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Abstract: The role played by recently discovered novel cytokine 1L.-33 in controlling T-helper (Th)1 and Th2 cytokines
under conditions of diabetic nephropathy (DN) is less well studied. In the present study, we estimated the levels of
IL-33 along with both Th1 and Th2 cytokines in the serum of normal glucose tolerant (NGT), diabetic subjects with
(DN) or without nephropathy (DM) and correlated it with the clinical risk factors of diabetes and nephropathy. 222
study subjects were recruited from the Chennai Urban Rural Epidemiology Study (CURES): 61 NGT, 79 DM and 82
DN. IL-33 level was estimated by ELISA while other Th1 (IL-12, IFN-gamma and IL-2) and Th2 (IL-4, IL-5 and IL-13)
cytokines were measured using a Bio-plex bead assay. DM subjects showed a mixed Th1-Th2 profile (increased
IFN-g, IL-12, IL-4 and IL.-13 and decreased IL-33) while DN subjects showed enhanced Th1 profile (increased IFN-g,
I-2 and IL-12) with suppression of Th2 cytokine (decreased IL-33 and IL-13). The IL-33 levels showed a serial de-
cline with increasing severity of insulin resistance and microalbuminuria. DN was associated with enhanced Th1
response and suppression of Th2 responses which might be due to inreased levels of IL-12 and decreased levels

of IL.-33 cytokines respectively.
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Introduction

Type-2 diabetic nephropathy (DN) is the most
common cause of end-stage renal disease
among patients undergoing renal dialysis [1].
Apart from the traditional metabolic and hemo-
dynamic risk factors, chronic inflammation is
increasingly being recognized as a major risk
factor for DN [2, 3]. Macrophages have long
been recognized as key players in insulin resis-
tance (IR) [4] and vascular (both micro and
macro) complications in diabetes [5]. Recently,
T cells are increasingly being recognized as key
players in macrophage recruitment and activa-
tion, there by setting in the stage for chronic
inflammation [6]. Thl, Th2, Th17, Treg, and
cytotoxic T cells have been implicated in the
development and progression of DN [6].

The role played by pro-inflammatory cytokines
such as TNF-alpha, IL-6 and IL-1beta in DN has
been well studied [7]. However, the role played
by Thl and Th2 cytokines in DN is less well
explored. From recent animal studies it appears
that, while Th1 cytokines promote IR, Th2 cyto-
kines ameliorate it [8]. Whether the same cyto-
Kines are involved in kidney damage as seen in
DN is not known. However, increased infiltration
of activated T cells and aberrant expression of T
cell cytokines in diabetic kidney have been
reported [9]. While IL-12 has been identified as
a master regulator of Thl differentiation, the
corresponding master regulator of Th2 differen-
tiation had proved to be elusive. Recently IL.-33
has emerged as the master regulator of Th2 dif-
ferentiation [10] and few animal studies have
implicated its involvement in obesity [11], insu-
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lin resistance [12] and kidney disease [13]. In
the present study, our objective was to esti-
mate the levels of the newly discovered IL-33
along with both Th1l and Th2 cytokines in sub-
jects with DN and to correlate it with clinical
risk factors associated with DM (IR and glycat-
ed haemoglobin (HbA1c)) and DN (Urea, creati-
nine, GFR and microalbuminuria).

Methods
Study population

All the participants were recruited from the
Chennai Urban Rural Epidemiology Study
(CURES), an ongoing large epidemiological
study conducted on a representative popula-
tion of Chennai (formerly Madras). The method-
ology of the study has been published else-
where [14]. Briefly, in Phase-1 of the urban
component, 26,001 individuals were recruited
based on a systematic random sampling tech-
nique. Fasting plasma glucose (FPG) was deter-
mined using the One Touch Basic glucometer
(Lifescan, Johnson & Johnson, Milpitas, CA) in
all subjects. In Phase-2, detailed studies of dia-
betic complications, including nephropathy and
retinopathy were performed, and in Phase-3,
every 10th individual in Phase 1 was invited to
participate in more detailed studies. The study
subjects of this study were recruited from
Phase-2 and -3.

Inclusion and exclusion criteria

The inclusion criteria were patients within the
normal range of white blood cell to minimize the
confounding effect of infection. The exclusion
criteria were patients with type-1 diabetes and
patients with a previous diagnosis of urolithia-
sis, liver cirrhosis, congestive heart failure,
chronic lung diseases, chronic infections and
viral hepatitis. Institutional ethical committee
approval from the Madras Diabetes Research
Foundation Ethics Committee was obtained
(MDRF-EC/S0OC/2009/05) and written infor-
med consent was obtained from all the study
participants. The study was conducted as per
the declaration of Helsinki. Classification of
NGT (99 or below dg/dL) and DM (126 or above
dg/dL) were based on FPG.

Control groups
This study is a twin study which was conducted

as part of Th1-Th2 cytokine serum cytokine pro-
filing in subjects with diabetic complications.
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The NGT and DM groups without complications
have already been reported as control groups
in one of our recent publications on diabetic-
Coronary artery disease (DM-CAD) [15]. The
IL-33 levels in NGT and DM have not been
reported previously.

Anthropometric and biochemical parameters

Anthropometric measurements including hei-
ght, weight and waist circumference were
obtained using standardized techniques. The
body mass index (BMI) was calculated as the
weight in kilograms divided by the square of
height in meters. FPG (glucose oxidase-peroxi-
dase method), serum cholesterol (cholesterol
oxidase-peroxidase-amidopyrine method), se-
rum triglycerides (glycerol phosphate oxidase-
peroxidase-amidopyrine method), high density
lipoprotein cholesterol (HDL-C) (direct method-
polyethylene glycol-pretreated enzymes), urea
and creatinine (Jaffe’s method) were measured
using a Hitachi-912 Autoanalyser (Hitachi,
Mannheim, Germany). Glycated hemoglobin
(HbA1c) was estimated by high pressure liquid
chromatography using a variant machine (Bio-
Rad, Hercules, CA). The intra- and inter assay
coefficient of variation for the biochemical
assays ranged between 3.1% and 5.6%.

Diagnosis of diabetic nephropathy

Albumin concentration was measured in a fast-
ing urine sample using an immunoturbidomet-
ric assay (Hitachi 902 autoanalyser; Roche
Diagnostics) as described earlier [16]. Subjects
were classified as normoalbuminuric (<29 ug),
microalbuminuric (30-229 ug) or albuminuric/
overt nephropathy (=300 pg) based on albumin
excretion per mg of creatinine. As per these cri-
teria, 68 of the 82 DN subjects were microalbu-
minuric while the remaining 14 were albumin-
uric. The mean inter- and intra-assay coe-
fficients of variation were 3.5% and 4.2%,
respectively as determined in our laboratory.
Data on serum creatinine, age, sex, and race
were then used to calculate the estimated glo-
merular filtration rate (eGFR) using the Chronic
Kidney Disease Epidemiology Collaboration
(CKD-EPI) equation [17].

Estimation of serum cytokine level

The levels of Thl and Th2 cytokines (IL-2, IL-12,
IFN-y, IL-4, IL-5, and IL-13) in the serum were
measured using a Bio-Plex multiplex cytokine
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Table 1. Clinical and biochemical characteristics of the study subjects

Clinical Parameters NGT (n =61) DM (n=79) DN (n =82) P Value
Age (Year) 46.2+16 54.7+13.4 56.3+10.9 0.001
Gender (F/M) 30/31 30/49 36/46 NS
BMI (kg/m?) 22.9+5.0 25.2+4.2 27.4+5.6 <0.001
Systolic BP (mm Hg) 118.9+20.7 126.7+18.2 137.4+14.4 <0.001
Diastolic BP (mm Hg) 72.6+11.3 78.5+10 83.3819.4 <0.001
FPG (mg/dL) 84.5+8.8 158.7+67.1 166+59.4 <0.001
Hb1Ac levels (%) 5.3+0.4 8.3+2.0 9.55+17.6 <0.001
Cholesterol (mg/dL) 178.5+53.1 177.6+45.0 164.4+38 0.138
Triglyceride (mg/dL) 108.1+50.8 164.6+92.5 174.4+107.1 <0.001
HDL (mg/dL) 42.9+7.9 40.1+8.5 39.3217.6 0.041
LDL (mg/dL) 114.1+51.5 103.2+39.9 88.94+31.2 0.001
VLDL (mg/dL) 21.4+10.1 31.3+13.3 33.90+20.3 <0.001
Urea (mg/dL) 20.615.1 23.519.5 26.82+11.7 0.003
Creatinine (mg/dL) 0.76+0.10 0.88+0.24 0.92+0.29 0.011
Malb (mg/dL) 17.2+47.5 19.6+£20.6 107.1+73.5 <0.001
GFR 96.99+18.9 93.06+23.1 78.06+21.5 0.002
Treatment Nil OHD Statins, OHD and Insulin

BMI-Body mass index, BP-blood pressure, FPG-fasting plasma glucose, Hb1Ac-glycated haemoglobin, HDL-high-density lipo-
protein, LDL-low-density lipoprotein, VLDL-very low-density lipoprotein, Malb-Micoalbuminaria, GFR-glomerular filtration rate,

OHD-Oral hypoglycaemic drugs and NS-Non significant.

bead assay system (Bio-Rad). The lower detec-
tion limits were 16 pg/mL for IL-2, 0.3 pg/mL
for IL-4, 2.08 pg/mL for IL-5, 2.78 pg/mL for
IL-12, 2.22 pg/mL for IL-13, 2.14 pg/mL for IFN-
y. IL-33 levels were estimated by ELISA as per
the instructions of the kit (eBiosciences). The
lower detection limit was 2 pg/mL. The intra-
and inter-assay coefficients of variation for mul-
tiplex assay were less than 5% as determined
in our lab.

Sample size calculation

It is a cross-sectional observational study.
Initially, 20 NGT, 20 DM and 20 DN subjects
were used for analysis. On the basis of the pre-
liminary results, with a confidence interval of
95%, an estimated P value <0.05, and a power
of 80%, the present sample size of 50 per
group was calculated. However, we included
few more samples in each group to account for
the wide variation generally seen among serum
biomarkers (based on our previous experience)
and derived the present sample size which
includes 61 NGT, 79 DM and 82 DN.

Statistical analyses

Student t-test was used to compare groups for
continuous variables which followed normal
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distribution, whereas x? test or Fisher exact test
(as appropriate) was used to compare propor-
tions. Kruskal-Wallis test was used for multiple
parameters that did not show normal distribu-
tion. Spearman’s correlation analysis was car-
ried out to determine the association of clinical
paramaters with the cytokines. Multivariate
logistic regression analysis was used to deter-
mine the association of cytokines with the
study groups. Multiple comparisons were cor-
rected using the Holm’s correction for each set
of analysis. All the analyses were done using
SPSS statistical package (Version 20.0; SPSS,
Chicago, IL) and p value less than 0.05 was
considered significant.

Results
Patient characteristics

Table 1 shows the clinical and biochemical
characteristics of the study subjects. Age was
significantly higher in DN groups compared to
NGT and DM (P = 0.001). BMI showed a linear
increase from NGT to DN group (P < 0.001).
Subjects with DN had higher blood pressure
(both systolic and diastolic) compared to NGT
and DM groups (P < 0.001). The FPG and HbAlc
values were significantly higher in the DM and
DN groups (P < 0.001). DN subjects had signifi-
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Figure 1. T-helper 1 serum cytokine levels in NGT, DM and DN subjects: (A) Interleukin (IL)-12, (B) Interferon-g (IFN-g)
and (C) IL-2. The geometric mean is represented by the horizontal bars. P values were calculated by Kruskal-Wallis
one-way analysis of variance. P < 0.05 was considered significant.

cantly lower levels of HDL (P = 0.041), LDL (P =
0.001) and higher levels of VLDL (P < 0.001)
and triglycerides (P < 0.001), while the choles-
terol levels were not significantly different
between the groups. DN subjects also had sig-
nificantly elevated levels of urea (P = 0.003),
creatinine (P = 0.011), microalbuminuria (P <
0.001) and GFR (P = 0.002). Based on GFR val-
ues and as per the renal association criteria,
54 (66%) were in stage 1 (GFR > 90), 19 (23%)
in stage 2 (GFR = 60-89), 8 (10%) in stage 3
(GFR = 30-59) and 1 (1%) in stage 4 (GFR
15-29) of CKD. None were in stage 5 (GFR
15).

IAN

Serum cytokine profile

To determine the serum Th1l cytokine profile,
the levels of IL-2, IL-12 and IFN-gamma were
estimated in the study groups (Figure 1). As
shown in Figure 1, the Th1 cytokine IFN-gamma
levels were found to be increased in DM and
stayed higher in DN (GM (Range): NGT-7.3
(0.56-90) pg/ml vs. DM-297 (0.57-9495) Vs
DN-108.9 (1.12-5013) pg/ml; P = 0.0011). The
IL-12 levels showed a liner increase from NGT
to DM to DN (GM (Range): NGT-2.1 (0.23-10.7)
pg/mlvs. DM-2.8 (0.26-224) pg/ml vs. DN-2.9
(0.24-58) pg/ml; P < 0.05). The IL-2 levels were
significantly elevated in DN compared to DM
and NGT (GM (Range): NGT-2.3 (0.37-7.7) pg/ml
Vs DM-2.1 (0.21-28.1) pg/ml vs. DN-3.7 (0.51-
150); P < 0.05). Similarly, to determine the
serum Th2 cytokine profile the levels of IL-33,
IL-4, IL-5 and IL-13 were estimated in the study
groups (Figure 2). As can be seen in Figure 2,
the IL-33 levels showed a linear decline from
NGT to DM to DN (GM (Range): NGT-348.0
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(318.2-380.6) pg/ml vs. DM-118.6 (72.6-
193.7) pg/ml vs. DN-45.98 (27.98-75.56); P <
0.05). The IL-4 levels were significantly elevated
in DM but not in DN groups compared to NGT
(GM (Range): NGT-0.12 (0.01-0.52) pg/ml vs.
DM-0.24 (0.06-95) pg/ml vs. DN-0.12 (0.01-
9.8); P < 0.05). IL-13 levels were found to be
significantly increased in DM and decreased in
DN representing Th2 suppression (GM) (Range):
NGT-2.1 (0.60-6.24) pg/ml Vs DM-17.52(0.40-
747.4) pg/mlvs. DN 3.36 (0.28-130.4) pg/ml; P
< 0.001). IL-5 levels were not significantly
altered among the groups. The Th1-Th2 cyto-
kine profile (except for IL-33) in NGT and DM
has recently been reported in our twin publica-
tion on DM-CAD [15].

Correlation analysis

Table S1 shows Spearman’s correlation be-
tween the mean cytokine levels and the bio-
chemical parameters of the study subjects. Age
did not show significant correlation with any of
the cytokines. BMI (r = -.151; P = 0.036), sys-
tolic (r =-.161; P = 0.025) and diastolic BP (r =
-0.158; P = 0.028) showed significant correla-
tion with IL-33. FPG showed positive correlation
with IL-2 (r = 0.15, P=0.032), IL-12 (r = 0.12, P
=0.011), IFN-gamma (r = 0.17; P = 0.013), IL-4
(r=0.16, P = 0.021) and IL-5 (r = 0.17; P =
0.010) and negative correlation with IL-33 (r =
-0.284; P < 0.001). Cholesterol showed nega-
tive correlation with IFN-gamma (r = -0.16, P =
0.019), IL-5 (r = -0.15, P = 0.025) and positive
correlation with IL-13 (r = 0.17, P = 0.011).
While triglyceride showed negative correlation
(r=-0.216; P=0.003), HDL levels (r = .147; P =
043) showed positive correlation with 1L-33.
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Figure 2. T-helper 2 serum cytokine levels in NGT, DM and DN subjects: (A)
interleukin (IL)-33, (B) IL-4, (C) IL-5 and (D) IL-13. The geometric mean is
represented by the horizontal bars. P values were calculated by Kruskal-
Wallis one-way analysis of variance. P < 0.05 was considered significant.

LDL showed negative correlation with IL-2 (r =
-0.144, P =0.041), IFN-gamma (r = -0.160, P =
0.019)and IL-4 (r =-0.164, P = 0.016) and pos-
itive correlation with IL-33 (r=0.153; P=0.036)
and IL-13 (r=0.170, P =0.013). VLDL showed a
negative correlation only with IL-33 (r =-.189; P
= 0.012) and positive correlation with IL-13 (r =
0.187, P = 0.008). Glycated hemoglobin sho-
wed a positive correlation with IL-12 (r = 0.15,
P = 0.023), IFN-gamma (r = 0.19; P = 0.006),
IL-4 (r=0.18, P=0.007) and IL-5 (r = 0.14; P =
0.045) and negative correlation with IL-33 (r =
-0.32; P < 0.001). While urea showed a nega-
tive correlation with IL-13 (r =-0.18, P = 0.008),
creatinine showed a positive correlation with
IL-2 (r = 0.19, P = 0.007) and negative corre-
lation with IL-13 (r = -0.29, P < 0.001). Mi-
croalbuminuria showed positive correlation
with IL-13 (r = -0.26; P < 0.001) and negative
correlation with IL-33 (r = -.308; P < 0.001).
GFR showed a negative correlation with I1L-13
(r=-0.15; P = 0.031).

Multivariable logistic regression analyses
Table S2 shows the results of multivariate logis-

tic regression analysis with disease phenotype
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& 1.030; P = 0.001) showed a
positive association while [L-33
(OR = 0.997; 95% Cl = 0.994-
0.998; P = 024), IL-4 (OR =
0.199; 95% Cl = 0.045-0.88; P
=0.034) and IL-13 (OR = 0.427;
95% ClI = 0.300-0.609; P =
0.001) showed a negative association with DN.
The associations remained significant even
after adjusting for FPG and HbAlc.

Discussion

DN is characterized by chronic, low grade non-
specific inflammation, which has long been
associated with sterile innate immune respons-
es mediated by pro-inflammatory cytokines
(TNF-alpha, IL-6 and IL-1beta) [18]. However,
recent identification of T cells in the diabetic
kidney had induced renewed interest in study-
ing T cell cytokines in this disease condition
[19]. While IL-12 serves as the master control-
ler of Thl differentiation, IL-33 has recently
been identified as a master controller of Th2
differentiation. However compared to IL-12 the
role played by IL-33 in DN is not known. As a
first step towards this goal we evaluated the
serum Th1-Th2 cytokine levels along with IL-33
levels in NGT, DM and DN subjects. The salient
findings of the study are: 1) DM subjects
showed a mixed Th1-Th2 phenotype with signifi-
cantly elevated levels of IFN-gamma, IL-12, IL-4
and IL-13 and decreased levels of 1.-33, 2) DN
subjects showed a clear enhanced Thl pheno-
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type with significantly elevated levels of IFN-
gamma, IL-12 and IL-2 and suppressed levels of
Th2 cytokine (IL-33 and IL-13) and 3) While
most Thl cytokines (IFN-gamma and IL-2)
served as significant risk factors against DN,
most Th2 cytokines (IL-4, 1L-13 and IL-33)
showed significant protection again DN (as
determined by regression analysis).

The DM group showed a mixed Th1-Th2 profile
with increased levels of IFN-gamma, IL-12, IL-4
and IL-13 and reduced levels of IL-33. Previously,
we have reported the same immune phenotype
in subjects with metabolic syndrome, a major
risk factor for diabetes (if not already present)
[20]. However the IL-33 levels were not report-
ed in that study [20]. IFN-gamma had been
implicated not only in obesity but also with
worsening of insulin resistance [21]. Animal
studies have reported early infiltration of CD4+
and CD8+ T cells with a Th1 phenotype into the
visceral adipose tissue in diet-induced obese
(DIO) mice [22]. Further, immune mediated
depletion of Thl cells in DIO mice showed
increased glucose tolerance and insulin sensi-
tivity [23]. IL-12 was found to be elevated in
obese subjects with insulin resistance [24] and
also in diabetic subjects with cardiovascular
complications [25]. Our study is well in agree-
ment with these reports with increased levels
of both IL-12 and IFN-gamma in the DM group.
Along with Th1 cytokines, a significant up-regu-
lation of Th2 cytokines IL-4 and IL-13 was seen
in the DM group. However IL-33 which has
recently been identified as a master regulator
of Th2 differentiation was downregulated in DM
subjects. The role played by Th2 cytokines in IR
is still an enigma. Moreover, data available on
the Th2 serum cytokines in DM are scant. In a
recent study, decreased serum levels of IL-13 in
T2DM subjects was reported and was implicat-
ed in impaired glucose uptake and metabolism
[26]. Chang et al., have demonstrated the role
played by IL-4 in improving insulin sensitivity
and glucose tolerance in DIO mice [27].
Recently IL-33 was found to be negatively asso-
ciated with BMI and serum lipid parameters in
non diabetic subjects [12]. Thus with the cur-
rent findings and in the light of available litera-
ture, the increased levels of Th2 cytokines in
DM implicate a counter measure to inhibit Thl
immunity and there by IR (with IL-33 being an
exception).

The DN group showed a clear Thl profile (with
significantly elevated levels of IFN-gamma,
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IL-12 and IL-2) with concomitant Th2 suppres-
sion (with significant lower levels of Th2 cyto-
kine IL-33, IL-4 and IL-13). Apart from IL-13, a
small but statistically non-significant decrease
in the IL-4 levels was also seen in the DN group
compared to DM. Thus, when diabetic subjects
develop nephropathy, the systemic inflamma-
tion becomes more Th1 like from a mixed Th1-
Th2 profile. Diabetic nephropathy is the patho-
logical outcome of end stage renal failure
because of changed hemodynamics, hypertro-
phy of glomerular structures, thickening of the
basement membrane, oxidative stress and
inflammatory cytokines [28]. Diabetic kidney
was found to promote pro-inflammatory actions
and was implicated in T cell recruitment and
activation [29]. Activated T cells are thought to
be part of an immune-mediated attack associ-
ated with the development of proteinuria in dia-
betic nephropathy [30]. Our results are in
agreement with the report of Wu et al., [24]
which demonstrates significant Th1 profile at
the serum cytokine levels in DN subjects.
However, while they found no difference in
serum Th2 cytokines we found a strong down-
modulation of these cytokine in DN subjects.
Arababadi et al., has previously reported
increased serum levels of IFN-gamma and
decreased levels of IL-17 in DN [26]. However
the levels of Th2 cytokines were not reported in
their study. In the present study, the exact
cause for low levels of Th2 cytokines in DN is
currently not known. However the significant
decline in serum IL-33 levels, as seen in DN
subjects could be one of the major factors
associated with the decline of Th2 cytokines. It
was also seen that, compared to effectors Th2
cytokines (IL-4 and IL-13), a steep decline in the
master regulator (IL-33) was seen even in the
DM stage. It is important to note that at least
77% of the DN subjects were in early stage (1 or
2) of the disease which could be a reason for
the modest decline in IL-4 levels. The negative
correlation seen between IL-33 and IL-13 with
most of the diabetogenic and renal parameters
and a negative association of I.-33 and IL-13
with DN indicates some protective association
between Th2 cytokines and DN.

In conclusion, from the present study and other
available data, it seems, transition from NGT to
DM is associated with mixed Thl and Th2
immune response, while transition from DM to
DN (which occurs during late stages of the dis-
ease) is associated with strong enhancement
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of Thl and down regulation of Th2 cytokine
responses. The major limitation of our study is
its cross-sectional nature, which means that no
cause and effect relationship can be drawn.
Despite the study being cross-sectional in
nature, it gains importance in the context of it
being conducted in a high-risk ethnic popula-
tion where no report on this topic is currently
available. Upregulation of Thl master regulator
(IL-12) and down regulation of Th2 master regu-
lator (IL-33) much before the development of
DN could be one of the major factors responsi-
ble for the enhanced Th1l and suppressed Th2
profile as seen in DN subjects.
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Table S1. Spearman’s correlation analysis of Th-1/Th-2 cytokines with the clinical parameters

Parameters r value IL-2 IL-12 IFN-g IL-4 IL-5 IL-13 IL-33
Age -.038 .007 -021 -012 .066 107 -.046
BMI -001 .013 -.010 .052 -.022 -.038 -151"
Systolic BP .104 .056 -.007 -013 .038 .002 -161"
Diastolic BP .044 .020 -.049 -.039 .023 .029 -158"
FPG 149" A727 167" 156" 4727 .065 -284™
CHO -126 .037 -160" -153" .051 4727 .067
TRI .018 117 -.025 .026 .070 134 -216™
HDL -.025 -.028 -.001 -.098 -.008 -.016 A47"
LDL -144" .041 -160" -164" .088 170" 153"
VLDL .007 127 -.010 .046 .074 187 -.189"
Hb1AC 17 154" 185" 183" 136" .066 -.320™
Urea .049 .022 -.009 -.048 -.020 -179™ .007
Creatinine 187 -.053 .033 .027 -077 -287" -013
Malb .088 122 .015 .034 -.075 -259™ -.308™
GFR -107 -.028 -.001 .032 -147" -.047 -117

Indicates * = P-value is <0.05 and ** = P-value is <0.01. BMI-Body mass index, BP-Blood Pressure, FPG-Fasting Plasma
Glucose, CHO-cholesterol, TGL-Triglyceride Lipids, HDL-High-Density Lipoprotein, LDL-Low-Density Lipoprotein, VLDL-Very Low-
Density Lipoprotein, Hb1Ac-Glycated Haemoglobin, Malb-Micoalbuminaria, GFR-Glomerular Filtration Rate.

Table S2. Logistic regression analysis with disease phenotype as dependent variable

NGT AND DM DM AND DN
Th1/Th2 Cytokines ) 95% C.l. ) 95% C.l.
Sig. OR Sig. OR

Lower Upper Lower Upper
IL-2 A 462 1.000 .998 1.001 917 1.005 .909 1.112
B .976 1.000 .998 1.002 952 1.003 .907 1.109
C .253 .998 .994 1.002 .813 1.012 916 1.119
IL-12 A 435 .999 .996 1.002 .001 1.250 1.126 1.388
B .713 1.001 .995 1.007 .001 1.246 1.123 1.384
C 482 1.002 .996 1.009 .001 1.239 1.117 1.376
IFN-y A 142 1.000 1.000 1.001 .001 1.020 1.011 1.030
B .692 1.000 1.000 1.001 .001 1.020 1.011 1.029
C .352 1.000 1.000 1.001 .001 1.019 1.010 1.029
IL-4 A 873 1.003 .963 1.045 .034 199 .045 .882
B 292 1.044 .964 1.130 .036 .204 .046 .900
C 410 1.047 .938 1.169 .028 .193 .045 .839
IL5 A .864 .999 .993 1.006 150 1.331 .902 1.963
B .275 .993 .980 1.006 .156 1.322 .899 1.944
C .329 991 974 1.009 .106 1.369 .935 2.003
IL-13 A .003 1.005 1.002 1.008 .001 A27 .300 .609
B .004 1.008 1.003 1.014 .001 432 .304 .616
C 499 1.002 .996 1.009 .001 A41 .310 627
IL-33 A .001 994 991 .998 .024 .997 .994 0.998
B 155 992 .982 1.003 .025 .997 .994 0.998
C A87 0.996 1.008 1.233 .031 .997 .994 0.998

A-unadjusted, B-adjusted for Fasting plasma glucose, C-adjusted for glycated hemoglobin, OR-Odds Ratio, Cl-confidence inter-

val.



