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Abstract

Objectives: The aim of this study was to evaluate the relationship between HbAlc level and
flow-mediated vasodilation (FMD) in patients with type 2 diabetes.

Design: Cross-sectional study.

Setting: 22 University hospitals and affiliated clinics in Japan.

Participants: 1215 patients (870 men and 345 women; mean age: 62+10 years) with type 2
diabetes including 349 patients not taking antidiabetic drugs and 866 patients taking
antidiabetic drugs.

Measures: We evaluated FMD and HbAlc level. All patients were divided into four groups
based on HbAlc levels: <6.5 %, 6.5-6.9 %, 7.0-7.9 %, >8.0 %.

Results: An inverted U-shaped pattern of association between HbAlc level and FMD was
observed at the peak of HbAlc of about 7%. FMD was significantly smaller in the HbAlc
<6.5% group than in the HbAlc 6.5%-6.9% group and HbA1c 7.0%-7.9% group (p<0.001 and
p<0.001), and FMD values were similar in the HbAlc <6.5% group and HbAlc >8.0% group.
After adjustments for confounding factors, FMD was significantly smaller in the HbAlc <6.5%
group than in the HbAlc 6.5%-6.9% and HbAlc 7.0%-7.9% group (p=0.002 and p=0.04). In
patients not taking antidiabetic drugs, FMD was also significantly smaller in the HbAlc <6.5%

group than in the HbAlc 6.5%-6.9% group and HbA1c 7.0%-7.9% group (p<<0.001 and p=0.02).

Conclusions: These findings suggest that a low HbAlc level of <6.5% is associated with
endothelial dysfunction. An HbAlc level of 6.5-6.9% may be appropriate for maintenance of
endothelial function.

Trial registration number: The protocol was registered in the University Hospital Medical
Information Network Clinical Trials Registry (UMIN000012950, UMINO000012951,
UMINO000012952, and UMIN000003409)

Strengths and limitations of this study

*The present study shows the relationship between HbA1c and FMD in patients with type 2
diabetes.

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

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

*This study was a cross-sectional study, therefore, we were not able to evaluate the causality
between low HbAlc level and FMD.
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INTRODUCTION

Diabetes is a risk factor for atherosclerosis and subsequent cardiovascular disease (CVD) and
CV events. ! Previous studies showed that adults with diabetes have 2-4-fold higher rates of
all-cause mortality and CVD mortality than those in subjects without diabetes.? 3 Therefore,
prevention of CVD in patients with diabetes is clinically important. Hemoglobin Alc (HbAlc)
level, an index of glycemic control, is usually checked in patients with diabetes. However,
HbAlc-guided diabetes treatment is still controversial.

Previous large clinical trials, including the Veterans Affairs Diabetes Trial (VADT), the
Action in Diabetes and Vascular Disease: Preter Ax and Diamicron MR Controlled Evaluation
(ADVANCE) trial, and the Kumamoto study, have shown that intensive glucose control
reduces the incidences of microvascular diseases such as retinopathy and nephropathy but not
the incidence of macrovascular diseases such as myocardial infarction and stroke in patients
with type 2 diabetes. +7 The Action to Control Cardiovascular Risk in Diabetes (ACCORD)
trial showed that intensive therapy increased all-cause mortality in patients with type 2 diabetes.
8 The VADT and the ADVANCE trial showed that severe hypoglycemia increases death from
cardiovascular disease and any-cause of death. °> 7 Unfortunately, the optimal target level of
HbAlc in diabetes is unclear, and it is still controversial whether intensive glucose control by
HbA 1c-guided therapy reduces the incidence of CV events. > 78

Endothelial dysfunction is well known as the initial step of atherosclerosis, and it plays a
critical role in the development of atherosclerosis, leading to CVD. ® Measurement of flow-
mediated vasodilation (FMD) in the brachial artery is an established tool for assessment of
endothelial function '° and it is well known as an independent predictor of cardiovascular events.
1 Endothelial function assessed by FMD is impaired by traditional cardiovascular risk factors
such as hypertension, dyslipidemia, smoking, chronic alcohol drinking and also diabetes. FMD
is reversible by several interventions such as life-style modifications and pharmacological
treatment. '2 13 Therefore, FMD is a very useful tool for assessing the current vascular function
and cardiovascular risk.

Diabetes is associated with endothelial dysfunction. '* Chronic hyperglycemia is a major
contributor to increased oxidative stress and causes endothelial dysfunction through
inactivation of nitric oxide. !> Several studies have shown that endothelial function is improved
by antidiabetic therapy including use of antidiabetic drugs. '?> '® However, there is little
information on the relationship between HbAIc level and endothelial function.

Therefore, we evaluated the relationship between HbAlc level and endothelial function
assessed by FMD in patients with type 2 diabetes.

METHODS

Study patients

A total of 10260 subjects (7385 patients from the FMD-J study and 2875 patients who
underwent a health checkup at Hiroshima University Hospital between August 2007 and
August 2016) were recruited in this study. The FMD-J study was a prospective multicenter
registry. The design of FMD-J study has been described in detail previously. !” The protocol
used for measurement of FMD was the same in the FMD-J study and at Hiroshima University
Hospital. Exclusion criteria was listed on online supplementary Figure 1. Finally, we enrolled
1215 subjects in this study. Hypertension was defined as the use of antihypertensive drugs or
systolic blood pressure of more than 140 mmHg or diastolic blood pressure of more than 90
mmHg measured in a sitting position on at least 3 occasions. Dyslipidemia was defined
according to the third report of the National Cholesterol Education Program. '3 Diabetes was
defined according to the American Diabetes Association recommendation. ! Smokers were
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defined as those who were current smokers. CVD was defined as coronary heart disease and
cerebrovascular disease. Coronary heart disease included angina pectoris, prior myocardial
infarction, and unstable angina. Cerebrovascular disease included ischemic stroke, hemorrhagic
stroke, and transient ischemic attack. The ethics committee in Hiroshima University approved
the study protocol. Written informed consent for participation in this study was obtained from
all participants. All methods were performed in accordance with the relevant guidelines and
regulations.

Study 1. HbAlc levels and vascular function in patients with type 2 diabetes

In study 1, we assessed the relationships between HbA 1c¢ level and vascular function as assessed
by measurement of FMD, an index of endothelium-dependent vasodilation, and by
measurement of nitroglycerine-induced vasodilation (NID), an index of endothelium-
independent vasodilation, in 1215 patients with type 2 diabetes. First, we divided the patients
into two groups based on their HbAlc levels: <6.5% and >6.5%. Multivariate regression
analysis was performed to identify independent variables associated with vascular function.
Next, we divided the patients into four groups according to HbAlc levels: <6.5%, 6.5-6.9%,
7.0-7.9%, and >8.0%. We next assessed the relationships of HbAlc levels with FMD and NID
using propensity score matching.

Study 2. HbAlc levels and vascular function in patients with type 2 diabetes not taking
antidiabetic drugs

We evaluated the relationships of HbAlc levels with FMD and NID in 349 patients with type
2 diabetes who were not taking antidiabetic drugs by using the same protocol as that used in
study 1.

Measurements of FMD and NID

A high-resolution ultrasonography equipment specialized to measure FMD (UNEXEF18G,
UNEX Co., Nagoya, Japan) was used to evaluate FMD. Additional details are available in the
supplementary method. The intraclass correlation coefficient between each participating
institutions and the core laboratory has been previously described. 2

Statistical analysis

Results are presented as means+SD. All reported probability values were 2-sided, and a
probability value of <0.05 was considered statistically significant. An association between
FMD and HbAlc level was explored visually using a locally weighted regression smoothing
(Lowess) plot. Categorical values were compared by means of the chi-square test. Continuous
variables were compared by using ANOVA multiple groups. Comparisons between the groups
categorized according to HbA 1c levels were carried out using repeated measures ANOVA with
Tukey’s post hoc test. Univariate linear regression analyses were performed to assess the
relationships among the variables. Multivariate logistic regression analysis was performed to
identify independent variables associated with lower quartiles of FMD (<2.1%) and NID
(<6.2%). Age, gender, body mass index, creatinine levels, current smoking, and the presence
of hypertension, dyslipidemia and CVD were entered into the multivariate logistic regression
analysis. As a sensitivity analysis, propensity score analysis was used to minimize the selection
bias for evaluation of the relationship between HbAlc level and vascular function. The
propensity score was calculated for each patient on the basis of logistic regression analysis of
the probability of not taking antidiabetic drugs within groups stratified by HbAlc levels (<6.5%,
6.5-6.9%, 7.0-7.9%, and >8.0%) using clinical variables including age, sex, body mass index
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(BMI), systolic blood pressure, diastolic blood pressure, heart rate, total cholesterol,
triglycerides, high-density lipoprotein (HDL-C), uric acid levels, current smoking (yes or no),
medication with antihypertensive drugs (yes or no), medication with lipid lowering drugs (yes
or no) and presence of CVD (yes or no). With these propensity scores using a caliper width of
0.25 standard deviations of the logit of the propensity score, two well-matched groups based
on clinical characteristics were created for comparison of the prevalences of endothelial
dysfunction defined as FMD of <2.1%, the division point for the lowest quartile of FMD in all
participants. All data were processed using the JMP Pro. Ver 14.0 software (SAS Institute, Cary,
NC, USA)

Patient involvement
Patients and the public were not involved in the design or planning of the study.

RESULTS

Study 1.

Relationships between HbA1c level and variables in Patients with type 2 Diabetes

The baseline characteristics of the 1215 patients are summarized in Table 1. The mean FMD
value was 4.2+2.8% and the mean NID value was 10.64+5.8%. The baseline characteristics of
subjects with HbAlc of <6.5% and those with HbAlc of >6.5% are also summarized in Table
1. FMD was significantly smaller in the HbAlc <6.5% group than in the HbAlc >6.5% group
(3.5+£2.7% and 4.6+2.7%, respectively, p<0.001; Figure 1A). NID values were similar in the
two groups (10.6+5.8% in the HbA 1c <6.5% group and 10.845.6% in the HbAlc >6.5% group,
p=0.73; Figure 1B).

Next, the patients were divided into four groups based on HbAlc levels: <6.5%, 6.5-6.9%,
7.0-7.9%, and >8.0%. The baseline characteristics are summarized in online supplementary
Table 1. FMD values were 3.5+2.7% in the HbAlc <6.5% group, 4.8+2.9% in the HbAlc 6.5-
6.9% group, 4.5£2.6% in the HbA lc 7.0-7.9% group, and 4.2+2.7% in the HbA 1c >8.0% group
(p<0.001). FMD was significantly smaller in the HbAlc <6.5% group than in the HbAlc 6.5-
6.9% group and HbAlc 7.0-7.9% group (p<0.001 and p<0.001, respectively; online
supplementary Figure 2A). There was no significant difference in FMD between the HbAlc
<6.5% group and HbAlc >8.0% group. (p=0.055; online supplementary Figure 2A). NID
values were 10.6+£5.9% in the HbAlc <6.5% group, 11.2+£5.4% in the HbAlc 6.5-6.9% group,
10.4£5.2% in the HbAlc 7.0-7.9% group, and 10.4+6.8% in the HbAlc >8.0% group. There
were no significant differences in NID values among the four groups (p=0.82; online
supplementary Figure 2B).

Univariate analysis of relationships among FMD, NID, HbAlc level and variables in
patients with type 2 Diabetes

Online supplementary Table 2 shows univariate relations among FMD, HbAlc level and
variables. FMD was significantly correlated with age (r=-0.30, p<0.001), diastolic blood
pressure (r=0.17, p<0.001), creatinine (r=-0.09, p=0.002), HbA1c level (r=0.08, p=0.004) and
NID (r=0.33, p<0.001). HbAIc level was significantly correlated with age (r=-0.21, p<0.001),
BMI (r=0.07, p=0.01), systolic blood pressure (r=0.13, p<0.001), diastolic blood pressure
(r=0.14, p<0.001), total cholesterol (r=0.18, p<0.001), HDL cholesterol (r=-0.14, p<0.001),
LDL cholesterol (r=0.16, p<0.001), uric acid (r=-0.11, p<0.001), glucose level (r=0.57,
p<0.001), and FMD (1r=0.08, p=0.004). Linear regression analysis revealed that HbAlc level
was significantly correlated with FMD (r=0.08, p=0.004; online supplementary Figure 3A). A
scatter plot between FMD and HbA ¢ level with a Lowess smoothed curve is shown in online
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supplementary Figure 3B. FMD gradually increased with increase in HbA1c level to about 6.5-
6.9% and the decreased with increase in HbAlc level above 7.0%.

Multivariate analysis of relationships among low quartile of FMD, low quartile of NID,
low HbAlc level and variables

The division points for the lowest quartile and second quartile were 2.1% FMD and 6.2% NID.
Therefore, we defined small FMD as FMD of <2.1% and small NID as NID of <6.2%. We next
examined whether low HbAlc (HbAlc of <6.5%) was independently associated with small
FMD by multiple logistic regression analysis. After adjustments for age, gender, BMI, current
smoking, creatine, and presence of hypertension, dyslipidemia and CVD, HbAlc <6.5% was
independently associated with a lower quartile of FMD (OR: 2.03, 95% CI: 1.53-2.69; p<0.001)
but was not associated with a lower quartile of NID (OR: 1.07, 95% CI: 0.65-1.75; p=0.80)
(online supplementary Table 3).

Relationships among FMD, NID and HbAlc levels in patients with type 2 Diabetes
determined by using propensity score matching analysis.

Propensity score matching analysis was used to create matched pairs between the HbAlc <
6.5% group and the other three groups (HbAlc of 6.5-6.9%, HbAlc of 7.0-7.9%, and HbAlc
of >8.0%). Baseline characteristics of matched pairs of the low HbAlc level (HbAlc of <6.5%)
group and the other three groups are summarized in online supplementary Tables 4, 5, and 6.
FMD was significantly smaller in the HbAlc <6.5% group than in the HbAlc 6.5-6.9% group
and the HbAlc 7.0-7.9% group (3.8+2.6% versus 4.7+3.0%, p=0.002; 3.9+2.6% versus
4.5£2.6%, p=0.04; online supplementary Figures 4A and 4C), while there was no significant
difference in FMD between the HbAlc <6.5% group and the HbAlc >8.0% group (4.5+2.7%
versus 4.1£2.8%, p=0.36; online supplementary Figure 4E). There were no significant
differences in NID between the HbAlc <6.5% group and the other three groups (11.0+6.0%
versus 11.2+5.5% in the HbAlc <6.5% group versus the HbAlc 6.5-6.9% group, p=0.84;
10.245.8% versus 10.5+5.6% in the HbAlc <6.5% group versus the HbAlc 7.0-7.9% group,
p=0.82; 12.8+£6.2% versus 11.6+7.2%, p=0.5, in the HbAlc <6.5% group versus the HbAlc
>8.0% group, p=0.82; online supplementary Figures 4B, 4D, and 4F).

Study 2.

Baseline characteristics of patients with type 2 Diabetes who were not taking antidiabetic
drugs

Next, we evaluated the relationship between HbAlc level and FMD in patients with type 2
diabetes who were not taking antidiabetic drugs in order to eliminate possible effects of
antidiabetic drugs and antidiabetic drug-induced hypoglycemia on vascular function. The
baseline characteristics of those patients are summarized in Table 2. The mean FMD value was
4.2+2.8% and the mean NID value was 10.6+5.8%.

Relationships among HbAlc level, FMD, NID and variables in patients with type 2
Diabetes who were not taking antidiabetic drugs with HbAlc levels <6.5% and HbAlc
levels 26.5%

The baseline characteristics of patients with type 2 diabetes not taking antidiabetic drugs who
had HbAlc levels <6.5% and HbAlc levels >6.5% are summarized in online supplementary
Table 7. FMD was significantly smaller in the HbAlc <6.5% group than in the HbAlc >6.5%
group (3.242.9% and 4.8+2.7%, respectively, p<0.001; online supplementary Figure SA). NID
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values were similar in the two groups (11.0+6.0% in the HbAlc <6.5% group and 11.3+4.7%
in the HbA1c > 6.5% group, p=0.79; online supplementary Figure 5B).

Next, the patients were divided into four groups according to HbAlc levels: <6.5%, 6.5-
6.9%, 7.0-7.9%, and >8.0%. The baseline characteristics are summarized in Table 2. FMD
values were 3.2+2.9% in the HbAlc <6.5% group, 5.24+2.9% in the HbAlc 6.5-6.9% group,
4.4+2.4% in the HbAlc 7.0-7.9% group, and 3.9+£2.5% in the HbAlc >8.0% group (p<0.001;
Figure 2A). FMD was significantly smaller in the HbAlc <6.5% group than in the HbAlc 6.5-
6.9% group and HbAlc 7.0-7.9% group, while there was no significant difference in FMD
between the HbAlc <6.5% group and the HbAlc >8.0% group (p<0.001, p=0.02 and p=0.62
respectively; Figure 2A). NID values were 11.0+6.0% in the HbAlc <6.5% group, 12.6£3.7%
in the HbAlc 6.5-6.9% group, 10.14+5.7% in the HbAlc 7.0-7.9% group, and 10.5+4.0% in the
HbAlc >8.0% group. There were no significant differences in NID values among the four
groups (p=0.59; Figure 2B).

Univariate analysis of relationships among FMD, NID, HbAlc level and variables in
patients with type 2 Diabetes who were not taking antidiabetic drugs

Online supplementary Table 8 shows univariate relationships among FMD, HbAlc level and
variables. FMD was significantly correlated with age (r=-0.24, p<0.001), systolic blood
pressure (r=0.10, p=0.048), diastolic blood pressure (r=0.19, p=0.02), and NID (r=0.36,
p<0.001). HbAlc level was significantly correlated with age (r=-0.2, p<0.001), systolic blood
pressure (r=0.17, p=0.001), diastolic blood pressure (r=0.12, p=0.02), total cholesterol (r=0.22,
p<0.001), triglycerides (r=0.23, p<0.001), HDL cholesterol (r=-0.19, p<0.001), LDL
cholesterol (r=0.14, p=0.01), and glucose level (r=0.70, p<0.001). Linear regression analysis
revealed that HbAlc level was not significantly correlated with FMD (r=0.05, p=0.40; online
supplementary Figure 6A). Scatter plots between FMD and HbA1c with a Lowess smoothed
curve are shown in online supplementary Figure 6B. FMD gradually increased with increase in
HbAlc level to about 6.5-6.9% and then decreased with increase in HbAlc level above 7.0%.

Multivariate analysis of relationships among low quartile of FMD, low quartile of NID,
low HbAlc level and variables in patients with type 2 Diabetes who were not taking
antidiabetic drugs

Multiple logistic regression analysis revealed that after adjustments for age, gender, BMI,
current smoking, creatine, and presence of hypertension, dyslipidemia and CVD, HbAlc level
of <6.5% was independently associated with a lower quartile of FMD (OR: 2.57, 95% CI: 1.45-
4.54; p=0.001) but was not associated with a lower quartile of NID (OR: 1.29, 95% CI: 0.43-
3.91; p=0.65) (Table 3).

Relationships among FMD, NID and HbAlc level in patients with type 2 Diabetes who
were not taking antidiabetic drugs determined by using propensity score matching
analysis

Propensity score matching analysis was used to create matched pairs between the HbAlc <6.5%
group and the other groups (HbAlc of 6.5-6.9%, HbAlc of 7.0-7.9%, and HbA1lc of >8.0%).
Baseline characteristics of matched pairs of the low HbAlc level HbAlc of <6.5% group and
the other three groups are summarized in online supplementary Tables 9, 10, and 11. FMD was
significantly smaller in the HbAlc < 6.5% group than in the HbAlc 6.5-6.9% group (3.1£2.7%
versus 4.64+3.2%, p=0.02; online supplementary Figure 7A), while there were no significant
differences in FMD between the HbAlc <6.5% group, the HbAlc 7.0-7.9% group and the
HbAlc >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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online supplementary Figures 7C and 7E). There were no significant differences in NID
between the HbA1c <6.5% group and the other three groups (10.8+5.6% versus 11.7+4.0% in
the HbAlc <6.5% group versus the HbAlc 6.5-6.9% group, p=0.62; 11.8+5.7% versus
7.844.9% in the HbAlc <6.5% group versus the HbAlc 7.0-7.9% group, p=0.10; 14.8+5.5%
versus 13.6+3.9% in the HbAlc <6.5% group versus the HbAlc >8.0% group, p=0.78; online
supplementary Figures 7B, 7D, and 7F).

DISCUSSION
In the present study, we demonstrated that a low HbAlc level of <6.5% was independently
associated with small FMD in patients with type 2 diabetes. After adjustments for confounding
factors, FMD was significantly smaller in the HbAlc <6.5% group than in the HbA1c 6.5-6.9%
group and HbAlc 7.0-7.9% group. In patients who were not taking antidiabetic drugs, FMD
was also significantly smaller in the HbAlc <6.5% group than in the HbAlc 6.5-6.9% group
and HbAlc 7.0-7.9% group. In addition, we confirmed that FMD was significantly smaller in
the low HbA1c group than in the HbAlc 6.5-6.9% group by using propensity score matching
analysis. To our knowledge, the present study is the first study showing the detailed
relationships between HbAlc levels and endothelial function in patients with type 2 diabetes
including patients not taking antidiabetic drugs.

Interestingly, in the present study, HbAlc levels were not corelated with NID. There were
no significant differences in NID values among the HbAlc groups of <6.5%, 6.5-6.9%, 7.0-
7.9%, and >8.0%. In patients with type 2 diabetes who were not taking antidiabetic drugs, there
were also no significant differences in NID values among the four groups. These findings
suggest that HbAlc level is not correlated with vascular smooth muscle function.

It is well known that the incidence of myocardial infarction increases in relation to
HbA Ic level. 2! It is thought that FMD, an index of endothelial function, decreases with increase
in HbAlc level. However, in the present study, a low HbAlc level of <6.5% was found to be
independently associated with endothelial dysfunction in patients with type 2 diabetes. To avoid
the effects of antidiabetic drugs on HbAlc levels and to minimize the effect of hypoglycemia,
we evaluated the relationships between HbA 1¢ levels and FMD in patients with type 2 diabetes
who were not taking antidiabetic drugs, and we found that the results were similar for patients
taking and those not taking antidiabetic drugs.

The key finding of this study was that an inverted U-shaped pattern of association
between HbAlc and FMD was observed at the peak of HbAlc of about 7% in patients with
type 2 diabetes. This result may reflect the existence of a J-curve pattern of association between
HbAlc and all causes of mortality. Diabetes is well known as a risk factor for endothelial
function as well as for CVD. 42223 However, the effect of intensive glucose control therapy on
all causes of mortality is still controversial. Previous studies focused on the relationship
between HbA1c and all causes of mortality. Some studies showed a positive linear relationship
between HbAlc and all causes of mortality 24 25, while other studies showed a J-shaped
relationship between HbAlc and all causes of mortality 2°%7. The effects of intensive glucose
control therapy on morbidity and mortality of CV events are also controversial. 27 2 The
UKPDS 73 study showed that the frequency of hypoglycemia in patients not taking antidiabetic
drugs was 0.1%. 2° Hypoglycemia during intensive glucose control is probably a predictor of
morbidity and mortality of CV events. It has been shown that the hazard ratios for all causes of
mortality including CV events in patients with severe hypoglycemia episodes are between 1.74
and 3.27. 3931 It has been postulated that hypoglycemia activates the sympathetic nervous
system, releases catecholamines that cause increase heart rate and myocardial contractility 32,
and activates platelet aggregation, leading to acute coronary syndrome and fatal arrythmia. 33

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

Page 10 of 43


http://bmjopen.bmj.com/

Page 11 of 43

oNOYTULT D WN =

360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
3717
3178
379
380
381
382
383
384
385
386
387

BMJ Open

Although the precise mechanisms by which a low HbAlc level impairs endothelial function is
uncertain, activation of the sympathetic nervous system may play a critical role in endothelial
dysfunction. We cannot deny the possibility that factors other than hypoglycemia contribute to
low HbA1c-induced endothelial dysfunction.

This study has some limitations. First, this study was a cross-sectional study, although
the study was conducted in multiple centers and had a large sample size. Therefore, we were
able to evaluate the association but not causality between low HbAlc level and FMD. Second,
unfortunately, we did not have information on the duration of diabetes from onset. The
UKPDS80 study has shown that CVD risk reduction was observed after 10 years of follow up
of intensive glucose therapy in patients with newly diagnosed type 2 diabetes. Third, this study
was conducted in Japan, and our results for the association between HbAlc and FMD might
not be applicable to other races. However, the ACCORD trial was conducted in North America,
and the ADVANCE trial was conducted in 20 countries including countries in Asia and Europe
and in North America and Australia. The results of those studies suggest that an inverted U-
shaped pattern of the association of FMD with HbAlc that found in the present study is
observed in all races. It is well known that HbA lc levels do not accurately reflect mean glucose
values in patients with end-stage chronic kidney disease and in patients with dialysis. In the
present study, we excluded those patients and we adjusted serum creatinine levels using
propensity score matching analysis. In addition, since elderly patients often have malnutrition
due to anorexia that leads to low HbAlc, we excluded patients over 80 years of age. Even after
excluding these confounding factors, a low HbAlc level was associated with endothelial
dysfunction in patients with type 2 diabetes.

In conclusions, a low HbAlc level (<6.5%) is associated with endothelial dysfunction
in patients with type 2 diabetes, even in patients with type 2 diabetes who are not taking
antidiabetic drugs. Control of HbAlc level in the range of 6.5-6.9% may be appropriate for
maintenance of vascular function in patients with type 2 diabetes.
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Figure Legends

Figure 1. Bar graphs show flow-mediated vasodilation (A) and nitroglycerine-induced
vasodilation (B) in patients with HbAlc of <6.5% and patients with HbAlc of >6.5%.

Figure 2. Bar graphs show flow-mediated vasodilation (A) and nitroglycerine-induced
vasodilation (B) in 4 groups according to HbAlc levels for patients not receiving antidiabetic
drug treatment.
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Table 1. Clinical Characteristics of the Patients with Type 2 Diabetes

Variables Total HbAlc HbAlc
<6.5% >6.5%
(n=1215)  (n=474) (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/m? 25.3+4.3 247+4.0  25.7#44  <0.001
Heart rate, bpm 68=11 69+12 68+11 0.15
Systolic blood pressure, mmHg ~ 133+17 130+18 13517 <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 1594123  <0.001
HDL-C, mg/dL 54+15 57+16 53+15 <0.001
LDL-C, mg/dL 107432 101£29 111433 <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 5.6x1.4 0.03
Glucose, mg/dL 138+46 119427 150+51 <0.001
Hemoglobin Alc, % 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) 0091
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

cholesterol;

CVD,
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Table 2 Clinical Characteristics of Patients with Type 2 Diabetes Not Taking Antidiabetic
Drugs According to HbAlc Level
Variables Total HbAlc HbAlc HbAlc HbAlc
<6.5% 6.5-6.9% 7.0-7.9% >8.0%
(n=349) (n=101) (n=149) (n=67) (n=32) P value
Age, yr 6110 6610 60+10 6119 57£10 <0.001
Gender, men/women 245/104 59/42 108/41 52/15 26/6 0.01
Body mass index, kg/m? 254442 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 8110 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 115436 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¢t1.4 5.5¢1.7 0.23
Glucose, mg/dL 137+46 119428 125422 145+36 224+78 <0.001
Hemoglobin Alc, % 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(772)  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)

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

FMD, flow-mediated vasodilation;
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Table 3. Multivariate Analysis of Relationships among FMD, NID and Low HbAlc level
(<6.5%) in Patients with Type 2 DM Not Taking Antidiabetic Drugs

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

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, presence of
hypertension, dyslipidemia and CVD

FMD, flow-mediated vasodilation; NID, nitroglycerine-induced vasodilation; OR, odds ratio;
CI, confidence interval; CVD, cardiovascular disease.

Low quartile of FMD indicates less than 2.1%. Low quartile of NID indicates less than 6.2%.
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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 (-r?). 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 pg) 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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Table 1. Clinical Characteristics of Patients with Type 2 Diabetes in Four Groups on the Basis on

Page 26 of 43

HbAlc Level
Variables Total HbAlc HbAlc HbAlc HbAlc
<6.5% 6.5-6.9% 7.0-7.9% >8.0%
(n=1215) (n=474) (n=333) (n=272) (n=136) P value

Age, yr 62+10 65+10 61+10 62+10 57411 <0.001
Gender, men/women 870/345 301/173 240/93 220/52 119/22 <0.001
Body mass index, kg/m? 25.3+4.3 24.744.0 25.7¢4.3 25.7+4.4 257443  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 76x11 80«11 80«11 81+£13 <0.001
Total cholesterol, mg/dL 188+37 180+33 194435 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 112431 106+32 118439 <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 5.8t1.4 5.6t£1.4 5.3t1.4 <0.001
Glucose, mg/dL 138+46 119+27 130+26 149437 202478 <0.001
Hemoglobin Alc, % 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

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

vasodilation.
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Table 2. Univariate Analysis of Relationships among FMD, HbAlc Level and Variables

oNOYTULT D WN =

FMD HbAlc

9 Variables T P value r P value

Age, yr -0.30 <0.001 -0.21 <0.001
13 Body mass index, kg/m? 0.01 0.63 0.07 0.01

14 Heart rate, bpm -0.03 0.27 -0.01 0.73
Systolic blood pressure, mmHg 0.04 0.13 0.13 <0.001

17 Diastolic blood pressure, mmHg 0.17 <0.001 0.14 <0.001
Total cholesterol, mg/dL 0.03 0.33 0.18 <0.001
20 Triglycerides, mg/dL -0.04 0.15 0.18 <0.001
21 HDL-C, mg/dL -0.01 0.6 -0.14 <0.001
23 LDL-C, mg/dL 0.04 0.2 0.16 <0.001
24 Creatinine, mg/dL -0.09 0.002 0.004 0.88
Uric acid, mg/dL -0.01 0.62 -0.11 <0.001
27 Glucose, mg/dL -0.02 0.44 0.57 <0.001
28 HbAlc, % 0.08 0.004

30 FMD, % 0.08 0.004
31 NID, % 0.33 <0.001 -0.02 0.70

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

36 Univariate analysis of the relations among FMD, HbAlc levels and variables (Pearson’s correlation
37 analysis).
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Table 3. Multivariate Analysis of Relationships among Low Quartiles of FMD and NID and Low

HbAlc Level
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

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%.
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4 Table 4. Clinical Characteristics of Type 2 Diabetes Patients with HbAlc of <6.5% and with
Z HbAlc of 6.5-6.9%

; Variables HbAlc HbAlc

9 <6.5% 6.5-6.9%

10 (n=238) (n=238) P value
1 Age, yr 63+10 63+10 0.94

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

13 Body mass index, kg/m? 25.24+4.2 25.3+4.1 0.75

14 Heart rate, bpm 67+11 68+11 0.6

15 Systolic blood pressure, mmHg 132+17 132+16 0.92

16 Diastolic blood pressure, mmHg 78£10 78£11 0.96

17 Total cholesterol, mg/dL 188+33 189+34 0.63

18 Triglycerides, mg/dL 126+60 130+69 0.51

19 HDL-C, mg/dL 56+14 56+16 0.84

20 LDL-C, mg/dL 108+29 109+30 0.94

21 Creatinine, mg/dL 0.82+0.21 0.82+0.26 0.58

22 Uric acid, mg/dL 5.8+1.3 5.8+1.4 0.95

23 Glucose, mg/dL 119426 130426 <0.001
;‘5‘ Hemoglobin Alc, % 5.940.4 6.740.1 <0.001
2% Medical history, n (%)

27 Hypertension 191 (80.3) 192 (80.7) 0.91

28 Dyslipidemia 174 (73.1) 183 (76.9) 0.34

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

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

31 Medication, n (%)

32 Antihypertensive drugs 39 (79.6) 36 (73.4) 0.47

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

34 Antidiabetic drugs 186 (78.2) 140 (58.8) <0.001
35

36 HDL-C indicates high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
37 cholesterol; CVD, cardiovascular disease; FMD, flow-mediated vasodilation; NID,
38 nitroglycerine-induced vasodilation.
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Table 5. Clinical Characteristics of Type 2 Diabetes Patients with HbAlc of <6.5% and with
HbAlc of 7.0-7.9%

oNOYTULT D WN =

Variables HbAlc HbAlc
<6.5% 7.0-7.9%
(n=192) (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/m? 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 104432 0.29
Creatinine, mg/dL 0.88+0.30 0.84+0.29 0.16
Uric acid, mg/dL 5.8t1.4 5.7x1.4 0.32
Glucose, mg/dL 118+21 146+36 <0.001
Hemoglobin Alc, % 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

disease; FMD, flow-mediated vasodilation;

HDL-C indicates high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol; CVD, cardiovascular
nitroglycerine-induced vasodilation.

NID,
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4 Table 6. Clinical Characteristics of Type 2 Diabetes Patients with HbAlc of <6.5% and with
Z HbAlc of >8.0 %

; Variables HbAlc HbAlc

9 <6.5% >8.0%

10 (n=93) (n=93) P value
1 Age, yr 58+11 58+10 0.78

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

13 Body mass index, kg/m? 24.9+4.9 25.144.1 0.78

14 Heart rate, bpm 68+12 6712 0.76

15 Systolic blood pressure, mmHg 136+18 134+17 0.61

16 Diastolic blood pressure, mmHg 80+11 80+13 0.86

17 Total cholesterol, mg/dL 193+40 190+39 0.58

18 Triglycerides, mg/dL 129459 139+72 0.28

19 HDL-C, mg/dL 54+14 53+15 0.67

20 LDL-C, mg/dL 114434 110435 0.41

;; Creatinine, mg/dL 0.85+0.36 0.85+0.33 1.00

23 Uric acid, mg/dL 5.3+1.2 5.4+1.1 0.88

>4 Glucose, mg/dL 118+£22 189£72 <0.001
25 Hemoglobin Alc, % 5.9+0.4 9.0+1.2 <0.001
2% Medical history, n (%)

57 Hypertension 62 (66.7) 65 (69.9) 0.64
28 Dyslipidemia 65 (69.9) 67 (72.0) 0.75

29 CVD, n (%) 33 (35.9) 39 (41.9) 0.37

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

31 Medication, n (%)

32 Antihypertensive drugs 54 (58.1) 59 (63.4) 0.45

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

34 Antidiabetic drugs 80 (86.0) 73 (78.5) 0.18

35

36 HDL-C indicates high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
37 cholesterol; CVD, cardiovascular disease; FMD, flow-mediated vasodilation; NID,
gg nitroglycerine-induced vasodilation.
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Table 7. Clinical Characteristics of Patients with Type 2 Diabetes Not Taking Antidiabetic Drugs

Variables Total HbAlc HbAlc
<6.5% >6.5%
(n=349) (n=101) (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/m? 25.4+4.2 24.6+4.1 25.744.3 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 T7+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 52415 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 119428 143450 <0.001
Hemoglobin Alc, % 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)

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

vasodilation.
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Table 8. Univariate Analysis of Relationships among FMD, HbAlc Level and Variables in

Patients with Type 2 Diabetes Not Taking Antidiabetic Drugs

FMD HbAlc
Variables r P value r P value
Age, yr -0.24 <0.001 0.2 <0.001
Body mass index, kg/m? 0.09 0.08 0.06 0.28
Heart rate, bpm 0.05 0.33 -0.01 0.82
Systolic blood pressure, mmHg (.10 0.048 0.17 0.001
Diastolic blood pressure, mmHg (.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
HbAlc, % 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 HbAlc of <6.5% and with
HbAlc 0f 6.5-6.9%

oNOYTULT D WN =

Variables HbAlc HbAlc
<6.5% 6.5-6.9%
(n=49) (n=49) P value

Age, yr 64+9 667 0.29
Gender, men/women 29/20 26/23 0.54
Body mass index, kg/m? 25.3£3.7 24.843.6 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+£11 769 0.30
Total cholesterol, mg/dL 189+35 190+28 0.95
Triglycerides, mg/dL 126+48 132486 0.66
HDL-C, mg/dL 56+13 58+16 0.47
LDL-C, mg/dL 112430 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 124422 0.14
Hemoglobin Alc, % 5.810.4 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

cholesterol; CVD, cardiovascular
nitroglycerine-induced vasodilation.

HDL-C indicates high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
disease; FMD, flow-mediated vasodilation;

NID,
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4 Table 10. Clinical Characteristics of Type 2 Diabetes Patients with HbAlc of <6.5% and with
Z HbAlc of 7.0-7.9%

; Variables HbAlc HbAlc

9 <6.5% 7.0-7.9%

10 (n=29) (n=29) P value
1 Age, yr 63£10 65+8 0.37

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

13 Body mass index, kg/m? 24.94+3.8 24.8+3.9 0.91

14 Heart rate, bpm 70£10 68£11 0.4

15 Systolic blood pressure, mmHg 133£17 134£14 0.74

16 Diastolic blood pressure, mmHg 80+12 8148 0.78

17 Total cholesterol, mg/dL 189+31 183+39 0.51

18 Triglycerides, mg/dL 168+116 146+143 0.51

19 HDL-C, mg/dL 49+12 51+15 0.47

20 LDL-C, mg/dL 114428 108+32 0.48

21 Creatinine, mg/dL 0.80+0.24 0.78+0.22 0.68

22 Uric acid, mg/dL 5.7+1.4 5.4£1.5 0.40

;j Glucose, mg/dL 119423 136432 0.02

25 Hemoglobin Alc, % 5.840.4 7.3+0.3 <0.001
2% Medical history, n (%)

57 Hypertension 25 (86.2) 27 (93.1) 0.39
28 Dyslipidemia 23 (79.3) 23 (79.3) 1.00
29 CVD, n (%) 8 (27.6) 9 (31.0) 0.77

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

31 Medication, n (%)

32 Antihypertensive drugs 24 (82.7) 19 (65.5) 0.13

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

34 Antidiabetic drugs 0(0) 0(0)

35

36 HDL-C indicates high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
37 cholesterol; CVD, cardiovascular disease; FMD, flow-mediated vasodilation; NID,
22 nitroglycerine-induced vasodilation.
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Table 11. Clinical Characteristics of Type 2 Diabetes Patients with HbAlc of <6.5% and with
HbAlc of >8.0%

oNOYTULT D WN =

Variables HbAlc HbAlc
<6.5% >8.0%
(n=20) (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/m? 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 203142 0.13
HDL-C, mg/dL 56+16 48+14 0.10
LDL-C, mg/dL 126+38 125432 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 212463 <0.001
Hemoglobin Alc, % 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

cholesterol; CVD, cardiovascular
nitroglycerine-induced vasodilation.

HDL-C indicates high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
disease; FMD, flow-mediated vasodilation;

NID,
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Online Supplementary Figures

Figure 1

10,260 subjects enrolled in FMD-J study and
Hiroshima University from May 2010 to August 2016

Exclusion

v

v

12 subjects with inadequate FMD recordings

2,010 subjects without HbA1c data

6,932 subjects without type 2 diabetes

12 subjects with dialysis or end stage chronic kidney disease
2 inadequate medical information

77 subjects over 80 years old

1,215 subjects were included in the analysis

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

oNOYTULT D WN =

p<0.001

v
Flow-mediated vasodilation (%)

27 ) HbA1c HbA1c
<6.5 % >6.5 %

p=0.79
20 b I I

18 4
16 1
14

w
O
Nitroglycerin-induced vasodilation (%)

o N B O 0 =
'

47 HbA1c HbA1c
48 <6.5 % 26.5 %

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 26.5% who
were not receiving antidiabetic drug treatment.
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Figure 6
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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
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27 Figure 7. Bar graphs show flow-mediated vasodilation (A) and nitroglycerine-induced
28 vasodilation (B) in patients with HbA1c of <6.5% and patients with HbA1c of 6.5%-6.9%
29 not receiving antidiabetic drug treatment, flow-mediated vasodilation (C) and
30 nitroglycerine-induced vasodilation (D) in patients with HbA1c of <6.5% and patients with
31 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 28.0% not receiving antidiabetic drug treatment
antidiabetic drugs treatment in a propensity score-matched population.
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Abstract

Objectives: The aim of this study was to determine the relationships of HbAlc level with flow-
mediated vasodilation (FMD) and nitroglycerine-induced vasodilation (NID) in patients with
type 2 diabetes.

Design: Cross-sectional study.

Setting: 22 university hospitals and aftiliated clinics in Japan.

Participants: 1215 patients with type 2 diabetes including 349 patients not taking antidiabetic
drugs.

Measures: We evaluated FMD and HbAlc level. All patients were divided into four groups
based on HbAlc levels: <6.5 %, 6.5-6.9 %, 7.0-7.9 %, and >8.0 %.

Results: An inverted U-shaped pattern of association between HbAlc level and FMD was
observed at the peak of HbAlc of about 7%. FMD was significantly smaller in the HbAlc
<6.5% group than in the HbAlc 6.5%-6.9% group and HbA1c 7.0%-7.9% group (p<0.001 and
p<0.001), and FMD values were similar in the HbAlc <6.5% group and HbAlc >8.0% group.
There were no significant differences in NID values among the four groups. After adjustments
for confounding factors, FMD was significantly smaller in the HbA1c <6.5% group than in the
HbAlc 6.5%-6.9% and HbA1c 7.0%-7.9% group (p=0.002 and p=0.04). In patients not taking
antidiabetic drugs, FMD was also significantly smaller in the HbAlc <6.5% group than in the
HbATlc 6.5%-6.9% group and HbAlc 7.0%-7.9% group (p<0.001 and p=0.02), and there were
no significant differences in NID values among the four groups.

Conclusions: These findings suggest that there is an inverted U-shaped pattern of the
association of FMD with HbAlc and that a low HbAlc level of <6.5% is associated with
endothelial dysfunction.

Trial registration number: The protocol was registered in the University Hospital Medical
Information Network Clinical Trials Registry (UMIN000012950, UMINO000012951,
UMINO000012952, and UMIN000003409)

Strengths and limitations of this study

* The present study showed the relationship between HbAlc and FMD in patients with type 2
diabetes.

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

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

= This study was a cross-sectional study, and we were therefore not able to evaluate the causality
between low HbAlc level and FMD.
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INTRODUCTION

Diabetes is a risk factor for atherosclerosis and subsequent cardiovascular disease (CVD) and
CV events. ! Previous studies showed that adults with diabetes have 2-4-fold higher rates of
all-cause mortality and CVD mortality than those in subjects without diabetes.? 3 Therefore,
prevention of CVD in patients with diabetes is clinically important. Hemoglobin Alc (HbAlc)
level, an index of glycemic control, is usually checked in patients with diabetes. However,
HbAlc-guided diabetes treatment is still controversial.

Previous large clinical trials, including the Veterans Affairs Diabetes Trial (VADT), the
Action in Diabetes and Vascular Disease: Preter Ax and Diamicron MR Controlled Evaluation
(ADVANCE) trial, and the Kumamoto study, have shown that intensive glucose control
reduces the incidences of microvascular diseases such as retinopathy and nephropathy but not
the incidence of macrovascular diseases such as myocardial infarction and stroke in patients
with type 2 diabetes. +7 The Action to Control Cardiovascular Risk in Diabetes (ACCORD)
trial showed that intensive therapy increased all-cause mortality in patients with type 2 diabetes.
8 The VADT and the ADVANCE trial showed that severe hypoglycemia increases death from
cardiovascular disease and any-cause of death. °> 7 Unfortunately, the optimal target level of
HbAlc in diabetes is unclear, and it is still controversial whether intensive glucose control by
HbA 1c-guided therapy reduces the incidence of CV events. > 78

Endothelial dysfunction is well known as the initial step of atherosclerosis, and it plays a
critical role in the development of atherosclerosis, leading to CVD. ® Measurement of flow-
mediated vasodilation (FMD) in the brachial artery is an established tool for assessment of
endothelial function '° and it is well known as an independent predictor of cardiovascular events.
1 Endothelial function assessed by FMD is impaired by traditional cardiovascular risk factors
such as hypertension, dyslipidemia, smoking, chronic alcohol drinking and also diabetes.!?
FMD is reversible by several interventions such as life-style modifications and pharmacological
treatment. '3 4 Therefore, FMD is a very useful tool for assessing current vascular function and
cardiovascular risk.

Diabetes is associated with endothelial dysfunction. '> 16 Chronic hyperglycemia is a
major contributor to increased oxidative stress and causes endothelial dysfunction through
inactivation of nitric oxide. '7 Several studies have shown that endothelial function is improved
by antidiabetic therapy including use of antidiabetic drugs. ! '® 1° However, there is little
information on the relationship between HbAIc level and endothelial function.

Therefore, we evaluated the relationship between HbAlc level and endothelial function
assessed by FMD in patients with type 2 diabetes.

METHODS

Study patients

A total of 10260 subjects (7385 patients from the FMD-J study and 2875 patients who
underwent a health checkup at Hiroshima University Hospital between August 2007 and
August 2016) were recruited in this study. The FMD-J study was a prospective multicenter
registry. The design of the FMD-J study has been described in detail previously. 2° The protocol
used for measurement of FMD was the same in the FMD-J study and at Hiroshima University
Hospital. Exclusion criteria are shown in online supplementary Figure 1. Finally, we enrolled
1215 subjects in this study. Hypertension was defined as the use of antihypertensive drugs or
systolic blood pressure of more than 140 mmHg or diastolic blood pressure of more than 90
mmHg measured in a sitting position on at least 3 occasions. Dyslipidemia was defined
according to the third report of the National Cholesterol Education Program. 2! Diabetes was
defined according to the American Diabetes Association recommendation. 22 Smokers were
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defined as those who were current smokers. CVD was defined as coronary heart disease and
cerebrovascular disease. Coronary heart disease included angina pectoris, prior myocardial
infarction, and unstable angina. Cerebrovascular disease included ischemic stroke, hemorrhagic
stroke, and transient ischemic attack. The ethics committee in Hiroshima University approved
the study protocol. Written informed consent for participation in this study was obtained from
all participants. All methods were performed in accordance with the relevant guidelines and
regulations.

Study 1. HbAlc levels and vascular function in patients with type 2 diabetes

In study 1, we assessed the relationships between HbA 1c¢ level and vascular function as assessed
by measurement of FMD, an index of endothelium-dependent vasodilation, and by
measurement of nitroglycerine-induced vasodilation (NID), an index of endothelium-
independent vasodilation, in 1215 patients with type 2 diabetes. First, we divided the patients
into two groups based on their HbAlc levels: <6.5% and >6.5%. Multivariate regression
analysis was performed to identify independent variables associated with vascular function.
Next, we divided the patients into four groups according to HbAlc levels: <6.5%, 6.5-6.9%,
7.0-7.9%, and >8.0%. We next assessed the relationships of HbAlc levels with FMD and NID
using propensity score matching.

Study 2. HbAlc levels and vascular function in patients with type 2 diabetes not taking
antidiabetic drugs

We evaluated the relationships of HbAlc levels with FMD and NID in 349 patients with type
2 diabetes who were not taking antidiabetic drugs by using the same protocol as that used in
study 1.

Measurements of FMD and NID

High-resolution ultrasonography equipment specialized to measure FMD (UNEXEF18G,
UNEX Co., Nagoya, Japan) was used to evaluate FMD. Additional details are available in the
supplementary methods section. The intraclass correlation coefficient between each of the
participating institutions and the core laboratory has been previously described. 2

Statistical analysis

Results are presented as means+SD. All reported probability values were 2-sided, and a
probability value of <0.05 was considered statistically significant. An association between
FMD and HbAlc level was explored visually using a locally weighted regression smoothing
(Lowess) plot. Categorical values were compared by means of the chi-square test. Continuous
variables were compared by using ANOVA multiple groups. Comparisons between the groups
categorized according to HbA 1c levels were carried out using repeated measures ANOVA with
Tukey’s post hoc test. Univariate linear regression analyses were performed to assess the
relationships among the variables. Multivariate logistic regression analysis was performed to
identify independent variables associated with lower quartiles of FMD (<2.1%) and NID
(<6.2%). Age, gender, body mass index, creatinine levels, current smoking, and the presence
of hypertension, dyslipidemia and CVD were entered into the multivariate logistic regression
analysis. As a sensitivity analysis, propensity score analysis was used to minimize the selection
bias for evaluation of the relationship between HbAlc level and vascular function. The
propensity score was calculated for each patient on the basis of logistic regression analysis of
the probability of not taking antidiabetic drugs within groups stratified by HbAlc levels (<6.5%,
6.5-6.9%, 7.0-7.9%, and >8.0%) using clinical variables including age, sex, body mass index
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(BMI), systolic blood pressure, diastolic blood pressure, heart rate, total cholesterol,
triglycerides, high-density lipoprotein (HDL-C), uric acid levels, current smoking (yes or no),
medication with antihypertensive drugs (yes or no), medication with lipid-lowering drugs (yes
or no) and presence of CVD (yes or no). With these propensity scores using a caliper width of
0.25 standard deviations of the logit of the propensity score, two well-matched groups based
on clinical characteristics were created for comparison of the prevalences of endothelial
dysfunction defined as FMD of <2.1%, the division point for the lowest quartile of FMD in all
participants. All data were processed using JMP Pro. Ver 14.0 software (SAS Institute, Cary,
NC, USA)

RESULTS

Study 1.

Relationships between HbAlc level and variables in patients with type 2 diabetes

The baseline characteristics of the 1215 patients are summarized in Table 1. The mean FMD
value was 4.2+2.8% and the mean NID value was 10.6+5.8%. The baseline characteristics of
subjects with HbAlc of <6.5% and those with HbAlc of >6.5% are also summarized in Table
1. FMD was significantly smaller in the HbAlc <6.5% group than in the HbAlc >6.5% group
(3.5+2.7% and 4.6+2.7%, respectively, p<0.001; Figure 1A). NID values were similar in the
two groups (10.6£5.8% in the HbA 1c <6.5% group and 10.84+5.6% in the HbAlc >6.5% group,
p=0.73; Figure 1B).

Next, the patients were divided into four groups based on HbAlc levels: <6.5%, 6.5-6.9%,
7.0-7.9%, and >8.0%. The baseline characteristics are summarized in online supplementary
Table 1. FMD values were 3.5+2.7% in the HbAlc <6.5% group, 4.8+2.9% in the HbAlc 6.5-
6.9% group, 4.5+2.6% in the HbAlc 7.0-7.9% group, and 4.2+2.7% in the HbA1c >8.0% group
(p<0.001). FMD was significantly smaller in the HbAlc <6.5% group than in the HbAlc 6.5-
6.9% group and HbAlc 7.0-7.9% group (p<0.001 and p<0.001, respectively; online
supplementary Figure 2A). There was no significant difference in FMD between the HbAlc
<6.5% group and HbAlc >8.0% group. (p=0.055; online supplementary Figure 2A). NID
values were 10.6+5.9% in the HbAlc <6.5% group, 11.2£5.4% in the HbAlc 6.5-6.9% group,
10.4£5.2% in the HbAlc 7.0-7.9% group, and 10.4+6.8% in the HbAlc >8.0% group. There
were no significant differences in NID values among the four groups (p=0.82; online
supplementary Figure 2B).

Univariate analysis of relationships among FMD, NID, HbAlc level and variables in
patients with type 2 diabetes

Online supplementary Table 2 shows univariate relations among FMD, HbAlc level and
variables. FMD was significantly correlated with age (r=-0.30, p<0.001), diastolic blood
pressure (r=0.17, p<0.001), creatinine (r=-0.09, p=0.002), HbAlc level (r=0.08, p=0.004) and
NID (r=0.33, p<0.001). HbAlc level was significantly correlated with age (r=-0.21, p<0.001),
BMI (r=0.07, p=0.01), systolic blood pressure (r=0.13, p<0.001), diastolic blood pressure
(r=0.14, p<0.001), total cholesterol (r=0.18, p<0.001), HDL cholesterol (r=-0.14, p<0.001),
LDL cholesterol (r=0.16, p<0.001), uric acid (r=-0.11, p<0.001), glucose level (r=0.57,
p<0.001), and FMD (r=0.08, p=0.004). Linear regression analysis revealed that HbAlc level
was significantly correlated with FMD (r=0.08, p=0.004; online supplementary Figure 3A). A
scatter plot between FMD and HbA Ic level with a Lowess smoothed curve is shown in online
supplementary Figure 3B. FMD gradually increased with increase in HbAlc¢ level to about 6.5-
6.9% and then decreased with increase in HbAlc level above 7.0%.
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Multivariate analysis of relationships among low quartile of FMD, low quartile of NID,
low HbAlc level and variables

The division points for the lowest quartile and second quartile were 2.1% FMD and 6.2% NID.
Therefore, we defined small FMD as FMD of <2.1% and small NID as NID of <6.2%. We next
examined whether low HbAlc (HbAlc of <6.5%) was independently associated with small
FMD by multiple logistic regression analysis. After adjustments for age, gender, BMI, current
smoking, creatine, and presence of hypertension, dyslipidemia and CVD, HbAlc <6.5% was
independently associated with a lower quartile of FMD (OR: 2.03, 95% CI: 1.53-2.69; p<0.001)
but was not associated with a lower quartile of NID (OR: 1.07, 95% CI: 0.65-1.75; p=0.80)
(online supplementary Table 3).

Relationships among FMD, NID and HbAlc levels in patients with type 2 diabetes
determined by using propensity score matching analysis.

Propensity score matching analysis was used to create matched pairs between the HbAlc <
6.5% group and the other three groups (HbAlc of 6.5-6.9%, HbAlc of 7.0-7.9%, and HbAlc
0f >8.0%). Baseline characteristics of matched pairs of the low HbAlc level (HbAlc of <6.5%)
group and the other three groups are summarized in online supplementary Tables 4, 5, and 6.
FMD was significantly smaller in the HbAlc <6.5% group than in the HbAlc 6.5-6.9% group
and the HbAlc 7.0-7.9% group (3.842.6% versus 4.7+3.0%, p=0.002; 3.9+2.6% versus
4.542.6%, p=0.04; online supplementary Figures 4A and 4C), while there was no significant
difference in FMD between the HbAlc <6.5% group and the HbAlc >8.0% group (4.5+2.7%
versus 4.1£2.8%, p=0.36; online supplementary Figure 4E). There were no significant
differences in NID between the HbAlc <6.5% group and the other three groups (11.0+6.0%
versus 11.2+5.5% in the HbAlc <6.5% group versus the HbAlc 6.5-6.9% group, p=0.84;
10.245.8% versus 10.545.6% in the HbAlc <6.5% group versus the HbAlc 7.0-7.9% group,
p=0.82; 12.8+6.2% versus 11.6+7.2%, p=0.5, in the HbAlc <6.5% group versus the HbAlc
>8.0% group, p=0.82; online supplementary Figures 4B, 4D, and 4F).

Study 2.

Baseline characteristics of patients with type 2 diabetes who were not taking antidiabetic
drugs

Next, we evaluated the relationship between HbAlc level and FMD in patients with type 2
diabetes who were not taking antidiabetic drugs in order to eliminate possible effects of
antidiabetic drugs and antidiabetic drug-induced hypoglycemia on vascular function. The
baseline characteristics of those patients are summarized in Table 2. The mean FMD value was
4.242.8% and the mean NID value was 10.6+5.8%.

Relationships among HbAlc level, FMD, NID and variables in patients with type 2
diabetes who were not taking antidiabetic drugs with HbAlc levels <6.5% and HbAlc
levels >6.5%
The baseline characteristics of patients with type 2 diabetes not taking antidiabetic drugs who
had HbAlc levels <6.5% and HbAlc levels >6.5% are summarized in online supplementary
Table 7. FMD was significantly smaller in the HbAlc <6.5% group than in the HbAlc >6.5%
group (3.24+2.9% and 4.8+2.7%, respectively, p<0.001; online supplementary Figure SA). NID
values were similar in the two groups (11.0+£6.0% in the HbAlc <6.5% group and 11.3+4.7%
in the HbA1c > 6.5% group, p=0.79; online supplementary Figure 5B).

Next, the patients were divided into four groups according to HbAlc levels: <6.5%, 6.5-
6.9%, 7.0-7.9%, and >8.0%. The baseline characteristics are summarized in Table 2. FMD
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values were 3.2+2.9% in the HbAlc <6.5% group, 5.24+2.9% in the HbAlc 6.5-6.9% group,
4.4+2.4% in the HbAlc 7.0-7.9% group, and 3.9+£2.5% in the HbAlc >8.0% group (p<0.001;
Figure 2A). FMD was significantly smaller in the HbAlc <6.5% group than in the HbAlc 6.5-
6.9% group and HbAlc 7.0-7.9% group, while there was no significant difference in FMD
between the HbAlc <6.5% group and the HbAlc >8.0% group (p<0.001, p=0.02 and p=0.62
respectively; Figure 2A). NID values were 11.0+6.0% in the HbAlc <6.5% group, 12.6£3.7%
in the HbAlc 6.5-6.9% group, 10.14+5.7% in the HbAlc 7.0-7.9% group, and 10.5+4.0% in the
HbAlc >8.0% group. There were no significant differences in NID values among the four
groups (p=0.59; Figure 2B).

Univariate analysis of relationships among FMD, NID, HbAlc level and variables in
patients with type 2 diabetes who were not taking antidiabetic drugs

Online supplementary Table 8 shows univariate relationships among FMD, HbAlc level and
variables. FMD was significantly correlated with age (r=-0.24, p<0.001), systolic blood
pressure (r=0.10, p=0.048), diastolic blood pressure (r=0.19, p=0.02), and NID (r=0.36,
p<0.001). HbAlc level was significantly correlated with age (r=-0.2, p<0.001), systolic blood
pressure (r=0.17, p=0.001), diastolic blood pressure (r=0.12, p=0.02), total cholesterol (r=0.22,
p<0.001), triglycerides (r=0.23, p<0.001), HDL cholesterol (r=-0.19, p<0.001), LDL
cholesterol (r=0.14, p=0.01), and glucose level (r=0.70, p<0.001). Linear regression analysis
revealed that HbAlc level was not significantly correlated with FMD (r=0.05, p=0.40; online
supplementary Figure 6A). Scatter plots between FMD and HbA1c with a Lowess smoothed
curve are shown in online supplementary Figure 6B. FMD gradually increased with increase in
HbAlc level to about 6.5-6.9% and then decreased with increase in HbAlc level above 7.0%.

Multivariate analysis of relationships among low quartile of FMD, low quartile of NID,
low HbAlc level and variables in patients with type 2 diabetes who were not taking
antidiabetic drugs

Multiple logistic regression analysis revealed that after adjustments for age, gender, BMI,
current smoking, creatine, and presence of hypertension, dyslipidemia and CVD, HbAlc level
of <6.5% was independently associated with a lower quartile of FMD (OR: 2.57, 95% CI: 1.45-
4.54; p=0.001) but was not associated with a lower quartile of NID (OR: 1.29, 95% CI: 0.43-
3.91; p=0.65) (Table 3).

Relationships among FMD, NID and HbAlc level in patients with type 2 diabetes who
were not taking antidiabetic drugs determined by using propensity score matching
analysis

Propensity score matching analysis was used to create matched pairs between the HbAlc <6.5%
group and the other groups (HbAlc of 6.5-6.9%, HbAlc of 7.0-7.9%, and HbA1c of >8.0%).
Baseline characteristics of matched pairs of the low HbA1c level of <6.5% group and the other
three groups are summarized in online supplementary Tables 9, 10, and 11. FMD was
significantly smaller in the HbAlc < 6.5% group than in the HbAlc 6.5-6.9% group (3.1£2.7%
versus 4.64+3.2%, p=0.02; online supplementary Figure 7A), while there were no significant
differences in FMD between the HbAlc <6.5% group, the HbAlc 7.0-7.9% group and the
HbAlc >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;
online supplementary Figures 7C and 7E). There were no significant differences in NID
between the HbAlc <6.5% group and the other three groups (10.8+£5.6% versus 11.7+4.0% in
the HbAlc <6.5% group versus the HbAlc 6.5-6.9% group, p=0.62; 11.8+5.7% versus
7.8+4.9% in the HbAlc <6.5% group versus the HbAlc 7.0-7.9% group, p=0.10; 14.8+£5.5%
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versus 13.6+3.9% in the HbAlc <6.5% group versus the HbAlc >8.0% group, p=0.78; online
supplementary Figures 7B, 7D, and 7F).

DISCUSSION

In the present study, we demonstrated that a low HbAlc level of <6.5% was independently
associated with small FMD in patients with type 2 diabetes. After adjustments for confounding
factors, FMD was significantly smaller in the HbAlc <6.5% group than in the HbA1c 6.5-6.9%
group and HbAlc 7.0-7.9% group. In patients who were not taking antidiabetic drugs, FMD
was also significantly smaller in the HbAlc <6.5% group than in the HbAlc 6.5-6.9% group
and HbAlc 7.0-7.9% group. We also confirmed by using propensity score matching analysis
that FMD was significantly smaller in the low HbA1c group than in the HbA1c 6.5-6.9% group.
To our knowledge, the present study is the first study showing detailed relationships between
HbAIc levels and endothelial function in patients with type 2 diabetes including patients not
taking antidiabetic drugs.

Interestingly, in the present study, HbAlc levels were not correlated with NID. There
were no significant differences in NID values among the HbAlc groups of <6.5%, 6.5-6.9%,
7.0-7.9%, and >8.0%. In patients with type 2 diabetes who were not taking antidiabetic drugs,
there were also no significant differences in NID values among the four groups. These findings
suggest that HbAlc level is not correlated with vascular smooth muscle function.

It is controversial whether endothelium-independent vasodilation assessed by NID as
well as endothelium-dependent vasodilation assessed by FMD is impaired in individuals with
cardiovascular risk factors and patients with cardiovascular disease.?* 2> In the present study,
although we found that there was an inverted U-shaped pattern of the association of FMD with
HbA Ic, there was no significant relationship between NID and HbA 1c. In a previous study, we
showed that both NID and FMD were maintained in subjects without cardiovascular risk factors
and that FMD was significantly smaller in subjects with cardiovascular risk factors than in
subjects without cardiovascular risk factors but that NID was significantly smaller in patients
with cardiovascular disease than in both subjects with and those without cardiovascular risk
factors, whereas there was no significant difference in NID between subjects with and those
without cardiovascular risk factors, suggesting that FMD values and NID values are different
in relation to the grade of atherosclerosis.?”> The Hoorn study showed that although FMD was
significantly smaller in patients with type 2 diabetes than in subjects with normal glucose
metabolism, NID values were similar in the two groups.?® Kubota et al. showed that NID did
not alter after treatment with sitagliptin in patients with type 2 diabetes and that changes in NID
did not correlate with changes in HbAlc, while FMD improved in relation to decrease in
HbA1c.?” These previous studies support our results showing that NID is not associated with
HbAlc levels in patients with type 2 diabetes.

It is well known that the incidence of myocardial infarction increases in relation to
HbA Ic level. 28 It is thought that FMD, an index of endothelial function, decreases with increase
in HbAlc level. However, in the present study, a low HbAlc level of <6.5% was found to be
independently associated with endothelial dysfunction in patients with type 2 diabetes. To avoid
the effects of antidiabetic drugs on HbAlc levels and to minimize the effect of hypoglycemia,
we evaluated the relationship between HbAlc levels and FMD in patients with type 2 diabetes
who were not taking antidiabetic drugs, and we found that the results were similar for patients
taking and those not taking antidiabetic drugs.

The key finding of this study was that an inverted U-shaped pattern of the association
between HbAlc and FMD was observed at the peak of HbAlc of about 7% in patients with
type 2 diabetes. This result may reflect the existence of a J-curve pattern of the association
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between HbAlc and all causes of mortality. Diabetes is well known as a risk factor for
endothelial function as well as for CVD. 152629 However, the effect of intensive glucose control
therapy on all causes of mortality is still controversial. Previous studies focused on the
relationship between HbA1c and all causes of mortality. Some studies showed a positive linear
relationship between HbAlc and all causes of mortality, 3° 3! while other studies showed a J-
shaped relationship between HbAlc and all causes of mortality. 32 33 The effects of intensive
glucose control therapy on morbidity and mortality of CV events are also controversial. 33 34
The UKPDS 73 study showed that the frequency of hypoglycemia in patients not taking
antidiabetic drugs was 0.1%. 3 Hypoglycemia during intensive glucose control is probably a
predictor of morbidity and mortality of CV events. It has been shown that the hazard ratios for
all causes of mortality including CV events in patients with severe hypoglycemia episodes are
between 1.74 and 3.27. 3937 It has been postulated that hypoglycemia activates the sympathetic
nervous system, resulting in release of catecholamines that cause increases in heart rate and
myocardial contractility 38, and activates platelet aggregation, leading to acute coronary
syndrome and fatal arrhythmia. 3° Although the precise mechanism by which a low HbAlc
level impairs endothelial function is uncertain, activation of the sympathetic nervous system
may play a critical role in endothelial dysfunction. We cannot deny the possibility that factors
other than hypoglycemia contribute to low HbA1c-induced endothelial dysfunction.

This study has some limitations. First, this study was a cross-sectional study, although
the study was conducted in multiple centers and had a large sample size. Therefore, we were
able to evaluate the association but not causality between low HbAlc level and FMD. Second,
unfortunately, we did not have information on the duration of diabetes from onset. The
UKPDS80 study has shown that CVD risk reduction was observed after 10 years of follow-up
of intensive glucose therapy in patients with newly diagnosed type 2 diabetes. Assessment of
information on duration of diabetes would enable more specific conclusions concerning the role
of HbAlc in endothelial function to be drawn. Third, this study was conducted in Japan, and
our results for the association between HbA 1c and FMD might not be applicable to other races.
However, the ACCORD trial was conducted in North America, and the ADVANCE trial was
conducted in 20 countries including countries in Asia and Europe and in North America and
Australia. The results of those studies suggest that an inverted U-shaped pattern of the
association of FMD with HbA 1c, which was found in the present study, exists in all races. It is
well known that HbAlc levels do not accurately reflect mean glucose values in patients with
end-stage chronic kidney disease and in patients with dialysis. In the present study, we excluded
those patients and we adjusted serum creatinine levels using propensity score matching analysis.
Fourth, we did not have information on physical activity. Previous studies have shown that
lifestyle per se and lifestyle modifications such as diet and physical activity influence
endothelial function.**-*> Assessment of the status of physical activity would enable more
specific conclusions concerning the role of HbAlc in endothelial function to be drawn. Fifth, it
is well known that hypertensive drugs, lipid-lowering drugs and antidiabetic drugs affect
vascular function. Therefore, on the examination day, measurements of FMD and NID were
conducted in the morning, all medications were withheld, and only drinking water was given
to the patients. Patients in this study with HbAlc <6.5% had been taking large doses of
antihypertensive drugs, lipid-lowering drugs and antidiabetic drugs. Unfortunately, we had no
information on the kinds of drugs that were used in this study population. Therefore, we
matched information on medications by propensity matched analysis. Even after adjustment for
information on medications, patients with HbAlc <6.5% had lower FMD levels than did
patients with HbAlc >6.5%. However, we cannot deny the possibility that differences in
pharmacological interventions affected vascular function in this study population. In addition,
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since elderly patients often have malnutrition due to anorexia that leads to low HbAlc, we
excluded patients over 80 years of age. Even after excluding these confounding factors, a low
HbAlc level was associated with endothelial dysfunction in patients with type 2 diabetes.

In conclusions, there is an inverted U-shaped pattern of the association of FMD with
HbAlc and a low HbAlc level (<6.5%) is associated with endothelial dysfunction in patients
with type 2 diabetes, even in patients with type 2 diabetes who are not taking antidiabetic drugs.
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Figure Legends

Figure 1. Bar graphs show flow-mediated vasodilation (A) and nitroglycerine-induced
vasodilation (B) in patients with HbAlc of <6.5% and patients with HbAlc of >6.5%.

Figure 2. Bar graphs show flow-mediated vasodilation (A) and nitroglycerine-induced
vasodilation (B) in 4 groups according to HbAlc levels for patients not receiving antidiabetic

drug treatment.
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Table 1. Clinical Characteristics of Patients with Type 2 Diabetes

Variables Total HbAlc HbAlc
<6.5% >6.5%
(n=1215)  (n=474) (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/m? 25.3+4.3 247+4.0  25.7#44  <0.001
Heart rate, bpm 68=11 69+12 68+11 0.15
Systolic blood pressure, mmHg ~ 133+17 130+18 13517 <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 1594123  <0.001
HDL-C, mg/dL 54+15 57+16 53+15 <0.001
LDL-C, mg/dL 107432 101£29 111433 <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 5.6x1.4 0.03
Glucose, mg/dL 138+46 119427 150+51 <0.001
Hemoglobin Alc, % 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) 0091
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

cholesterol;

CVD,
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Table 2 Clinical Characteristics of Patients with Type 2 Diabetes Not Taking Antidiabetic
Drugs According to HbAlc Level
Variables Total HbAlc HbAlc HbAlc HbAlc
<6.5% 6.5-6.9% 7.0-7.9% >8.0%
(n=349) (n=101) (n=149) (n=67) (n=32) P value
Age, yr 6110 6610 60+10 6119 57£10 <0.001
Gender, men/women 245/104 59/42 108/41 52/15 26/6 0.01
Body mass index, kg/m? 254442 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 8110 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 115436 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¢t1.4 5.5¢1.7 0.23
Glucose, mg/dL 137+46 119428 125422 145+36 224+78 <0.001
Hemoglobin Alc, % 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(772)  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)

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

FMD, flow-mediated vasodilation;
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Table 3. Multivariate Analysis of Relationships among FMD, NID and Low HbAlc level
(<6.5%) in Patients with Type 2 Diabetes Not Taking Antidiabetic Drugs

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

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, presence of
hypertension, dyslipidemia and CVD

FMD, flow-mediated vasodilation; NID, nitroglycerine-induced vasodilation; OR, odds ratio;
CI, confidence interval; CVD, cardiovascular disease.

Low quartile of FMD indicates less than 2.1%. Low quartile of NID indicates less than 6.2%.
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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 (-r?). 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 pg) 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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Table 1. Clinical Characteristics of Patients with Type 2 Diabetes in Four Groups on the Basis on

Page 28 of 45

HbAlc Level
Variables Total HbAlc HbAlc HbAlc HbAlc
<6.5% 6.5-6.9% 7.0-7.9% >8.0%
(n=1215) (n=474) (n=333) (n=272) (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/m? 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 188437 180433 194435 186+38 202446 <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 112431 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 5.8t1.4 5.8t1.4 5.6x1.4 5.3x1.4 <0.001
Glucose, mg/dL 138+46 119+27 130+26 149+37 202+78 <0.001
Hemoglobin Alc, % 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(754) 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

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

vasodilation.
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Table 2. Univariate Analysis of Relationships among FMD, HbAlc Level and Variables

oNOYTULT D WN =

FMD HbAlc

9 Variables ¢ P value r P value

Age, yr -0.30 <0.001 2021 <0.001
13 Body mass index, kg/m? 0.01 0.63 0.07 0.01

14 Heart rate, bpm -0.03 0.27 -0.01 0.73
Systolic blood pressure, mmHg 0.04 0.13 0.13 <0.001

17 Diastolic blood pressure, mmHg 0.17 <0.001 0.14 <0.001
Total cholesterol, mg/dL 0.03 0.33 0.18 <0.001
20 Triglycerides, mg/dL -0.04 0.15 0.18 <0.001
21 HDL-C, mg/dL -0.01 0.6 -0.14 <0.001
23 LDL-C, mg/dL 0.04 0.2 0.16 <0.001
24 Creatinine, mg/dL -0.09 0.002 0.004 0.88
Uric acid, mg/dL -0.01 0.62 -0.11 <0.001
27 Glucose, mg/dL -0.02 0.44 0.57 <0.001
28 HbAlc, % 0.08 0.004

30 FMD, % 0.08 0.004
31 NID, % 0.33 <0.001 -0.02 0.70

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

36 Univariate analysis of the relations among FMD, HbAlc levels and variables (Pearson’s correlation
37 analysis).
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Table 3. Multivariate Analysis of Relationships among Low Quartiles of FMD and NID and Low

HbAlc Level

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
Model 2 2.04 (1.55-2.69) <0.001
Model 3 2.03 (1.53-2.69) <0.001

1.17 (0.74-1.84)  0.50
1.00 (0.61-1.61) 0.9
1.07 (0.65-1.75)  0.80

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%.
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4 Table 4. Clinical Characteristics of Type 2 Diabetes Patients with HbAlc of <6.5% and with
. HbA ¢ of 6.5-6.9%

; Variables HbAlc HbAlc

9 <6.5% 6.5-6.9%

10 (n=238) (n=238) P value
11 Age, yr 63+10 63+10 0.94

12 Gender, men/women 171/67 162/76 0.37
13 Body mass index, kg/m? 25.2+4.2 25.3+4.1 0.75

14 Heart rate, bpm 67+11 68=11 0.6

15 Systolic blood pressure, mmHg 132+17 132+16 0.92

16 Diastolic blood pressure, mmHg 78£10 78+11 0.96

17 Total cholesterol, mg/dL 188+33 189+34 0.63

18 Triglycerides, mg/dL 126+60 130+69 0.51

19 HDL-C, mg/dL 56+14 56+16 0.84
20 LDL-C, mg/dL 108+29 109+30 0.94

21 Creatinine, mg/dL 0.82+0.21 0.82+0.26 0.58

22 Uric acid, mg/dL 5.8+1.3 5.8+1.4 0.95

23 Glucose, mg/dL 119426 130426 <0.001
;‘5‘ Hemoglobin Alc, % 5.940.4 6.740.1 <0.001
% Medical history, n (%)

27 Hypertension 191 (80.3) 192 (80.7) 0.91

28 Dyslipidemia 174 (73.1) 183 (76.9) 0.34

29 CVD, n (%) 76 (31.9) 76 (31.9) 1.00
30 Current Smoking, n (%) 53(22.3) 56 (23.5) 0.74

31 Medication, n (%)

32 Antihypertensive drugs 39 (79.6) 36 (73.4) 0.47

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

34 Antidiabetic drugs 186 (78.2) 140 (58.8) <0.001
35

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

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

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


http://bmjopen.bmj.com/

BMJ Open Page 32 of 45

Yamaji et al. Low HbA1c and endothelial function

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

oNOYTULT D WN =

Variables HbAlc HbAlc
<6.5% 7.0-7.9%
(n=192) (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/m? 25.3+3.9 25.444.2 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 53415 0.54
LDL-C, mg/dL 101+29 104432 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 Alc, % 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

disease; FMD, flow-mediated vasodilation;

HDL-C indicates high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol; CVD, cardiovascular
nitroglycerine-induced vasodilation.

NID,
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4 Table 6. Clinical Characteristics of Type 2 Diabetes Patients with HbAlc of <6.5% and with
. HbA ¢ of >8.0 %

; Variables HbAlc HbAlc

9 <6.5% >8.0%

10 (n=93) (n=93) P value
11 Age, yr 58+11 58+10 0.78

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

13 Body mass index, kg/m? 24.9+4.9 25.1+4.1 0.78

14 Heart rate, bpm 68+£12 6712 0.76

15 Systolic blood pressure, mmHg 136+18 134+17 0.61

16 Diastolic blood pressure, mmHg 80+11 80+13 0.86

17 Total cholesterol, mg/dL 193+40 190+39 0.58

18 Triglycerides, mg/dL 129+59 139+72 0.28

19 HDL-C, mg/dL 54+14 53+15 0.67

20 LDL-C, mg/dL 114434 110435 0.41

;; Creatinine, mg/dL 0.85+0.36 0.85+0.33 1.00

23 Uric acid, mg/dL 5.3£1.2 5.4+1.1 0.88

2 Glucose, mg/dL 118+22 189+72 <0.001
25 Hemoglobin Alc, % 5.9+0.4 9.0+1.2 <0.001
2% Medical history, n (%)

57 Hypertension 62 (66.7) 65 (69.9) 0.64
28 Dyslipidemia 65 (69.9) 67 (72.0) 0.75
29 CVD, n (%) 33 (35.5) 39 (41.9) 0.37
30 Current Smoking, n(%) 25(26.9) 27 (29.0) 0.74

31 Medication, n (%)

32 Antihypertensive drugs 54 (58.1) 59 (63.4) 0.45

33 Lipid-lowering drugs 43 (46.2) 43 (46.2) 1.00
34 Antidiabetic drugs 80 (86.0) 73 (78.5) 0.18

35

36 HDL-C indicates high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
37 cholesterol; CVD, cardiovascular disease; FMD, flow-mediated vasodilation; NID,
gg nitroglycerine-induced vasodilation.
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Table 7. Clinical Characteristics of Patients with Type 2 Diabetes Not Taking Antidiabetic Drugs

Variables Total HbAlc HbAlc
<6.5% >6.5%
(n=349) (n=101) (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/m? 25.4+4.2 24.6+4.1 25.7+#4.3 0.03
Heart rate, bpm 69+11 7011 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 52415 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 5.741.5 0.10
Glucose, mg/dL 137+46 119428 143+50 <0.001
Hemoglobin Alc, % 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 00 0(0) 0(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.
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Table 8. Univariate Analysis of Relationships among FMD, HbAlc Level and Variables in

Patients with Type 2 Diabetes Not Taking Antidiabetic Drugs

FMD HbAlc
Variables P P value r P value
Age, yr -0.24 <0.001 0.2 <0.001
Body mass index, kg/m? 0.09 0.08 0.06 0.28
Heart rate, bpm 0.05 0.33 -0.01 0.82
Systolic blood pressure, mmHg (.10 0.048 0.17 0.001
Diastolic blood pressure, mmHg (.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
HbAlc, % 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 HbAlc of <6.5% and with

HbAlc of 6.5-6.9%

Variables HbAlc HbAlc
<6.5% 6.5-6.9%
(n=49) (n=49) P value

Age, yr 64+9 667 0.29
Gender, men/women 29/20 26/23 0.54
Body mass index, kg/m? 25.3+3.7 24.843.6 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£11 769 0.30
Total cholesterol, mg/dL 189+35 190+28 0.95
Triglycerides, mg/dL 126+48 132486 0.66
HDL-C, mg/dL 56+13 58+16 0.47
LDL-C, mg/dL 112430 108+24 0.52
Creatinine, mg/dL 0.79+0.22 0.76+0.18 0.49
Uric acid, mg/dL 5.6x£1.2 5.3+1.3 0.32
Glucose, mg/dL 117+18 124+22 0.14
Hemoglobin Alc, % 5.840.4 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

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

nitroglycerine-induced vasodilation.

NID,
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4 Table 10. Clinical Characteristics of Type 2 Diabetes Patients with HbAlc of <6.5% and with
. HbA ¢ of 7.0-7.9%

; Variables HbAlc HbAlc

9 <6.5% 7.0-7.9%

10 (n=29) (n=29) P value
11 Age, yr 63£10 65+8 0.37

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

13 Body mass index, kg/m? 24.9+3.8 24.8+3.9 0.91

14 Heart rate, bpm 70£10 68+11 0.4

15 Systolic blood pressure, mmHg 133+17 134+14 0.74

16 Diastolic blood pressure, mmHg 80+12 8148 0.78

17 Total cholesterol, mg/dL 189+31 183+39 0.51

18 Triglycerides, mg/dL 168+116 146+143 0.51

19 HDL-C, mg/dL 49+12 51+15 0.47
20 LDL-C, mg/dL 114428 108+32 0.48

21 Creatinine, mg/dL 0.80+0.24 0.78+0.22 0.68

22 Uric acid, mg/dL 5.7+1.4 5.4£1.5 0.40

;j Glucose, mg/dL 11923 136432 0.02

25 Hemoglobin Alc, % 5.840.4 7.3+£0.3 <0.001
2% Medical history, n (%)

57 Hypertension 25 (86.2) 27 (93.1) 0.39
28 Dyslipidemia 23 (79.3) 23 (79.3) 1.00
29 CVD, n (%) 8 (27.6) 9 (31.0) 0.77

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

31 Medication, n (%)

32 Antihypertensive drugs 24 (82.7) 19 (65.5) 0.13

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

34 Antidiabetic drugs 00 0(0)

35

36 HDL-C indicates high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
37 cholesterol; CVD, cardiovascular disease; FMD, flow-mediated vasodilation; NID,
;2 nitroglycerine-induced vasodilation.
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Table 11. Clinical Characteristics of Type 2 Diabetes Patients with HbAlc of <6.5% and with
HbAlc of >8.0%

oNOYTULT D WN =

Variables HbAlc HbAlc
<6.5% >8.0%
(n=20) (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/m? 24.9+4.5 25.444.6 0.71
Heart rate, bpm 72+10 6748 0.11
Systolic blood pressure, mmHg 138420 136421 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 125432 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 11617 212+63 <0.001
Hemoglobin Alc, % 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

cholesterol; CVD, cardiovascular
nitroglycerine-induced vasodilation.

HDL-C indicates high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
disease; FMD, flow-mediated vasodilation;

NID,
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Online Supplementary Figures

Figure 1

10,260 subjects enrolled in FMD-J study and
Hiroshima University from May 2010 to August 2016

Exclusion

v

v

12 subjects with inadequate FMD recordings

2,010 subjects without HbA1c data

6,932 subjects without type 2 diabetes

12 subjects with dialysis or end stage chronic kidney disease
2 inadequate medical information

77 subjects over 80 years old

1,215 subjects were included in the analysis

Figure 1. Flow chart of the study design.
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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. 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. 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
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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 26.5% who
were not receiving antidiabetic drug treatment.
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Figure 6
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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
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27 Figure 7. Bar graphs show flow-mediated vasodilation (A) and nitroglycerine-induced
28 vasodilation (B) in patients with HbA1c of <6.5% and patients with HbA1c of 6.5%-6.9%
29 not receiving antidiabetic drug treatment, flow-mediated vasodilation (C) and
30 nitroglycerine-induced vasodilation (D) in patients with HbA1c of <6.5% and patients with
31 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 28.0% not receiving antidiabetic drug treatment
antidiabetic drugs treatment in a propensity score-matched population.
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Item Page
No Recommendation No
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or 1
the abstract
(b) Provide in the abstract an informative and balanced summary of what 2
was done and what was found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being | 3
reported
Objectives 3 State specific objectives, including any prespecified hypotheses 3-4
Methods
Study design 4 Present key elements of study design early in the paper 3-4
Setting Describe the setting, locations, and relevant dates, including periods of 4
recruitment, exposure, follow-up, and data collection
Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of | 4
participants
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, | 4
and effect modifiers. Give diagnostic criteria, if applicable
Data sources/ 8* For each variable of interest, give sources of data and details of methods 4
measurement of assessment (measurement). Describe comparability of assessment
methods if there is more than one group
Bias 9 Describe any efforts to address potential sources of bias
Study size 10 Explain how the study size was arrived at 4
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If 4
applicable, describe which groupings were chosen and why
Statistical methods 12 (a) Describe all statistical methods, including those used to control for 4
confounding
(b) Describe any methods used to examine subgroups and interactions
(c) Explain how missing data were addressed 4
(d) If applicable, describe analytical methods taking account of sampling
strategy
(e) Describe any sensitivity analyses 4-5
Results
Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers 5-6
potentially eligible, examined for eligibility, confirmed eligible, included
in the study, completing follow-up, and analysed
(b) Give reasons for non-participation at each stage 5-6
(c¢) Consider use of a flow diagram 5-6
Descriptive data 14*  (a) Give characteristics of study participants (eg demographic, clinical, 5-7
social) and information on exposures and potential confounders
(b) Indicate number of participants with missing data for each variable of | 5-7
interest
Outcome data 15*%  Report numbers of outcome events or summary measures 5-8
Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted 5-8

estimates and their precision (eg, 95% confidence interval). Make clear

which confounders were adjusted for and why they were included
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(b) Report category boundaries when continuous variables were 6-8
categorized
(c) If relevant, consider translating estimates of relative risk into absolute
risk for a meaningful time period

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, 6-8
and sensitivity analyses

Discussion

Key results 18 Summarise key results with reference to study objectives 8-9

Limitations 19 Discuss limitations of the study, taking into account sources of potential 9-10
bias or imprecision. Discuss both direction and magnitude of any potential
bias

Interpretation 20 Give a cautious overall interpretation of results considering objectives, 9-10
limitations, multiplicity of analyses, results from similar studies, and other
relevant evidence

Generalisability 21 Discuss the generalisability (external validity) of the study results 9-10

Other information

Funding 22 Give the source of funding and the role of the funders for the present study | 11

and, if applicable, for the original study on which the present article is
based

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at www.strobe-statement.org.
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