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ABSTRACT

Abnormal cytokine production by T-helperl (Th1)/T-helper2 (Th2) lymphocytes has been
implicated in the pathogenesis of inflammatory bowel disease (IBD). Few studies have
examined Th1/Th2 cytokine status in pediatric IBD patients, and results have been inconsistent.
We used flow cytometric detection of intracellular IFN-y/IL-4 cytokine production to investigate
CD4+, Thl and Th2 cells in the peripheral blood of children with untreated, newly diagnosed
Crohn’s Disease (CD) (N=23) and matched healthy controls (N=49). Thl cytokine levels were
lower in CD patients compared with Controls (p=0.006) and strongly correlated with levels of
albumin and hematocrit (r=0.51 p=0.007 and r=0.35 p=0.052, respectively). An age-dependent
increase in Th1 cells was observed (p<0.0005), however no correlation was found between age,
clinical end points, %CD4+, or Th2 cell numbers. In conclusion, the Thl cytokine levels in
blood are lower in early onset CD patients than in healthy children and are directly associated
with disease-related clinical parameters. In future studies of pediatric IBD patients, it will be
critical to consider the effect of age and disease progression on cytokine status in intestinal
mucosa and peripheral blood.
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INTRODUCTION

Inflammatory bowel disease (IBD) combines several chronic disorders of the
gastrointestinal tract including Crohn’s disease (CD), ulcerative colitis (UC), and indeterminate
colitis (IC). In recent years, IBD prevalence has been increasing among children and
adolescents, with more than 10% of patients diagnosed before 18 years of age, and 30%
diagnosed before their 21st birthday (1). The etiology of IBD is still largely unknown. Both
genetic and environmental factors are likely involved (2, 3). The role of cytokines in the
gastrointestinal mucosal immune system has been studied extensively (4-8). Cytokines determine
the nature of the immune response in IBD by rapidly synthesizing and secreting inflammatory
mediators such as reactive oxygen metabolites, nitric oxide, platelet-activating factor, and
prostaglandins (9-11).

T helper cells are a sub-group of lymphocytes that activate and direct other immune cells
through release of cytokines. T helper 1 (Th1) cells are characterized by the production of IFN-y,
IL-2, and TNF-B. In contrast, T helper 2 (Th2) cells synthesize IL-4, IL-5, IL-9, and IL-13 (12).
Both genetic factors and environmental stimuli influence the direction of differentiation of Th1
and Th2 subsets from naive CD4+ T lymphocytes during development and maturation of the
immune system (13). Naive CD4+ cells develop into Th1 cells in response to microbial
activation of antigen-presenting cells (APC) under the influence of IL-12. Differentiated Th1
cells secrete IFN-y to fight viruses and other intracellular pathogens, eliminate cancer cells, and
stimulate delayed-type hypersensitivity (DTH) skin reactions (14). Th2 differentiation occurs in
response to environmental allergens through APC under the influence of IL-4. Activated Th2
cells produce IL-4, IL-13, and IL-15 and therefore induce IgE production by B cells, eosinophil

activation and recruitment (15). Furthermore, Th1 and Th2 cells can cross regulate each other

(16).



An imbalance between Thl and Th2 cytokines has been implicated in the pathogenesis of IBD
(17) though data remains controversial. Earlier studies described increased levels of IFN-y
mRNA detected by Northern blot analysis in intestinal mucosal lesions of IBD patients
compared with controls (7, 8, 18-20). Higher levels of IFN-y protein production have also been
observed in intestinal mucosa of CD patients by Enzyme-linked immunosorbent spot (ELISPOT)
analysis (21), while lower amounts of IL-4 messenger RNA and secreted protein are reported to
be expressed in colonic lamina propria lymphocytes (LPLs) of IBD patients than in controls (22).
Lower frequencies of IFN- v and IL-2 producing Thl cells assessed by flow cytometry after
PMI-ionomycin stimulation were found in colonic LPLs of adult patients with CD and UC
compared to controls (15). A Thl-type pattern was also observed in the chronic ileal lesions by
competitive reverse-transcriptase PCR (17). However, the early ileal lesions of patients with CD
were associated with a significant increase of IL-4 mRNA and a decrease of IFN- y mRNA
(compared with the normal mucosa of patients with CD or controls). This finding suggests
divergent cytokine patterns during different clinical stages of CD (17).

Most studies focus on adult patients with long-standing disease undergoing medical
treatments that may influence cytokine profiles. In a previous study of 18 treated children (2-16
yr) with active CD, IFN-y secreting cells were readily detectable in intestinal mucosa from the
patients with CD compared with Controls (8). Decreased numbers of IL-4 secreting cells were
also detected by enzyme-linked immunosorbent assay (ELISA) in another study of 15 treated
children with CD (23). Only one prior study was conducted on newly diagnosed children
without treatment. The median percent of peripheral Th1 cells estimated by flow cytometric
assay for normal subjects was similar to that of UC subjects, but greater than that of CD subjects
(19).

Although Th1/Th2 cytokine balance has been routinely investigated in the pathogenesis

of immunologic diseases, pediatric reference levels of Th1/Th2 are not well established (13).
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Adjustment for age is particularly important, since IFN-y expression and percentage of IFN-y
producing Thl cells increase with age in healthy infants and young children (24-29), as a result
of exposure to environmental immunogens that lead to generation of memory lymphocytes (27).
Age-related changes in intracellular Th1/Th2 status in untreated IBD patients have not been
previously addressed.

We compared intracellular Th1/Th2 cytokine profiles and investigated their ontogenetic

dynamics in treatment-naive pediatric CD patients and healthy control subjects.

MATERIALS AND METHODS

Study Design

The present study is a prospective, case-control study conducted at seven major IBD
programs and pediatric centers in San Francisco and Oakland, CA, Houston, TX, Atlanta, GA,
Philadelphia, PA, Boston, MA, and Chicago, IL, in collaboration with the Holland laboratory at
the University of California, Berkeley (UCB) where sample processing and analyses were
performed. Patients and their parents/legal guardians provided written informed consent as

approved by each of the local Institutional Review Boards.

Study Subjects

Twenty-three CD patients and 49 healthy controls concurrently enrolled in an ongoing
Pediatric Consortium study (30) provided blood samples that were analyzed for intracellular
Th1/Th2 cytokines by flow cytometry. Inclusion criteria required that all subjects were not
taking any anti-inflammatory or other IBD-related medications (e.g., 5-ASAs,
immunomodulators, biologic agents, or corticosteroids) at the time of enrollment and that control
subjects had no preexisting acute or chronic illness. All recruited CD patients were newly

diagnosed based on endoscopic, radiographic, and/or histopathologic criteria (30) and were
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untreated. Control subjects were frequency matched for age, gender and race/ethnicity. Weight
using digital scale and height by stadiometer were routinely measured and used to determine the
Body Mass Index (BMI; weight [kg] divided by height* [m*]). Subjects were categorized into 3
groups: underweight (BMI<18.5), normal weight (18.5<BMI<25), and overweight (BMI>25).
Clinical analyses performed according to standard laboratory procedures in each participating
clinical center included albumin concentration, hematocrit and erythrocyte sedimentation rate
(ESR), part of the Pediatric Crohn’s Disease Activity Index that is used as a measure of disease

severity (31).

Cell collection, activation and culture

The procedure for collection and processing of pediatric samples for cytokine analysis by
flow cytometry was previously described (28). Briefly, blood was collected in heparin-
vacutainers by participating clinicians and shipped overnight to the University of California,
Berkeley, where cytokine analysis was performed. Upon receipt, whole blood (500ul) was
diluted 1:1 with RPMI 1640 in 12 x 75 mm fluorescence-activated cell sorting tubes and
activated with phorbol 12-myristate 13-acetate (PMA; 2.5 ng/mL, Sigma Chemical Co., St.
Louis, MO) and ionomycin (1 pg/mL, Sigma Chemical). The cultures were incubated for 4 hours
at 37°C and 5% CO:z in the presence of brefeldin A (10 ng/mL, Sigma Chemical), a transport
inhibitor that prevents cytokine release from cells. Samples incubated with brefeldin A alone

served as non-stimulated controls.

Fluorescent Labeling and Flow Cytometry
Flow cytometric detection of intracellular Th1 and Th2 cytokines in small samples of
whole blood from children has been carefully validated for use as a biomarker in epidemiological

studies (28). Whole blood (200 pl) was pipetted directly into a 12 x 75 mm fluorescence-
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activated cell sorting tube containing 20 pl of monoclonal antibodies for the T-helper surface
antigen CD4+ (CD4-PerCP, Becton Dickinson, San Diego, CA) and incubated at room
temperature in the dark for 10 minutes. Then, 1% paraformaldehyde (0.5 mL) was added for 8
minutes to stabilize the monoclonal antibody-surface antigen complex. RBCs were lysed using 3
mL of 1 x fluorescence-activated cell sorting lysing solution (Becton Dickinson) for 8 minutes.
After centrifugation at 1,930 rpm for 5 minutes, the supernatant was aspirated and 1 X
permeabilizing solution (500 pl, Becton Dickinson) was added to the pellet and incubated for 10
minutes at room temperature in the dark. After washing with 3 mL buffer (1% bovine serum
albumin, 0.1% NaN3, 1xPBS), cytokine-specific antibodies (20 pl, IFN-y-FITC, IL-4-PE,
Becton Dickinson) were added to the cells and incubated for 30 minutes at room temperature in
the dark. After one final wash, cells were resuspended in 1% paraformaldehyde (500 pl) and
stored at 4°C until flow cytometry analyses. Cells were acquired using a Beckman-Coulter
EPICS XL flow cytometer (Miami, FL), and data were analyzed using CellQuest software.
Percentages of Th1 and Th2 cytokine- producing cells were identified as the number of IFN-y-
positive and IL-4-positive cells present, respectively, in the total population of CD4+ T-helper
cells(Fig.1). A minimum of 5,000 CD4+ cells was counted from each sample. Fluorochrome-
equivalent IgG2 isotype controls (Becton Dickinson) were used to detect nonspecific binding.
Compensation for dual-fluorochrome spectral overlap was made using cells individually stained

with FITC-only and PE-only antibodies.

The two criteria for inclusion of data points were: 1) the lymphocyte population must be
clearly depicted in the scatter plot, 2) the density plot must have a clear separation between the

negative and positive CD4+ population(28).

Statistical Analysis

The distributions of CD4+, Thl, and Th2 for three study populations were examined
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graphically and with summary statistics. Because Th1 and Th2 had right-skewed distributions,
they were log-transformed for all analyses. CD4 values were normally distributed and were not
transformed. We compared the levels of CD4+, Thl, and Th2 among CD patients and Controls
with two-tailed t-test. ANOVA analysis with post hoc tests using Bonferroni adjustment was
used to compare the distribution of CD4+%, Th1%, and Th2% by gender, weight, BMI, and
race. ANOVA was also performed to examine monthly difference of CD4+, Th1, and Th2 levels
among CD patients and Controls. Correlation analysis was performed to evaluate the relationship
between clinical parameters and age, Th1% (log transformed), Th2% (log transformed) and
CD4+%. Additionally, we used multiple linear regression analysis to evaluate associations
between age and cytokine levels (CD4+, log transformed Th1, and log transformed Th2) while
adjusting for patient status (CD patients versus healthy controls). Statistical analyses were

performed using Stata 9.2 for Windows.

RESULTS

Tablel describes the sociodemographic characteristics of the CD patients and Controls
who had Th1/Th2 cytokine analysis performed. Among the 72 subjects, 57% were males, over
80% were Caucasian, and 14% were Hispanic. The mean age of CD patients (12.4+2.4 yr) was
similar to Controls (12.3£3.6 yr). About 33% of the Controls were overweight, while only 12%
of the IBD patients had BMI greater than 25, consistent with the finding that CD is associated
with loss of appetite and weight (32). Chi-square analysis showed that CD patients and Controls

did not differ in any of their demographic measures (Table 1).

Clinical parameters



CD patients had significantly lower levels of serum albumin (3.5+0.5 g/dL vs. 4.2+0.9
g/dL, p=0.016) and hematocrit (34.5+3.4 % vs. 39.6£3.7 %, p=0.0007) compared with Controls.
However, ESR levels did not differ between the two groups, possibly due to the large inter-
individual variability of this measure (29.7+25.4 mm/h in CD patients compared with 23.7+15.3
mm/h in Controls, p=0.56). None of these three clinical markers differed significantly by
gender, BMI, race, ethnicity (Table 2b), or age (Table 2¢). The percentage of Thl cells was
significantly correlated with the levels of albumin (r=.509 p=0.007) and hematocrit (r=0.352
p=0.052) (Table 2c¢), but not with ESR. However, in patients with higher ESR levels, a negative
association with percentage of Thl cells approached significance (p=0.07). Neither percentage

cells Th2 nor CD4+ cells were associated with either of three clinical parameters (Table 2c¢).

Frequency of CD4+, Thl, and Th2 Cells in CD patients and Controls

Distributions of CD4+, Thl, and Th2 cells for CD patients and Controls are presented in
Figure 2. CD patients had lower numbers of Th1 cells (8.4%; 95% CI, 6.8-10.2%, p=0.006) than
Controls Th1 (11.7%; 95% CI, 10.2-13.4%). However, no significant difference between the
two groups was found in the mean percentage of CD4+ (CD patients: 28.6%; 95% CI, 25.1-
32.1%, Controls: 30.1%; 95% CI, 28.2-31.9%; p=0,32) or in the Th2 cytokine levels (CD
patients: 0.6%; 95% CI, 0.4-0.9%, Controls: 0.6%; 95% CI, 0.4-0.8%; p=0.85). As a result, the
Th1/Th2 ratio in patients was more skewed toward Th2 in CD patients(17) than in Controls

(19.5).

Correlation between age and CD4+, Thl, and Th2 in CD patients and Controls
Regression lines were generated for CD4+, Th1, and Th2 cell percentage by age and were
plotted in Figures 3A-3C. Results of the regression are summarized in Table 3. After

controlling for patient status, a one year increase in age was associated with a 6% increase in Thl
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cells (95%CI(3%,0%) p<0.0005). Additionally, after controlling for age, CD patients had on
average 33% lower number of Th1 cells than healthy Controls (95%CI(-55%,-12%) p=0.003).
No association was observed between age and CD4+ or Th2 cells in either CD patients or
Controls (CD4+ in Controls, p=0.49; CD4+ in patients, p=0.81; Fig. 3A; Th2 in Controls,
p=0.18; Th2 in patients, p=0.62; Fig. 3C), although the regression line for Th2 percent showed a

downward trend (p=0.12) over age in both CD patients and Controls (Figure 3C).

Potential confounders that may affect the intracellular Th1/Th2 cytokine levels

In addition to age, other factors such as such as gender, race or BMI may also affect
cytokine levels in children. Distributions of CD4+, Th1, and Th2 cells by potential confounders
are shown in Table 4. No differences between CD patients and Controls were found for levels of
CD4+, Thl, and Th2 cell populations by gender or race. Although an increasing trend for
percentage of Thl cells in CD patients was observed with higher BMI levels, no differences were
found among the three BMI categories. Therefore, no adjustments for these factors were made
when studying the association between cytokine levels and age. No differences were observed
for either CD patients or Controls when ANOV A analysis was performed to compare the status

of CD4+, Thl, and Th2 cell populations at different collection months (data not shown).

DISCUSSION

Our data for CD4+, Thl, and Th2 cell frequency analyzed in peripheral blood by flow
cytometry, reveals lower numbers of Th1 cells in the peripheral blood of treatment-naive
children with CD compared with matched healthy Controls. In contrast, the levels of CD4+ and
Th2 cells did not differ between CD patients and Controls. A number of studies have examined
the expression of T cell cytokines in intestinal mucosa and found increased levels of IFN-y
mRNA and frequencies of IFN-y producing T cells in adult patients with IBD compared with
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controls (7, 8, 33). However, the only available study of young children with newly diagnosed
untreated IBD, which used flow cytometric assay of blood lymphocytes as in our study, also
found the median Th1% in CD patients (N=14) was lower than in healthy subjects (N=9). Thus,
the results in newly diagnosed pediatric CD patients are discordant with other studies of cytokine
changes associated with IBD. Several factors, including age of patients at diagnosis, stage of
disease progression, prior medication or environmental exposures (especially over time in older
patients), tissue type and methods of cytokine analysis, can potentially contribute to the
difference in results. First, most previous studies involved older patients with long-standing
disease or patients undergoing various therapeutic interventions; therefore the patterns of
cytokine expression could be influenced by these factors. Second, as serum cytokine bioassays
detect the cytokines from both lymphocytes and macrophages; the source of elevated Thl
cytokines can not be specified (7, 8). Using flow cytometric analysis of intracellular cytokines,
Van Damme et al. have examined different subtypes of colonic lamina propia lymphocytes from
IBD patients and found no difference in the frequencies of IFN-y producing CD3+CD8+ cells
between Controls and patients (18). In contrast, significant lower percentages of IFN-y producing
CD3+CD8- cells were observed in patients compared with controls. Third, the circulating and
intestinal cytokine levels may be different and further affected by the progression of IBD
disease, although a correlation between lamina propia CD4+ T cells and peripheral blood CD4+
T cells was previously reported (34). Further, it is possible that cytokine profiles could be
different at new-onset and remission cases (19).

The association between age and cytokine levels has been studied in infancy and early
childhood (24-27), however none of the studies looked at the ontogeny of cytokine levels in IBD
patients. In the present research, we showed that CD4+ cell frequency remained constant in
Controls and patients over age, while the percentage of Thl cells increased linearly with age in

both healthy Controls and patients. This data corroborates reported associations between age and
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Thl cell frequencies (24-26) or Thl protein levels (27) in healthy children. In addition, after
adjusting for age, Th1 cell frequency was significantly lower in patients compared to Controls.
The multiple regression analysis of Th2 data in both CD patients and Controls revealed a slight
downward trend over age, although it was not statistically significant.

One limitation of this study is its relatively small sample size, as illustrated by the p=0.1
for the group comparison of BMI, despite a noticeable difference between CD patients and
Controls. However, this is the largest dataset available for newly diagnosed pediatric CD
patients and matched Controls. Additionally, we should remain cautious when interpretting the
physiological implications of the Th1/Th2 imbalance in CD patients because the in vitro
expression of cytokines after PMA and ionomycin stimulation may not directly reflect the in vivo
changes of these cytokines during disease progression in intestinal mucosa and peripheral blood.
Nevertheless, predictive value of Thl cytokine levels in newly diagnosed CD patients is
enhanced by statistically significant correlations with disease-related clinical results such as
lower albumin and hematocrit.

Our study shows a decrease in IFN-y producing CD4+ cells in peripheral blood of the
treatment-naive pediatric CD patients compared with Controls. We observed increases in
percentage of IFN-y positive CD4+ with age in both healthy children and CD patients. In future
studies, it will be interesting to explore the pattern of other cytokines including IL-17, which is
upregulated in adults with active IBD (35-38), and to compare intracellular cytokines with
mRNA expression and secreted proteins in intestinal mucosa and peripheral blood of newly

diagnosed and treated pediatric IBD patients.
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Figure Legends

Figure 1. Flow cytometric detection of intracellular [IFN-y production by T-helper cells. Whole
blood stimulated with PMA/ionomycin was stained with cytokine-specific antibodies (IFN-y-
FITC for T-helper-1 cells and IL-4-PE for T-helper-2 cells). (A) In this scatter plot of all cells, a
circular gate was placed around the live lymphocyte population, based on size (FS, forward
scatter) and granularity (SS, side scatter). Of total lymphocytes, only the CD4+ T-helper cells
were selected (right peak, B). These T-helper cells were examined for Th1/Th2 cytokine
production (C), with cells that stained positive for IFN-y only (lower right quadrant) classified as
Thl cells and those that stained positive for IL-4 only (upper left quadrant) classified as Th2
cells.

Figure 2. Percentage of CD4+, Thl, and Th2 cells among CD patients and Controls.
Comparison of CD4%, Th1%, and Th2% between CD patients and Controls. Th1% is
significantly lower in CD patients than in healthy children (p=0.006). CD4% and Th2% showed
no significant difference between CD patients and Controls.

Figure 3. Association of CD4+ (A), Thl (B), and Th2 (C) cell percentage with age for CD
patients and Controls.

The relationship between age and percent of CD4+ (A), Thl (B), and Th2 (C) cells in CD
patients (dashed lines and triangles) and healthy Controls (solid lines and dots). Th1% was
significantly associated with age (years) in Controls and CD patients (p<0.0005) after adjusting
for patient status in multiple linear regression analysis. The regression lines for Th2 in CD
patients and Controls overlap indicating no statistically significant differences between the two

groups. No statistically significant association was observed between age and CD4 or Th2.
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Table 1. Characteristics of study population by gender, race, ethnicity, age, and BMI.

Characteristics Total Control N (%) Patient N (%) p-Value
Gender

Male 41 27 (55.1) 14 (60.9)

Female 31 22 (44.9) 9(39.1) 0.65
Race

Black/AA 7 4(8.2) 3(13.0)

White 59 40 (81.6) 19 (82.7)

Others” 6 5(10.2) 1(4.3) 0.60
Ethnicity

Hispanic 10 8 (16.3) 2 (8.7)

Non Hispanic 62 41 (83.7) 21 (91.3) 0.38
Age

6-10 22 16 (32.7) 6 (26.1)

10-15 35 20 (40.8) 15 (65.2)

15-17 15 13 (26.5) 2(8.7) 0.10
BMI

12-18.5 26 14 (28.6) 12 (52.2)

18.5-25 26 19 (38.8) 7 (30.4)

25-42.3 26 16 (32.6) 4 (17.4) 0.13

* Others includes 1~2 individuals who self-identified as Asian, Native American, White and Native American Mixed
race, White and Pacific Island Mixed race, or refused to define their race.



Table 2a. Comparison of albumin, hematocrit and ESR levels in CD patients and Controls.

Albumin, g/DlI Hematocrit, % ESR, mm/h
Mean (xSD) Mean (xSD) Mean (xSD)
Healthy controls
N=10** 4.2 39.6 23.7
(0.9) (3.7) (15.3)
CD patients
N=21 3.5 34.5 29.7
(0.5) (3.4) (25.4)
p-Value 0.016 0.0007 0.56

** Not all subjects had clinical data available.



Table 2b. Levels of albumin, hematocrit and ESR by gender, BMI, race, and ethnicity in
CD patients and Controls.

Albumin, g/DlI Hematocrit, % ESR, mm/h
Mean (£SD) Mean (xSD) Mean (£SD)
Gender
Male 3.7(0.7) 37.2(4.3) 28.7 (24.8)
Female 3.7(0.8) 34.5(3.6) 27.3(21.4)
p=0.88 p=0.08 p=0.88
BMI
12-18.5 3.7(0.8) 35.0 (3.7) 30.0 (25.7)
18.5-25 3.7(0.7) 38.2(4.5) 21.3 (20.6)
25-42.3 3.8(0.8) 35.2 (3.8) 34.2 (20.2)
p=0.96 p=0.13 p=0.58
Race
Black/AA 3.4 (0.4) 33.7(3.1) 47.3 (36.0)
White 3.8(0.8) 36.5 (4.3) 23.5 (19.6)
p=0.39 p=0.09 p=0.18
Ethnicity
Hispanic 3.8 (0.95) 38.3 (6.5) 21.7 (19.4)
Non Hispanic 3.7(0.7) 35.8 (3.8) 29.0 (23.6)

p=0.80 p=0.28 p=0.61




Table 2c. Correlations between clinical end points, cytokine levels, and age.

Albumin Hematocrit ESR

r p-value r p-value r p-value

Cbh4 0.100 0619 0.005 0980 -0.089 0.665
Thi' 0509  0.007 0.352 0.052 -0.227 0.266
Th2' -0.012 0953 0307 0.094 0.002 0.992

Age -0.083 0.679 0.124 .508 0.250 0.218

" Log-transformed to obtain normal distribution of percent cytokines.
" Correlation coefficients



Table 3. Regression results for effects of age and patient status on Thl, Th2 and CD4 levels.

Beta coefficient (95%CI) p-value
CD4
Age 0.12 (-0.39,0.63) 0.641
CD Patients -1.44 (-5.01,2.12) 0.422
Healthy Controls® — —
Thi'
Age 0.06(0.03,0.09) <0.0005
CD Patients -0.33(-0.55,-0.12) 0.003
Healthy Controls® — —
Th2'
Age -0.06(-0.13,0.02) 0.123

CD Patients 0.01(-0.51,0.53) 0.975
Healthy Controls® —

" Log-transformed to obtain normal distribution of percent cytokines.
S Reference group.




Table 4. Percent of CD4, Thl, and Th2 by gender, race, ethnicity, and BMI.

%CD4 %Th1t %Th2 t
Mean (£ SD) Geometric mean (+ SD)  Geometric mean (+ SD)
Control Patients Control Patients Control Patients
Gender
Male 28.7 (7.1) 28.7 (5.8) 10.5 (1.6) 8.3 (1.6) 0.7 (3.3) 0.7 (2.4)
Female 31.7 (5.4) 28.5 (11.2) 13.4(1.6) 8.4 (1.8) 0.5(2.4) 0.5 (3.6)
p=0.14 p=0.90 p=0.09 p=0.83 p=0.21 p=0.53
Race
Black/AA 29.6 (4.6) 24.1 (8.4) 149 (1.4) 9.5(1.7) 0.6 (1.8) 0.6 (1.2)
White 29.6 (6.6) 28.4 (7.4) 11.5(1.6) 8.6 (1.6) 0.6 (3.2) 0.6 (1.6)
Others 34.7 (6.1) 46.1 11.2 (1.7) 34 0.8 (1.6) 0.3
p=0.28 p=0.07 p=0.44 p=0.12 p=0.85 p=0.80
Ethnicity
Hispanic 30.9 (8.6) 31.5(10.8) 13.9 (1.9) 8.4 (1.8) 0.7 (1.8) 0.3(5.8)
Non Hispanic 29.9 (6.1) 28.3 (8.1) 11.3(1.6) 8.4 (1.7) 0.6 (3.2) 0.6 (2.6)
p=0.65 p=0.57 p=0.31 p=0.91 p=0.58 p=0.30
BMI
12-18.5 30.0 (6.9) 30.2 (8.9) 10.2(1.4) 7.4 (1.8) 0.7 (4.2) 0.6 (3.0)
18.5-25 29.2 (6.9) 27.3 (7.4) 125 (1.7) 8.9 (1.6) 0.6 (2.5) 0.7 (2.3)
25-42.3 31.1(5.7) 26.2(7.5) 12.2 (1.6) 109(14) 05(2.5) 0.6 (2.1)
p=0.44 p=0.71 p=0.74 p=0.06 p=0.12 p=0.77

t Log-transformed to obtain normal distribution of percent cytokines.
* Category “Others” includes 1~2 individuals of each group who self-identified as Asian, Native American, White and
Native American Mixed race, White and Pacific Islander Mixed race, or refused to define their race.
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