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Abstract
The goal of the study was to determine the association between diabetes and inflammation in
clinically diagnosed diabetes patients. We hypothesized that low-grade inflammation in diabetes is
associated with the level of glucose control. Using a cross-sectional design we compared pro and
anti-inflammatory cytokines in a community recruited cohort of 367 Mexican Americans with
type 2-diabetes having a wide range blood glucose levels. Cytokines (IL-6, TNF-α, IL-1β, IL-8)
and adipokines (adiponectin, resistin and leptin) were measured using multiplex ELISA. Our data
indicated that diabetes as whole was strongly associated with elevated levels of IL-6, leptin, CRP
and TNF-α, whereas worsening of glucose control was positively and linearly associated with high
levels of IL-6, leptin. The associations remained statistically significant even after controlling for
BMI and age (p = 0.01). The association between TNF-α, however, was attenuated when
comparisons were performed based on glucose control. Strong interaction effects between age and
BMI and diabetes were observed for IL-8, resistin, and CRP. The cytokine/adipokine profiles of
Mexican Americans with diabetes suggest an association between low-grade inflammation and
quality of glucose control. Unique to in our population is that the chronic inflammation is
accompanied by lower levels of leptin.
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1. Introduction
Type 2 diabetes, particular when poorly controlled, involves disease of the innate immune
system and manifest as chronic low-grade inflammation (1, 4, 7, 26). Consistent with this
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hypothesis, numerous studies have demonstrated that in individuals with impaired fasting
blood glucose, circulating levels of inflammatory markers such as C-reactive protein (CRP),
sialic acid and Interleukin-6 (IL-6) are independent predictors of the future development of
diabetes (8, 29). Furthermore high levels of circulating acute phase proteins in particular
IL-6 (29), tumor necrosis factor α (TNF-α) (31) and other mediators of inflammation such as
serum-amyloid A (S-AA) (17, 35), and CRP (30) and their association with obesity and
insulin resistance have been previously documented (8, 17). Additionally several studies
have demonstrated elevated levels of IL6 and TNF-α among individuals with insulin
resistance and clinically diagnosed diabetes. An important factor that could potentially
contribute to inflammation is chronic hyperglycemia (1, 26). Metabolic end products
resulting from poorly controlled glucose are known to up-regulate the innate immune system
leading to inflammation (3, 4, 31). In a recent report published by Duncan and colleagues
IL-6 was found to be strongly associated with levels of glucose and was a strong predictor of
diabetes in at-risk individuals (8). Inadequate glucose control and its associated
inflammation in diabetes have been implicated in the pathogenesis of atherosclerosis,
impaired lung function and cardiovascular disease (5, 7, 8).

This study was therefore designed to determine the association between glucose control and
levels of pro and anti-inflammatory markers. The fact that inflammation is an underlying
cause of several co-morbidities associated with diabetes, particular when poorly controlled,
it is essential to understanding the association between glucose control and inflammation.

We used specimens from participants from our Cameron County Hispanic Cohort (CCHC):
a randomly selected and well-characterized community-recruited cohort of Mexican
Americans residing on Texas-Mexico border (10). This population has several health
disparities with high weighted prevalence of obesity (50.9%) and diabetes (29.7%), most of
the latter poorly controlled. We first compared the pro and anti-inflammatory profile in
specimens from participants with and without diabetes for baseline characterization of
chronic inflammation in this population. Secondly we determine the association between
glucose control and inflammation using glycated hemoglobin (A1c) as a marker of glucose
control. To our knowledge this is the first study reporting these associations in a
homogenous population of Mexican Americans with diabetes.

2. Material and Methods
Study participants

In this cross sectional study we measured adipokines and cytokines in 367 baseline
specimens from CCHC participants, obtained between 2005 and 2008. Specimens were
aliquoted and stored at −80°C until ready to be used. All participants completed a face-to-
face administered questionnaire that includes personal and family medical history, socio-
demographic data, history of medication, substance use, and history of chronic illness
including diabetes and heart disease. Participants also completed an extensive physical exam
that includes anthropometric and clinical and mental health examination as previously
described (10).

Laboratory measurements
High sensitivity C-reactive protein (CRP) levels and lipid panel estimations were obtained
from a CLIA-approved clinical laboratory. Fasting blood glucose (FBG) was determined at
our Clinical Research Unit (CRU) using a Glucostat® analyzer (Model 27, YSA Inc. Yellow
Springs, OH). Insulin levels were determined in our own laboratory using ELISA assays
(Mercodia, Uppsala, Sweden), as were glycosylated hemoglobin (AIc) levels measured on
frozen whole blood using GLYCO-Tek® Affinity columns (Helena Laboratories,

Mirza et al. Page 2

Cytokine. Author manuscript; available in PMC 2012 February 2.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Beaumont, Tx) (27, 34). HOMA-IR was calculated using the method of Keskin et al (19).
Briefly HOMA index was calculated as fasting insulin concentration (µU/ml) X fasting
glucose concentration (mmol/L)/22.5.

2.1. Diabetes definition—Participants were classified as having diabetes if they met the
2006 ADA criteria: FBG ≥126 mg/dl, a doctor’s diagnosis of diabetes and/or on medication
for diabetes. No diabetes was defined as absence of a history of diabetes and FBG <100 mg/
dl (2). Glycated hemoglobin (A1c) was used as a marker for glucose control where values
<6.5% indicated well controlled glucose and values >6.5% indicated poor glucose control
(2).

2.2. Laboratory measurement of analytes—A total of eight biomarkers (adipokines/
cytokines) were selected for analysis based on their documented role in inflammation (9,
15–17, 28, 30, 33). Measurement was performed using multiplex ELISA (Milliplex Map,
Millipore CA) using two panels (panel A and B). Panel B was comprised of IL-6, IL-1β,
TNF-α, interleukin-8 (IL-8) and the adipokine leptin, whereas panel A contained the
adipokines, resistin and total adiponectin. Plasma specimens were thawed on ice and diluted
1:400 for panel A, and used undiluted for panel B. Undiluted and diluted plasma samples
were then incubated with antibody coated beads read using the Luminex 200 system
(Luminex corp. Austin TX).

2.3. Statistical analysis—Procedures for data collection, management and
confidentiality have been previously described (10). Non-parametric methods of analysis
were used since the distributions of cytokines, and adipokines were found to be non-normal
and highly skewed with the exception of total cholesterol. Levels of adipokines, cytokines
and anthropometric variables were compared by diabetes status test and by diabetes status
after controlling for BMI and age using Wilcoxan test, p values represent differences in
medians. Spearman rank test was used to determine correlations between cytokines, and
adipokines. Medians and inter-quartile ranges of cytokines and adipokines were compared
by diabetes status and by A1c status, using chi-square test. Quantile regression was
performed to calculate association of diabetes and glucose control by quantiles (5th, 10th,
50th, 90th, and 95th) of cytokines/adipokines after controlling for age and BMI. All analyses
were considered significant with p-values < 0.05 using SAS© v. 9.2 (SAS Institute Inc.,
Cary, NC).

3. Results
3.1. Demographic and baseline characteristics

The analysis was performed on a total of 367 plasma specimens (67.3% female mean (M)
age = 42.63 ± 15.33). The majority (80.9%), of the participants were overweight or obese
and nearly one-third of the sample met the ATP III definition of metabolic syndrome (12). A
total of 13.6% had diabetes (2), Descriptive, statistics compared median values (interquartile
ranges IQ) for age, BMI, CRP, FBG, A1c, total cholesterol, high-density lipoprotein (HDL),
low density lipoprotein (LDL) and triglycerides with adjustment for age and BMI Table 1a
and after adjustment of age and BMI Table 1b. There was no significant gender differences
but as expected individuals with diabetes were significantly older than those without
diabetes (median age 53 vs. 38 years of age) and had higher BMI (p value = 0.001). Similar
differences were observed for, FBG (161 vs. 97 mg/dl), and HbA1c (8.6 vs. 5.4%) as
expected. Though there was no significant difference in total cholesterol between groups,
the HDL was higher in participants without diabetes (47 vs. 43 mg/ml: p = 0.01), whereas
triglycerides were higher in participants with diabetes (153 vs. 116 mg/ml) group compared
to non-diabetes (116 mg/ml) (p = 0.003). Most differences between the two groups remained
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significant after controlling for BMI except for HDL and fasting insulin where no difference
was observed

3.2. Correlation between anthropometric markers and inflammatory markers
A wide range of moderately positive correlations were observed between anthropometric
markers, and pro and anti-inflammatory markers in all subjects (Table 2), most significant
among which were between age and FBPG (0.36), age and TNF-α (0.34), and age and
adiponectin (0.29) (p = < 0.01). A moderate positive correlation was also observed between
BMI, and CRP (0.46) and BMI and leptin (0.59) (p = <0.01). CRP was also moderately and
positively correlated with IL-6 (0.31), and leptin (0.36) (P < 0.01). Lastly, IL-6 was
moderately and positively correlated with IL-8 (0.32) and TNF-α (0.33) (p = 0.01)

3.2. Comparison of cytokines and adipokines by diabetes status and A1c status
Levels of pro-inflammatory cytokines and adipokines were compared by diabetes status.
Values presented are medians (IQ ranges) (Table 3a). To study the role of glucose control in
inflammation we also performed comparison by A1c values. As mentioned in materials and
methods, a value of A1c 6.5% or less was used as an indicator of well controlled diabetes
whereas a value of 6.5% represented poorly controlled diabetes. Significantly high levels of
IL-6, IL-8 and TNF-α were observed in individuals with diabetes, compared to non-diabetes
(p = < 0.01). Interestingly, participants with diabetes tended to have higher levels of,
adiponectin compared to individuals without diabetes but this was not statistically
significant. Levels of resistin did not show any difference between the two groups. These
difference remained significant even when data was compared by A1c levels, suggesting an
important role of these cytokine in both diabetes and poorly controlled diabetes.

Additionally, when pro-inflammatory cytokines and adipokines were compared by levels of
A1c, we observed that IL-6, IL-8 and TNF-α were significantly elevated in group with high
A1c vlaues (Table 3b) (p = 0.001). These findings were consistent with those observed when
cytokines were comapred by diabetes status (Table 3a).

3.4. Association of diabetes with inflammation after controlling for age and BMI
To determine what porportion of our observed diabetes-inflammation association could be
attributed to obesity, we performed quantile regression where all models were adjusted for
age and BMI. The advantage of quantile regression is that it provides more useful predictive
relationships and is more roubust in response to large outliers. We measured effects of
diabetes on 5th, 10th, 50th 75th, 90th and, 95th quantiles of cytokines (Table 4a) after
adjusting for both age and BMI. A significant affect of diabetes was observed on the 10th

and 50th quantiles of IL-6 where levels of IL-6 were significantly and positively affected by
diabetes, (P = <0.01). A moderate effect of diabetes was also observed on the 5th [0.800
(95% CI, 0.073, 1.527)] and 10th [0.640 (95% CI 0.113, 1.167)] quantile of TNF-α (P =
0.05). Interestingly we observed a significant negative effect of diabetes on third quantile of
leptin [−6.6441 (95% CI −10.776, −2.105] P 0.01. To confirm these trends we performed
logistic regression (Table 6). We found that individuals with diabetes were more likely to
have elevated IL-6 values. In contrast, individuals with diabetes were more likely to have
lower leptin values (data not shown). To determine the association of glucose control in
diabetes with inflammation we performed another quantile regression where we performed
the analysis by A1c status (Table 4b) where A1c values <6.5% served as a reference. Our
findings suggested a positive association between of IL-6 with poorly controlled diabetes
whereas the leptin remained negatively associated even with poorly controlled diabetes.
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3.5. Interaction effects of age and BMI on pro-inflammatory cytokines in individuals with
diabetes

To adjust for the interaction effects for diabetes status and BMI and diabetes status and age
we fitted quantile regression models for the following quantiles of cytokines: 5th, 10th, 50th,
90th and 95th. Results for significant (p value = <0.05) interactions are presented as three-
dimensional plots in Fig 2. We observed that the 90th (Fig 1A) and 95th (Fig 1B) quantiles of
IL-8 were associated with diabetes (p < 0.01) in older age groups (50–64 years old) in
comparison to younger age group (18 – 49). IL-8 was also significantly lower (p < 0.01) in
higher BMI groups (BMI 25 –30) in comparison to lower BMI group (BMI ≤ 25). The 90th

quantile of value of resistin (Fig 1C) was higher in older individuals with diabetes (50 – 65
years of age) in comparison to younger individuals with diabetes (18 –29 years of age). We
also observed that older individuals with diabetes had lower levels of CRP (10th quantile)
whereas younger individuals with diabetes were associated with higher quantiles (90th) of
CRP (Fig 1D). A similar relationship was also observed with BMI where CRP was higher in
individuals who were both obese (BMI 25 – 30) and had diabetes, whereas lower quantiles
of CRP were associated with diabetes without obesity (BMI ≤ 25) (Fig 1E and F) P = <0.01.

DISCUSSION
In this study we demonstrated the unique cytokine/adipokine profile associated with diabetes
in a randomly selected cohort of Mexican Americans. Dissection of levels of cytokine and
adipokine expression indicated elevated levels of IL-6, TNF-α and paradoxically,
adiponectin to be associated with diabetes. The elevation of IL-6 and TNF-α remained
statistically significant after controlling for age and BMI. In contrast, IL-8 was elevated only
in older participants with diabetes, and leptin levels were low in diabetes at all ages.
Consistent with our observations, Ho et al (14) also reported elevated levels of TNF-α in
non-diabetic Mexican Americans. Given the fact that Mexican Americans are more
susceptible to metabolic syndrome and its associated co-morbidities, the pre-existing levels
might suggest a predisposition of this population to certain chronic conditions.

Elevated levels of IL-6 in both poorly controlled diabetes and well-controlled diabetes are
well studied in other ethnic groups (11, 13, 20). When stratified on the basis of AIc values
we found that IL-6, TNF-α and IL-8 were most significantly elevated in the group with A1c
values >6.5%. In a correlation analysis we were then able to confirm that the quality of
glucose control does correlate with levels of pro-inflammatory cytokines in a linear fashion.
These findings were similar to what we have observed with in our comparison by diabetes
status. One likely explanation for this could be that most of our diabetes is poorly controlled
and therefore the two analysis showed similar results

Elevated levels of IL-8 were significantly associated with TNF-α, and both of these with
diabetes. Elevation of IL-8 may be in response to high levels of TNF-α as TNF-α regulates
epithelial tissue-derived IL-8 (1, 25). The associations between IL-8 and TNF-α have not
been previously reported in any other ethnic/racial groups and therefore warrants further
investigation. Interestingly we found IL-8 to be down regulated in obese participants. This
strengthens our hypothesis that the IL-8 in diabetes is mainly derived from the epithelium
rather than adipose tissue. Additionally possibility of existence of other pathways of IL-8
synthesis cannot be excluded. It has been shown recently that B cell-derived IL-8 is elevated
in individuals with diabetes through activation of Toll like receptor 2 (TLR2) on B cells
(18), where metabolic end products of hyperglycemia have been shown to activate TLR2 in
poorly controlled diabetes (6).

We also found CRP to be significantly elevated in individuals with diabetes and to be
moderately associated with elevated levels of IL-6. A sensitive marker of low-grade
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inflammation, CRP is the most commonly measured marker of inflammation. We also
observed negative association of leptin in diabetes participants again suggesting chronic
inflammation. Leptin is known to be regulated by immune responses (1), inasmuch that the
acute immune response and release of TNF-α and IL-1β results in a prompt short term
release and increase in plasma levels of leptin. However, chronic inflammation and its
resultant constitutive up-regulation of pro-inflammatory cytokines will cause suppression of
leptin, and this is presumably what we have observed (24). In contrast to our findings leptin
levels have been reported to be higher in Hispanic women (21). This could be partially
explained by the fact that the observation made by Kings et al was in Hispanics as whole
whereas we are reporting our observations in a homogenous group of Mexican Americans.
Additionally our measurements were made mainly in diabetics whereas King et al studied
these relationships in terms of adiposity, which could result in observed differences in
findings between two studies. Moreover, our findings are further strengthen by the
observations made by King et al suggesting ethnic diversity in levels of adiponectin and its
association with several chronic diseases.

Inversely it also possible that obese individuals who have high levels of leptin may be in the
acute phase of inflammation and therefore still have high levels of leptin. Given this
relationship of leptin with acute and chronic inflammation, leptin could serve as a valuable
marker for predicting acute inflammation in individuals with both obesity and diabetes.

Even though the association was attenuated after controlling for BMI we observed high
levels of adiponectin and resistin in diabetes. Previous reports have suggested low levels of
adiponectin to be markers of metabolic syndrome, type-2 diabetes and cardiovascular
disease in both non-Hispanic whites and African Americans (22, 23, 36). Therefore higher
levels of adiponectin observed in diabetes in our population suggests, that this might be a
compensatory mechanism to overcome the downstream detrimental effects of inflammation
such as cardiovascular disease. Although not statistically significant, the trend for higher
adiponectin in participants with higher HbA1c may have a protective role. It is of note that
this cannot be the result of medications such as rosiglitazone, which are known to increase
adiponectin and TNF-α as none of the participants in this study were on rosiglitazone.

There are limitations to our study. The sample size is small, and this may be have led to
weaker associations among some of the cytokines. Most of the adiponectin we measured
was low molecular weight adiponectin; nevertheless our findings provide a foundation for
understanding how adiponectin may be affected by diabetes in this population of mainly
Mexican Americans. Our population was homogenously Mexican American and therefore it
would be difficult to generalize our findings to all Hispanics, which are genetically
disparate. Additionally the cross-sectional nature of the study also allow for measurement of
associations between pro-inflammatory markers and diabetes. In order to fully understand
the association and the biological role they might play in development of co-morbidities in
diabetes we need a prospective study with a significantly larger sample size.

In conclusion we show that the cytokine/adipokine profile of Mexican Americans with
diabetes is one of low-grade inflammation. Since the levels of pro-inflammatory cytokines
strongly correlated with AIc values indicates that quality of glucose control plays a role in
initiation of the acute phase response. The increase in circulating levels of IL-6, IL-8 and
TNF-α is similar to that previously reported for African Americans and non-Hispanic whites
with diabetes (5, 32). What is unique in our population is that, the increase in circulating
levels of pro-inflammatory markers is accompanied by lower levels of leptin.
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Fig 1.
Three dimensional plots for the model predicting interaction effects between diabetes status,
BMI, age and cytokines
Three dimensional plots of model predicting cytokine values for specific quantile values.
The cytokines and the quantile are reported for which the interactions effects between
diabetes status and BMI and diabetes status and age are statistically significant at least 5%
level.
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Table 1

a-Baseline anthropometric and metabolic characteristic by diabetes status

Baseline Characteristics Non-DM (n=304) DM (n=63) P-value

Gender Male N(%) 31.6 36.5 0.45

Age (Yrs) 38.0 [29.0–52.0] 53.0 [44.0–62.0] <0.0001***

BMI (Kg/m2) 29.5 [25.8–33.1] 31.7 [27.5–38.2] 0.008**

CRP mg/L 3.1 [1.9–10.5] 5.0 [2.2–8.7] 0.01*

Mean FBG mmol/L 97.0 [93.0–104.0] 161.0 [134.0–224.0] <0.0001***

% HbA1c 5.4 [5.0–6.0] 8.6 [7.1–10.8] <0.0001**

HOMA-IR mmol/La 3.1 [2.3–4.9] 7.0 [3.9–12.0] <0.0001**

Insulin pmol/La 13.2 [9.4–20.6] 16.7 [10.1–26.9] 0.01*

Total cholesterol mg/dL 170.0 [148.0–196.0] 178.0 [148.0–199.0] 0.57

HDL mg/dL 47.0 [41.0–55.0] 43.0 [38.0–52.0] 0.01*

LDL mg/dL 98.8 [78.6–117.8] 93.0 [75.8–119.0] 0.83

Triglycerides mg/dL 116.0 [79.5–178.0] 153.5 [91.0–243.0] 0.003**

b- Baseline anthropometric and metabolic characteristic by diabetes status after adjusting for age and BMI

Baseline Characteristics Non-DM (n=304) DM (n=63) P-value

CRP mg/L 5.6 (4.4, 6.8) 7.2 (6.3, 8.2) <0.0001***

Mean FBG mmol/L 109.8 (102.9, 117.6) 119.4 (113.8, 125.6) <0.0001***

% HbA1c 6.0 (5.7, 6.3) 6.4 (6.2, 6.6) <0.0001***

HOMA-IR mmol/La 4.7 (3.9, 5.7) 5.2 (4.3, 7.0) 0.038*

Insulin pmol/La 16.8 (14.4, 20.2) 17.4 (14.8, 23.5) 0.49

Total cholesterol mg/dL 170.4 (163.7, 180.0) 182.1 (175.7, 188.2) <0.0001***

HDL mg/dL 48.1 (46.8, 49.0) 48.0 (45.4, 49.0) 0.68

LDL mg/dL 98.8 (95.7, 104.4) 105.0 (101.9, 108.4) <0.0001***

Triglycerides mg/dL 143.5 (117.6, 170.3) 168.1 (146.3, 192.8) <0.0001***

N = 62 for DM due a missing observation

Median baseline anthropometric, and metabolic characteristics of participants were compared by diabetes status. Values are presented as Medians
(inter-quartile ranges).

*
p <0.05,

**
p <0.01.

***
p <0.001

N = 62 due to one missing observation in DM group

Median values for baseline anthropometric characteristics were compared between DM and non-DM after adjusting for age and BMI.
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Table 3

Comparison of median cytokine/adipokine values by diabetes status

Cytokines and Adipokines HbA1c ≤ 6.5
(n=304)

HbA1c >6.5
(n=63)

Pr>χ2

IL-1B pg/mL 0.2 [0.2–0.3] 0.2 [0.2–0.3] 0.68

IL-6 pg/mL 2.8 [1.5–4.2] 4.1 [2.3–5.6] <0.0001***

IL-8 pg/mL 4.4 [3.2–5.9] 5.2 [3.7–6.6] 0.01*

TNF-α pg/mL 3.2 [2.3–4.3] 3.8 [3.0–5.0] 0.003**

Leptin ng/mL 17.3 [8.9–29.5] 16.1 [7.9–32.5] 0.97

Adiponectin ng/mL 36.6 [26.1–48.8] 42.3 [28.4–57.7] 0.07

Resistin pg/mL 45.5 [35.9–61.2] 45.7 [31.5–60.4] 0.65

N= 62 due to one missing observation in DM

Medians and (interquartile ranges) of cytokines/adipokines were compared diabetes and non-diabetes diabetes and non-diabetes groups by. The p
value indicates that the medians in two groups are significantly different
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Table 5

Odds ratios and adjusted odds ratios indicating associations of cytokines and adipokines with diabetes.

Variable OR [95% CI] Adjusted OR [95% CI]

IL-1B pg/mL

≤ 0.16 Ref. Ref.

0.17–0.23 1.6 [0.7–3.4] 1.2 [0.5–2.6]

0.24–0.31 1.3 [0.7–2.6] 1.5 [0.7–3.1]

> 0.31 1.0 [0.4–2.5] 1.5 [0.6–3.7]

IL-6 pg/mL

≤ 1.52 Ref. Ref.

1.53–2.82 4.0 [1.3–12.6]* 3.6 [1.1–11.8]*

2.83–4.85 7.5 [2.3–22.8]* 6.2 [2.0–19.6]*

> 4.85 7.3 [2.4–22.3]* 5.0 [1.5–15.9]*

IL-8 pg/mL

≤ 3.23 Ref. Ref.

3.24–4.53 0.9 [0.3–2.4] 0.9 [0.3–2.5]

4.54–5.97 2.8 [1.2–6.4]* 2.5 [1.0–6.0]

> 5.97 3.5 [1.5–8.0]* 2.4 [1.0–5.8]

TNF-α pg/mL

≤ 2.41 Ref. Ref.

2.42–3.31 1.2 [0.5–3.2] 0.8 [0.3–2.2]

3.32–4.33 3.4 [1.4–8.2]* 2.6 [1.0–6.4]

> 4.33 3.7 [1.5–8.7]* 1.8 [0.7–4.5]

CRP mg/L

≤ 2.00 Ref. Ref.

2.01–3.33 0.8 [0.3–1.8] 0.8 [0.3–2.0]

3.34–6.40 1.6 [0.8–3.5] 1.5 [0.7–3.5]

> 6.40 2.1 [1.0–4.3] 1.7 [0.7–3.9]

Leptin ng/mL

≤ 8.69 Ref. Ref.

8.70–17.00 1.0 [0.5–2.0] 0.7 [0.3–1.6]

17.01–29.80 0.6 [0.3–1.3] 0.2 [0.1–0.5]*

> 29.80 0.8 [0.4–1.7] 0.1 [0.03–0.3]*

Adiponectin ng/mL

≤ 26.51 Ref Ref.

26.52–37.02 0.8 [0.3–1.7] 0.6 [0.2–1.4]

37.03–51.14 0.8 [0.3–1.7] 0.5 [0.2–1.2]

> 51.14 1.4 [0.8–2.9] 0.9 [0.4–2.0]

Resistin pg/mL

≤ 35.92 Ref. Ref.

35.93–45.51 0.5 [0.2–1.2] 0.5 [0.2–1.2]

45.52–61.22 0.8 [0.4–1.7] 0.7 [0.3–1.5]
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Variable OR [95% CI] Adjusted OR [95% CI]

> 61.22 1.1 [0.5–2.2] 0.8 [0.4–1.8]

Odds ratios (Ors) and adjusted odds ratios (AORs) were calculated for cytokines and adipokines and comparisons were made between diabetes and
non-diabetes groups. Cytokines and adipokines values were categorized by quartiles with the lowest quartile serving as the reverence group. For
adjusted Ors, variables were adjusted for covariates age and BMI.
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