus, the Th1 
cytokine pattern can be considered an early stage con
tributor to inflammation with a subsequent risk of cardi
ovascular disease.32 In another study, elevated IFN-ɣ 
levels were found in overweight men with T2DM- 
hypertension.33 IFN-ɣ has been shown to participate in 
low-grade inflammation of adipose tissue induced by 
diet, obesity, and glucose intolerance.14 In addition to 
IFN-ɣ levels, elevated IL-12 levels in patients with 

Table 3 Th Cells and Th1/Th2 Ratio in Subjects with Cardiometabolic Abnormalities in the Study Population

Th1 p value Th2 p value Th1/Th2 p value

Abdominal obesity
No 6.50±8.5 0.05 17.40±13.6 0.02* 0.30±0.27 0.83
Yes 3.64±6.0 12.10±9.4 0.33±0.79

High blood pressure

No 5.23±7.7 0.12 15.47±12.01 0.008* 0.32±0.67 0.94
Yes 2.25±3.2 7.49±3.27 0.33±0.49

Hyperglycemia

No 4.04±6.5 0.006* 13.34±10.9 0.05 0.26±0.32 0.004*
Yes 10.28±9.8 20.39±14.3 0.84±1.7

Hypertriglyceridemia

No 4.55±6.8 0.66 14.89±11.8 0.23 0.26±0.27 0.07
Yes 5.30±8.5 11.65±10.01 0.53±1.2

Hypercholesterolemia

No 4.23±6.3 0.06 14.10±11.2 0.97 0.27±0.32 0.02*
Yes 8.39±11.4 14.20±13.6 0.74±1.6

High LDL-C

No 3.01±4.05 0.03* 13.20±8.5 0.47 0.21±0.28 0.11
Yes 6.13±8.8 14.87±13.4 0.41±0.82

Low HDL-C

No 4.27±6.9 0.66 10.48±8.0 0.03* 0.47±1.05 0.12
Yes 4.95±7.3 15.90±12.4 0.25±0.25

High hsCRP
No 4.96±6.8 0.72 15.63±12.4 0.13 0.29±0.28 0.55

Yes 4.42±7.7 12.1±9.8 0.37±0.93

Insulin resistance

No 5.19±7.4 0.63 15.7±12.9 0.14 0.29±0.33 0.40

Yes 4.45±7.1 12.1±8.7 0.41±0.97

Notes: Data are expressed as mean ± SD, p value was calculated by Student’s t-test. *P value <0.05 was considered statistically significant.
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T2DM are also associated with insulin resistance.6 These 
reports support the role of Th1 cytokines in adipose 
tissue inflammation and decreased insulin sensitivity.

However, the exact mechanism by which Th1 cytokines 
induce insulin resistance is not clearly known. Cytokines such 
as TNF-α, IL-1β, and IFN-ɣ can adversely regulate metabo
lism and cause IR in various cell types, including adipocytes 
and skeletal muscle myocytes through endocrine and paracrine 
effects. These cytokines act through interactions of their cell 
surface receptors, activating a number of intracellular signaling 
pathways, which alter insulin signaling and induce insulin 
resistance in cells. The IKK/NF-κB pathway, activated mainly 
by cytokines such as TNF-α and IL-1β, including saturated 
fatty acids and damage-associated molecular patterns, contri
butes to IR by serine phosphorylation of insulin receptor sub
strate 1(IRS-1), or insulin receptor (IR) with inhibition of 
insulin-induced tyrosine phosphorylation and downstream 
signaling.4

IFN-ɣ could exert its action by interfering with insulin 
signaling and glucose uptake,34 which could lead to insulin 
resistance, considered a pathophysiological mechanism of 
metabolic syndrome. In addition to the fact that increased 
levels of Th1 cytokines have been reported, an upregulation 
of Th2 cytokines (IL-4, IL-5, and IL-13) has also been 
observed in patients with T2DM,7,8 suggesting a bidirectional 
relationship between the two cytokine profiles with either 
a predominant Th1 or Th2 profile according to the metabolic 
state.

In leukocytes, insulin influences glucose uptake and 
metabolism, as well as the regulation of some of their 

immune functions.35 Our data are consistent with previous 
findings that showed increased Th1 cells at the systemic 
level in obese children32 and in morbidly obese adults, 
Th1 cells correlated with the degree of insulin 
resistance.36 In a community-based Multi-Ethnic Study 
of Atherosclerosis (MESA), a high proportion of memory 
CD4+ cells and low proportion of naive CD4+ cells in 
circulating blood were associated with the prevalence of 
T2DM.37 A recent study in adults aged 60–84 years found 
that the peripheral blood T-cell compartment of individuals 
with insulin sensitivity is characterized by a higher per
centage of naive CD4+ and CD8+ T-cell phenotype and 
a decreased percentage of activated and differentiated 
memory CD4+ and CD8+ T cells compared to subjects 
with IR.38 In this context, quiescent T cells do not express 
the insulin receptor on their membrane, so in this state 
they are insensitive to insulin, but once activated, both 
T and B cells express the insulin receptor and increase 
glucose uptake. The activation and metabolic turnover of 
T cells is accompanied by the positive regulation of the 
insulin receptor, which allows a greater proliferation capa
city, cytokine production and survival, and as a result, 
a correct activation of these cells.35,39 Furthermore, 
T lymphocytes from obese individuals with insulin resis
tance stimulated in vitro with supraphysiological insulin 
concentrations showed no increase in AKT phosphoryla
tion or decrease in the Th1/Th2 ratio, nor was there any 
effect on Th cell differentiation as in lymphocytes from 
lean controls, since insulin under normal conditions can 
promote the differentiation of Th cells towards an anti- 

Figure 4 The cells according to the cardiometabolic risk factors (CRFs). Comparison of Th1 and Th2 cells (A) and Th1/Th2 ratio (B) between groups with <3 CRFs and ≥3 
CRFs. Data shown as mean ± SD, p value was calculated by Student’s t-test.
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inflammatory Th2 phenotype. This indicates that lympho
cytes from obese individuals have an altered response to 
insulin.36 Therefore, the Th1 polarization seen in obesity 
and T2DM may be partially caused by insulin resistance.

In cluster 2, the main metabolic alterations are high LDL- 
C, low HDL-C, and a low prevalence of IR (15.4%) with 
a decrease in the Th1/Th2 ratio and a predominance of Th2 
cells. In a study performed in morbidly obese subjects com
pared to lean controls, an increase in CD4+ T cells in periph
eral blood with predominance towards a Th2 and T reg cell 
phenotype was found, suggesting an adaptive shift to anti- 
inflammatory T cells as a way to counteract dysfunction in 
obesity. It should be noted that obese subjects were relatively 
healthy, as they did not have diabetes or elevated TNF-α and 
IL-6 plasma levels,40 as is commonly observed in obese 
individuals or those with metabolic syndrome.41 In particu
lar, TNF-α has been reported to be associated with IR and 
T2DM, since TNF-α inhibits tyrosine kinase activity of the 
insulin receptor.42 Another study showed that Th2 cells in 
adipose and peripheral blood tissue of healthy obese and 
overweight individuals are inversely associated with sys
temic IR, indicating a protective effect.18 Moreover, evidence 
has shown that when T cells from healthy individuals 
undergo in vitro treatment with insulin, it has the potential 
to polarize T cell differentiation toward the Th2 phenotype by 
decreasing the Th1/Th2 ratio,43 while the transfer of Th2 
cells in Rag 1(recombination activation gene 1)-null mice 
with diet-induced obesity reverses weight gain and IR.13 

These data suggest that insulin ameliorates the inflammatory 
state in individuals with IR, and that Th2 cells in addition to 
having an anti-inflammatory effect protect against IR.

The role of other proinflammatory and anti-inflammatory 
T cells in the development of IR and T2DM is known, so 
a limitation of our study is that Th17, Th22, and Treg cells as 
well as their cytokines were not determined, considering an 
imbalance of Th1, Th17, and Treg cells with Th1 and Th17 
cell dominance has been observed in patients with T2DM.24 

Another metabolic disease that usually occurs in people with 
visceral obesity is NAFLD. In visceral fat, it has been found 
that macrophages release IL17 into the circulation, but when 
there is thickening of the carotid intima media, a greater 
secretion of eotaxin by smooth muscle cells induced by 
IL17 is detected, so this cytokine may have a relevant role 
in atherogenesis.44 In obese subjects with or without T2DM, 
Th22 cells and IL22 levels were found to be elevated com
pared to lean subjects, and particularly, Th22 cells were 
positively correlated with HOMA-IR,23 suggesting their 
involvement in obesity-related systemic inflammation, IR, 

and T2DM. As we can observe in cluster 2, the Th1/Th2 
ratio is lower with a predominance of Th2 cells, suggesting 
that Th2 cells counteract Th1 cells seeking a balance of the 
inflammatory state, probably indicating a transition from 
cluster 1 to cluster 2 as IR decreases and the metabolic 
state improves; however, if metabolic alterations remain or 
increase, it may return to cluster 1.

Cluster 3, unlike clusters 1 and 2, is characterized by 
a balance between Th1 and Th2 cells, and consequently, 
a lower Th1/Th2 ratio, which is reflected in low concentrations 
of proinflammatory cytokines, such as IFN-ɣ even if metabolic 
abnormalities are also present in these cells, suggesting a state 
of lower cardiometabolic risk. This could be explained 
because proinflammatory cytokines contribute to the develop
ment of metabolic syndrome and T2DM. In this regard, 
human and animal experimental studies have shown that 
treatment with proinflammatory cytokines induces hypertri
glyceridemia and IR,42,45 whereas in IFN-ɣ-deficient obese 
animals, a significant decrease in mRNA expression of inflam
matory genes in adipose tissue has been reported, thus indicat
ing the role of IFN-ɣ in adipose tissue inflammation and IR.14 

This cluster is in a dynamic balance of Th1 and Th2 cells, 
including their respective pro- and anti-inflammatory cytokine 
levels and lower IR compared to the other clusters, which 
denotes that these individuals may have lower cardiometabolic 
risk.

In this study, the data shows a positive correlation 
between Th1 cells with IFN-γ, IL-12, and IL-1β, and 
between Th2 cells with IFN-γ, IL-2, and IL-4, which is 
consistent with previous studies.46 These findings indicate 
that there is a dominance of Th1 or Th2 cells according to 
insulin resistance and metabolic abnormalities that allowed 
the identification of three clusters with defined characteris
tics, which are probably dynamically interchanging. Both 
Th1 and Th2 cells play an important role in the pro- and anti- 
inflammatory immune response. Th1 cells produce IFN-γ, 
IL-12, and TNF-α, activate macrophages, and promote cell- 
mediated immunity, while IFN-ɣ and IL-12 aid in the polar
ization of naive T cells to Th1 cells.17,47 On the other hand, 
Th2 cells mainly produce IL-4, IL-5, IL-10, and IL-13, which 
suppress Th1 cell activation and contribute to humoral 
immunity; moreover, IL-4 is a key factor in Th2 cell differ
entiation, B cell proliferation, and immunoglobulin class 
switching.47 Very few studies have addressed the role of Th 
cells and their cytokines in metabolic alterations.

The present study also found that subjects with hyper
glycemia and high LDL-C had a higher percentage of Th1 
cells and the Th1/Th2 ratio was higher in individuals with 
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hyperglycemia and hypercholesterolemia, suggesting that 
hyperglycemia and dyslipidemia may alter the CD4+ 
T-cell compartment, and thus promote the proinflamma
tory state. Hyperglycemia may also induce oxidative stress 
due to the overproduction of reactive oxygen species, 
which indicates its role in the development of an inflam
matory response.48 Several molecular mechanisms have 
been implicated as mediators of the hyperglycemia effect: 
increased oxidative stress, activation of protein kinase 
C (PKC) through de novo synthesis of the lipid second 
messenger diacylglycerol, increased flux of the hexosa
mine pathway, activation of the polyol pathway, regulation 
of NADPH oxidase, and the formation of advanced glyca
tion end products (AGEs).49 One study showed, that acute 
hyperglycemia in humans with and without impaired glu
cose tolerance (IGT), induces an increase in circulating 
levels of TNF-α, IL-6, and IL-18, which demonstrates 
a more pronounced effect on IGT. Furthermore, they 
observed that the antioxidant glutathione prevents the 
hyperglycemia-induced increase in plasma cytokines, indi
cating that an oxidative mechanism mediates the effect of 
hyperglycemia.50 There is strong evidence that TNF-α 
release induced by high glucose in vitro can be mediated 
by reactive oxygen species51 and that oxidative stress can 
promote low-grade systemic inflammation in patients with 
diabetes mellitus.52 Hence glucose, oxidative stress and 
inflammation are interrelated.

Few studies have reported the relationship of circulat
ing Th cell phenotypes with metabolic profile, including 
obesity. A correlation analysis of T cell subtypes and 
metabolic indicators in patients with T2DM showed an 
imbalance of Th1, Th17, and Treg cells as a skewed 
proinflammatory phenotype characterized by increased 
Th1 and Th17 cells and decreased Treg cells. In addition, 
Th17 cells correlated negatively with plasma HDL-C 
levels, evidencing the relationship of hyperglycemia and 
dyslipidemia with altered CD4+ T-cell subtypes in patients 
with T2DM.24 A previous study demonstrated that 
advanced glycation products, which are increased in 
patients with diabetes, stimulate cytokine production by 
macrophages.53 Acute exposure of leukocytes to hypergly
cemia results in low expression of lipopolysaccharide 
(LPS)-induced inflammatory genes, such as nuclear factor 
of kappa light chain gene enhancer in B-cells inhibitor 
alpha (NFKBIA), interleukin-1 alpha (IL-1α), and chemo
kine (C-C motif) ligand 3 (CCL3), while exposure to 
hyperinsulinemia increases mRNA levels in most of the 
inflammatory genes measured in the study. The combined 

effect of hyperglycemia and hyperinsulinemia also led to 
increased mRNA levels of IL-1α, interleukin-1 beta (IL- 
1β), and CCL3. This suggests that hyperglycemia and 
hyperinsulinemia influence the expression of several 
inflammatory genes in the opposite direction, where the 
acute effect of hyperinsulinemia may be stronger than that 
of hyperglycemia and the effect of insulin may be relevant 
in the presence of hyperglycemia.54

A relationship between interleukins and lipid metabo
lism has also been demonstrated. Proinflammatory cyto
kines contribute to dyslipidemia because they decrease 
lipoprotein lipase activity and de novo lipogenesis, and 
stimulate lipolysis.45,55 Early studies in humans showed 
that acute inflammatory conditions and increased circulat
ing levels of interleukins lead to hypertriglyceridemia.45 It 
was observed in experimental animal and human studies 
that treatment with TNF-α, increases serum triglyceride 
levels.56,57 Subsequently, another study also showed that 
IL-1, IL-2, IL-6 stimulate hepatic fatty acid and choles
terol synthesis.58 While IL-4 had no effect on hepatic fatty 
acid synthesis, it did inhibit the effects of IL-1 and IL-6 on 
hepatic lipogenesis.59 These findings show that cytokines 
are capable of altering lipid metabolism and may favor an 
increase in serum lipid levels.

In our study, young people with a high cardiometabolic 
profile showed a higher Th1/Th2 ratio than those with 
a lower risk profile, indicating that the presence of meta
bolic abnormalities begins to induce an imbalance of Th1/ 
Th2 cells, probably towards a Th1 dominance; although 
a statistical difference was not observed, this finding could 
be attributed to a lower prevalence of metabolic abnorm
alities in young people, including the median age of 21 
years and only 23% had a high cardiometabolic profile. 
Nonetheless, it has been reported that the persistence of 
metabolic abnormalities at an early age increases both the 
rate of progression of atherosclerosis in young adults60 and 
the risk of premature death in adolescents and young 
adults.26 On the other hand, in people older than 50 
years, a Th1/Th2 cytokine imbalance with 
a predominance of Th1 was reported in ACS-T2DM27 

and in CAD-T2DM,8 whereas a mixed profile of Th1/ 
Th2 cytokines was found in subjects with MetS with 
a mean age of 47 years.7 This shows that the older the 
age and the longer evolution of metabolic alterations, the 
higher cytokine levels, which reflect a more severe proin
flammatory state at the systemic level and a more severe 
proinflammatory state.
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We acknowledge that our study has limitations, such as 
a small sample size that did not allow us to match subjects 
in each cluster. Furthermore, due to the cross-sectional 
nature of our study we were unable to determine the causal 
relationship between the different T-cell clusters and their 
cytokines with cardiometabolic abnormalities. Therefore, 
future studies are needed to validate these findings and 
determine the role of each phenotype per cluster in the 
development of metabolic diseases associated with chronic 
systemic inflammation.

Conclusion
In conclusion, three distinct clusters of subjects were 
identified in a young population. The largest cluster 
showed a balanced Th1/Th2 response with some metabolic 
abnormalities, followed by the group tending toward a Th2 
response and fewer metabolic abnormalities, and the smal
lest group tending toward a Th1 response and the presence 
of hyperglycemia and dyslipidemia. These findings sup
port the hypothesis that chronic low-grade inflammation is 
related to cardiometabolic risk profile at a young age.
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