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Background: To determine whether the pro-inflammatory cytokine interleukin (IL)-1beta, as a marker of 
the nucleotide binding and oligomerization domain-like receptor family pyrin domain-containing 3 (NLRP3) 
inflammasome activation, can be used to predict cardiovascular disease (CVD) risk in patients with newly 
diagnosed, drug-naïve type 2 diabetes mellitus (T2DM). 
Methods: A total of 110 subjects with no history of diabetes were enrolled and divided into control subjects 
(non-DM group, n=52) and patients with newly diagnosed, drug-naïve T2DM (DM group, n=58). 
Results: Serum IL-1beta levels were not different between the two groups. The Framingham CVD risk 
score (F-score) was positively correlated with the serum IL-1beta level in the DM group. Multivariate 
regression analyses showed that the F-score was independently associated with the serum IL-1beta level in 
the DM group. Patients with an intermediate to high CVD risk (F-score ≥10%) also had significantly higher 
serum IL-1beta levels than did those with a low CVD risk (F-score <5%). Smokers in the DM group had 
higher IL-1beta levels than did those in the non-DM group, regardless of the F-score. 
Conclusions: These results suggest that serum IL-1beta levels might be useful as an independent risk 
factor predicting CVD risk in patients with newly diagnosed, drug naïve T2DM, particularly those who 
smoke.
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Introduction

The relationship between type 2 diabetes mellitus (T2DM) 
and cardiovascular disease (CVD) has been recognized 
for many years. However, the pathophysiology of CVD 
in patients with T2DM is not fully understood. Some 
studies have suggested that mortality from CVD in patients 
with T2DM is related to the degree of hyperglycemia, 
particularly the glycosylated hemoglobin (HbA1C) level 

(1-5), but not to other CVD risk factors, such as male 
sex, current smoking, high-density lipoprotein (HDL) 
cholesterol level, and systolic blood pressure (SBP) (3). On 
the other hand, other studies have demonstrated that CVD 
risk in patients with T2DM varies widely and depends more 
on existing vascular disease, proteinuria or renal disease, 
and lowering blood lipid levels and blood pressure than on 
glucose control (6-8). 
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CVD risk is increased two- to four-fold in patients 
with T2DM compared with nondiabetic subjects and is 
the leading cause of death in patients with T2DM (9,10). 
Therefore, predicting CVD is very important to decrease 
mortality in patients with T2DM. The Framingham risk 
score (F-score) was developed to estimate the 10-year CVD 
risk, based on age, sex, total cholesterol, HDL-cholesterol, 
smoking, diabetes, SBP, and use of hypertensive medication 
(11,12). Although this scoring system has been used to 
predict CVD risk worldwide, its accuracy is insufficient 
in patients with T2DM, in whom CVD develops due to 
various factors (13). Many studies have suggested new 
methods or markers to predict CVD more accurately 
(14-17), but these methods and markers have restricted 
availability. 

Chronic activation of the innate immune system through 
the nucleotide binding and oligomerization domain-
like receptor family pyrin domain-containing 3 (NLRP3) 
inflammasome leads to maturation and secretion of pro-
inflammatory cytokines, such as interleukin (IL)-1beta and 
IL-18, and plays a critical role in the pathogenic mechanism 
of T2DM and CVD (18-21). In our previous study, greater 
activation of the NLRP3 inflammasome was detected in 
myeloid cells from patients with newly diagnosed, drug-
naïve T2DM, and antidiabetic treatment with metformin 
helps modulate activation of the inflammasome (22). 

However, no study has determined whether activation 
of the NLRP3 inflammasome and its products can 
predict CVD risk in patients with T2DM. Therefore, 
we investigated the association between CVD risk using 
the F-score and the serum IL-1beta level as an activation 
marker of the NLRP3 inflammasome in control subjects 
without T2DM and in patients with newly diagnosed, drug-

naïve T2DM.

Methods 

Study population

We presented our study flow chart in Figure 1. The inclusion 
criterion in this study was age 20–65 years. Exclusion 
criteria were history of diabetes or CVD, including stroke, 
ischemic heart disease, and heart failure; clinical evidence 
of advanced liver or renal disease; malignant disease; and 
use of medications, such as angiotensin II receptor blockers 
or statins. After a detailed clinical history, including 
medical treatment and CVD history, all enrolled subjects 
underwent 75 g oral glucose tolerance test (OGTT) and 
HbA1C, and the T2DM diagnosis was based on the 2015 
American Diabetes Association diagnostic criteria (23). A 
total of 110 subjects (52 healthy control subjects and 58 
patients with newly diagnosed, drug naïve T2DM) with no 
previous diagnosis of diabetes were recruited from patients 
who visited the Diabetes Center at Chungnam National 
University Hospital for a diabetes evaluation from January 
2012 to December 2014. All subjects had baseline records of 
age, body mass index (BMI), blood pressure (BP), smoking 
status and alcohol consumption. BMI (kg/m2) was calculated 
as weight (kg)/[height (m)]2. BP was measured using a 
calibrated sphygmomanometer after the subjects had rested 
for 10 min. 

Biochemical analysis

Blood samples were collected from an antecubital vein 
at the time of the OGTT after at least an 8 h overnight 
fast. Venous blood specimens were separated after clotting 

Figure 1 Flow chart of the inclusion and exclusion criteria in this study. A total of 120 participants enrolled in this study after 17 of 127 
recruits were excluded. A total of 58 participants were classified as diabetes mellitus by examination of 75 g OGTT and HbA1C. OGTT, oral 
glucose tolerance; HbA1C, hemoglobin A1c.

Assessed for eligibility (n=127)

75 g OGTT, HbA1C

No diabetes mellitus (n=52) Diabetes mellitus (n=58)

Exclusion criteria (n=17)
- Previous diagnosis with diabetes mellitus (n=6)
- Taking medication with angiotensin II receptor blocker (n=11)
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by centrifugation for 15 min at 1,000 g. Serum samples 
were subsequently stored in aliquots at –80 ℃. Blood 
chemistry and lipid profiles were measured using an 
automated blood chemistry analyzer (Hitachi 747; 
Hitachi, Tokyo, Japan). HbA1C was measured by high-
performance liquid chromatography (HPLC) using the 
National Glycohemoglobin Standardization Program and 
standardized to the Diabetes Control and Complications 
Trial assay reference (24). HPLC was performed using a 
certified automated analyzer (HLC-723G7 hemoglobin 
HPLC analyzer; Tosoh Corp., Tokyo, Japan). Insulin and 
C-peptide levels were measured by radioimmunoassay 
(Roche, Penzberg, Germany). Serum IL-1beta levels were 
measured using a commercially available human enzyme-
linked immunosorbent assay kit (BD Pharmingen, San Jose, 
CA, USA), according to the manufacturer’s instructions. 

Calculations

Homeostasis model assessment was determined using 
insulin resistance (HOMA-IR) and HOMA of insulin 
secretion (HOMA-beta) (25). HOMA-IR was calculated 
as basal glucose × basal insulin/405. HOMA-beta (%), 
representing beta cell function, was calculated as 360 × basal 
insulin/(basal glucose – 63). Glucose is presented in mg/dL  
and insulin in µIU/mL (26). The CVD risk assessment was 
represented by the F-score calculated using a computer 
program offered by NIH. Patients with F-score less than 5% 
were considered to be low CVD risk. A F-score of 10% or 
more indicates moderate to severe CVD risk. We examined 
the association between F-score and IL-1beta in these two 
categories. We also divided the lower and higher IL-1beta 
group according to IL-1beta. The lower IL-1beta group 
was defined as the patients with serum IL-1beta level less 
than median. And the higher IL-1beta group was defined as 
the patients with serum IL-1beta level more than median.

Statistical analyses

Statistical analyses of the clinical and biomedical parameters 
were performed using SPSS ver. 22.0 software (SPSS 
Inc., Chicago, IL, USA). The data distributions were 
assessed using the Kolmogorov–Smirnov test. The data are 
presented as means ± standard error of the mean (SEM). 
Normally distributed data examined by the two-sample 
independent Student’s t-test. Nonnormally distributed 
data examined using the nonparametric Mann-Whitney 
U-test or Kruskal-Wallis analysis of variance (ANOVA). 

Results for categorical variables are reported as percentages 
and were examined by the chi-square test. Simple linear 
and partial correlation coefficients were calculated for the 
relationships between the F-score and the anthropometric 
parameters. Subsequently, the significant parameters 
were used as input in a multivariate regression model to 
identify the independent associations with F-score. Odds 
ratios determined by polychotomous logistic regression 
analysis were used to describe the associations between 
the parameters and each of four categories (low CVD and 
intermediate to high CVD risk groups in the non-DM and 
DM groups). A two-sided P value <0.05 was considered 
significant.  

Results

Clinical characteristics

A total of 110 subjects were enrolled in this study. The 
study participants were divided into the non-DM (n=52) 
and DM (n=58 patients newly diagnosed, drug-naïve 
T2DM) groups. The clinical characteristics of the subjects 
are presented in Table 1. Age and sex were similar, but 
smoking status was significantly different between the two 
groups. Hypertension medication use and diastolic BP were 
similar between the two groups, but systolic BP was higher 
in the DM than in the non-DM group. BMI, HbA1C, 
fasting plasma glucose (FPG), 2-hour post-load plasma 
glucose after 75 g OGTT (2-h PG), fasting insulin, fasting 
C-peptide, HOMA-IR, total cholesterol, LDL cholesterol, 
triglyceride (TG) and F-scores were significantly higher 
(P<0.05), and HOMA-beta and HDL-cholesterol were 
significantly lower, in the DM group than in the non-DM 
group (P<0.05). Interestingly, apoprotein (apo) A and B, 
high sensitivity C-reactive protein (hs-CRP) and IL-1beta 
levels were not different between the groups.

Correlation between the serum IL-1beta level and F-score

We investigated the relationship between the F-score 
and anthropometric and laboratory measures excluding 
those used to calculate the F-score. Spearman’s correlation 
analysis revealed that the F-score was positively correlated 
with BMI, HbA1C, FPG, fasting C-peptide, HOMA-IR, 
TG, apo B, and IL-1beta but negatively correlated with apo 
A in all subjects (Figure 2A and Table 2). We also calculated 
the correlation after adjusting in three conditions; (I) BMI; 
(II) HbA1C and fasting plasma glucose, 2-h PG; (III) LDL 
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cholesterol and triglyceride. After adjusting for BMI, FPG, 
fasting C-peptide, TG and IL-1beta remained significantly 
associated with the F-score. After adjusting for HbA1C, 
FPG and 2-h PG Fasting C-peptide, HOMA-IR and  
IL-1beta remained significantly associated and hs-CRP 
showed newly association with the F-score. After adjusting 
for LDL cholesterol and TG, fasting C-peptide and IL-1beta 
remained significantly associated with the F-score (Table 2). 

To identify whether the non-DM and DM groups showed 
similar correlation patterns in all subjects, we also performed 

a Spearman’s correlation analysis in each group. F-score in 
the non-DM group was positively correlated with fasting 
C-peptide (r=0.451, P=0.011) and TG (r=0.333, P=0.016) 
but not with IL-1beta (r=0.096, P=0.496) (Figure 2B).  
After adjusting in above conditions, fasting C-peptide 
remained positively association and hs-CRP showed 
newly association with the F-score: (I) fasting C-peptide 
(r=0.442, P=0.016) and hs-CRP (r=0.586, P=0.003), (II) 
fasting C-peptide (r=0.387, P=0.046) and hs-CRP (r=0.590, 
P=0.005), (III) fasting C-peptide (r=0.423, P=0.022) and 

Table 1 Clinical and laboratory characteristics of study subjects

Variables Non-DM (n=52) DM (n=58) P

Age (years) 49.69±1.22 47.36±1.34 NS

Male (%) 29 (55.8) 36 (62.1) NS

Smoking (%) 16 (30.8) 30 (51.7) 0.034

Hypertension medication (%) 7 (13.5) 11 (19.0) NS

Systolic BP (mmHg) 126±2 135±3 0.007

Diastolic BP (mmHg) 79±1 80±2 NS

BMI (kg/m2) 23.9±0.5 25.9±0.5 0.004

HbA1C (%) 5.4±0.04 8.9±0.26 0.000

FPG (mg/dL) 93±2 177±6 0.000

2-h PG (mg/dL) 137±5 335±16 0.000

Fasting insulin (µIU/mL) 8.42±0.62 10.93±0.75 0.013

Fasting C-peptide (pmol/mL) 0.66±0.06 0.97±0.06 0.000

HOMA-IR 1.86±0.18 4.72±0.33 0.000

HOMA-beta 104.73±8.03 39.96±3.75 0.000

Total cholesterol (mg/dL) 196±5 214±7 0.039

HDL-C (mg/dL) 57±2 48±2 0.001

LDL-C (mg/dL) 122±5 142±6 0.013

TG (mg/dL) 123±13 217±33 0.000

hs-CRP (mg/L) 1.5±0.6 2.1±3.3 NS

apoA (mg/L) 132.3±4.7 120.4±7.9 NS

apoB (mg/L) 100.5±6.0 117.2±5.2 NS

Framingham score (%) 4.3±0.6 6.9±0.8 0.008

IL-1beta (pg/mL) 20.7±1.3 22.3±1.5 NS

Data are expressed as the mean ± SEM, or n (%). P value was calculated by independent Student t test or the Mann-Whitney U test. BP, 
blood pressure; BMI, body mass index; HbA1c, hemoglobin A1c; FPG, fasting plasma glucose; 2-h PG, 2-hour post-load plasma glucose  
after 75 g oral glucose tolerance test; HOMA-IR, homeostasis model assessment-insulin resistance; HDL-C, high density lipoprotein  
cholesterol; LDL-C, low density lipoprotein cholesterol; TG, Triglyceride; hs-CRP, highly sensitive C-reactive protein; IL-1beta,  
interleukin-1beta. 
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Figure 2 The linear correlation pattern between Framingham CVD risk score and serum IL-1beta level. (A) Correlation in total subjects. 
This result indicates a significantly positive correlation (r=0.314, P=0.002) (B) Correlation in non-DM group. This result indicates no 
significant correlation (r=0.086, P=0.563). (C) Correlation in DM group. This result indicates a significantly positive correlation (r=0.482, 
P<0.001).

Table 2 Partial correlation analysis of variables associated with Framingham CVD risk score

Variables

All study subjects DM group

F-score
F-score  

(adjusted 
by BMI)

F-score 
(adjusted by 
HbA1C, FPG, 

2-h PG)

F-score 
(adjusted by 
LDL-C, TG)

F-Score
F-score  

(adjusted 
by BMI)

F-score 
(adjusted by 
HbA1C, FPG, 

2-h PG)

F-score  
(adjusted by 
LDL-C, TG)

BMI (kg/m2) 0.222* 0.162 0.111 0.093 −0.077 0.076

HbA1C (%) 0.304** 0.141 0.082 −0.071 −0.166 −0.180

FPG (mg/dL) 0.282** 0.226* 0.157 0.081 0.073 −0.003

2-h PG 0.141 0.018 −0.035 −0.103 −0.223

Fasting insulin (µIU/mL) 0.130 0.089 0.132 0.112 −0.002 0.053 0.121 0.072

Fasting C-peptide (pmol/mL) 0.359** 0.362** 0.319* 0.363** 0.189 0.297* 0.180 0.319*

HOMA-IR 0.247* 0.184 0.369** 0.161 0.017 0.058 0.233 0.048

HOMA-beta −0.174 −0.138 0.068 −0.100 −0.100 0.037 0.046 0.076

LDL-C (mg/dL) 0.092 −0.048 −0.019 −0.113 −0.216 −0.050 −0.012

TG (mg/dL) 0.281** 0.287* 0.142 0.124 0.289* −0.058

hs-CRP (mg/L) 0.195 0.147 0.488** 0.175 −0.048 −0.045 0.104

apoA (mg/L) −0.412** −0.270 −0.155 −0.282 −0.326 −0.274 −0.021 −0.242

apoB (mg/L) 0.374* 0.145 0.199 0.138 0.249 0.020 0.197 0.042

IL-1beta (pg/mL) 0.314** 0.331*** 0.264* 0.302** 0.482*** 0.520*** 0.547** 0.480***

r value was calculated by the simple linear and partial rank correlation analysis. Partial correlation was adjusted with BMI, HbA1C, and FPG. *, 
P<0.05; **, P<0.01; ***, P<0.001. BMI, body mass index; HbA1c, hemoglobin A1c; FPG, fasting plasma glucose; 2-h PG, 2-hour post-load 
plasma glucose after 75 g oral glucose tolerance test; HOMA-IR, homeostasis model assessment-insulin resistance; LDL-C, low density 
lipoprotein cholesterol; TG, Triglyceride; hs-CRP, highly sensitive C-reactive protein; IL-1β, interleukin-1 β. 
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hs-CRP (r=0.580, P=0.004). However, IL-1beta was not 
association with the F-score after adjusting. The F-score in 
the DM group only was positively correlated with IL-1beta 
before adjusting (Figure 2C and Table 2). The correlation 
between IL-1beta and F-score remained significant after 
adjusting in above conditions (Table 2). After adjusting for 
BMI, fasting C-peptide and TG were positively correlated 
with the F-score. After adjusting for LDL cholesterol 
and TG, fasting C-peptide was positively correlated with 
the F-score. To estimate the independent contribution 
of F-score to IL-1beta in the DM group, we performed 
multivariate regression analyses using two models. The first 
model included the glycemic parameters (HbA1C, FPG, and 
2-h PG), and the second model included lipid parameters 
(LDL-cholesterol, triglycerides, apoA, and apoB). Both 
models revealed a significant correlation between IL-1beta 
and the F-score (R2=0.150, β=0.387, P=0.022 and R2=0.324, 
β=0.569, P=0.021). An elevated serum IL-1beta level 
increased the odds of intermediate to high CVD risk only 
in the presence of diabetes (odds ratio, 1.125; P=0.002), 
indicating that an increased IL-1beta level in patients with 
T2DM may affect the risk of CVD.

Factor changed according to serum IL-1beta level 

To identify the independent factors with IL-1beta, we also 
performed a Spearman’s correlation analysis in all subjects 
and DM group. IL-1beta showed only positive correlation 
with F-score in all subjects (r=0.314, P=0.001) and DM 
group (r=0.482, P<0.001). In all subjects, higher IL-1beta 
group showed significantly higher serum IL-1beta (13.4±0.6 
vs. 29.6±1.2 pg/mL, P<0.001), F-score (4.4%±0.6% 
vs. 7.1%±0.8%, P=0.007), and HOMA-IR (2.73±0.26 
vs. 3.96±0.38, P=0.009), but no significant difference 
in other factors. In DM group, higher IL-1beta group 
showed significantly higher serum IL-1beta (11.3±1.1 vs.  
30.0±1.2 pg/mL, P<0.001) and F-score (4.1%±0.9% vs. 
8.9%±1.0%, P=0.001), but no significant difference in other 
factors including HOMA-IR.

Changes in the serum IL-1beta level according to CVD risk

Because IL-1beta is a key player in cardiovascular risk 
(18,21,27), we also stratified the non-DM and DM groups 
according to their CVD risk: low CVD risk (F-score <5%) 
and intermediate to high CVD risk (F-score ≥10%) (12). As 
shown in Table 3, all subjects with an intermediate to high 
CVD risk were significantly older and had higher fasting 

C-peptide levels compared with those with a low CVD risk 
(P<0.05). Subjects in the DM group with intermediate to 
high CVD risk had significantly higher serum IL-1beta 
levels than did those with low CVD risk (17.3±9.4 vs. 
29.6±11.4, P<0.001), whereas no difference between those 
with low and those with intermediate to high CVD risk [18.8 
(14.4–22.7) vs. 19.1 (16.1–22.3), P=0.525] was detected in 
the non-DM group. Serum IL-1beta levels in the non-DM 
subjects with low CVD risk, the non-DM subjects with 
intermediate to high CVD risk, the DM subjects with low 
CVD risk, and the DM subjects with intermediate to high 
CVD risk were significantly different (P<0.001) (Figure 3). 
A post-hoc comparison revealed significantly higher IL-
1beta levels in the DM group with intermediate to high 
CVD risk than in the other groups. 

Obesity has been well known as an independent 
risk factor for CVD, but is not included in the F-score 
calculations. Therefore, we compared serum IL-1beta levels 
according to the BMI in the DM subjects. So, we stratified 
the non-obesity and obesity groups according to the BMI: 
healthy weight (BMI <25), overweight (25≤ BMI <30), 
obesity (BMI ≥30). We confirmed that IL-1beta (mean ± 
SEM) showed no significant difference between two groups: 
(I) healthy weight (BMI <25, n=24) vs. obesity (BMI ≥30, 
n=11), 23.9±2.4 vs. 22.1±2.9 (P=0.647), (II) healthy weight 
(BMI <25, n=24) vs. overweight and more (BMI ≥25, n=34), 
23.9±2.4 vs. 21.1±1.9 (P=0.352), (III) non-obesity (BMI <30, 
n=47) vs. obesity (BMI ≥30, n=11), 22.3±1.7 vs. 22.1±2.9 
(P=0.952). 

Changes in serum IL-1beta levels according to smoking 
history

Because smoking is one of the most important risk factors 
associated with the pathogenesis of atherosclerosis, we 
stratified the non-DM and DM groups according to 
smoking history. As shown in Table 4, most of the smokers 
were male and had higher F-scores in both groups. 
However, the IL-1beta level was not different between 
smokers and nonsmokers in the non-DM group but was 
higher in smokers than in non-smokers in the DM group. 
IL-1beta levels in the non-DM subjects without a smoking 
history, the non-DM subjects with a smoking history, 
the DM subjects without a smoking history, and the DM 
subjects with a smoking history were significantly different 
(P=0.007). A post-hoc comparison revealed that patients 
in the DM group with a smoking history had significantly 
higher IL-1beta levels than did those in the other groups 
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Table 3 Clinical and laboratory characteristics of study subjects according to CVD risk

Variables
Non-DM DM

Low CVD risk (n=32) High CVD risk (n=9) P Low CVD risk (n=28) High CVD risk (n=18) P

Age (years) 46.67±8.07 57.56±5.05 0.000 43.25±9.56 53.28±8.85 0.001

Male (%) 12 (37.5) 8 (88.9) 0.008 8 (28.6) 18 (100.0) 0.000

Smoking (%) 3 (9.4) 6 (66.7) 0.001 7 (25.0) 16 (88.9) 0.000

Hypertension medication (%) 2 (6.3) 2 (22.2) NS 3 (10.7) 6 (33.3) NS

Systolic BP (mmHg) 125±14 135±18 NS 135±20 135±17 NS

Diastolic BP (mmHg) 77±9 85±9 0.048 81±11 81±12 NS

BMI (kg/m2) 23.04 (20.92–24.59) 23.70 (22.84–25.16) NS 25.73±4.42 26.43±2.87* NS

FPG (mg/dL) 90.8±10.8 97.8±14.0 NS 172.9±47.9 174.3±41.2*** NS

Fasting insulin (µIU/mL) 7.87±3.81 8.92±4.81 NS 8.52 (7.37–13.35) 10.34 (7.91–15.32) NS

Fasting C-peptide (pmol/mL) 0.57±0.24 0.88±0.30 0.014 0.85±0.44 1.18±0.48 0.023

HOMA-IR 1.67±1.02 2.09±1.48 NS 4.59±2.05 5.09±2.64*** NS

HOMA-beta 105.30±60.68 100.96±46.10 NS 36.87 (22.36–58.21) 34.30 (24.58–56.22)** NS

HbA1C (%) 5.4 (5.2–5.5) 5.3 (5.3–5.5) NS 9.3±2.1 8.3±1.2*** 0.038

Total cholesterol (mg/dL) 186.0 (168.8–212.5) 176.0 (170.0–242.5) NS 226.4±62.7 206.3±33.9 NS

HDL cholesterol (mg/dL) 60.2±13.6 50.1±10.6 0.048 50.6±15.5 44.9±9.7 NS

LDL cholesterol (mg/dL) 118.1±30.7 129.4±34.0 NS 154.8±54.8 132.9±32.0 NS

Triglycerides (mg/dL) 77.0 (56.3–143.3) 115.00 (83.5–189.0) NS 154.0 (87.3–224.0) 149.50 (110.3–348.5) NS

hs-CRP (mg/L) 0.5 (0.2–0.9) 0.5 (0.3–9.1) NS 1.2 (0.4–1.8) 0.8 (0.4–1.5) NS

apoA (mg/L) 137.7±25.2 122.2±7.8 NS 127.5 (96.0–153.5) 108.5 (98.5–117.8) NS

apoB (mg/L) 93.8±22.5 99.8±26.1 NS 119.5 (97.0–133.3) 111.5 (107.3–133.8) NS

IL-1beta (pg/mL) 18.5 (14.4–22.7) 19.1 (16.1–22.3) NS 17.3±9.4 29.6±11.4* 0.000

Data are expressed as the mean ± SEM or n (%). P value was calculated by independent Student t test or the Mann-Whitney U test. * 
compared between Non-DM and DM with high CVD risk. *, P<0.05; **, P<0.01; and ***, P<0.001. BP, blood pressure; BMI, body mass 
index; FPG, fasting plasma glucose; HOMA-IR, homeostasis model assessment-insulin resistance; HbA1C, hemoglobin A1c; HDL, high 
density lipoprotein; LDL, low density lipoprotein; hs-CRP, highly sensitive C-reactive protein; IL-1β, interleukin-1 β.

(Figure 4). To identify which factors differed significantly in 
subjects with a smoking history between the non-DM and 
DM groups besides IL-1beta, we analyzed the parameters 
using the two-sample independent Student’s t-test or the 
nonparametric Mann-Whitney U-test. As shown in Table 4,  
subjects in the non-DM and DM groups with a smoking 
history significantly differed in terms of BMI, FPG, fasting 
C-peptide, HOMA-IR, HOMA-beta, HbA1C, and HDL-
cholesterol, which are distinct features of T2DM. These 
results demonstrate that smoking has a particularly strong 
influence on IL-1beta levels in patients with T2DM. 

However, although smoking history in the DM group 

was very strong association with serum IL-1beta, the 
correlation between serum IL-1beta level and F-score in the 
DM group remained significant after adjusting for smoking 
history that is an important factor in the F-score calculation 
(r=0.459, P<0.001). 

Discussion

This is the first study to investigate the association 
between IL-1beta as a marker of activation of the NLRP3 
inflammasome and CVD risk in patients with newly 
diagnosed, drug-naïve T2DM. We found a significant 
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positive correlation between the serum inflammatory 
marker IL-1beta level and CVD risk calculated using the 
F-score only in patients with newly diagnosed, drug naïve 
T2DM (DM group) but not in subjects without T2DM 
(non-DM group). In addition, F-score in DM group had 
no correlation with another inflammatory marker, hs-
CRP. This is very interesting finding because hs-CRP is 
thought as an independent risk factor for cardiovascular 
disease and future diabetes. Our previous study showed that 
patients with newly diagnosed, drug-naïve diabetes have no 
significant difference in serum CRP levels compared to and 
subjects without diabetes, but had significantly increased 
mRNA and protein expression of NLRP3, required for IL-
1beta synthesis, in monocyte-derived macrophages (22). 
Therefore, this study supported that IL-1beta in early 
diabetes is expressed earlier than CRP as an indicator of 
chronic inflammation, and the correlation between F-score 
and IL-1beta show only in DM group with sensitivity on 
inflammatory stimulation. 

Although many studies have shown that inflammation 
plays an important role in the progression of T2DM. Some 
studies have reported that serum IL-1beta levels are not 
different between subjects with normal glucose tolerance 
and those with T2DM (19,28,29), whereas other studies 
have reported that serum IL-1beta levels are higher in 

patients with T2DM than in those without T2DM (22,30). 
These conflicting results suggest that serum IL-1beta 
levels in patients with T2DM may have been influenced 
by selecting patients who use anti-diabetic drugs or have 
progressing diabetic complications. In fact, our previous 
study showed that the anti-diabetic drug metformin inhibits 
secretion of IL-1beta from monocyte-derived macrophages 
in patients with diabetes (22). We found no difference 
in serum IL-1beta levels between the DM and non-DM 
group, although serum IL-1beta levels tended to be higher 
in the DM group than in the non-DM group (P=0.077). 

T2DM can be diagnosed by the blood glucose level (23).  
However, the pathogenesis involves a great variety of 
genetic and environmental factors (31). Macrovascular 
complications, particularly CVD, can develop in subjects 
with prediabetes (32), indicating that the absolute glucose 
level could be a necessary, but not sufficient, condition 
for developing CVD. Therefore, it is very important to 
understand and investigate changes in body conditions 
caused by diabetes. We hypothesized that the pro-
inflammatory cytokine IL-1beta represents CVD risk 
in patients with T2DM. Serum IL-1beta level increased 
significantly in the DM group with intermediate to high 
CVD risk, but no difference was found in either group 
with a low CVD risk. Various laboratory results differed 
between the DM and non-DM groups with intermediate 
to high CVD risk; the DM group exhibited obesity, 
hyperglycemia, insulin resistance, beta-cell dysfunction, 
and higher inflammatory cytokine levels. These factors 
are remarkable clinical features of diabetes and could be 
risk factors for developing CVD. However, IL-1beta was 
only correlated with the F-score. In the DM group, this 
relationship between IL-1beta and F-score was independent 
of obesity severity and hyperglycemia, suggesting that the 
development of CVD in patients with T2DM could be 
caused by inflammation rather than the absolute glucose 
level. 

Smoking is a very important risk factor for inflammatory 
disorders, such as cancers, coronary heart disease, stroke, 
DM, and chronic obstructive pulmonary disease (COPD) 
(33-38), although the effects of smoking are not fully 
understood. One study demonstrated that serum IL-1beta 
levels are increased in active smokers and are induced by 
the inflammatory response through production of reactive 
oxygen species and cyclooxygenase-2 in endothelial  
cells (39). Another study demonstrated that smoking 
results in greater secretion of pro-inflammatory mediators, 
such as IL-1beta, in patients with COPD than in those 

Figure 3 The serum IL-1beta level according to Framingham 
risk score. All Non-DM group and DM group with low CVD risk 
(Framingham CVD risk score <5%) have no significantly difference 
in serum IL-1beta level. DM group with intermediate to high 
CVD risk (Framingham CVD risk score ≥10%) has significantly 
higher serum IL-1beta level than other groups. P value was 
calculated by Kruskal-Wallis ANOVA. n.s., not significant. ***, 
P<0.001. F score; Framingham CVD risk score.
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Table 4 Clinical and laboratory characteristics of study subjects according to smoking history

Variables
Non-DM DM

Non-smoking (n=36) Smoking (n=16) P Non-smoking (n=28) Smoking (n=30) P

Age (years) 49.80±9.01 49.44±8.52 NS 48.93 ±9.73 45.90±10.56 NS

Male (%) 13 (36.1) 16 (100.0) 0.000 8 (28.6) 28 (93.3) 0.000

Hypertension medication (%) 5 (13.9) 2 (12.5) NS 5 (17.9) 6 (20.0) NS

Systolic BP (mmHg) 127±16 125±11 NS 139±21 132±16 NS

Diastolic BP (mmHg) 79±10 79±8 NS 83±12 78±11 NS

BMI (kg/m2) 23.47±5.20 23.43±2.81 NS 26.38±4.23 25.49±3.15* NS

FPG (mg/dL) 93.6±13.5 91.1±11.8 NS 175.4±48.0 177.9±42.4*** NS

Fasting insulin (µIU/mL) 8.71±4.31 7.79±4.38 NS 11.31±5.04 10.61±6.01 NS

Fasting C-peptide (pmol/mL) 0.66±0.33 0.67±0.10 NS 0.88±0.45 1.05±0.44*** NS

HOMA-IR 1.98±1.36 1.60±1.19 NS 4.89±2.27 4.58±2.67*** NS

HOMA-beta 104.67±54.56 104.87±64.90 NS 41.25±22.00 38.89±32.21*** NS

HbA1C (%) 5.4±0.2 5.5±0.2 NS 8.7±2.0 9.1±1.9*** NS

Total cholesterol (mg/dL) 200.9±40.7 184.6±33.6 NS 223.7±58.6 204.9±39.6 NS

HDL cholesterol (mg/dL) 57.0±13.9 55.3±11.8 NS 51.2±14.2 45.2±12.0* NS

LDL cholesterol (mg/dL) 126.6±37.2 113.1±32.5 NS 150.7±53.7 134.5±24.8 NS

Triglycerides (mg/dL) 128.5±107.3 111.1±53.9 NS 180.3±101.4 250.6±333.2 NS

hs-CRP (mg/L) 0.9±1.1 5.4±8.8 NS 2.1±4.0 2.1±2.6 NS

apoA (mg/L) 134.1±24.0 119.7±9.5 NS 128.3±31.8 96.5±17.8 NS

apoB (mg/L) 100.9±29.6 97.3±32.7 NS 119.1±20.4 111.5±23.5 NS

Framingham score (%) 2.7±3.3 8.0±3.9 0.000 3.4 (1.0–5.3) 10.3 (5.5–15.0) 0.000

IL-1beta (pg/mL) 18.3±6.3 18.8±4.4 NS 18.3±9.6 24.1±10.1* 0.030

Data are expressed as the mean ± SEM, or n (%). P value was calculated by independent Student t test or the Mann-Whitney U test. * 
compared between Non-DM and DM with smoking history. *, P<0.05; **, P<0.01; and ***, P<0.001. BP, blood pressure; BMI, body mass 
index; FPG, fasting plasma glucose; HOMA-IR, homeostasis model assessment-insulin resistance; HbA1c, hemoglobin A1c; HDL, high 
density lipoprotein; LDL, low density lipoprotein; hs-CRP, highly sensitive C-reactive protein; IL-1β, interleukin-1 β. 

without COPD (40-42). In other words, patients with 
COPD could have higher inflammatory susceptibility to 
smoking. Therefore, we analyzed the effects of smoking 
on serum IL-1beta levels in subjects with and without 
T2DM. Surprisingly, serum IL-1beta levels were increased 
only in patients in the DM group with a smoking history, 
suggesting that patients with DM could have greater 
susceptibility to the smoking-induced release of IL-1beta. 
Many studies have proposed that inflammatory conditions 
can be exacerbated and accelerated in patients with diabetes 
(43,44). This hypothesis is supported by our results in which 
activation of the immune system in patients with T2DM 

was intensified by a stimulus, such as smoking, and could 
aggravate atherosclerosis. To determine whether some 
clinical factors between the DM and non-DM groups had 
effects on serum IL-1beta levels, we performed a subgroup 
analysis. Subjects with a smoking history in the DM and 
non-DM groups showed no differences in age, sex, SBP, or 
history of hypertension medication use, which were used 
to calculate the F-score. As expected, the F-score was not 
different between subjects in the DM and non-DM groups 
who smoked. These results indicate that the F-score may 
underestimate the effect of smoking which could provoke 
activation of the innate immune system in patients with 
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T2DM. 
In conclusion, serum IL-1beta levels may be related to 

CVD risk, particularly in patients with T2DM who smoke. 
Although we did not observe a difference in serum IL-
1beta levels between the DM and non-DM groups, our 
results suggest that the serum IL-1beta level could be used 
to calculate the CVD risk in patients with T2DM. Further 
study is needed to investigate whether patients with T2DM 
and elevated serum IL-1beta levels have an increased 
incidence of CVD.  

 Several limitations should be mentioned for the 
present study. First, our study did not measure the waist 
circumference and waist-hip ratio. These are essential to 
identify phenotypes of diabetic patients with body weight 
and BMI. Although our results showed no correlation 
between IL-1beta and obesity represented by BMI, we 
could not conclude that IL-1beta was not correlation with 
the waist circumference and/or waist-hip ratio. Second, 
the present study was carried out in South Korean, where 
the incidence of obesity is low compared with Caucasians. 
Therefore, we could conclude that diabetic patients with 
severe obesity were not correlation between IL-1beta and 
obesity. Third, we did not exclude the hypertension in 
our study. Although we excluded the patients taking anti-
hypertensive drug ARB from this study, some studies have 
reported that hypertension itself might increase serum IL-
1beta levels. Therefore, our study might have the bias by 
hypertension. Fourth, this was cross-sectional study, and we 

could not conclude that serum IL-1beta levels in diabetic 
patients paly as an independent factor for CVD. Therefore, 
additional prospective studies on relationship between IL-
1beta and CVD morbidity with a large sample size are 
required.
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