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39 Abstract
40 Objectives: The aim of this study was to evaluate the relationship between HbA1c level and 
41 flow-mediated vasodilation (FMD) in patients with type 2 diabetes.
42 Design: Cross-sectional study.
43 Setting: 22 University hospitals and affiliated clinics in Japan.
44 Participants: 1215 patients (870 men and 345 women; mean age: 62±10 years) with type 2 
45 diabetes including 349 patients not taking antidiabetic drugs and 866 patients taking 
46 antidiabetic drugs.
47 Measures: We evaluated FMD and HbA1c level. All patients were divided into four groups 
48 based on HbA1c levels: <6.5 %, 6.5-6.9 %, 7.0-7.9 %, ≥8.0 %.
49 Results: An inverted U-shaped pattern of association between HbA1c level and FMD was 
50 observed at the peak of HbA1c of about 7%. FMD was significantly smaller in the HbA1c 
51 <6.5% group than in the HbA1c 6.5%-6.9% group and HbA1c 7.0%-7.9% group (p<0.001 and 
52 p<0.001), and FMD values were similar in the HbA1c <6.5% group and HbA1c ≥8.0% group.  
53 After adjustments for confounding factors, FMD was significantly smaller in the HbA1c <6.5% 
54 group than in the HbA1c 6.5%-6.9% and HbA1c 7.0%-7.9% group (p=0.002 and p=0.04). In 
55 patients not taking antidiabetic drugs, FMD was also significantly smaller in the HbA1c <6.5% 
56 group than in the HbA1c 6.5%-6.9% group and HbA1c 7.0%-7.9% group (p<0.001 and p=0.02).
57 Conclusions: These findings suggest that a low HbA1c level of <6.5% is associated with 
58 endothelial dysfunction. An HbA1c level of 6.5-6.9% may be appropriate for maintenance of 
59 endothelial function.
60
61 Trial registration number: The protocol was registered in the University Hospital Medical 
62 Information Network Clinical Trials Registry (UMIN000012950, UMIN000012951, 
63 UMIN000012952, and UMIN000003409)
64

65 Strengths and limitations of this study

66 ・The present study shows the relationship between HbA1c and FMD in patients with type 2 

67 diabetes.

68 ・The present study was conducted in multiple centers and had a large sample size.

69 ・We did not have information on the duration of diabetes from onset.

70 ・This study was a cross-sectional study, therefore, we were not able to evaluate the causality 

71 between low HbA1c level and FMD.

72
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73 INTRODUCTION
74 Diabetes is a risk factor for atherosclerosis and subsequent cardiovascular disease (CVD) and 
75 CV events. 1 Previous studies showed that adults with diabetes have 2-4-fold higher rates of 
76 all-cause mortality and CVD mortality than those in subjects without diabetes.2 3 Therefore, 
77 prevention of CVD in patients with diabetes is clinically important. Hemoglobin A1c (HbA1c) 
78 level, an index of glycemic control, is usually checked in patients with diabetes. However, 
79 HbA1c-guided diabetes treatment is still controversial.
80 Previous large clinical trials, including the Veterans Affairs Diabetes Trial (VADT), the 
81 Action in Diabetes and Vascular Disease: Preter Ax and Diamicron MR Controlled Evaluation 
82 (ADVANCE) trial, and the Kumamoto study, have shown that intensive glucose control 
83 reduces the incidences of microvascular diseases such as retinopathy and nephropathy but not 
84 the incidence of macrovascular diseases such as myocardial infarction and stroke in patients 
85 with type 2 diabetes. 4-7 The Action to Control Cardiovascular Risk in Diabetes (ACCORD) 
86 trial showed that intensive therapy increased all-cause mortality in patients with type 2 diabetes. 
87 8 The VADT and the ADVANCE trial showed that severe hypoglycemia increases death from 
88 cardiovascular disease and any-cause of death. 5 7 Unfortunately, the optimal target level of 
89 HbA1c in diabetes is unclear, and it is still controversial whether intensive glucose control by 
90 HbA1c-guided therapy reduces the incidence of CV events. 5 7,8

91 Endothelial dysfunction is well known as the initial step of atherosclerosis, and it plays a 
92 critical role in the development of atherosclerosis, leading to CVD. 9 Measurement of flow-
93 mediated vasodilation (FMD) in the brachial artery is an established tool for assessment of 
94 endothelial function 10 and it is well known as an independent predictor of cardiovascular events. 
95 11 Endothelial function assessed by FMD is impaired by traditional cardiovascular risk factors 
96 such as hypertension, dyslipidemia, smoking, chronic alcohol drinking and also diabetes. FMD 
97 is reversible by several interventions such as life-style modifications and pharmacological 
98 treatment. 12 13 Therefore, FMD is a very useful tool for assessing the current vascular function 
99 and cardiovascular risk. 

100 Diabetes is associated with endothelial dysfunction. 14 Chronic hyperglycemia is a major 
101 contributor to increased oxidative stress and causes endothelial dysfunction through 
102 inactivation of nitric oxide. 15 Several studies have shown that endothelial function is improved 
103 by antidiabetic therapy including use of antidiabetic drugs. 12 16 However, there is little 
104 information on the relationship between HbA1c level and endothelial function. 
105 Therefore, we evaluated the relationship between HbA1c level and endothelial function 
106 assessed by FMD in patients with type 2 diabetes.
107
108 METHODS
109 Study patients 
110 A total of 10260 subjects (7385 patients from the FMD-J study and 2875 patients who 
111 underwent a health checkup at Hiroshima University Hospital between August 2007 and 
112 August 2016) were recruited in this study. The FMD-J study was a prospective multicenter 
113 registry. The design of FMD-J study has been described in detail previously. 17 The protocol 
114 used for measurement of FMD was the same in the FMD-J study and at Hiroshima University 
115 Hospital. Exclusion criteria was listed on online supplementary Figure 1. Finally, we enrolled 
116 1215 subjects in this study. Hypertension was defined as the use of antihypertensive drugs or 
117 systolic blood pressure of more than 140 mmHg or diastolic blood pressure of more than 90 
118 mmHg measured in a sitting position on at least 3 occasions. Dyslipidemia was defined 
119 according to the third report of the National Cholesterol Education Program. 18 Diabetes was 
120 defined according to the American Diabetes Association recommendation. 19 Smokers were 
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121 defined as those who were current smokers. CVD was defined as coronary heart disease and 
122 cerebrovascular disease. Coronary heart disease included angina pectoris, prior myocardial 
123 infarction, and unstable angina. Cerebrovascular disease included ischemic stroke, hemorrhagic 
124 stroke, and transient ischemic attack. The ethics committee in Hiroshima University approved 
125 the study protocol. Written informed consent for participation in this study was obtained from 
126 all participants. All methods were performed in accordance with the relevant guidelines and 
127 regulations. 
128
129 Study 1. HbA1c levels and vascular function in patients with type 2 diabetes
130 In study 1, we assessed the relationships between HbA1c level and vascular function as assessed 
131 by measurement of FMD, an index of endothelium-dependent vasodilation, and by 
132 measurement of nitroglycerine-induced vasodilation (NID), an index of endothelium-
133 independent vasodilation, in 1215 patients with type 2 diabetes. First, we divided the patients 
134 into two groups based on their HbA1c levels: <6.5% and ≥6.5%. Multivariate regression 
135 analysis was performed to identify independent variables associated with vascular function. 
136 Next, we divided the patients into four groups according to HbA1c levels: <6.5%, 6.5-6.9%, 
137 7.0-7.9%, and ≥8.0%. We next assessed the relationships of HbA1c levels with FMD and NID 
138 using propensity score matching.
139
140 Study 2. HbA1c levels and vascular function in patients with type 2 diabetes not taking 
141 antidiabetic drugs 
142 We evaluated the relationships of HbA1c levels with FMD and NID in 349 patients with type 
143 2 diabetes who were not taking antidiabetic drugs by using the same protocol as that used in 
144 study 1.  
145
146 Measurements of FMD and NID
147 A high-resolution ultrasonography equipment specialized to measure FMD (UNEXEF18G, 
148 UNEX Co., Nagoya, Japan) was used to evaluate FMD. Additional details are available in the 
149 supplementary method. The intraclass correlation coefficient between each participating 
150 institutions and the core laboratory has been previously described. 20 
151  
152 Statistical analysis
153 Results are presented as means±SD. All reported probability values were 2-sided, and a 
154 probability value of <0.05 was considered statistically significant. An association between 
155 FMD and HbA1c level was explored visually using a locally weighted regression smoothing 
156 (Lowess) plot. Categorical values were compared by means of the chi-square test. Continuous 
157 variables were compared by using ANOVA multiple groups. Comparisons between the groups 
158 categorized according to HbA1c levels were carried out using repeated measures ANOVA with 
159 Tukey’s post hoc test. Univariate linear regression analyses were performed to assess the 
160 relationships among the variables. Multivariate logistic regression analysis was performed to 
161 identify independent variables associated with lower quartiles of FMD (<2.1%) and NID 
162 (<6.2%). Age, gender, body mass index, creatinine levels, current smoking, and the presence 
163 of hypertension, dyslipidemia and CVD were entered into the multivariate logistic regression 
164 analysis. As a sensitivity analysis, propensity score analysis was used to minimize the selection 
165 bias for evaluation of the relationship between HbA1c level and vascular function. The 
166 propensity score was calculated for each patient on the basis of logistic regression analysis of 
167 the probability of not taking antidiabetic drugs within groups stratified by HbA1c levels (<6.5%, 
168 6.5-6.9%, 7.0-7.9%, and ≥8.0%) using clinical variables including age, sex, body mass index 
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169 (BMI), systolic blood pressure, diastolic blood pressure, heart rate, total cholesterol, 
170 triglycerides, high-density lipoprotein (HDL-C), uric acid levels, current smoking (yes or no), 
171 medication with antihypertensive drugs (yes or no), medication with lipid lowering drugs (yes 
172 or no) and presence of CVD (yes or no). With these propensity scores using a caliper width of 
173 0.25 standard deviations of the logit of the propensity score, two well-matched groups based 
174 on clinical characteristics were created for comparison of the prevalences of endothelial 
175 dysfunction defined as FMD of <2.1%, the division point for the lowest quartile of FMD in all 
176 participants. All data were processed using the JMP Pro. Ver 14.0 software (SAS Institute, Cary, 
177 NC, USA)
178
179 Patient involvement
180 Patients and the public were not involved in the design or planning of the study.
181
182 RESULTS
183 Study 1. 
184 Relationships between HbA1c level and variables in Patients with type 2 Diabetes 
185 The baseline characteristics of the 1215 patients are summarized in Table 1. The mean FMD 
186 value was 4.2±2.8% and the mean NID value was 10.6±5.8%. The baseline characteristics of 
187 subjects with HbA1c of <6.5% and those with HbA1c of ≥6.5% are also summarized in Table 
188 1. FMD was significantly smaller in the HbA1c <6.5% group than in the HbA1c ≥6.5% group 
189 (3.5±2.7% and 4.6±2.7%, respectively, p<0.001; Figure 1A). NID values were similar in the 
190 two groups (10.6±5.8% in the HbA1c <6.5% group and 10.8±5.6% in the HbA1c ≥6.5% group, 
191 p=0.73; Figure 1B).
192 Next, the patients were divided into four groups based on HbA1c levels: <6.5%, 6.5-6.9%, 
193 7.0-7.9%, and ≥8.0%. The baseline characteristics are summarized in online supplementary 
194 Table 1. FMD values were 3.5±2.7% in the HbA1c <6.5% group, 4.8±2.9% in the HbA1c 6.5-
195 6.9% group, 4.5±2.6% in the HbA1c 7.0-7.9% group, and 4.2±2.7% in the HbA1c ≥8.0% group 
196 (p<0.001). FMD was significantly smaller in the HbA1c <6.5% group than in the HbA1c 6.5-
197 6.9% group and HbA1c 7.0-7.9% group (p<0.001 and p<0.001, respectively; online 
198 supplementary Figure 2A). There was no significant difference in FMD between the HbA1c 
199 <6.5% group and HbA1c ≥8.0% group. (p=0.055; online supplementary Figure 2A). NID 
200 values were 10.6±5.9% in the HbA1c <6.5% group, 11.2±5.4% in the HbA1c 6.5-6.9% group, 
201 10.4±5.2% in the HbA1c 7.0-7.9% group, and 10.4±6.8% in the HbA1c ≥8.0% group. There 
202 were no significant differences in NID values among the four groups (p=0.82; online 
203 supplementary Figure 2B).
204
205 Univariate analysis of relationships among FMD, NID, HbA1c level and variables in 
206 patients with type 2 Diabetes
207 Online supplementary Table 2 shows univariate relations among FMD, HbA1c level and 
208 variables. FMD was significantly correlated with age (r=-0.30, p<0.001), diastolic blood 
209 pressure (r=0.17, p<0.001), creatinine (r=-0.09, p=0.002), HbA1c level (r=0.08, p=0.004) and 
210 NID (r=0.33, p<0.001). HbA1c level was significantly correlated with age (r=-0.21, p<0.001), 
211 BMI (r=0.07, p=0.01), systolic blood pressure (r=0.13, p<0.001), diastolic blood pressure 
212 (r=0.14, p<0.001), total cholesterol (r=0.18, p<0.001), HDL cholesterol (r=-0.14, p<0.001), 
213 LDL cholesterol (r=0.16, p<0.001), uric acid (r=-0.11, p<0.001), glucose level (r=0.57, 
214 p<0.001), and FMD (r=0.08, p=0.004). Linear regression analysis revealed that HbA1c level 
215 was significantly correlated with FMD (r=0.08, p=0.004; online supplementary Figure 3A). A 
216 scatter plot between FMD and HbA1c level with a Lowess smoothed curve is shown in online 
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217 supplementary Figure 3B. FMD gradually increased with increase in HbA1c level to about 6.5-
218 6.9% and the decreased with increase in HbA1c level above 7.0%.
219
220 Multivariate analysis of relationships among low quartile of FMD, low quartile of NID, 
221 low HbA1c level and variables
222 The division points for the lowest quartile and second quartile were 2.1% FMD and 6.2% NID. 
223 Therefore, we defined small FMD as FMD of <2.1% and small NID as NID of <6.2%. We next 
224 examined whether low HbA1c (HbA1c of <6.5%) was independently associated with small 
225 FMD by multiple logistic regression analysis. After adjustments for age, gender, BMI, current 
226 smoking, creatine, and presence of hypertension, dyslipidemia and CVD, HbA1c <6.5% was 
227 independently associated with a lower quartile of FMD (OR: 2.03, 95% CI: 1.53-2.69; p<0.001) 
228 but was not associated with a lower quartile of NID (OR: 1.07, 95% CI: 0.65-1.75; p=0.80) 
229 (online supplementary Table 3).
230
231 Relationships among FMD, NID and HbA1c levels in patients with type 2 Diabetes 
232 determined by using propensity score matching analysis.
233 Propensity score matching analysis was used to create matched pairs between the HbA1c < 
234 6.5% group and the other three groups (HbA1c of 6.5-6.9%, HbA1c of 7.0-7.9%, and HbA1c 
235 of ≥8.0%). Baseline characteristics of matched pairs of the low HbA1c level (HbA1c of <6.5%) 
236 group and the other three groups are summarized in online supplementary Tables 4, 5, and 6. 
237 FMD was significantly smaller in the HbA1c <6.5% group than in the HbA1c 6.5-6.9% group 
238 and the HbA1c 7.0-7.9% group (3.8±2.6% versus 4.7±3.0%, p=0.002; 3.9±2.6% versus 
239 4.5±2.6%, p=0.04; online supplementary Figures 4A and 4C), while there was no significant 
240 difference in FMD between the HbA1c <6.5% group and the HbA1c ≥8.0% group (4.5±2.7% 
241 versus 4.1±2.8%, p=0.36; online supplementary Figure 4E). There were no significant 
242 differences in NID between the HbA1c <6.5% group and the other three groups (11.0±6.0% 
243 versus 11.2±5.5% in the HbA1c <6.5% group versus the HbA1c 6.5-6.9% group, p=0.84; 
244 10.2±5.8% versus 10.5±5.6% in the HbA1c <6.5% group versus the HbA1c 7.0-7.9% group, 
245 p=0.82; 12.8±6.2% versus 11.6±7.2%, p=0.5, in the HbA1c <6.5% group versus the HbA1c 
246 ≥8.0% group, p=0.82; online supplementary Figures 4B, 4D, and 4F).
247  
248 Study 2. 
249 Baseline characteristics of patients with type 2 Diabetes who were not taking antidiabetic 
250 drugs
251 Next, we evaluated the relationship between HbA1c level and FMD in patients with type 2 
252 diabetes who were not taking antidiabetic drugs in order to eliminate possible effects of 
253 antidiabetic drugs and antidiabetic drug-induced hypoglycemia on vascular function. The 
254 baseline characteristics of those patients are summarized in Table 2. The mean FMD value was 
255 4.2±2.8% and the mean NID value was 10.6±5.8%.
256
257 Relationships among HbA1c level, FMD, NID and variables in patients with type 2 
258 Diabetes who were not taking antidiabetic drugs with HbA1c levels <6.5% and HbA1c 
259 levels ≥6.5%
260 The baseline characteristics of patients with type 2 diabetes not taking antidiabetic drugs who 
261 had HbA1c levels <6.5% and HbA1c levels ≥6.5% are summarized in online supplementary 
262 Table 7. FMD was significantly smaller in the HbA1c <6.5% group than in the HbA1c ≥6.5% 
263 group (3.2±2.9% and 4.8±2.7%, respectively, p<0.001; online supplementary Figure 5A). NID 
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264 values were similar in the two groups (11.0±6.0% in the HbA1c <6.5% group and 11.3±4.7% 
265 in the HbA1c ≥ 6.5% group, p=0.79; online supplementary Figure 5B).
266 Next, the patients were divided into four groups according to HbA1c levels: <6.5%, 6.5-
267 6.9%, 7.0-7.9%, and ≥8.0%. The baseline characteristics are summarized in Table 2. FMD 
268 values were 3.2±2.9% in the HbA1c <6.5% group, 5.2±2.9% in the HbA1c 6.5-6.9% group, 
269 4.4±2.4% in the HbA1c 7.0-7.9% group, and 3.9±2.5% in the HbA1c ≥8.0% group (p<0.001; 
270 Figure 2A). FMD was significantly smaller in the HbA1c <6.5% group than in the HbA1c 6.5-
271 6.9% group and HbA1c 7.0-7.9% group, while there was no significant difference in FMD 
272 between the HbA1c <6.5% group and the HbA1c ≥8.0% group (p<0.001, p=0.02 and p=0.62 
273 respectively; Figure 2A). NID values were 11.0±6.0% in the HbA1c <6.5% group, 12.6±3.7% 
274 in the HbA1c 6.5-6.9% group, 10.1±5.7% in the HbA1c 7.0-7.9% group, and 10.5±4.0% in the 
275 HbA1c ≥8.0% group. There were no significant differences in NID values among the four 
276 groups (p=0.59; Figure 2B).
277
278 Univariate analysis of relationships among FMD, NID, HbA1c level and variables in 
279 patients with type 2 Diabetes who were not taking antidiabetic drugs 
280 Online supplementary Table 8 shows univariate relationships among FMD, HbA1c level and 
281 variables. FMD was significantly correlated with age (r=-0.24, p<0.001), systolic blood 
282 pressure (r=0.10, p=0.048), diastolic blood pressure (r=0.19, p=0.02), and NID (r=0.36, 
283 p<0.001). HbA1c level was significantly correlated with age (r=-0.2, p<0.001), systolic blood 
284 pressure (r=0.17, p=0.001), diastolic blood pressure (r=0.12, p=0.02), total cholesterol (r=0.22, 
285 p<0.001), triglycerides (r=0.23, p<0.001), HDL cholesterol (r=-0.19, p<0.001), LDL 
286 cholesterol (r=0.14, p=0.01), and glucose level (r=0.70, p<0.001). Linear regression analysis 
287 revealed that HbA1c level was not significantly correlated with FMD (r=0.05, p=0.40; online 
288 supplementary Figure 6A). Scatter plots between FMD and HbA1c with a Lowess smoothed 
289 curve are shown in online supplementary Figure 6B. FMD gradually increased with increase in 
290 HbA1c level to about 6.5-6.9% and then decreased with increase in HbA1c level above 7.0%.
291
292 Multivariate analysis of relationships among low quartile of FMD, low quartile of NID, 
293 low HbA1c level and variables in patients with type 2 Diabetes who were not taking 
294 antidiabetic drugs
295 Multiple logistic regression analysis revealed that after adjustments for age, gender, BMI, 
296 current smoking, creatine, and presence of hypertension, dyslipidemia and CVD, HbA1c level 
297 of <6.5% was independently associated with a lower quartile of FMD (OR: 2.57, 95% CI: 1.45-
298 4.54; p=0.001) but was not associated with a lower quartile of NID (OR: 1.29, 95% CI: 0.43-
299 3.91; p=0.65) (Table 3).
300
301 Relationships among FMD, NID and HbA1c level in patients with type 2 Diabetes who 
302 were not taking antidiabetic drugs determined by using propensity score matching 
303 analysis
304 Propensity score matching analysis was used to create matched pairs between the HbA1c <6.5% 
305 group and the other groups (HbA1c of 6.5-6.9%, HbA1c of 7.0-7.9%, and HbA1c of ≥8.0%). 
306 Baseline characteristics of matched pairs of the low HbA1c level HbA1c of <6.5% group and 
307 the other three groups are summarized in online supplementary Tables 9, 10, and 11. FMD was 
308 significantly smaller in the HbA1c < 6.5% group than in the HbA1c 6.5-6.9% group (3.1±2.7% 
309 versus 4.6±3.2%, p=0.02; online supplementary Figure 7A), while there were no significant 
310 differences in FMD between the HbA1c <6.5% group, the HbA1c 7.0-7.9% group and the 
311 HbA1c ≥8.0% group (3.2±3.2% versus 4.0±2.8%, p=0.35; 4.0±3.0% versus 3.8±2.4%, p=0.87; 
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312 online supplementary Figures 7C and 7E). There were no significant differences in NID 
313 between the HbA1c <6.5% group and the other three groups (10.8±5.6% versus 11.7±4.0% in 
314 the HbA1c <6.5% group versus the HbA1c 6.5-6.9% group, p=0.62; 11.8±5.7% versus 
315 7.8±4.9% in the HbA1c <6.5% group versus the HbA1c 7.0-7.9% group, p=0.10; 14.8±5.5% 
316 versus 13.6±3.9% in the HbA1c <6.5% group versus the HbA1c ≥8.0% group, p=0.78; online 
317 supplementary Figures 7B, 7D, and 7F).
318
319 DISCUSSION
320 In the present study, we demonstrated that a low HbA1c level of <6.5% was independently 
321 associated with small FMD in patients with type 2 diabetes. After adjustments for confounding 
322 factors, FMD was significantly smaller in the HbA1c <6.5% group than in the HbA1c 6.5-6.9% 
323 group and HbA1c 7.0-7.9% group. In patients who were not taking antidiabetic drugs, FMD 
324 was also significantly smaller in the HbA1c <6.5% group than in the HbA1c 6.5-6.9% group 
325 and HbA1c 7.0-7.9% group. In addition, we confirmed that FMD was significantly smaller in 
326 the low HbA1c group than in the HbA1c 6.5-6.9% group by using propensity score matching 
327 analysis. To our knowledge, the present study is the first study showing the detailed 
328 relationships between HbA1c levels and endothelial function in patients with type 2 diabetes 
329 including patients not taking antidiabetic drugs.
330 Interestingly, in the present study, HbA1c levels were not corelated with NID. There were 
331 no significant differences in NID values among the HbA1c groups of <6.5%, 6.5-6.9%, 7.0-
332 7.9%, and ≥8.0%. In patients with type 2 diabetes who were not taking antidiabetic drugs, there 
333 were also no significant differences in NID values among the four groups. These findings 
334 suggest that HbA1c level is not correlated with vascular smooth muscle function.
335 It is well known that the incidence of myocardial infarction increases in relation to 
336 HbA1c level. 21 It is thought that FMD, an index of endothelial function, decreases with increase 
337 in HbA1c level. However, in the present study, a low HbA1c level of <6.5% was found to be 
338 independently associated with endothelial dysfunction in patients with type 2 diabetes. To avoid 
339 the effects of antidiabetic drugs on HbA1c levels and to minimize the effect of hypoglycemia, 
340 we evaluated the relationships between HbA1c levels and FMD in patients with type 2 diabetes 
341 who were not taking antidiabetic drugs, and we found that the results were similar for patients 
342 taking and those not taking antidiabetic drugs. 
343 The key finding of this study was that an inverted U-shaped pattern of association 
344 between HbA1c and FMD was observed at the peak of HbA1c of about 7% in patients with 
345 type 2 diabetes. This result may reflect the existence of a J-curve pattern of association between 
346 HbA1c and all causes of mortality. Diabetes is well known as a risk factor for endothelial 
347 function as well as for CVD. 14 22 23 However, the effect of intensive glucose control therapy on 
348 all causes of mortality is still controversial. Previous studies focused on the relationship 
349 between HbA1c and all causes of mortality. Some studies showed a positive linear relationship 
350 between HbA1c and all causes of mortality 24 25, while other studies showed a J-shaped 
351 relationship between HbA1c and all causes of mortality 26 27. The effects of intensive glucose 
352 control therapy on morbidity and mortality of CV events are also controversial. 27 28 The 
353 UKPDS 73 study showed that the frequency of hypoglycemia in patients not taking antidiabetic 
354 drugs was 0.1%. 29 Hypoglycemia during intensive glucose control is probably a predictor of 
355 morbidity and mortality of CV events. It has been shown that the hazard ratios for all causes of 
356 mortality including CV events in patients with severe hypoglycemia episodes are between 1.74 
357 and 3.27. 30 31 It has been postulated that hypoglycemia activates the sympathetic nervous 
358 system, releases catecholamines that cause increase heart rate and myocardial contractility 32, 
359 and activates platelet aggregation, leading to acute coronary syndrome and fatal arrythmia. 33 
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360 Although the precise mechanisms by which a low HbA1c level impairs endothelial function is 
361 uncertain, activation of the sympathetic nervous system may play a critical role in endothelial 
362 dysfunction. We cannot deny the possibility that factors other than hypoglycemia contribute to 
363 low HbA1c-induced endothelial dysfunction.
364 This study has some limitations. First, this study was a cross-sectional study, although 
365 the study was conducted in multiple centers and had a large sample size. Therefore, we were 
366 able to evaluate the association but not causality between low HbA1c level and FMD. Second, 
367 unfortunately, we did not have information on the duration of diabetes from onset. The 
368 UKPDS80 study has shown that CVD risk reduction was observed after 10 years of follow up 
369 of intensive glucose therapy in patients with newly diagnosed type 2 diabetes. Third, this study 
370 was conducted in Japan, and our results for the association between HbA1c and FMD might 
371 not be applicable to other races. However, the ACCORD trial was conducted in North America, 
372 and the ADVANCE trial was conducted in 20 countries including countries in Asia and Europe 
373 and in North America and Australia. The results of those studies suggest that an inverted U-
374 shaped pattern of the association of FMD with HbA1c that found in the present study is 
375 observed in all races. It is well known that HbA1c levels do not accurately reflect mean glucose 
376 values in patients with end-stage chronic kidney disease and in patients with dialysis. In the 
377 present study, we excluded those patients and we adjusted serum creatinine levels using 
378 propensity score matching analysis. In addition, since elderly patients often have malnutrition 
379 due to anorexia that leads to low HbA1c, we excluded patients over 80 years of age. Even after 
380 excluding these confounding factors, a low HbA1c level was associated with endothelial 
381 dysfunction in patients with type 2 diabetes.
382 In conclusions, a low HbA1c level (<6.5%) is associated with endothelial dysfunction 
383 in patients with type 2 diabetes, even in patients with type 2 diabetes who are not taking 
384 antidiabetic drugs. Control of HbA1c level in the range of 6.5-6.9% may be appropriate for 
385 maintenance of vascular function in patients with type 2 diabetes.
386
387
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607 Figure Legends
608 Figure 1. Bar graphs show flow-mediated vasodilation (A) and nitroglycerine-induced 
609 vasodilation (B) in patients with HbA1c of <6.5% and patients with HbA1c of ≥6.5%.
610 Figure 2. Bar graphs show flow-mediated vasodilation (A) and nitroglycerine-induced 
611 vasodilation (B) in 4 groups according to HbA1c levels for patients not receiving antidiabetic 
612 drug treatment.
613
614

615
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616 Table 1. Clinical Characteristics of the Patients with Type 2 Diabetes
617

618
619 HDL-C indicates high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein 
620 cholesterol; CVD, cardiovascular disease; FMD, flow-mediated vasodilation; NID, 
621 nitroglycerine-induced vasodilation.
622
623

Variables Total

(n=1215)

HbA1c
<6.5%
(n=474)

HbA1c
≥6.5%
(n=741) P value

Age, yr 62±10 65±10 60±10 <0.001
Gender, men/women 870/345 301/173 569/172 <0.001
Body mass index, kg/m2 25.3±4.3 24.7±4.0 25.7±4.4 <0.001
Heart rate, bpm 68±11 69±12 68±11 0.15
Systolic blood pressure, mmHg 133±17 130±18 135±17 <0.001
Diastolic blood pressure, mmHg 79±11 76±11 80±11 <0.001
Total cholesterol, mg/dL 188±37 180±33 192±38 <0.001
Triglycerides, mg/dL 148±109 130±81 159±123 <0.001
HDL-C, mg/dL 54±15 57±16 53±15 <0.001
LDL-C, mg/dL 107±32 101±29 111±33 <0.001
Creatinine, mg/dL 0.84±0.29 0.86±0.31 0.83±0.27 0.07
Uric acid, mg/dL 5.7±1.4 5.8±1.4 5.6±1.4 0.03
Glucose, mg/dL 138±46 119±27 150±51 <0.001
Hemoglobin A1c, % 6.8±1.1 5.9±0.4 7.4±1.0 <0.001
Medical history, n (%) 
Hypertension 969 (79.8) 378 (79.8) 591 (79.8) 1.00
Dyslipidemia 953 (78.4) 371 (78.3) 582 (78.5) 0.91

CVD, n (%) 409 (33.7) 150 (31.7) 259 (35.0) 0.23
Current Smoking, n (%) 290 (24.1) 104 (21.9) 186 (25.6) 0.15
Medication, n (%)
Antihypertensive drugs 852 (70.1) 365 (77.0) 487 (65.7) <0.001
Lipid lowering drugs 680 (56.0) 298 (62.9) 382 (51.6) <0.001
Antidiabetic drugs 866 (71.3) 373 (78.7) 493 (66.5) <0.001
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624 Table 2 Clinical Characteristics of Patients with Type 2 Diabetes Not Taking Antidiabetic 
625 Drugs According to HbA1c Level
626

627
628 HDL-C indicates high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein 
629 cholesterol; CVD, cardiovascular disease; FMD, flow-mediated vasodilation; NID, 
630 nitroglycerine-induced vasodilation.

Variables Total

(n=349)

HbA1c
<6.5%
 (n=101)

HbA1c
6.5-6.9%
 (n=149)

HbA1c
7.0-7.9%
 (n=67)

HbA1c
≥8.0%
 (n=32) P value

Age, yr 61±10 66±10 60±10 61±9 57±10 <0.001
Gender, men/women 245/104 59/42 108/41 52/15 26/6 0.01
Body mass index, kg/m2 25.4±4.2 24.6±4.1 25.5±4.2 26.0±4.6 25.8±4.2 0.1
Heart rate, bpm 69±11 70±11 68±11 68±10 69±11 0.21
Systolic blood pressure, mmHg 133±17 128±18 133±16 136±16 138±19 0.004
Diastolic blood pressure, mmHg 80±11 77±12 81±10 82±10 83±10 0.002
Total cholesterol, mg/dL 199±39 186±33 205±36 197±45 216±45 <0.001
Triglycerides, mg/dL 169±139 133±82 169±143 205±173 206±162 0.003
HDL-C, mg/dL 54±15 57±15 55±16 48±12 49±12 <0.001
LDL-C, mg/dL 116±32 110±30 119±31 115±36 127±30 0.04
Creatinine, mg/dL 0.8±0.3 0.8±0.4 0.8±0.2 0.8±0.2 0.8±0.3 0.33
Uric acid, mg/dL 5.8±1.5 6.0±1.7 5.8±1.5 5.5±1.4 5.5±1.7 0.23
Glucose, mg/dL 137±46 119±28 125±22 145±36 224±78 <0.001
Hemoglobin A1c, % 6.8±1.0 5.9±0.4 6.7±0.1 7.3±0.3 9.4±1.2 <0.001
Medical history, n (%) 

Hypertension 266 (76.2) 75 (74.3) 112 (75.2) 56 (83.6) 23 (71.9) 0.45
Dyslipidemia 275 (78.8) 79 (78.2) 116 (77.9) 57 (85.1) 23 (71.9) 0.46
CVD, n (%) 79 (22.6) 27 (26.7) 29 (19.5) 17 (25.4) 6 (18.8) 0.50

Current Smoking, n (%) 79 (22.6) 20 (19.8) 34 (23.3) 17 (25.4) 8 (26.7) 0.79
Medication, n (%)

Antihypertensive drugs 217 (62.2) 78 (77.2) 85 (57.1) 41 (61.2) 13 (40.6) <0.001
Lipid lowering drugs 144 (41.3) 59 (58.4) 57 (38.3) 24 (35.8) 4 (12.5) <0.001
Antidiabetic drugs 0 (0)
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631 Table 3. Multivariate Analysis of Relationships among FMD, NID and Low HbA1c level 
632 (<6.5%) in Patients with Type 2 DM Not Taking Antidiabetic Drugs 
633
634
635
636
637
638
639
640
641
642
643 Model 1: unadjusted model
644 Model 2: adjusted for age, gender and body mass index
645 Model 3: adjusted for age, gender, body mass index, current smoking, creatine, presence of 
646 hypertension, dyslipidemia and CVD
647 FMD, flow-mediated vasodilation; NID, nitroglycerine-induced vasodilation; OR, odds ratio; 
648 CI, confidence interval; CVD, cardiovascular disease.
649 Low quartile of FMD indicates less than 2.1%. Low quartile of NID indicates less than 6.2%.
650

Low quartile of FMD Low quartile of NID 

Variables OR (95% CI) P value OR (95% CI) P value

Model 1 3.05 (1.80-5.14) <0.001 1.33 (0.54-3.31) 0.53
Model 2 2.49 (1.44-4.33) 0.001 1.20 (0.46-3.13) 0.71
Model 3 2.57 (1.45-4.54) 0.001 1.29 (0.43-3.91) 0.65
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Supplementary Methods
Measurement of FMD and NID
Vascular response to reactive
A blood pressure cuff was placed around the forearm of each subjects. The brachial artery was scanned 
longitudinally 5 to 10 cm above the elbow. When the clearest B-mode image of the anterior and 
posterior intimal interfaces between the lumen and vessel wall was obtained, the transducer was held 
at the same point throughout the scan by using a special probe holder (UNEX Co.) to ensure 
consistency of the imaging. Depth and gain setting were set to optimize the images of the arterial 
lumen wall interface. When the tracking gate was placed on the intima, the artery diameter was 
automatically tracked, and the waveform of diameter changes over the cardiac cycle was displayed in 
real time using the FMD mode of the tracking system. This allowed the ultrasound images to be 
optimized at the start of the scan and the transducer position to be adjusted immediately for optimal 
tracking performance throughout the scan. Pulsed Doppler flow was assessed at baseline and during 
peak hyperemic flow, which was confirmed to occur within 15 seconds after cuff deflation. Blood 
flow velocity was calculated from the color Doppler data and was displayed as a waveform in real 
time. Baseline longitudinal images of the artery were acquired for 30 seconds, and then the blood 
pressure cuff was inflated to 50 mm Hg above systolic pressure for 5 minutes. Blood flow volume was 
calculated by multiplying the Doppler flow velocity (corrected for the angle) by heart rate and vessel 
cross-sectional area (-r2). Reactive hyperemia was calculated as the maximum percentage increase in 
flow after cuff deflation compared with baseline flow. The correlation coefficient between FMD 
analyzed at the core laboratory and participant institutions was 0.84 (p<0.001).

The response to nitroglycerine was used for assessment of endothelium-independent 
vasodilation. After acquiring baseline rest images for 30 seconds, a sublingual tablet (nitroglycerine, 
75 µg) was given and imaging of the artery was done continuously for 5 minutes. NID was 
automatically calculated as a percentage change in peak vessel diameter from the baseline. Percentage 
of NID [(Peak diameter-Baseline diameter)/Baseline diameter] was used for analysis.
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Online Supplementary Tables

Table 1. Clinical Characteristics of Patients with Type 2 Diabetes in Four Groups on the Basis on 
HbA1c Level

HDL-C indicates high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; 
CVD, cardiovascular disease; FMD, flow-mediated vasodilation; NID, nitroglycerine-induced 
vasodilation.

Variables Total

(n=1215)

HbA1c
<6.5%
 (n=474)

HbA1c
6.5-6.9%
 (n=333)

HbA1c
7.0-7.9%
 (n=272)

HbA1c
≥8.0%
 (n=136) P value

Age, yr 62±10 65±10 61±10 62±10 57±11 <0.001
Gender, men/women 870/345 301/173 240/93 220/52 119/22 <0.001
Body mass index, kg/m2 25.3±4.3 24.7±4.0 25.7±4.3 25.7±4.4 25.7±4.3 0.002
Heart rate, bpm 68±11 69±12 68±11 67±11 69±12 0.3
Systolic blood pressure, mmHg 133±17 130±18 134±16 135±18 136±17 <0.001
Diastolic blood pressure, mmHg 79±11 76±11 80±11 80±11 81±13 <0.001
Total cholesterol, mg/dL 188±37 180±33 194±35 186±38 202±46 <0.001
Triglycerides, mg/dL 148±109 130±81 147±111 164±130 177±133 <0.001
HDL-C, mg/dL 54±15 57±16 55±15 51±14 51±14 <0.001
LDL-C, mg/dL 107±32 101±29 112±31 106±32 118±39 <0.001
Creatinine, mg/dL 0.84±0.29 0.86±0.31 0.82±0.24 0.84±0.30 0.83±0.31 0.26
Uric acid, mg/dL 5.7±1.4 5.8±1.4 5.8±1.4 5.6±1.4 5.3±1.4 <0.001
Glucose, mg/dL 138±46 119±27 130±26 149±37 202±78 <0.001
Hemoglobin A1c, % 6.8±1.1 5.9±0.4 6.7±0.1 7.3±0.3 9.1±1.2 <0.001
Medical history, n (%) 
Hypertension 969 (79.8) 378 (79.8) 266 (79.9) 226 (83.1) 99 (72.8) 0.12
Dyslipidemia 953 (78.4) 371 (78.3) 251 (75.4) 226 (83.1) 105 (77.2) 0.13

CVD, n (%) 409 (33.7) 150 (31.7) 98 (29.4) 104 (38.2) 57 (41.9) 0.02
Current Smoking, n (%) 290 (24.1) 104 (21.9) 73 (22.3) 73 (27.3) 40 (29.6) 0.12
Medication, n (%)
Antihypertensive drugs 852 (70.1) 365 (77.0) 227 (68.2) 181 (66.5) 79 (58.1) <0.001
Lipid lowering drugs 680 (56.0) 298 (62.9) 168 (50.5) 154 (56.6) 60 (44.1) 0.001
Antidiabetic drugs 866 (71.3) 373 (78.7) 184 (55.3) 205 (75.4) 104 (76.5) <0.001
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Table 2. Univariate Analysis of Relationships among FMD, HbA1c Level and Variables

FMD HbA1c
Variables r P value r P value

Age, yr -0.30 <0.001 -0.21 <0.001
Body mass index, kg/m2 0.01 0.63 0.07 0.01
Heart rate, bpm -0.03 0.27 -0.01 0.73
Systolic blood pressure, mmHg 0.04 0.13 0.13 <0.001
Diastolic blood pressure, mmHg 0.17 <0.001 0.14 <0.001
Total cholesterol, mg/dL 0.03 0.33 0.18 <0.001
Triglycerides, mg/dL -0.04 0.15 0.18 <0.001
HDL-C, mg/dL -0.01 0.6 -0.14 <0.001
LDL-C, mg/dL 0.04 0.2 0.16 <0.001
Creatinine, mg/dL -0.09 0.002 0.004 0.88
Uric acid, mg/dL -0.01 0.62 -0.11 <0.001
Glucose, mg/dL -0.02 0.44 0.57 <0.001
HbA1c, % 0.08 0.004
FMD, % 0.08 0.004
NID, % 0.33 <0.001 -0.02 0.70

HDL-C indicates high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; 
FMD, flow-mediated vasodilation; NID, nitroglycerine-induced vasodilation.
Univariate analysis of the relations among FMD, HbA1c levels and variables (Pearson’s correlation 
analysis).
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Table 3. Multivariate Analysis of Relationships among Low Quartiles of FMD and NID and Low 
HbA1c Level 

Model 1: unadjusted model
Model 2: adjusted for age, gender and body mass index
Model 3: adjusted for age, gender, body mass index, current smoking, creatine, and presence of 
hypertension, dyslipidemia and CVD

FMD, flow-mediated vasodilation; NID, nitroglycerine-induced vasodilation; OR, odds ration; CI, 
confidence interval; CVD, cardiovascular disease.
Low quartile of FMD indicates less than 2.1%. Low quartile of NID indicates less than 6.2%.

Low quartile of FMD Low quartile of NID 

Variables OR (95% CI) P value OR (95% CI) P value

Model 1 2.50 (1.93-3.27) <0.001 1.17 (0.74-1.84) 0.50
Model 2 2.04 (1.55-2.69) <0.001 1.00 (0.61-1.61) 0.99
Model 3 2.03 (1.53-2.69) <0.001 1.07 (0.65-1.75) 0.80
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Table 4. Clinical Characteristics of Type 2 Diabetes Patients with HbA1c of <6.5% and with 
HbA1c of 6.5-6.9%

HDL-C indicates high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein 
cholesterol; CVD, cardiovascular disease; FMD, flow-mediated vasodilation; NID, 
nitroglycerine-induced vasodilation.

Variables HbA1c
<6.5%
(n=238)

HbA1c
6.5-6.9%
(n=238) P value

Age, yr 63±10 63±10 0.94
Gender, men/women 171/67 162/76 0.37
Body mass index, kg/m2 25.2±4.2 25.3±4.1 0.75
Heart rate, bpm 67±11 68±11 0.6
Systolic blood pressure, mmHg 132±17 132±16 0.92
Diastolic blood pressure, mmHg 78±10 78±11 0.96
Total cholesterol, mg/dL 188±33 189±34 0.63
Triglycerides, mg/dL 126±60 130±69 0.51
HDL-C, mg/dL 56±14 56±16 0.84
LDL-C, mg/dL 108±29 109±30 0.94
Creatinine, mg/dL 0.82±0.21 0.82±0.26 0.58
Uric acid, mg/dL 5.8±1.3 5.8±1.4 0.95
Glucose, mg/dL 119±26 130±26 <0.001
Hemoglobin A1c, % 5.9±0.4 6.7±0.1 <0.001
Medical history, n (%) 
Hypertension 191 (80.3) 192 (80.7) 0.91
Dyslipidemia 174 (73.1) 183 (76.9) 0.34
CVD, n (%) 76 (31.9) 76 (31.9) 1.00

Current Smoking, n (%) 53 (22.3) 56 (23.5) 0.74
Medication, n (%)
Antihypertensive drugs 39 (79.6) 36 (73.4) 0.47
Lipid lowering drugs 131 (55.0) 135 (56.7) 0.71
Antidiabetic drugs 186 (78.2) 140 (58.8) <0.001

Page 29 of 43

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 10, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-045415 on 9 June 2021. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

Yamaji et al.                                   Low HbA1c and endothelial function
7

Table 5. Clinical Characteristics of Type 2 Diabetes Patients with HbA1c of <6.5% and with 
HbA1c of 7.0-7.9%

HDL-C indicates high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein 
cholesterol; CVD, cardiovascular disease; FMD, flow-mediated vasodilation; NID, 
nitroglycerine-induced vasodilation.

Variables HbA1c
<6.5%
(n=192)

HbA1c
7.0-7.9%
(n=192) P 

value
Age, yr 63±10 63±9 0.96
Gender, men/women 163/29 151/41 0.11
Body mass index, kg/m2 25.3±3.9 25.4±4.2 0.80
Heart rate, bpm 67±11 67±12 0.99
Systolic blood pressure, mmHg 133±18 133±16 0.94
Diastolic blood pressure, mmHg 79±11 79±10 0.74
Total cholesterol, mg/dL 178±33 181±37 0.36
Triglycerides, mg/dL 135±76 132±84 0.72
HDL-C, mg/dL 52±13 53±15 0.54
LDL-C, mg/dL 101±29 104±32 0.29
Creatinine, mg/dL 0.88±0.30 0.84±0.29 0.16
Uric acid, mg/dL 5.8±1.4 5.7±1.4 0.32
Glucose, mg/dL 118±21 146±36 <0.001
Hemoglobin A1c, % 5.9±0.4 7.3±0.3 <0.001
Medical history, n (%) 
Hypertension 162 (84.4) 158 (82.3) 0.58
Dyslipidemia 150 (78.1) 157 (81.8) 0.37

CVD, n (%) 75 (39.1) 77 (40.1) 0.84
Current Smoking, n (%) 49 (25.5) 45 (23.4) 0.64
Medication, n (%)
Antihypertensive drugs 138 (71.9) 135 (70.3) 0.74
Lipid lowering drugs 111 (57.8) 117 (60.9) 0.53
Antidiabetic drugs 159 (82.8) 146 (76.0) 0.10
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Table 6. Clinical Characteristics of Type 2 Diabetes Patients with HbA1c of <6.5% and with 
HbA1c of ≥8.0 % 

HDL-C indicates high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein 
cholesterol; CVD, cardiovascular disease; FMD, flow-mediated vasodilation; NID, 
nitroglycerine-induced vasodilation.

Variables HbA1c
<6.5%
(n=93)

HbA1c
≥8.0%
(n=93) P value

Age, yr 58±11 58±10 0.78
Gender, men/women 68/25 71/22 0.61
Body mass index, kg/m2 24.9±4.9 25.1±4.1 0.78
Heart rate, bpm 68±12 67±12 0.76
Systolic blood pressure, mmHg 136±18 134±17 0.61
Diastolic blood pressure, mmHg 80±11 80±13 0.86
Total cholesterol, mg/dL 193±40 190±39 0.58
Triglycerides, mg/dL 129±59 139±72 0.28
HDL-C, mg/dL 54±14 53±15 0.67
LDL-C, mg/dL 114±34 110±35 0.41
Creatinine, mg/dL 0.85±0.36 0.85±0.33 1.00
Uric acid, mg/dL 5.3±1.2 5.4±1.1 0.88
Glucose, mg/dL 118±22 189±72 <0.001
Hemoglobin A1c, % 5.9±0.4 9.0±1.2 <0.001
Medical history, n (%) 
Hypertension 62 (66.7) 65 (69.9) 0.64
Dyslipidemia 65 (69.9) 67 (72.0) 0.75

CVD, n (%) 33 (35.5) 39 (41.9) 0.37
Current Smoking, n(%) 25 (26.9) 27 (29.0) 0.74
Medication, n (%)
Antihypertensive drugs 54 (58.1) 59 (63.4) 0.45
Lipid lowering drugs 43 (46.2) 43 (46.2) 1.00
Antidiabetic drugs 80 (86.0) 73 (78.5) 0.18
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Table 7. Clinical Characteristics of Patients with Type 2 Diabetes Not Taking Antidiabetic Drugs 

HDL-C indicates high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; 
CVD, cardiovascular disease; FMD, flow-mediated vasodilation; NID, nitroglycerine-induced 
vasodilation.

Variables Total

(n=349)

HbA1c
<6.5%
(n=101)

HbA1c
≥6.5%
(n=248) P value

Age, yr 61±10 66±10 60±10 <0.001
Gender, men/women 245/104 59/42 186/62 0.002
Body mass index, kg/m2 25.4±4.2 24.6±4.1 25.7±4.3 0.03
Heart rate, bpm 69±11 70±11 68±11 0.06
Systolic blood pressure, mmHg 133±17 128±18 135±16 <0.001
Diastolic blood pressure, mmHg 80±11 77±12 82±10 <0.001
Total cholesterol, mg/dL 199±39 186±33 204±40 <0.001
Triglycerides, mg/dL 169±139 133±82 183±154 0.002
HDL-C, mg/dL 54±15 57±15 52±15 0.005
LDL-C, mg/dL 116±32 110±30 119±32 0.02
Creatinine, mg/dL 0.8±0.3 0.85±0.37 0.79±0.20 0.07
Uric acid, mg/dL 5.8±1.5 6.0±1.7 5.7±1.5 0.10
Glucose, mg/dL 137±46 119±28 143±50 <0.001
Hemoglobin A1c, % 6.8±1.0 5.9±0.4 7.2±1.0 <0.001
Medical history, n (%) 
Hypertension 266 (76.2) 75 (74.3) 191 (77.0) 0.58
Dyslipidemia 275 (78.8) 79 (78.2) 196 (79.0) 0.87
CVD, n (%) 79 (22.6) 27 (26.7) 52 (21.0) 0.24

Current Smoking, n (%) 79 (22.6) 20 (19.8) 59 (23.8) 0.37
Medication, n (%)
Antihypertensive drugs 217 (62.2) 78 (77.2) 139 (56.1) <0.001
Lipid lowering drugs 144 (41.3) 59 (58.4) 85 (34.3) <0.001
Antidiabetic drugs 0 (0) 0 (0) 0 (0)
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Table 8. Univariate Analysis of Relationships among FMD, HbA1c Level and Variables in 
Patients with Type 2 Diabetes Not Taking Antidiabetic Drugs

FMD HbA1c
Variables r P value r P value

Age, yr -0.24 <0.001 -0.2 <0.001
Body mass index, kg/m2 0.09 0.08 0.06 0.28
Heart rate, bpm 0.05 0.33 -0.01 0.82
Systolic blood pressure, mmHg 0.10 0.048 0.17 0.001
Diastolic blood pressure, mmHg 0.19 <0.001 0.12 0.02
Total cholesterol, mg/dL 0.02 0.66 0.22 <0.001
Triglycerides, mg/dL -0.02 0.64 0.23 <0.001
HDL-C, mg/dL -0.05 0.30 -0.19 <0.001
LDL-C, mg/dL 0.03 0.59 0.14 0.01
Creatinine, mg/dL -0.03 0.62 -0.07 0.20
Uric acid, mg/dL 0.08 0.15 -0.10 0.07
Glucose, mg/dL -0.08 0.12 0.70 <0.001
HbA1c, % 0.05 0.40
FMD, % 0.05 0.40
NID, % 0.36 <0.0001 -0.02 0.78

HDL-C indicates high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein 
cholesterol; FMD, flow-mediated vasodilation; NID, nitroglycerine-induced vasodilation.
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Table 9. Clinical Characteristics of Type 2 Diabetes Patients with HbA1c of <6.5% and with 
HbA1c of 6.5-6.9%

HDL-C indicates high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein 
cholesterol; CVD, cardiovascular disease; FMD, flow-mediated vasodilation; NID, 
nitroglycerine-induced vasodilation.

Variables HbA1c
<6.5%
(n=49)

HbA1c
6.5-6.9%
(n=49) P value

Age, yr 64±9 66±7 0.29
Gender, men/women 29/20 26/23 0.54
Body mass index, kg/m2 25.3±3.7 24.8±3.6 0.51
Heart rate, bpm 69±9 68±10 0.5
Systolic blood pressure, mmHg 131±17 129±16 0.46
Diastolic blood pressure, mmHg 78±11 76±9 0.30
Total cholesterol, mg/dL 189±35 190±28 0.95
Triglycerides, mg/dL 126±48 132±86 0.66
HDL-C, mg/dL 56±13 58±16 0.47
LDL-C, mg/dL 112±30 108±24 0.52
Creatinine, mg/dL 0.79±0.22 0.76±0.18 0.49
Uric acid, mg/dL 5.6±1.2 5.3±1.3 0.32
Glucose, mg/dL 117±18 124±22 0.14
Hemoglobin A1c, % 5.8±0.4 6.7±0.2 <0.001
Medical history, n (%) 
Hypertension 39 (79.6) 39 (79.6) 1.00
Dyslipidemia 37 (75.5) 40 (81.6) 0.46

CVD, n (%) 12 (24.5) 12 (24.5) 1.00
Medication, n (%)
Antihypertensive drugs 39 (79.6) 36 (73.4) 0.47
Lipid lowering drugs 29 (59.2) 30 (61.2) 0.84
Antidiabetic drugs 0 (0) 0 (0)
Current Smoking, n (%) 12 (24.5) 10 (20.4) 0.63
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Table 10. Clinical Characteristics of Type 2 Diabetes Patients with HbA1c of <6.5% and with 
HbA1c of 7.0-7.9%

HDL-C indicates high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein 
cholesterol; CVD, cardiovascular disease; FMD, flow-mediated vasodilation; NID, 
nitroglycerine-induced vasodilation.

Variables HbA1c
<6.5%
(n=29)

HbA1c
7.0-7.9%
(n=29) P value

Age, yr 63±10 65±8 0.37
Gender, men/women 19/10 20/9 0.78
Body mass index, kg/m2 24.9±3.8 24.8±3.9 0.91
Heart rate, bpm 70±10 68±11 0.4
Systolic blood pressure, mmHg 133±17 134±14 0.74
Diastolic blood pressure, mmHg 80±12 81±8 0.78
Total cholesterol, mg/dL 189±31 183±39 0.51
Triglycerides, mg/dL 168±116 146±143 0.51
HDL-C, mg/dL 49±12 51±15 0.47
LDL-C, mg/dL 114±28 108±32 0.48
Creatinine, mg/dL 0.80±0.24 0.78±0.22 0.68
Uric acid, mg/dL 5.7±1.4 5.4±1.5 0.40
Glucose, mg/dL 119±23 136±32 0.02
Hemoglobin A1c, % 5.8±0.4 7.3±0.3 <0.001
Medical history, n (%) 
Hypertension 25 (86.2) 27 (93.1) 0.39
Dyslipidemia 23 (79.3) 23 (79.3) 1.00
CVD, n (%) 8 (27.6) 9 (31.0) 0.77

Current Smoking, n (%) 8 (27.6) 5 (17.2) 0.34
Medication, n (%)
Antihypertensive drugs 24 (82.7) 19 (65.5) 0.13
Lipid lowering drugs 18 (62.1) 15 (51.7) 0.43
Antidiabetic drugs 0 (0) 0 (0)
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Table 11. Clinical Characteristics of Type 2 Diabetes Patients with HbA1c of <6.5% and with 
HbA1c of ≥8.0%

HDL-C indicates high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein 
cholesterol; CVD, cardiovascular disease; FMD, flow-mediated vasodilation; NID, 
nitroglycerine-induced vasodilation.

Variables HbA1c
<6.5%
(n=20)

HbA1c
≥8.0%
(n=20) P value

Age, yr 59±11 58±11 0.82
Gender, men/women 15/5 16/4 0.71
Body mass index, kg/m2 24.9±4.5 25.4±4.6 0.71
Heart rate, bpm 72±10 67±8 0.11
Systolic blood pressure, mmHg 138±20 136±21 0.80
Diastolic blood pressure, mmHg 84±14 82±11 0.65
Total cholesterol, mg/dL 199±40 213±40 0.31
Triglycerides, mg/dL 149±73 203±142 0.13
HDL-C, mg/dL 56±16 48±14 0.10
LDL-C, mg/dL 126±38 125±32 0.89
Creatinine, mg/dL 0.76±0.16 0.85±0.34 0.30
Uric acid, mg/dL 5.8±1.4 6.0±1.7 0.67
Glucose, mg/dL 116±17 212±63 <0.001
Hemoglobin A1c, % 6.0±0.4 9.4±1.2 <0.001
Medical history, n (%) 
Hypertension 14 (70.0) 15 (75.0) 0.72
Dyslipidemia 13 (65.0) 16 (80.0) 0.29

CVD, n (%) 5 (25.0) 3 (15.0) 0.43
Medication, n (%)
Antihypertensive drugs 12 (60.0) 11 (55.0) 0.75
Lipid lowering drugs 5 (25.0) 4 (20.0) 0.71
Antidiabetic drugs 0 (0) 0 (0)
Current Smoking, n (%) 6 (30.0) 4 (20.0) 0.47
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Online Supplementary Figures

Figure 1

Figure 1. Flow chart of the study design.
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Figure 2

Figure 2. Bar graphs show flow-mediated vasodilation (A) and nitroglycerine-induced 
vasodilation (B) in 4 groups according to HbA1c levels.
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Figure 3

Figure 3. Scatter plots show the relationship between flow-mediated vasodilation and 
serum HbA1c levels in all patients (A) and locally weighted regression smoothing 
(Lowess) plot (B)
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Figure 4

Figure 4. Bar graphs show flow-mediated vasodilation (A) and nitroglycerine-induced 
vasodilation (B) in patients with HbA1c of <6.5% and patients with HbA1c of 6.5%-6.9%, 
flow-mediated vasodilation (C) and nitroglycerine-induced vasodilation (D) in patients 
with HbA1c of <6.5% and patients with HbA1c of 7.0%-7.9%, and flow-mediated 
vasodilation (E) and nitroglycerine-induced vasodilation (F) in patients with HbA1c of 
<6.5% and patients with HbA1c of ≥8.0% in a propensity score-matched population.
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Figure 5

Figure 5. Bar graphs show flow-mediated vasodilation (A) and nitroglycerine-induced 
vasodilation (B) in patients with HbA1c of <6.5% and patients with HbA1c of ≥6.5% who 
were not receiving antidiabetic drug treatment.
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Figure 6

Figure 6. Scatter plots show the relationship between flow-mediated vasodilation and 
serum HbA1c levels in patients not receiving antidiabetic drug treatment (A) and locally 
weighted regression smoothing (Lowess) plot (B）.
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Figure 7

Figure 7. Bar graphs show flow-mediated vasodilation (A) and nitroglycerine-induced 
vasodilation (B) in patients with HbA1c of <6.5% and patients with HbA1c of 6.5%-6.9% 
not receiving antidiabetic drug treatment, flow-mediated vasodilation (C) and 
nitroglycerine-induced vasodilation (D) in patients with HbA1c of <6.5% and patients with 
HbA1c of 7.0%-7.9% not receiving antidiabetic drug treatment, and flow-mediated 
vasodilation (E) and nitroglycerine-induced vasodilation (F) in patients with HbA1c of 
<6.5% and patients with HbA1c of ≥8.0% not receiving antidiabetic drug treatment 
antidiabetic drugs treatment in a propensity score-matched population.
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40 Abstract
41 Objectives: The aim of this study was to determine the relationships of HbA1c level with flow-
42 mediated vasodilation (FMD) and nitroglycerine-induced vasodilation (NID) in patients with 
43 type 2 diabetes.
44 Design: Cross-sectional study.
45 Setting: 22 university hospitals and affiliated clinics in Japan.
46 Participants: 1215 patients with type 2 diabetes including 349 patients not taking antidiabetic 
47 drugs.
48 Measures: We evaluated FMD and HbA1c level. All patients were divided into four groups 
49 based on HbA1c levels: <6.5 %, 6.5-6.9 %, 7.0-7.9 %, and ≥8.0 %.
50 Results: An inverted U-shaped pattern of association between HbA1c level and FMD was 
51 observed at the peak of HbA1c of about 7%. FMD was significantly smaller in the HbA1c 
52 <6.5% group than in the HbA1c 6.5%-6.9% group and HbA1c 7.0%-7.9% group (p<0.001 and 
53 p<0.001), and FMD values were similar in the HbA1c <6.5% group and HbA1c ≥8.0% group.  
54 There were no significant differences in NID values among the four groups. After adjustments 
55 for confounding factors, FMD was significantly smaller in the HbA1c <6.5% group than in the 
56 HbA1c 6.5%-6.9% and HbA1c 7.0%-7.9% group (p=0.002 and p=0.04). In patients not taking 
57 antidiabetic drugs, FMD was also significantly smaller in the HbA1c <6.5% group than in the 
58 HbA1c 6.5%-6.9% group and HbA1c 7.0%-7.9% group (p<0.001 and p=0.02), and there were 
59 no significant differences in NID values among the four groups.
60 Conclusions: These findings suggest that there is an inverted U-shaped pattern of the 
61 association of FMD with HbA1c and that a low HbA1c level of <6.5% is associated with 
62 endothelial dysfunction. 
63
64 Trial registration number: The protocol was registered in the University Hospital Medical 
65 Information Network Clinical Trials Registry (UMIN000012950, UMIN000012951, 
66 UMIN000012952, and UMIN000003409)
67
68 Strengths and limitations of this study
69 ・The present study showed the relationship between HbA1c and FMD in patients with type 2 
70 diabetes.
71 ・The present study was conducted in multiple centers and had a large sample size.
72 ・We did not have information on the duration of diabetes from onset.
73 ・This study was a cross-sectional study, and we were therefore not able to evaluate the causality 
74 between low HbA1c level and FMD.
75
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76 INTRODUCTION
77 Diabetes is a risk factor for atherosclerosis and subsequent cardiovascular disease (CVD) and 
78 CV events. 1 Previous studies showed that adults with diabetes have 2-4-fold higher rates of 
79 all-cause mortality and CVD mortality than those in subjects without diabetes.2 3 Therefore, 
80 prevention of CVD in patients with diabetes is clinically important. Hemoglobin A1c (HbA1c) 
81 level, an index of glycemic control, is usually checked in patients with diabetes. However, 
82 HbA1c-guided diabetes treatment is still controversial.
83 Previous large clinical trials, including the Veterans Affairs Diabetes Trial (VADT), the 
84 Action in Diabetes and Vascular Disease: Preter Ax and Diamicron MR Controlled Evaluation 
85 (ADVANCE) trial, and the Kumamoto study, have shown that intensive glucose control 
86 reduces the incidences of microvascular diseases such as retinopathy and nephropathy but not 
87 the incidence of macrovascular diseases such as myocardial infarction and stroke in patients 
88 with type 2 diabetes. 4-7 The Action to Control Cardiovascular Risk in Diabetes (ACCORD) 
89 trial showed that intensive therapy increased all-cause mortality in patients with type 2 diabetes. 
90 8 The VADT and the ADVANCE trial showed that severe hypoglycemia increases death from 
91 cardiovascular disease and any-cause of death. 5 7 Unfortunately, the optimal target level of 
92 HbA1c in diabetes is unclear, and it is still controversial whether intensive glucose control by 
93 HbA1c-guided therapy reduces the incidence of CV events. 5 7,8

94 Endothelial dysfunction is well known as the initial step of atherosclerosis, and it plays a 
95 critical role in the development of atherosclerosis, leading to CVD. 9 Measurement of flow-
96 mediated vasodilation (FMD) in the brachial artery is an established tool for assessment of 
97 endothelial function 10 and it is well known as an independent predictor of cardiovascular events. 
98 11 Endothelial function assessed by FMD is impaired by traditional cardiovascular risk factors 
99 such as hypertension, dyslipidemia, smoking, chronic alcohol drinking and also diabetes.12 

100 FMD is reversible by several interventions such as life-style modifications and pharmacological 
101 treatment. 13 14 Therefore, FMD is a very useful tool for assessing current vascular function and 
102 cardiovascular risk. 
103 Diabetes is associated with endothelial dysfunction. 15 16 Chronic hyperglycemia is a 
104 major contributor to increased oxidative stress and causes endothelial dysfunction through 
105 inactivation of nitric oxide. 17 Several studies have shown that endothelial function is improved 
106 by antidiabetic therapy including use of antidiabetic drugs. 13 18 19 However, there is little 
107 information on the relationship between HbA1c level and endothelial function. 
108 Therefore, we evaluated the relationship between HbA1c level and endothelial function 
109 assessed by FMD in patients with type 2 diabetes.
110
111 METHODS
112 Study patients 
113 A total of 10260 subjects (7385 patients from the FMD-J study and 2875 patients who 
114 underwent a health checkup at Hiroshima University Hospital between August 2007 and 
115 August 2016) were recruited in this study. The FMD-J study was a prospective multicenter 
116 registry. The design of the FMD-J study has been described in detail previously. 20 The protocol 
117 used for measurement of FMD was the same in the FMD-J study and at Hiroshima University 
118 Hospital. Exclusion criteria are shown in online supplementary Figure 1. Finally, we enrolled 
119 1215 subjects in this study. Hypertension was defined as the use of antihypertensive drugs or 
120 systolic blood pressure of more than 140 mmHg or diastolic blood pressure of more than 90 
121 mmHg measured in a sitting position on at least 3 occasions. Dyslipidemia was defined 
122 according to the third report of the National Cholesterol Education Program. 21 Diabetes was 
123 defined according to the American Diabetes Association recommendation. 22 Smokers were 
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124 defined as those who were current smokers. CVD was defined as coronary heart disease and 
125 cerebrovascular disease. Coronary heart disease included angina pectoris, prior myocardial 
126 infarction, and unstable angina. Cerebrovascular disease included ischemic stroke, hemorrhagic 
127 stroke, and transient ischemic attack. The ethics committee in Hiroshima University approved 
128 the study protocol. Written informed consent for participation in this study was obtained from 
129 all participants. All methods were performed in accordance with the relevant guidelines and 
130 regulations. 
131
132 Study 1. HbA1c levels and vascular function in patients with type 2 diabetes
133 In study 1, we assessed the relationships between HbA1c level and vascular function as assessed 
134 by measurement of FMD, an index of endothelium-dependent vasodilation, and by 
135 measurement of nitroglycerine-induced vasodilation (NID), an index of endothelium-
136 independent vasodilation, in 1215 patients with type 2 diabetes. First, we divided the patients 
137 into two groups based on their HbA1c levels: <6.5% and ≥6.5%. Multivariate regression 
138 analysis was performed to identify independent variables associated with vascular function. 
139 Next, we divided the patients into four groups according to HbA1c levels: <6.5%, 6.5-6.9%, 
140 7.0-7.9%, and ≥8.0%. We next assessed the relationships of HbA1c levels with FMD and NID 
141 using propensity score matching.
142
143 Study 2. HbA1c levels and vascular function in patients with type 2 diabetes not taking 
144 antidiabetic drugs 
145 We evaluated the relationships of HbA1c levels with FMD and NID in 349 patients with type 
146 2 diabetes who were not taking antidiabetic drugs by using the same protocol as that used in 
147 study 1.  
148
149 Measurements of FMD and NID
150 High-resolution ultrasonography equipment specialized to measure FMD (UNEXEF18G, 
151 UNEX Co., Nagoya, Japan) was used to evaluate FMD. Additional details are available in the 
152 supplementary methods section. The intraclass correlation coefficient between each of the 
153 participating institutions and the core laboratory has been previously described. 23 
154  
155 Statistical analysis
156 Results are presented as means±SD. All reported probability values were 2-sided, and a 
157 probability value of <0.05 was considered statistically significant. An association between 
158 FMD and HbA1c level was explored visually using a locally weighted regression smoothing 
159 (Lowess) plot. Categorical values were compared by means of the chi-square test. Continuous 
160 variables were compared by using ANOVA multiple groups. Comparisons between the groups 
161 categorized according to HbA1c levels were carried out using repeated measures ANOVA with 
162 Tukey’s post hoc test. Univariate linear regression analyses were performed to assess the 
163 relationships among the variables. Multivariate logistic regression analysis was performed to 
164 identify independent variables associated with lower quartiles of FMD (<2.1%) and NID 
165 (<6.2%). Age, gender, body mass index, creatinine levels, current smoking, and the presence 
166 of hypertension, dyslipidemia and CVD were entered into the multivariate logistic regression 
167 analysis. As a sensitivity analysis, propensity score analysis was used to minimize the selection 
168 bias for evaluation of the relationship between HbA1c level and vascular function. The 
169 propensity score was calculated for each patient on the basis of logistic regression analysis of 
170 the probability of not taking antidiabetic drugs within groups stratified by HbA1c levels (<6.5%, 
171 6.5-6.9%, 7.0-7.9%, and ≥8.0%) using clinical variables including age, sex, body mass index 
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172 (BMI), systolic blood pressure, diastolic blood pressure, heart rate, total cholesterol, 
173 triglycerides, high-density lipoprotein (HDL-C), uric acid levels, current smoking (yes or no), 
174 medication with antihypertensive drugs (yes or no), medication with lipid-lowering drugs (yes 
175 or no) and presence of CVD (yes or no). With these propensity scores using a caliper width of 
176 0.25 standard deviations of the logit of the propensity score, two well-matched groups based 
177 on clinical characteristics were created for comparison of the prevalences of endothelial 
178 dysfunction defined as FMD of <2.1%, the division point for the lowest quartile of FMD in all 
179 participants. All data were processed using JMP Pro. Ver 14.0 software (SAS Institute, Cary, 
180 NC, USA)
181
182 RESULTS
183 Study 1. 
184 Relationships between HbA1c level and variables in patients with type 2 diabetes 
185 The baseline characteristics of the 1215 patients are summarized in Table 1. The mean FMD 
186 value was 4.2±2.8% and the mean NID value was 10.6±5.8%. The baseline characteristics of 
187 subjects with HbA1c of <6.5% and those with HbA1c of ≥6.5% are also summarized in Table 
188 1. FMD was significantly smaller in the HbA1c <6.5% group than in the HbA1c ≥6.5% group 
189 (3.5±2.7% and 4.6±2.7%, respectively, p<0.001; Figure 1A). NID values were similar in the 
190 two groups (10.6±5.8% in the HbA1c <6.5% group and 10.8±5.6% in the HbA1c ≥6.5% group, 
191 p=0.73; Figure 1B).
192 Next, the patients were divided into four groups based on HbA1c levels: <6.5%, 6.5-6.9%, 
193 7.0-7.9%, and ≥8.0%. The baseline characteristics are summarized in online supplementary 
194 Table 1. FMD values were 3.5±2.7% in the HbA1c <6.5% group, 4.8±2.9% in the HbA1c 6.5-
195 6.9% group, 4.5±2.6% in the HbA1c 7.0-7.9% group, and 4.2±2.7% in the HbA1c ≥8.0% group 
196 (p<0.001). FMD was significantly smaller in the HbA1c <6.5% group than in the HbA1c 6.5-
197 6.9% group and HbA1c 7.0-7.9% group (p<0.001 and p<0.001, respectively; online 
198 supplementary Figure 2A). There was no significant difference in FMD between the HbA1c 
199 <6.5% group and HbA1c ≥8.0% group. (p=0.055; online supplementary Figure 2A). NID 
200 values were 10.6±5.9% in the HbA1c <6.5% group, 11.2±5.4% in the HbA1c 6.5-6.9% group, 
201 10.4±5.2% in the HbA1c 7.0-7.9% group, and 10.4±6.8% in the HbA1c ≥8.0% group. There 
202 were no significant differences in NID values among the four groups (p=0.82; online 
203 supplementary Figure 2B).
204
205 Univariate analysis of relationships among FMD, NID, HbA1c level and variables in 
206 patients with type 2 diabetes
207 Online supplementary Table 2 shows univariate relations among FMD, HbA1c level and 
208 variables. FMD was significantly correlated with age (r=-0.30, p<0.001), diastolic blood 
209 pressure (r=0.17, p<0.001), creatinine (r=-0.09, p=0.002), HbA1c level (r=0.08, p=0.004) and 
210 NID (r=0.33, p<0.001). HbA1c level was significantly correlated with age (r=-0.21, p<0.001), 
211 BMI (r=0.07, p=0.01), systolic blood pressure (r=0.13, p<0.001), diastolic blood pressure 
212 (r=0.14, p<0.001), total cholesterol (r=0.18, p<0.001), HDL cholesterol (r=-0.14, p<0.001), 
213 LDL cholesterol (r=0.16, p<0.001), uric acid (r=-0.11, p<0.001), glucose level (r=0.57, 
214 p<0.001), and FMD (r=0.08, p=0.004). Linear regression analysis revealed that HbA1c level 
215 was significantly correlated with FMD (r=0.08, p=0.004; online supplementary Figure 3A). A 
216 scatter plot between FMD and HbA1c level with a Lowess smoothed curve is shown in online 
217 supplementary Figure 3B. FMD gradually increased with increase in HbA1c level to about 6.5-
218 6.9% and then decreased with increase in HbA1c level above 7.0%.
219
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220 Multivariate analysis of relationships among low quartile of FMD, low quartile of NID, 
221 low HbA1c level and variables
222 The division points for the lowest quartile and second quartile were 2.1% FMD and 6.2% NID. 
223 Therefore, we defined small FMD as FMD of <2.1% and small NID as NID of <6.2%. We next 
224 examined whether low HbA1c (HbA1c of <6.5%) was independently associated with small 
225 FMD by multiple logistic regression analysis. After adjustments for age, gender, BMI, current 
226 smoking, creatine, and presence of hypertension, dyslipidemia and CVD, HbA1c <6.5% was 
227 independently associated with a lower quartile of FMD (OR: 2.03, 95% CI: 1.53-2.69; p<0.001) 
228 but was not associated with a lower quartile of NID (OR: 1.07, 95% CI: 0.65-1.75; p=0.80) 
229 (online supplementary Table 3).
230
231 Relationships among FMD, NID and HbA1c levels in patients with type 2 diabetes 
232 determined by using propensity score matching analysis.
233 Propensity score matching analysis was used to create matched pairs between the HbA1c < 
234 6.5% group and the other three groups (HbA1c of 6.5-6.9%, HbA1c of 7.0-7.9%, and HbA1c 
235 of ≥8.0%). Baseline characteristics of matched pairs of the low HbA1c level (HbA1c of <6.5%) 
236 group and the other three groups are summarized in online supplementary Tables 4, 5, and 6. 
237 FMD was significantly smaller in the HbA1c <6.5% group than in the HbA1c 6.5-6.9% group 
238 and the HbA1c 7.0-7.9% group (3.8±2.6% versus 4.7±3.0%, p=0.002; 3.9±2.6% versus 
239 4.5±2.6%, p=0.04; online supplementary Figures 4A and 4C), while there was no significant 
240 difference in FMD between the HbA1c <6.5% group and the HbA1c ≥8.0% group (4.5±2.7% 
241 versus 4.1±2.8%, p=0.36; online supplementary Figure 4E). There were no significant 
242 differences in NID between the HbA1c <6.5% group and the other three groups (11.0±6.0% 
243 versus 11.2±5.5% in the HbA1c <6.5% group versus the HbA1c 6.5-6.9% group, p=0.84; 
244 10.2±5.8% versus 10.5±5.6% in the HbA1c <6.5% group versus the HbA1c 7.0-7.9% group, 
245 p=0.82; 12.8±6.2% versus 11.6±7.2%, p=0.5, in the HbA1c <6.5% group versus the HbA1c 
246 ≥8.0% group, p=0.82; online supplementary Figures 4B, 4D, and 4F).
247  
248 Study 2. 
249 Baseline characteristics of patients with type 2 diabetes who were not taking antidiabetic 
250 drugs
251 Next, we evaluated the relationship between HbA1c level and FMD in patients with type 2 
252 diabetes who were not taking antidiabetic drugs in order to eliminate possible effects of 
253 antidiabetic drugs and antidiabetic drug-induced hypoglycemia on vascular function. The 
254 baseline characteristics of those patients are summarized in Table 2. The mean FMD value was 
255 4.2±2.8% and the mean NID value was 10.6±5.8%.
256
257 Relationships among HbA1c level, FMD, NID and variables in patients with type 2 
258 diabetes who were not taking antidiabetic drugs with HbA1c levels <6.5% and HbA1c 
259 levels ≥6.5%
260 The baseline characteristics of patients with type 2 diabetes not taking antidiabetic drugs who 
261 had HbA1c levels <6.5% and HbA1c levels ≥6.5% are summarized in online supplementary 
262 Table 7. FMD was significantly smaller in the HbA1c <6.5% group than in the HbA1c ≥6.5% 
263 group (3.2±2.9% and 4.8±2.7%, respectively, p<0.001; online supplementary Figure 5A). NID 
264 values were similar in the two groups (11.0±6.0% in the HbA1c <6.5% group and 11.3±4.7% 
265 in the HbA1c ≥ 6.5% group, p=0.79; online supplementary Figure 5B).
266 Next, the patients were divided into four groups according to HbA1c levels: <6.5%, 6.5-
267 6.9%, 7.0-7.9%, and ≥8.0%. The baseline characteristics are summarized in Table 2. FMD 
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268 values were 3.2±2.9% in the HbA1c <6.5% group, 5.2±2.9% in the HbA1c 6.5-6.9% group, 
269 4.4±2.4% in the HbA1c 7.0-7.9% group, and 3.9±2.5% in the HbA1c ≥8.0% group (p<0.001; 
270 Figure 2A). FMD was significantly smaller in the HbA1c <6.5% group than in the HbA1c 6.5-
271 6.9% group and HbA1c 7.0-7.9% group, while there was no significant difference in FMD 
272 between the HbA1c <6.5% group and the HbA1c ≥8.0% group (p<0.001, p=0.02 and p=0.62 
273 respectively; Figure 2A). NID values were 11.0±6.0% in the HbA1c <6.5% group, 12.6±3.7% 
274 in the HbA1c 6.5-6.9% group, 10.1±5.7% in the HbA1c 7.0-7.9% group, and 10.5±4.0% in the 
275 HbA1c ≥8.0% group. There were no significant differences in NID values among the four 
276 groups (p=0.59; Figure 2B).
277
278 Univariate analysis of relationships among FMD, NID, HbA1c level and variables in 
279 patients with type 2 diabetes who were not taking antidiabetic drugs 
280 Online supplementary Table 8 shows univariate relationships among FMD, HbA1c level and 
281 variables. FMD was significantly correlated with age (r=-0.24, p<0.001), systolic blood 
282 pressure (r=0.10, p=0.048), diastolic blood pressure (r=0.19, p=0.02), and NID (r=0.36, 
283 p<0.001). HbA1c level was significantly correlated with age (r=-0.2, p<0.001), systolic blood 
284 pressure (r=0.17, p=0.001), diastolic blood pressure (r=0.12, p=0.02), total cholesterol (r=0.22, 
285 p<0.001), triglycerides (r=0.23, p<0.001), HDL cholesterol (r=-0.19, p<0.001), LDL 
286 cholesterol (r=0.14, p=0.01), and glucose level (r=0.70, p<0.001). Linear regression analysis 
287 revealed that HbA1c level was not significantly correlated with FMD (r=0.05, p=0.40; online 
288 supplementary Figure 6A). Scatter plots between FMD and HbA1c with a Lowess smoothed 
289 curve are shown in online supplementary Figure 6B. FMD gradually increased with increase in 
290 HbA1c level to about 6.5-6.9% and then decreased with increase in HbA1c level above 7.0%.
291
292 Multivariate analysis of relationships among low quartile of FMD, low quartile of NID, 
293 low HbA1c level and variables in patients with type 2 diabetes who were not taking 
294 antidiabetic drugs
295 Multiple logistic regression analysis revealed that after adjustments for age, gender, BMI, 
296 current smoking, creatine, and presence of hypertension, dyslipidemia and CVD, HbA1c level 
297 of <6.5% was independently associated with a lower quartile of FMD (OR: 2.57, 95% CI: 1.45-
298 4.54; p=0.001) but was not associated with a lower quartile of NID (OR: 1.29, 95% CI: 0.43-
299 3.91; p=0.65) (Table 3).
300
301 Relationships among FMD, NID and HbA1c level in patients with type 2 diabetes who 
302 were not taking antidiabetic drugs determined by using propensity score matching 
303 analysis
304 Propensity score matching analysis was used to create matched pairs between the HbA1c <6.5% 
305 group and the other groups (HbA1c of 6.5-6.9%, HbA1c of 7.0-7.9%, and HbA1c of ≥8.0%). 
306 Baseline characteristics of matched pairs of the low HbA1c level of <6.5% group and the other 
307 three groups are summarized in online supplementary Tables 9, 10, and 11. FMD was 
308 significantly smaller in the HbA1c < 6.5% group than in the HbA1c 6.5-6.9% group (3.1±2.7% 
309 versus 4.6±3.2%, p=0.02; online supplementary Figure 7A), while there were no significant 
310 differences in FMD between the HbA1c <6.5% group, the HbA1c 7.0-7.9% group and the 
311 HbA1c ≥8.0% group (3.2±3.2% versus 4.0±2.8%, p=0.35; 4.0±3.0% versus 3.8±2.4%, p=0.87; 
312 online supplementary Figures 7C and 7E). There were no significant differences in NID 
313 between the HbA1c <6.5% group and the other three groups (10.8±5.6% versus 11.7±4.0% in 
314 the HbA1c <6.5% group versus the HbA1c 6.5-6.9% group, p=0.62; 11.8±5.7% versus 
315 7.8±4.9% in the HbA1c <6.5% group versus the HbA1c 7.0-7.9% group, p=0.10; 14.8±5.5% 
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316 versus 13.6±3.9% in the HbA1c <6.5% group versus the HbA1c ≥8.0% group, p=0.78; online 
317 supplementary Figures 7B, 7D, and 7F).
318
319 DISCUSSION
320 In the present study, we demonstrated that a low HbA1c level of <6.5% was independently 
321 associated with small FMD in patients with type 2 diabetes. After adjustments for confounding 
322 factors, FMD was significantly smaller in the HbA1c <6.5% group than in the HbA1c 6.5-6.9% 
323 group and HbA1c 7.0-7.9% group. In patients who were not taking antidiabetic drugs, FMD 
324 was also significantly smaller in the HbA1c <6.5% group than in the HbA1c 6.5-6.9% group 
325 and HbA1c 7.0-7.9% group. We also confirmed by using propensity score matching analysis 
326 that FMD was significantly smaller in the low HbA1c group than in the HbA1c 6.5-6.9% group. 
327 To our knowledge, the present study is the first study showing detailed relationships between 
328 HbA1c levels and endothelial function in patients with type 2 diabetes including patients not 
329 taking antidiabetic drugs. 
330 Interestingly, in the present study, HbA1c levels were not correlated with NID. There 
331 were no significant differences in NID values among the HbA1c groups of <6.5%, 6.5-6.9%, 
332 7.0-7.9%, and ≥8.0%. In patients with type 2 diabetes who were not taking antidiabetic drugs, 
333 there were also no significant differences in NID values among the four groups. These findings 
334 suggest that HbA1c level is not correlated with vascular smooth muscle function. 
335 It is controversial whether endothelium-independent vasodilation assessed by NID as 
336 well as endothelium-dependent vasodilation assessed by FMD is impaired in individuals with 
337 cardiovascular risk factors and patients with cardiovascular disease.24 25 In the present study, 
338 although we found that there was an inverted U-shaped pattern of the association of FMD with 
339 HbA1c, there was no significant relationship between NID and HbA1c. In a previous study, we 
340 showed that both NID and FMD were maintained in subjects without cardiovascular risk factors 
341 and that FMD was significantly smaller in subjects with cardiovascular risk factors than in 
342 subjects without cardiovascular risk factors but that NID was significantly smaller in patients 
343 with cardiovascular disease than in both subjects with and those without cardiovascular risk 
344 factors, whereas there was no significant difference in NID between subjects with and those 
345 without cardiovascular risk factors, suggesting that FMD values and NID values are different 
346 in relation to the grade of atherosclerosis.23 The Hoorn study showed that although FMD was 
347 significantly smaller in patients with type 2 diabetes than in subjects with normal glucose 
348 metabolism, NID values were similar in the two groups.26 Kubota et al. showed that NID did 
349 not alter after treatment with sitagliptin in patients with type 2 diabetes and that changes in NID 
350 did not correlate with changes in HbA1c, while FMD improved in relation to decrease in 
351 HbA1c.27 These previous studies support our results showing that NID is not associated with 
352 HbA1c levels in patients with type 2 diabetes. 
353 It is well known that the incidence of myocardial infarction increases in relation to 
354 HbA1c level. 28 It is thought that FMD, an index of endothelial function, decreases with increase 
355 in HbA1c level. However, in the present study, a low HbA1c level of <6.5% was found to be 
356 independently associated with endothelial dysfunction in patients with type 2 diabetes. To avoid 
357 the effects of antidiabetic drugs on HbA1c levels and to minimize the effect of hypoglycemia, 
358 we evaluated the relationship between HbA1c levels and FMD in patients with type 2 diabetes 
359 who were not taking antidiabetic drugs, and we found that the results were similar for patients 
360 taking and those not taking antidiabetic drugs. 
361 The key finding of this study was that an inverted U-shaped pattern of the association 
362 between HbA1c and FMD was observed at the peak of HbA1c of about 7% in patients with 
363 type 2 diabetes. This result may reflect the existence of a J-curve pattern of the association 
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364 between HbA1c and all causes of mortality. Diabetes is well known as a risk factor for 
365 endothelial function as well as for CVD. 15 26 29 However, the effect of intensive glucose control 
366 therapy on all causes of mortality is still controversial. Previous studies focused on the 
367 relationship between HbA1c and all causes of mortality. Some studies showed a positive linear 
368 relationship between HbA1c and all causes of mortality, 30 31 while other studies showed a J-
369 shaped relationship between HbA1c and all causes of mortality. 32 33 The effects of intensive 
370 glucose control therapy on morbidity and mortality of CV events are also controversial. 33 34 
371 The UKPDS 73 study showed that the frequency of hypoglycemia in patients not taking 
372 antidiabetic drugs was 0.1%. 35 Hypoglycemia during intensive glucose control is probably a 
373 predictor of morbidity and mortality of CV events. It has been shown that the hazard ratios for 
374 all causes of mortality including CV events in patients with severe hypoglycemia episodes are 
375 between 1.74 and 3.27. 36 37 It has been postulated that hypoglycemia activates the sympathetic 
376 nervous system, resulting in release of catecholamines that cause increases in heart rate and 
377 myocardial contractility 38, and activates platelet aggregation, leading to acute coronary 
378 syndrome and fatal arrhythmia. 39 Although the precise mechanism by which a low HbA1c 
379 level impairs endothelial function is uncertain, activation of the sympathetic nervous system 
380 may play a critical role in endothelial dysfunction. We cannot deny the possibility that factors 
381 other than hypoglycemia contribute to low HbA1c-induced endothelial dysfunction.
382 This study has some limitations. First, this study was a cross-sectional study, although 
383 the study was conducted in multiple centers and had a large sample size. Therefore, we were 
384 able to evaluate the association but not causality between low HbA1c level and FMD. Second, 
385 unfortunately, we did not have information on the duration of diabetes from onset. The 
386 UKPDS80 study has shown that CVD risk reduction was observed after 10 years of follow-up 
387 of intensive glucose therapy in patients with newly diagnosed type 2 diabetes. Assessment of 
388 information on duration of diabetes would enable more specific conclusions concerning the role 
389 of HbA1c in endothelial function to be drawn. Third, this study was conducted in Japan, and 
390 our results for the association between HbA1c and FMD might not be applicable to other races. 
391 However, the ACCORD trial was conducted in North America, and the ADVANCE trial was 
392 conducted in 20 countries including countries in Asia and Europe and in North America and 
393 Australia. The results of those studies suggest that an inverted U-shaped pattern of the 
394 association of FMD with HbA1c, which was found in the present study, exists in all races. It is 
395 well known that HbA1c levels do not accurately reflect mean glucose values in patients with 
396 end-stage chronic kidney disease and in patients with dialysis. In the present study, we excluded 
397 those patients and we adjusted serum creatinine levels using propensity score matching analysis. 
398 Fourth, we did not have information on physical activity. Previous studies have shown that 
399 lifestyle per se and lifestyle modifications such as diet and physical activity influence 
400 endothelial function.40-42 Assessment of the status of physical activity would enable more 
401 specific conclusions concerning the role of HbA1c in endothelial function to be drawn. Fifth, it 
402 is well known that hypertensive drugs, lipid-lowering drugs and antidiabetic drugs affect 
403 vascular function. Therefore, on the examination day, measurements of FMD and NID were 
404 conducted in the morning, all medications were withheld, and only drinking water was given 
405 to the patients. Patients in this study with HbA1c <6.5% had been taking large doses of 
406 antihypertensive drugs, lipid-lowering drugs and antidiabetic drugs. Unfortunately, we had no 
407 information on the kinds of drugs that were used in this study population. Therefore, we 
408 matched information on medications by propensity matched analysis. Even after adjustment for 
409 information on medications, patients with HbA1c <6.5% had lower FMD levels than did 
410 patients with HbA1c ≥6.5%. However, we cannot deny the possibility that differences in 
411 pharmacological interventions affected vascular function in this study population. In addition, 
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412 since elderly patients often have malnutrition due to anorexia that leads to low HbA1c, we 
413 excluded patients over 80 years of age. Even after excluding these confounding factors, a low 
414 HbA1c level was associated with endothelial dysfunction in patients with type 2 diabetes.
415 In conclusions, there is an inverted U-shaped pattern of the association of FMD with 
416 HbA1c and a low HbA1c level (<6.5%) is associated with endothelial dysfunction in patients 
417 with type 2 diabetes, even in patients with type 2 diabetes who are not taking antidiabetic drugs. 
418
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655 Figure Legends

656 Figure 1. Bar graphs show flow-mediated vasodilation (A) and nitroglycerine-induced 

657 vasodilation (B) in patients with HbA1c of <6.5% and patients with HbA1c of ≥6.5%.

658 Figure 2. Bar graphs show flow-mediated vasodilation (A) and nitroglycerine-induced 

659 vasodilation (B) in 4 groups according to HbA1c levels for patients not receiving antidiabetic 

660 drug treatment.
661
662

663
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664 Table 1. Clinical Characteristics of Patients with Type 2 Diabetes
665

666
667 HDL-C indicates high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein 
668 cholesterol; CVD, cardiovascular disease; FMD, flow-mediated vasodilation; NID, 
669 nitroglycerine-induced vasodilation.
670
671

Variables Total

(n=1215)

HbA1c
<6.5%
(n=474)

HbA1c
≥6.5%
(n=741) P value

Age, yr 62±10 65±10 60±10 <0.001
Gender, men/women 870/345 301/173 569/172 <0.001
Body mass index, kg/m2 25.3±4.3 24.7±4.0 25.7±4.4 <0.001
Heart rate, bpm 68±11 69±12 68±11 0.15
Systolic blood pressure, mmHg 133±17 130±18 135±17 <0.001
Diastolic blood pressure, mmHg 79±11 76±11 80±11 <0.001
Total cholesterol, mg/dL 188±37 180±33 192±38 <0.001
Triglycerides, mg/dL 148±109 130±81 159±123 <0.001
HDL-C, mg/dL 54±15 57±16 53±15 <0.001
LDL-C, mg/dL 107±32 101±29 111±33 <0.001
Creatinine, mg/dL 0.84±0.29 0.86±0.31 0.83±0.27 0.07
Uric acid, mg/dL 5.7±1.4 5.8±1.4 5.6±1.4 0.03
Glucose, mg/dL 138±46 119±27 150±51 <0.001
Hemoglobin A1c, % 6.8±1.1 5.9±0.4 7.4±1.0 <0.001
Medical history, n (%) 
Hypertension 969 (79.8) 378 (79.8) 591 (79.8) 1.00
Dyslipidemia 953 (78.4) 371 (78.3) 582 (78.5) 0.91

CVD, n (%) 409 (33.7) 150 (31.7) 259 (35.0) 0.23
Current Smoking, n (%) 290 (24.1) 104 (21.9) 186 (25.6) 0.15
Medication, n (%)
Antihypertensive drugs 852 (70.1) 365 (77.0) 487 (65.7) <0.001
Lipid-lowering drugs 680 (56.0) 298 (62.9) 382 (51.6) <0.001
Antidiabetic drugs 866 (71.3) 373 (78.7) 493 (66.5) <0.001
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672 Table 2 Clinical Characteristics of Patients with Type 2 Diabetes Not Taking Antidiabetic 
673 Drugs According to HbA1c Level
674

675
676 HDL-C indicates high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein 
677 cholesterol; CVD, cardiovascular disease; FMD, flow-mediated vasodilation; NID, 
678 nitroglycerine-induced vasodilation.

Variables Total

(n=349)

HbA1c
<6.5%
 (n=101)

HbA1c
6.5-6.9%
 (n=149)

HbA1c
7.0-7.9%
 (n=67)

HbA1c
≥8.0%
 (n=32) P value

Age, yr 61±10 66±10 60±10 61±9 57±10 <0.001
Gender, men/women 245/104 59/42 108/41 52/15 26/6 0.01
Body mass index, kg/m2 25.4±4.2 24.6±4.1 25.5±4.2 26.0±4.6 25.8±4.2 0.1
Heart rate, bpm 69±11 70±11 68±11 68±10 69±11 0.21
Systolic blood pressure, mmHg 133±17 128±18 133±16 136±16 138±19 0.004
Diastolic blood pressure, mmHg 80±11 77±12 81±10 82±10 83±10 0.002
Total cholesterol, mg/dL 199±39 186±33 205±36 197±45 216±45 <0.001
Triglycerides, mg/dL 169±139 133±82 169±143 205±173 206±162 0.003
HDL-C, mg/dL 54±15 57±15 55±16 48±12 49±12 <0.001
LDL-C, mg/dL 116±32 110±30 119±31 115±36 127±30 0.04
Creatinine, mg/dL 0.8±0.3 0.8±0.4 0.8±0.2 0.8±0.2 0.8±0.3 0.33
Uric acid, mg/dL 5.8±1.5 6.0±1.7 5.8±1.5 5.5±1.4 5.5±1.7 0.23
Glucose, mg/dL 137±46 119±28 125±22 145±36 224±78 <0.001
Hemoglobin A1c, % 6.8±1.0 5.9±0.4 6.7±0.1 7.3±0.3 9.4±1.2 <0.001
Medical history, n (%) 

Hypertension 266 (76.2) 75 (74.3) 112 (75.2) 56 (83.6) 23 (71.9) 0.45
Dyslipidemia 275 (78.8) 79 (78.2) 116 (77.9) 57 (85.1) 23 (71.9) 0.46
CVD, n (%) 79 (22.6) 27 (26.7) 29 (19.5) 17 (25.4) 6 (18.8) 0.50

Current Smoking, n (%) 79 (22.6) 20 (19.8) 34 (23.3) 17 (25.4) 8 (26.7) 0.79
Medication, n (%)

Antihypertensive drugs 217 (62.2) 78 (77.2) 85 (57.1) 41 (61.2) 13 (40.6) <0.001
Lipid-lowering drugs 144 (41.3) 59 (58.4) 57 (38.3) 24 (35.8) 4 (12.5) <0.001
Antidiabetic drugs 0 (0)
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679 Table 3. Multivariate Analysis of Relationships among FMD, NID and Low HbA1c level 
680 (<6.5%) in Patients with Type 2 Diabetes Not Taking Antidiabetic Drugs 
681
682
683
684
685
686
687
688
689
690
691 Model 1: unadjusted model
692 Model 2: adjusted for age, gender and body mass index
693 Model 3: adjusted for age, gender, body mass index, current smoking, creatine, presence of 
694 hypertension, dyslipidemia and CVD
695 FMD, flow-mediated vasodilation; NID, nitroglycerine-induced vasodilation; OR, odds ratio; 
696 CI, confidence interval; CVD, cardiovascular disease.
697 Low quartile of FMD indicates less than 2.1%. Low quartile of NID indicates less than 6.2%.

Low quartile of FMD Low quartile of NID 

Variables OR (95% CI) P value OR (95% CI) P value

Model 1 3.05 (1.80-5.14) <0.001 1.33 (0.54-3.31) 0.53
Model 2 2.49 (1.44-4.33) 0.001 1.20 (0.46-3.13) 0.71
Model 3 2.57 (1.45-4.54) 0.001 1.29 (0.43-3.91) 0.65
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2 

Supplementary Methods 

Measurement of FMD and NID 
Subjects fasted the previous night and abstained from alcohol, smoking, caffeine, antioxidant vitamins, 

and all medications including hypertensive drugs, lipid-lowering drugs and antidiabetic drugs on the 

day of the FMD and NID examinations, and only drinking water was given to the subjects. The 

subjects were kept in the supine position in a quiet, dark, air-conditioned room (constant temperature 

of 23°C to 26°C) throughout the study. A 23-gauge polyethylene catheter was inserted into the left 

deep antecubital vein to obtain blood samples. At least 20 min after maintaining the supine position, 

baseline brachial artery diameter was measured. Then FMD and NID were measured. The observers 

were blind to the form of examination.  
A blood pressure cuff was placed around the forearm of each subjects. The brachial artery was 

scanned longitudinally 5 to 10 cm above the elbow. When the clearest B-mode image of the anterior 

and posterior intimal interfaces between the lumen and vessel wall was obtained, the transducer was 

held at the same point throughout the scan by using a special probe holder (UNEX Co.) to ensure 

consistency of the imaging. Depth and gain setting were set to optimize the images of the arterial 

lumen wall interface. When the tracking gate was placed on the intima, the artery diameter was 

automatically tracked, and the waveform of diameter changes over the cardiac cycle was displayed in 

real time using the FMD mode of the tracking system. This allowed the ultrasound images to be 

optimized at the start of the scan and the transducer position to be adjusted immediately for optimal 

tracking performance throughout the scan. Pulsed Doppler flow was assessed at baseline and during 

peak hyperemic flow, which was confirmed to occur within 15 seconds after cuff deflation. Blood 

flow velocity was calculated from the color Doppler data and was displayed as a waveform in real 

time. Baseline longitudinal images of the artery were acquired for 30 seconds, and then the blood 

pressure cuff was inflated to 50 mm Hg above systolic pressure for 5 minutes. Blood flow volume was 

calculated by multiplying the Doppler flow velocity (corrected for the angle) by heart rate and vessel 

cross-sectional area (-r2). Reactive hyperemia was calculated as the maximum percentage increase in 

flow after cuff deflation compared with baseline flow. The correlation coefficient between FMD 

analyzed at the core laboratory and participant institutions was 0.84 (p<0.001). 
The response to nitroglycerine was used for assessment of endothelium-independent 

vasodilation. After acquiring baseline rest images for 30 seconds, a sublingual tablet (nitroglycerine, 

75 µg) was given and imaging of the artery was done continuously for 5 minutes. NID was 

automatically calculated as a percentage change in peak vessel diameter from the baseline. Percentage 

of NID [(Peak diameter-Baseline diameter)/Baseline diameter] was used for analysis. 
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Online Supplementary Tables 

 
Table 1. Clinical Characteristics of Patients with Type 2 Diabetes in Four Groups on the Basis on 

HbA1c Level 

 

 

HDL-C indicates high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; 

CVD, cardiovascular disease; FMD, flow-mediated vasodilation; NID, nitroglycerine-induced 

vasodilation. 

  

Variables  Total 

 

(n=1215) 

HbA1c 

<6.5% 

 (n=474) 

HbA1c 

6.5-6.9% 

 (n=333) 

HbA1c 

7.0-7.9% 

 (n=272) 

HbA1c 

≥8.0% 

 (n=136) 

 

 

P value 

Age, yr  62±10  65±10 61±10 62±10 57±11 <0.001 

Gender, men/women 870/345 301/173 240/93 220/52 119/22 <0.001 

Body mass index, kg/m2  25.3±4.3 24.7±4.0 25.7±4.3 25.7±4.4 25.7±4.3 0.002 

Heart rate, bpm  68±11 69±12 68±11 67±11 69±12 0.3 

Systolic blood pressure, mmHg  133±17 130±18 134±16 135±18 136±17 <0.001 

Diastolic blood pressure, mmHg  79±11 76±11 80±11 80±11 81±13 <0.001 

Total cholesterol, mg/dL 188±37 180±33 194±35 186±38 202±46 <0.001 

Triglycerides, mg/dL 148±109 130±81 147±111 164±130 177±133 <0.001 

HDL-C, mg/dL 54±15 57±16 55±15 51±14 51±14 <0.001 

LDL-C, mg/dL 107±32 101±29 112±31 106±32 118±39 <0.001 

Creatinine, mg/dL  0.84±0.29 0.86±0.31 0.82±0.24 0.84±0.30 0.83±0.31 0.26 

Uric acid, mg/dL  5.7±1.4 5.8±1.4 5.8±1.4 5.6±1.4 5.3±1.4 <0.001 

Glucose, mg/dL  138±46 119±27 130±26 149±37 202±78 <0.001 

Hemoglobin A1c, % 6.8±1.1 5.9±0.4 6.7±0.1 7.3±0.3 9.1±1.2 <0.001 

Medical history, n (%)        

Hypertension 969 (79.8) 378 (79.8) 266 (79.9) 226 (83.1) 99 (72.8) 0.12 

Dyslipidemia 953 (78.4) 371 (78.3) 251 (75.4) 226 (83.1) 105 (77.2) 0.13 

CVD, n (%) 409 (33.7) 150 (31.7) 98 (29.4) 104 (38.2) 57 (41.9) 0.02 

Current Smoking, n (%) 290 (24.1) 104 (21.9) 73 (22.3) 73 (27.3) 40 (29.6) 0.12 

Medication, n (%)       

Antihypertensive drugs 852 (70.1) 365 (77.0) 227 (68.2) 181 (66.5) 79 (58.1) <0.001 

Lipid-lowering drugs 680 (56.0) 298 (62.9) 168 (50.5) 154 (56.6) 60 (44.1) 0.001 

Antidiabetic drugs 866 (71.3) 373 (78.7) 184 (55.3) 205 (75.4) 104 (76.5) <0.001 
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Table 2. Univariate Analysis of Relationships among FMD, HbA1c Level and Variables 

 

Variables 

FMD HbA1c 

r P value r P value 

Age, yr  -0.30 <0.001 -0.21 <0.001 

Body mass index, kg/m2  0.01 0.63 0.07 0.01 

Heart rate, bpm  -0.03 0.27 -0.01 0.73 

Systolic blood pressure, mmHg  0.04 0.13 0.13 <0.001 

Diastolic blood pressure, mmHg  0.17 <0.001 0.14 <0.001 

Total cholesterol, mg/dL 0.03 0.33 0.18 <0.001 

Triglycerides, mg/dL -0.04 0.15 0.18 <0.001 

HDL-C, mg/dL -0.01 0.6 -0.14 <0.001 

LDL-C, mg/dL 0.04 0.2 0.16 <0.001 

Creatinine, mg/dL  -0.09 0.002 0.004 0.88 

Uric acid, mg/dL  -0.01 0.62 -0.11 <0.001 

Glucose, mg/dL -0.02 0.44 0.57 <0.001 

HbA1c, % 0.08 0.004   

FMD, %   0.08 0.004 

NID, % 0.33 <0.001 -0.02 0.70 

 
HDL-C indicates high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; 

FMD, flow-mediated vasodilation; NID, nitroglycerine-induced vasodilation. 

Univariate analysis of the relations among FMD, HbA1c levels and variables (Pearson’s correlation 

analysis). 
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Table 3. Multivariate Analysis of Relationships among Low Quartiles of FMD and NID and Low 

HbA1c Level  

 

 

 

 

 

 

 

 

 

 

Model 1: unadjusted model 

Model 2: adjusted for age, gender and body mass index 

Model 3: adjusted for age, gender, body mass index, current smoking, creatine, and presence of 

hypertension, dyslipidemia and CVD 

 

FMD, flow-mediated vasodilation; NID, nitroglycerine-induced vasodilation; OR, odds ration; CI, 

confidence interval; CVD, cardiovascular disease. 

Low quartile of FMD indicates less than 2.1%. Low quartile of NID indicates less than 6.2%. 

  

 
Low quartile of FMD  Low quartile of NID  

Variables OR (95% CI) P value  OR (95% CI) P value 

Model 1 2.50 (1.93-3.27) <0.001  1.17 (0.74-1.84) 0.50 

Model 2 2.04 (1.55-2.69) <0.001  1.00 (0.61-1.61) 0.99 

Model 3 2.03 (1.53-2.69) <0.001  1.07 (0.65-1.75) 0.80 
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Table 4. Clinical Characteristics of Type 2 Diabetes Patients with HbA1c of <6.5% and with 

HbA1c of 6.5-6.9% 
 

 

HDL-C indicates high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein 

cholesterol; CVD, cardiovascular disease; FMD, flow-mediated vasodilation; NID, 

nitroglycerine-induced vasodilation. 
 

  

Variables  HbA1c 

<6.5% 

(n=238) 

HbA1c 

6.5-6.9% 

(n=238) 

 

 

P value 

Age, yr  63±10 63±10 0.94 

Gender, men/women 171/67 162/76 0.37 

Body mass index, kg/m2  25.2±4.2 25.3±4.1 0.75 

Heart rate, bpm  67±11 68±11 0.6 

Systolic blood pressure, mmHg  132±17 132±16 0.92 

Diastolic blood pressure, mmHg  78±10 78±11 0.96 

Total cholesterol, mg/dL 188±33 189±34 0.63 

Triglycerides, mg/dL  126±60 130±69 0.51 

HDL-C, mg/dL 56±14 56±16 0.84 

LDL-C, mg/dL 108±29 109±30 0.94 

Creatinine, mg/dL  0.82±0.21 0.82±0.26 0.58 

Uric acid, mg/dL  5.8±1.3 5.8±1.4 0.95 

Glucose, mg/dL  119±26 130±26 <0.001 

Hemoglobin A1c, %  5.9±0.4 6.7±0.1 <0.001 

Medical history, n (%)     

Hypertension 191 (80.3) 192 (80.7) 0.91 

Dyslipidemia 174 (73.1) 183 (76.9) 0.34 

CVD, n (%) 76 (31.9) 76 (31.9) 1.00 

Current Smoking, n (%) 53 (22.3) 56 (23.5) 0.74 

Medication, n (%)    

Antihypertensive drugs 39 (79.6) 36 (73.4) 0.47 

Lipid-lowering drugs 131 (55.0) 135 (56.7) 0.71 

Antidiabetic drugs 186 (78.2) 140 (58.8) <0.001 
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Table 5. Clinical Characteristics of Type 2 Diabetes Patients with HbA1c of <6.5% and with 

HbA1c of 7.0-7.9% 

 

 

HDL-C indicates high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein 

cholesterol; CVD, cardiovascular disease; FMD, flow-mediated vasodilation; NID, 

nitroglycerine-induced vasodilation. 
 

  

Variables  HbA1c 

<6.5% 

(n=192) 

HbA1c 

7.0-7.9% 

(n=192) 

 

 

P value 

Age, yr  63±10 63±9 0.96 

Gender, men/women 163/29 151/41 0.11 

Body mass index, kg/m2  25.3±3.9 25.4±4.2 0.80 

Heart rate, bpm  67±11 67±12 0.99 

Systolic blood pressure, mmHg  133±18 133±16 0.94 

Diastolic blood pressure, mmHg  79±11 79±10 0.74 

Total cholesterol, mg/dL 178±33 181±37 0.36 

Triglycerides, mg/dL  135±76 132±84 0.72 

HDL-C, mg/dL 52±13 53±15 0.54 

LDL-C, mg/dL 101±29 104±32 0.29 

Creatinine, mg/dL  0.88±0.30 0.84±0.29 0.16 

Uric acid, mg/dL  5.8±1.4 5.7±1.4 0.32 

Glucose, mg/dL  118±21 146±36 <0.001 

Hemoglobin A1c, %  5.9±0.4 7.3±0.3 <0.001 

Medical history, n (%)     

Hypertension 162 (84.4) 158 (82.3) 0.58 

Dyslipidemia 150 (78.1) 157 (81.8) 0.37 

CVD, n (%) 75 (39.1) 77 (40.1) 0.84 

Current Smoking, n (%) 49 (25.5) 45 (23.4) 0.64 

Medication, n (%)    

Antihypertensive drugs 138 (71.9) 135 (70.3) 0.74 

Lipid-lowering drugs 111 (57.8) 117 (60.9) 0.53 

Antidiabetic drugs 159 (82.8) 146 (76.0) 0.10 
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Table 6. Clinical Characteristics of Type 2 Diabetes Patients with HbA1c of <6.5% and with 

HbA1c of ≥8.0 %  

 

 

HDL-C indicates high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein 

cholesterol; CVD, cardiovascular disease; FMD, flow-mediated vasodilation; NID, 

nitroglycerine-induced vasodilation. 
 

  

Variables  HbA1c 

<6.5% 

(n=93) 

HbA1c 

≥8.0% 

(n=93) 

 

 

P value 

Age, yr  58±11 58±10 0.78 

Gender, men/women 68/25 71/22 0.61 

Body mass index, kg/m2  24.9±4.9 25.1±4.1 0.78 

Heart rate, bpm  68±12 67±12 0.76 

Systolic blood pressure, mmHg  136±18 134±17 0.61 

Diastolic blood pressure, mmHg  80±11 80±13 0.86 

Total cholesterol, mg/dL 193±40 190±39 0.58 

Triglycerides, mg/dL  129±59 139±72 0.28 

HDL-C, mg/dL 54±14 53±15 0.67 

LDL-C, mg/dL 114±34 110±35 0.41 

Creatinine, mg/dL  0.85±0.36 0.85±0.33 1.00 

Uric acid, mg/dL  5.3±1.2 5.4±1.1 0.88 

Glucose, mg/dL  118±22 189±72 <0.001 

Hemoglobin A1c, %  5.9±0.4 9.0±1.2 <0.001 

Medical history, n (%)     

Hypertension 62 (66.7) 65 (69.9) 0.64 

Dyslipidemia 65 (69.9) 67 (72.0) 0.75 

CVD, n (%) 33 (35.5) 39 (41.9) 0.37 

Current Smoking, n(%) 25 (26.9) 27 (29.0) 0.74 

Medication, n (%)    

Antihypertensive drugs 54 (58.1) 59 (63.4) 0.45 

Lipid-lowering drugs 43 (46.2) 43 (46.2) 1.00 

Antidiabetic drugs 80 (86.0) 73 (78.5) 0.18 
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Table 7. Clinical Characteristics of Patients with Type 2 Diabetes Not Taking Antidiabetic Drugs  
 

 
HDL-C indicates high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; 

CVD, cardiovascular disease; FMD, flow-mediated vasodilation; NID, nitroglycerine-induced 

vasodilation. 

  

Variables  Total 

 

(n=349) 

HbA1c 

<6.5% 

(n=101) 

HbA1c 

≥6.5% 

(n=248) 

 

 

P value 

Age, yr  61±10 66±10 60±10 <0.001 

Gender, men/women 245/104 59/42 186/62 0.002 

Body mass index, kg/m2  25.4±4.2 24.6±4.1 25.7±4.3 0.03 

Heart rate, bpm  69±11 70±11 68±11 0.06 

Systolic blood pressure, mmHg  133±17 128±18 135±16 <0.001 

Diastolic blood pressure, mmHg  80±11 77±12 82±10 <0.001 

Total cholesterol, mg/dL 199±39 186±33 204±40 <0.001 

Triglycerides, mg/dL  169±139 133±82 183±154 0.002 

HDL-C, mg/dL 54±15 57±15 52±15 0.005 

LDL-C, mg/dL 116±32 110±30 119±32 0.02 

Creatinine, mg/dL  0.8±0.3 0.85±0.37 0.79±0.20 0.07 

Uric acid, mg/dL  5.8±1.5 6.0±1.7 5.7±1.5 0.10 

Glucose, mg/dL  137±46 119±28 143±50 <0.001 

Hemoglobin A1c, %  6.8±1.0 5.9±0.4 7.2±1.0 <0.001 

Medical history, n (%)      

Hypertension 266 (76.2) 75 (74.3) 191 (77.0) 0.58 

Dyslipidemia 275 (78.8) 79 (78.2) 196 (79.0) 0.87 

CVD, n (%) 79 (22.6) 27 (26.7) 52 (21.0) 0.24 

Current Smoking, n (%) 79 (22.6) 20 (19.8) 59 (23.8) 0.37 

Medication, n (%)     

Antihypertensive drugs 217 (62.2) 78 (77.2) 139 (56.1) <0.001 

Lipid-lowering drugs 144 (41.3) 59 (58.4) 85 (34.3) <0.001 

Antidiabetic drugs 0 (0) 0 (0) 0 (0)  
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Table 8. Univariate Analysis of Relationships among FMD, HbA1c Level and Variables in 

Patients with Type 2 Diabetes Not Taking Antidiabetic Drugs 

 

Variables 

FMD HbA1c 

r P value r P value 

Age, yr  -0.24 <0.001 -0.2 <0.001 

Body mass index, kg/m2  0.09 0.08 0.06 0.28 

Heart rate, bpm  0.05 0.33 -0.01 0.82 

Systolic blood pressure, mmHg  0.10 0.048 0.17 0.001 

Diastolic blood pressure, mmHg  0.19 <0.001 0.12 0.02 

Total cholesterol, mg/dL 0.02 0.66 0.22 <0.001 

Triglycerides, mg/dL -0.02 0.64 0.23 <0.001 

HDL-C, mg/dL -0.05 0.30 -0.19 <0.001 

LDL-C, mg/dL 0.03 0.59 0.14 0.01 

Creatinine, mg/dL  -0.03 0.62 -0.07 0.20 

Uric acid, mg/dL  0.08 0.15 -0.10 0.07 

Glucose, mg/dL -0.08 0.12 0.70 <0.001 

HbA1c, % 0.05 0.40   

FMD, %   0.05 0.40 

NID, % 0.36 <0.0001 -0.02 0.78 

 

HDL-C indicates high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein 

cholesterol; FMD, flow-mediated vasodilation; NID, nitroglycerine-induced vasodilation. 
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Table 9. Clinical Characteristics of Type 2 Diabetes Patients with HbA1c of <6.5% and with 

HbA1c of 6.5-6.9% 

 

 

HDL-C indicates high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein 

cholesterol; CVD, cardiovascular disease; FMD, flow-mediated vasodilation; NID, 

nitroglycerine-induced vasodilation. 
 

  

Variables HbA1c 

<6.5% 

(n=49) 

HbA1c 

6.5-6.9% 

(n=49) 

 

 

P value 

Age, yr  64±9 66±7 0.29 

Gender, men/women 29/20 26/23 0.54 

Body mass index, kg/m2  25.3±3.7 24.8±3.6 0.51 

Heart rate, bpm  69±9 68±10 0.5 

Systolic blood pressure, mmHg  131±17 129±16 0.46 

Diastolic blood pressure, mmHg  78±11 76±9 0.30 

Total cholesterol, mg/dL 189±35 190±28 0.95 

Triglycerides, mg/dL  126±48 132±86 0.66 

HDL-C, mg/dL 56±13 58±16 0.47 

LDL-C, mg/dL 112±30 108±24 0.52 

Creatinine, mg/dL  0.79±0.22 0.76±0.18 0.49 

Uric acid, mg/dL  5.6±1.2 5.3±1.3 0.32 

Glucose, mg/dL  117±18 124±22 0.14 

Hemoglobin A1c, %  5.8±0.4 6.7±0.2 <0.001 

Medical history, n (%)     

Hypertension 39 (79.6) 39 (79.6) 1.00 

Dyslipidemia 37 (75.5) 40 (81.6) 0.46 

CVD, n (%) 12 (24.5) 12 (24.5) 1.00 

Medication, n (%)    

Antihypertensive drugs 39 (79.6) 36 (73.4) 0.47 

Lipid-lowering drugs 29 (59.2) 30 (61.2) 0.84 

Antidiabetic drugs 0 (0) 0 (0)  

Current Smoking, n (%) 12 (24.5) 10 (20.4) 0.63 
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Table 10. Clinical Characteristics of Type 2 Diabetes Patients with HbA1c of <6.5% and with 

HbA1c of 7.0-7.9% 

 

 

HDL-C indicates high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein 

cholesterol; CVD, cardiovascular disease; FMD, flow-mediated vasodilation; NID, 

nitroglycerine-induced vasodilation. 

 
 

  

Variables HbA1c 

<6.5% 

(n=29) 

HbA1c 

7.0-7.9% 

(n=29) 

 

 

P value 

Age, yr  63±10 65±8 0.37 

Gender, men/women 19/10 20/9 0.78 

Body mass index, kg/m2  24.9±3.8 24.8±3.9 0.91 

Heart rate, bpm  70±10 68±11 0.4 

Systolic blood pressure, mmHg  133±17 134±14 0.74 

Diastolic blood pressure, mmHg  80±12 81±8 0.78 

Total cholesterol, mg/dL 189±31 183±39 0.51 

Triglycerides, mg/dL  168±116 146±143 0.51 

HDL-C, mg/dL 49±12 51±15 0.47 

LDL-C, mg/dL 114±28 108±32 0.48 

Creatinine, mg/dL  0.80±0.24 0.78±0.22 0.68 

Uric acid, mg/dL  5.7±1.4 5.4±1.5 0.40 

Glucose, mg/dL  119±23 136±32 0.02 

Hemoglobin A1c, %  5.8±0.4 7.3±0.3 <0.001 

Medical history, n (%)     

Hypertension 25 (86.2) 27 (93.1) 0.39 

Dyslipidemia 23 (79.3) 23 (79.3) 1.00 

CVD, n (%) 8 (27.6) 9 (31.0) 0.77 

Current Smoking, n (%) 8 (27.6) 5 (17.2) 0.34 

Medication, n (%)    

Antihypertensive drugs 24 (82.7) 19 (65.5) 0.13 

Lipid-lowering drugs 18 (62.1) 15 (51.7) 0.43 

Antidiabetic drugs 0 (0) 0 (0)  
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Table 11. Clinical Characteristics of Type 2 Diabetes Patients with HbA1c of <6.5% and with 

HbA1c of ≥8.0% 

 

 

HDL-C indicates high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein 

cholesterol; CVD, cardiovascular disease; FMD, flow-mediated vasodilation; NID, 

nitroglycerine-induced vasodilation. 
 

 

  

Variables  HbA1c 

<6.5% 

(n=20) 

HbA1c 

≥8.0% 

(n=20) 

 

 

P value 

Age, yr  59±11 58±11 0.82 

Gender, men/women 15/5 16/4 0.71 

Body mass index, kg/m2  24.9±4.5 25.4±4.6 0.71 

Heart rate, bpm  72±10 67±8 0.11 

Systolic blood pressure, mmHg  138±20 136±21 0.80 

Diastolic blood pressure, mmHg  84±14 82±11 0.65 

Total cholesterol, mg/dL 199±40 213±40 0.31 

Triglycerides, mg/dL  149±73 203±142 0.13 

HDL-C, mg/dL 56±16 48±14 0.10 

LDL-C, mg/dL 126±38 125±32 0.89 

Creatinine, mg/dL  0.76±0.16 0.85±0.34 0.30 

Uric acid, mg/dL  5.8±1.4 6.0±1.7 0.67 

Glucose, mg/dL  116±17 212±63 <0.001 

Hemoglobin A1c, %  6.0±0.4 9.4±1.2 <0.001 

Medical history, n (%)     

Hypertension 14 (70.0) 15 (75.0) 0.72 

Dyslipidemia 13 (65.0) 16 (80.0) 0.29 

CVD, n (%) 5 (25.0) 3 (15.0) 0.43 

Medication, n (%)    

Antihypertensive drugs 12 (60.0) 11 (55.0) 0.75 

Lipid-lowering drugs 5 (25.0) 4 (20.0) 0.71 

Antidiabetic drugs 0 (0) 0 (0)  

Current Smoking, n (%) 6 (30.0) 4 (20.0) 0.47 
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Online Supplementary Figures 

 
Figure 1 
 

 

 

Figure 1. Flow chart of the study design. 
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Figure 2 

 
 
Figure 2. Bar graphs show flow-mediated vasodilation (A) and nitroglycerine-induced 
vasodilation (B) in 4 groups according to HbA1c levels. 
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Figure 3 

 

 

 

Figure 3. Scatter plots show the relationship between flow-mediated vasodilation and 
serum HbA1c levels in all patients (A) and locally weighted regression smoothing 
(Lowess) plot (B) 
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Figure 4 

 

 

 

Figure 4. Bar graphs show flow-mediated vasodilation (A) and nitroglycerine-induced 
vasodilation (B) in patients with HbA1c of <6.5% and patients with HbA1c of 6.5%-6.9%, 
flow-mediated vasodilation (C) and nitroglycerine-induced vasodilation (D) in patients 
with HbA1c of <6.5% and patients with HbA1c of 7.0%-7.9%, and flow-mediated 
vasodilation (E) and nitroglycerine-induced vasodilation (F) in patients with HbA1c of 
<6.5% and patients with HbA1c of ≥8.0% in a propensity score-matched population. 
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Figure 5 

 
 
Figure 5. Bar graphs show flow-mediated vasodilation (A) and nitroglycerine-induced 
vasodilation (B) in patients with HbA1c of <6.5% and patients with HbA1c of ≥6.5% who 
were not receiving antidiabetic drug treatment.  
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Figure 6 
 

 

 

Figure 6. Scatter plots show the relationship between flow-mediated vasodilation and 
serum HbA1c levels in patients not receiving antidiabetic drug treatment (A) and locally 

weighted regression smoothing (Lowess) plot (B）. 
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Figure 7 

 

 

 

Figure 7. Bar graphs show flow-mediated vasodilation (A) and nitroglycerine-induced 
vasodilation (B) in patients with HbA1c of <6.5% and patients with HbA1c of 6.5%-6.9% 
not receiving antidiabetic drug treatment, flow-mediated vasodilation (C) and 
nitroglycerine-induced vasodilation (D) in patients with HbA1c of <6.5% and patients with 
HbA1c of 7.0%-7.9% not receiving antidiabetic drug treatment, and flow-mediated 
vasodilation (E) and nitroglycerine-induced vasodilation (F) in patients with HbA1c of 
<6.5% and patients with HbA1c of ≥8.0% not receiving antidiabetic drug treatment 
antidiabetic drugs treatment in a propensity score-matched population. 
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