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ABSTRACT

Introduction Considerable confusions on treatment
target have resulted from recent changes in guidelines.
Evidence in medical guidelines came from clinical trials
with highly selected patients, whereas treatment goals
may differ in some subgroups. This study aimed to assess
optimal treatment goals (A1C, blood pressure, low-density
lipoprotein cholesterol (LDL-C)) for patients with type 2
diabetes mellitus (T2DM), which lead to optimal health
outcomes by different treatment strategies.
Research design and methods A retrospective
longitudinal study was conducted for veterans with T2DM
by using US Veterans Affairs Administrative Database
(2005−2015). Medical records were prepared for repeated
evaluation performed at 6-month intervals and multivariate
longitudinal regression was used to estimate the risk of
microvascular and macrovascular complication events.
Second-degree polynomial and splines were applied to
identify the optimal goals in their associations with lowest
risk of clinical outcomes, controlling for demographic
characteristics, medical history, and medications.
Results A total of 124 651 patients with T2DM were
selected, with mean of 6.72 follow-up years. In the general
population, to achieve the lowest risk of microvascular
and macrovascular complication, the optimal goals were
A1C=6.81%, LDL-C=109.10 mg/dL; and A1C=6.76%,
LDL-C=111.65 mg/dL, systolic blood pressure
(SBP)=130.60 mmHg, respectively. The optimal goals
differed between age and racial subgroups. Lower SBP for
younger patients and lower LDL-C for black patients were
associated with better health outcomes.
Conclusions Optimal treatment goals were identified and
multi-faceted treatment strategies targeting hyperglycemia
and hyperlipidemia and hypertension may improve health
outcome in veterans with T2DM. In addition to guidelines’
recommended goals, health systems may examine their
own large diverse patients with T2DM for better quality of
care.

Significance of this study
What is already known about this subject?
►► Medical societies have changed their guidelines in

treatment targets of hemoglobin A1c, blood pressure
(BP), and low-density lipoprotein cholesterol (LDL-c)
in diabetes management.

What are the new findings?
►► The study estimated the three diabetic manage-

ment goals (A1C, BP, and LDL-C) in relation to diabetes complications in veteran populations and
subpopulations.
►► Optimal treatment goals of A1C, LDL-C, and BP were
identified for diabetes management in US veterans
with T2DM.

How might these results change the focus of
research or clinical practice?
►► Multi-faceted treatment strategies targeting hyper-

tension, hyperglycemia, and hyperlipidemia may
reduce microvascular/macrovascular complication
risk and improve health outcomes in the population
with T2DM.

T2DM. For managing T2DM and preventing
complications, medical guidelines have been
developed with specifications on A1C, BP,
and LDL-C treatment goals. The American
Diabetes Association (ADA) recommends
an A1C less than 7% for most non-pregnant
adults with T2DM, but this goal should be
‘individualized’ to a more stringent goal
of 6.5%, or less stringent goal of 8%, based
on patients’ health conditions.2 The recommendation leaves flexibility to the healthcare
providers with unclear instruction of selecting
explicit goal for patients with specific demographic and medical characteristics. The
INTRODUCTION
Controls for hemoglobin A1c (A1C), blood American Heart Association (AHA) in 2013
pressure (BP), and low-
density lipopro- recommended that specific numerical goals
tein cholesterol (LDL-
C) are associated for lipids should be abandoned.3 ADA recomwith lowering risk of diabetes complica- mended regular monitoring of lipid profile
tions among patients with type 2 diabetes (total cholesterol, LDL cholesterol, HDL
mellitus (T2DM).1 Optimizing long-
term cholesterol, and triglycerides) but only left
health outcomes is meaningful for decision- recommendation of triglyceride and HDL
making for health providers and patients with cholesterol goal for blood lipid management.4
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who had at least 2-year enrollment, no history of complications, and at least two measures of A1C, LDL-C, and BP
between January 1, 2004 and December 31, 2015 were
selected. Index date was defined as the date of first T2DM
diagnosis during the study period. The baseline period
was defined as the 12 months prior to the index date.
Data were prepared with each cycle length of 6 months
starting from the index date. The last cycle was allowed
for ≤6 months during the follow-up period, which was
defined as the time after the index date until the end
date of continuous enrollment, death, or the end of study
data availability.

ADA and JNC 8 loosened the general goal of systolic
blood pressure (SBP) from less than 140 mmHg to less
than 150 mmHg, and additionally increased the goal
of DBP from less than 80 mmHg to less than 90 mmHg
due to no confirmed benefit found from lowering BP
≤140/80 mmHg in clinical trials.5–7 Before the updates,
the goal of lower than 130/80 mmHg was commonly
recommended for adults with diabetes and hypertension
in JNC 7 report 2003.8
Reaching A1C achievement (≤7%) has been a controversy
on reducing the risk of myocardial infarction, stroke, and
cardiovascular disease (CVD) death occurrences by intensive blood glucose control in long-term follow-up clinical
trial study.9 10 A1C inherently makes differentiated capacities
of showing blood glucose level among patients with T2DM
such as race/ethnic populations. The ACCORD trial demonstrated that the association between A1C level and the risk
of hypoglycemia and mortality differs across racial groups.11
For the BP target, the less stringent goal of BP was based on
that no evidence from randomized controlled trials (RCTs)
demonstrated better primary health outcomes by the intensive treatment (SBP <140 mmHg). However, reduction in the
risk of stroke was detected from the ACCORD.7 Furthermore,
intensive BP control therapy showed a greater risk reduction
on complications in the elder group aged ≥65 years than
the younger group with T2DM but no further discussion
about the standards for other age or racial subgroups.12 13
Currently, all patients with diabetes who have LDL-C >70 mg/
dL are recommended moderated or intensity statin therapy.4
However, for patients with diabetes, the unadjusted percentages of LDL >130 mg/dL were varied by races and ethnicities.14 The discordance between guidelines published by
medical societies leads to a wide controversy about the appropriate treatment targets for T2DM. In addition, there are no
clear targets for racial/ethnic and age subgroups. All these
may confuse health providers and increase the treatment
inertia and poor adherence in patients with T2DM. Therefore, individualized goals of A1C, BP, and LDL-C may help to
provide evidence of optimizing treatment strategy properly.
Finally, very few studies have considered whether long-term
clinical outcomes associated with multiple risk factor reduction in the population with T2DM.15
This study aimed to examine the optimized goals of blood
glucose, BP, and LDL-C control to reduce diabetes complications. By estimating the three diabetic management (A1C,
BP, and LDL-C) in relation to the risk of complications in the
populations and subpopulations, a comprehensive management program can be implemented for better long-term
control for preventing diabetes-related complications.

Variable definition
The clinical outcomes defined by the ICD-
CM codes
were classified into macrovascular and microvascular
complications (online supplemental appendix A). The
clinical outcome was assessed within the cycle. All clinical
outcomes can be recurrent.
Age, gender, and race/ethnicity were identified on
index date. Body mass index (BMI) and other comorbidities and health conditions including smoking status,
mental health, renal disease, hypertension, hyperglycemia, and hyperlipidemia were evaluated at baseline
(online supplemental appendix B).
Medications, BP, and laboratory results (A1C, LDL-C
levels) were time-
varying variables and were specified
for each cycle. The use of anti-diabetic medication, anti-
hypertensive medications, and lipid-
lowering medications were assessed for each cycle (online supplemental
appendix C).
The average of A1C and LDL-C estimates for each cycle
were estimated using the area under the curve method.16
In the multivariate regression analysis, the laboratory
results were transformed into splines for model fitting.
A1C was cut at 7%, LDL-C at 100 mg/dL, and BP at
130/90 mmHg. The original laboratory results, quadratic
laboratory results, and quadratic second spline (original
laboratory value – laboratory cut point) were all used for
fitting the regression model to explore the potential non-
linear relationship with clinical outcomes.
Interpolation technique was used for data simulation
in this study. If the value of patients’ demographics or
vital signs at baseline was missing, the nearest value after
index date was interpolated. ‘Unknown’ was assigned if
the there was no record for the whole study period. A1C,
BP, and LDL-C result higher or lower than 5 times of the
median were defined as extreme value and interpolated
with corresponding study group’s median.

RESEARCH DESIGN AND METHODS
Data and study design
This study was a retrospective observational study using
National Veterans Affairs (VA) electronic medical record
data including patient-level records of pharmacy, inpatient, outpatient, and laboratory results from January 1,
2004 to December 31, 2015. Adult patients with T2DM

Statistical analysis
Descriptive analysis of baseline demographic and
medical characteristics, laboratory measurements, clinical outcomes, medication use, and length of follow-up
period was presented by mean, median, and SD for
continuous variables; and by count and proportion (%)
for categorical variables. The correlation between single
laboratory measurement at baseline and clinical outcome
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was evaluated in univariate analysis to explore the potentially non-
linear relationship. The measures of A1C,
LDL-C, SBP, and diastolic blood pressure (DBP) were
separately examined with the clinical outcomes of microvascular/macrovascular complication. For avoiding the
extraordinary influence on the curve, the extreme values
were excluded from univariate analysis.
Logistic regression with repeated measurements and
splines of laboratory results was used for estimating the
relationship between time-varying outcome and laboratory measurements. For better approaching the possible
non-linear relationship, splines of the laboratory results
were created by starting with 1 knot and second degree
(polynomial). Model specification was based on clinical
knowledge, literature review, and the results of model
fitting. The distribution of clinical outcome in the model
was considered as binomial and the link function was
determined as logit.
Since the laboratory measurements, medication,
and clinical outcomes were all measured separately for
each cycle, within-patient measurements were likely to
be correlated between cycles, whereas between-patient
measurements were likely to be independent. Generalized estimating equation was selected for analyzing such
discrete correlated data.
The predicted probability of getting clinical outcome
was calculated for each patient. All predicted values were
sorted by ascending order and the lowest probability was
found. The laboratory results associated with the lowest
probability of having clinical outcome were identified.
To reduce the bias from one-time estimation, the estimation was bootstrapped 100 times. Mean of the laboratory
results corresponding to lowest predicted probability
of clinical outcome were determined as the predicted
optimal laboratory results. Also, the 95% CI was determined by the 95th percentile method.
This observational study was conducted under the
provisions of Privacy Rule 45 CFR 164.514(e), and was
expedited for Investigational Review Board review and
approval since there was no collection or use of personally identifiable information in the conduct of this study.

Also, 7.88% (9822) and 25.44% (31 711) patients were
identified with renal disease and mental disease, respectively (table 1).

RESULTS
Baseline characteristics
A total of 124,651 patients with T2DM were selected as
the study population (online supplemental appendix D).
For the whole population, the mean follow-up time was
6.72 years (SD 3.21) and the median was 6.68 years. The
average age is 62.68 years (SD 10.96) on the index date.
The group aged 60–70 years has the largest proportion,
38.40% (47 867), of patients. Also, 96.01% (119 677)
of patients were male. White race represented 67.41%
(84 028) of patients. The average BMI was 33.32 kg/m2
(SD 6.44). Moreover, 15.85% (19 757) of patients had
tobacco usage history; 65.63% (81 808) of patients had
hypertension, 56.15% (69 992) of patients had dyslipidemia, and 1.07% of patients had hypoglycemia at baseline.

Multivariate analysis
For microvascular complication, A1C as 6.81% (SD
0.32) and LDL-C as 109.10 mg/dL (SD 12.03) were associated with achieving the lowest estimated risk for total
population. Lower or higher values in A1C and LDL-C
would increase the risk of microvascular complication,
while BP had a unidirectional (not U-shaped) effect that
lower SBP and higher DBP were associated with lower
risk of microvascular complication for all patients. In
the subgroup analysis, lower SBP and higher SBP were
associated with lower risk of microvascular complication
for all patients aged younger than 70 years. Lower A1C
and LDL-C at 105.78 mg/dL (SD 20.31), A1C at 6.88%
(SD 0.35) and LDL-C at 98.90 mg/dL (SD 10.85), and
A1C at 6.58% (SD 0.22) and LDL-C at 110.12 mg/dL (SD
17.01) were shown with the lowest risk of microvascular
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Table 1 Demographic characteristics at baseline
Number of patients: 124 651

Mean±SD

Age (years)

62.68±10.96

BMI* (kg/m2)

33.32±6.44

Weight (lb)

223.13±46.76

Height (in.)

69.38±3.07
N

Median
62.56
32.47
217.5
69.5
%

Age
 <50

15 819

12.69

 (50,60)

36 539

29.31

 (60, 70)

47 867

38.40

 (70,80)

24 426

19.60

 <25

30 084

24.13

 (25,30)

24 989

20.05

BMI

69 578

55.82

119 677

96.01

 White

84 028

67.41

 Black

24 817

19.91

4673

3.75

11 133

8.93

Obesity

28 757

23.07

 Tobacco

19 757

15.85

 Hypertension

81 808

65.63

1334

1.07

 Dyslipidemia

69 992

56.15

 Mental disease

31 711

25.44

9822

7.88

 ≥30
Male
Race

 Others*
 Unknown
Comorbidity

 Hypoglycemia

 Renal disease

*Others included Native American, Asian, Indian American, Hispanic, and
patients who reported their race as ‘others’.
BMI, body mass index.
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Table 2 Optimal laboratory measurements associated with lowest risk of microvascular complication
A1C

Whole population

LDL-C

SBP

DBP

n

Estimate

SD

Estimate

SD

Estimate

SD

Estimate

124 651

6.81

0.32

109.10

12.03

Positive linear

Negative
linear

105.78

20.31

Positive linear

Negative
linear

SD

Subgroup
Age
 <50

15 819

Positive linear

 (50, 60)

36 539

6.88

0.35

98.90

10.85

Positive linear

Negative
linear

 (60, 70)

47 867

6.58

0.22

110.12

17.01

Positive linear

Negative
linear

 (70, 80)

24 426

6.87

0.48

108.39

16.59

121.50

 White

84 028

6.78

0.31

118.30

18.36

Positive linear

 Black

24 817

7.11

0.29

104.70

6.27

4673

9.94

1.19

Negative linear

 <25

30 084

6.69

0.33

106.95

 (25, 30)

24 989

6.85

0.23

 ≥30

69 578

6.86

0.37

3.99

98.90

2.08

Race

 Others

119.30

Negative
linear
5.82

Negative
linear

Positive linear

Negative
linear

11.61

Positive linear

Negative
linear

110.50

12.96

Positive linear

Negative
linear

109.2

11.63

Positive linear

Negative
linear

BMI

BMI, body mass index; DBP, diastolic blood pressure; LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure.

complication in the model for patients in the age group
of <50, 50 to 60 years old, and 60 to 70 years old, respectively. For patients aged between 70 and 80 years, A1C
6.87% (SD 0.48), LDL-C 108.39 mg/dL (SD 16.59), and
BP 121.50/98.90 mmHg (SD 3.99/2.08) were associated
with optimal microvascular outcome.
For white patients, A1C as 6.78% (SD 0.31), LDL-C
as 118.30 mg/dL (SD=18.36), lower SBP, and higher
DBP were associated with the lowest risk of microvascular complication. The optimal values were 7.11% for
A1C (SD 0.29), 104.70 mg/dL (SD 6.27) for LDL-C, and
119.30 mmHg (SD 5.82) among black patients.
For the patients with BMI <25 (normal weight) to
achieve lowest risk of microvascular complication,
the optimal A1C was 6.69% (SD 0.33) and LDL-C was
106.95 mg/dL (SD 11.61). Also, the optimal estimation
of A1C was 6.85% (SD 0.23) while LDL-C was 110.50 mg/
dL (SD 12.96) for the overweight patients (25≤BMI<30).
Among the obese patients, the A1C and LDL-C values
with lowest risk of microvascular complication were 6.86%
(SD 0.37) and 109.20 mg/dL (SD 11.63). Across all BMI
groups, lower SBP and higher DBP were associated with
better outcome when the specific optimal values of A1C
and LDL-C were achieved (table 2)
For achieving the lowest risk of macrovascular complication (table 3), A1C at 6.76% (SD 0.24), LDL-
C at
111.65 mg/dL (SD 6.78), and SBP at 130.60 mmHg (SD
4

6.64) were estimated as the optimal values for general
T2DM population. Patients younger than 50 years were
estimated to have lowest risk of macrovascular complication with A1C as 6.96% (SD 0.23), lower LDL-C, SBP
as 121.1 mmHg (SD 4.75), and higher DBP. For the
subgroup aged between 50 and 60 years, optimal A1C
as 6.80% (SD 0.23), LDL-C as 124.25 mg/dL (SD 9.83),
SBP as 124.20 mmHg (SD 5.11), and higher DBP were
associated with better macrovascular outcome. Among
patients aged between 60 and 70 years, A1C as 6.71%
(SD 0.19), LDL-
C as 131.55 mg/dL (SD 8.49), BP as
136.95 mmHg (SD 6.62), and higher DBP were associated
with the lowest risk of macrovascular complication. The
optimal laboratory values were 6.56% (SD 0.27) for A1C,
104.60 mg/dL (SD 6.46) for LDL-C, 134.30 mmHg (SD
6.11) for SBP, and higher DBP for patients aged between
70 and 80 years.
For white patients, the optimal laboratory values of
6.67% (SD 0.22) for A1C, 130.05 mg/dL (SD 8.42) for
LDL-C, 138.85 mmHg (SD 5.77) for SBP, and higher DBP
were found associated with the lowest risk of macrovascular complication. The optimal values were 6.96% (SD
0.24) for A1C, 119.80 mg/dL (SD 9.02) for LDL-C, and
122.95 mmHg (SD 5.02) for SBP for the black subgroup.
For all BMI groups, a higher DBP was associated with
better outcome of macrovascular complication, while
the A1C at 6.64% (SD 0.28), LDL-C at 108.50 mg/dL
BMJ Open Diab Res Care 2021;9:e002396. doi:10.1136/bmjdrc-2021-002396

BMJ Open Diab Res Care: first published as 10.1136/bmjdrc-2021-002396 on 21 October 2021. Downloaded from http://drc.bmj.com/ on January 9, 2023 by guest. Protected by copyright.

Epidemiology/Health services research

Table 3 Optimal laboratory measurements associated with lowest risk of macrovascular complication
A1C

LDL-C

SBP

DBP

N

Estimate

SD

Estimate

SD

Estimate

SD

Estimate

124 651

6.76

0.24

111.65

6.78

130.6

6.64

Negative linear

 <50

15 819

6.96

0.23

Positive linear

121.1

4.75

Negative linear

 (50,60)

36 539

6.8

0.23

124.25

9.83

124.2

5.11

Negative linear

 (60, 70)

47 867

6.71

0.19

131.55

8.49

136.95

6.62

Negative linear

 (70,80)

24 426

6.56

0.27

104.6

6.46

134.3

6.11

Negative linear

 White

84 028

6.67

0.22

130.05

8.42

138.85

5.77

Negative linear

 Black

24 817

6.96

0.24

119.8

9.02

122.95

5.02

4673

8.57

1.13

104.1

7.23

Positive linear

 <25

30 084

6.64

0.28

108.5

5.84

113.15

6.73

Negative linear

 (25,30)

24 989

6.43

0.25

132.5

9.44

123.5

4.63

Negative linear

 ≥30

69 578

6.85

0.22

114.75

7.47

148.35

6.71

Negative linear

Whole population

SD

Subgroup
Age

Race

 Others

Negative linear
Negative linear

BMI

BMI, body mass index; DBP, diastolic blood pressure; LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure.

(SD 5.84), and SBP at 113.15 mmHg (SD 6.73) were
estimated as the optimal values for patients with normal
weight (BMI <25). For patients with BMI between 25 and
30, their optimal A1C was 6.43% (SD 0.25), LDL-C was
132.50 mg/dL (SD 0.44), and SBP was 123.50 mmHg (SD
4.63). The laboratory results associated with lowest risk of
macrovascular complication for obese patients (BMI ≥30)
were 6.85% (SD 0.22) for A1C, 114.75 mg/dL (SD 7.47)
for LDL-C, and 148.35 mmHg (SD 6.71) for SBP.
DISCUSSION
This large-
scale retrospective study with a total of
124 651 patients with T2DM was selected for predicting
the optimal values of major laboratory measurements
with the best long-term clinical outcomes. The four risk
factors (A1C, LDL-C, SBP, and DBP) as a combination
associated with lowest predicted risks of clinical outcome
were identified from regression models. The estimated
optimal laboratory results were further analyzed for
subgroups with various age, race, and BMI levels.
Most guidelines have actually moved toward ‘individualized goals’. The guidelines were vague in guidance to
picking a particular number of A1C, BP, and LDL-C for
each individual based on some kind of decision support
system, which we think is needed. This is particularly
true of A1c goals where ADA, American Association of
Clinical Endocrinology (AACE), and American College
of Physicians had different general goals but emphasized individualization.2 17 18 The goal setting is perhaps
a bit easier in very high-risk patients such as the AACE
‘extreme risk’ group which may comprise individuals
with diabetes following an event, or BP goals in those with
nephropathy.17 However, it is harder in people with early
diabetes, no complications, and treated in primary care,
BMJ Open Diab Res Care 2021;9:e002396. doi:10.1136/bmjdrc-2021-002396

such as those included in our study. Our study attempted
to report what we have observed as the best outcomes, as
the optimal values among the subgroup population who
achieved the levels seen may be useful as a guide (without
being prescriptive) for such subgroups. When it comes to
individualization, there is a still long way to go.
A1C control and its optimal value
In our findings, the optimal A1C was associated with lowest
risk of microvascular/macrovascular complications. There
is a U-
shape relationship between A1C and microvascular/macrovascular complication. Explicit evidence has
been found to support that lowering A1C by proper treatment can reduce the complication rates (online supplemental appendix E). However, studies rarely talked about
how low the A1C should be. In this study, for lowering the
risk of microvascular and macrovascular complications,
A1C between 6.5% and 7.0% was optimal for the general
population with T2DM. In addition, there is no one-for-all
A1C target. Also, one more crucial finding is that too tight
glycemic control (<5.8%) may be harmful for patients’ long-
term clinical outcomes.
The microvascular complication was reduced significantly by intensive glycemic control in the ADVANCE and
STENO-2 studies.15 19 ADVANCE study demonstrated the
effect of tight A1C control on microvascular complication
reduction with the A1C achievement of lowering from 7.5%
to 6.5%, consistent with part of our results. The STENO-2
showed only <20% patients with intensive glycemic control
reached the goal of A1C<6.5%. It implied that too stringent
A1C level may not have a strong correlation with better
clinical outcome of vascular complications. Part of our findings were inconsistent with epidemiological analyses of the
DCCT and UKPDS studies.1 20 The relationship between
5
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A1C and microvascular complications was curvilinear in the
epidemiological studies. Lowering A1C from 7% to 6% was
associated with further reduction in the risk of microvascular
complications, and the absolute risk reductions became
much smaller. Also, in our findings, lowering A1C even after
it reached 6.8% was inversely associated with higher risk
of microvascular complications. Furthermore, the UKPDS
study found that intensive glycemic control contributed to
lower microvascular risk, mostly reduced retinopathy. As the
UKPDS study aimed at lowering fasting blood glucose, A1C
of the group with intensive treatment (7%) was lower than
the control group (7.9%).
While A1C is the dominant determinant in microvascular complications, glycemic control remains important in
macrovascular complications. Buse et al have demonstrated
that HbA1c lowering explains most of the reduction in
events in the LEADER trial.21 The ACCORD trial results led
to confusion in some respects. Intensive glycemic control did
reduce macrovascular events to a moderate degree, but this
were overshadowed by the increase in mortality. The very
low goals in ACCORD with aggressive medication titration,
beyond what would have been done in clinical practice, may
have contributed to the increase in mortality.10 11
In the subgroup analysis, black patients had higher
optimal A1c level than white patients for achieving lowest
risk of microvascular/macrovascular complication. Our
findings were consistent with previous studies that higher
A1C level has been found in African Americans than in white
patients.22–24 The race differences in optimal A1C levels for
controlling vascular complications between black and white
patients have significant clinical implications on diabetes
management.25 26 Our study also demonstrated that stringent A1C control is less appropriate for black patients with
T2DM than white patients for the consideration of lowering
risk of microvascular and macrovascular complications.
LDL-C control and its optimal value
This study identified the optimal LDL-
C values for the
veteran population with T2DM, and optimal LDL-
C
values were slightly higher than the commonly used goal
(<100 mg/dL) and much higher than the stringent goal
(<70 mg/dL). It implied that the risk of vascular complication might increase if patients achieved the old LDL-C
target. White patients had higher optimal LDL-C value than
black patients for achieving the lowest risk of microvascular/
macrovascular complications.
The ADA guideline removed the LDL-C goal since 2015
and statin is recommended for all patients aged >40 years at
different intensities.27 The shift in blood cholesterol management followed the changing in the ACC/AHA blood cholesterol guideline, which mentioned that statin treatment can
be decided by risk evaluation instead of LDL-
C level.28
Diabetes is considered as a Congenital Heart Disease (CHD)
equivalent for lipid management. Therefore, patients with
T2DM were widely recommended with lipid control treatment, without evaluating the level of LDL-C.
There was limited evidence from RCTs on cholesterol-
lowering effects. In the ACCORD lipid trial, LDL-C had
6

no significant difference between treatment and control
groups, and no significant CVD benefits were found either.29
In STENO-2, the risks of cardiovascular disease caused by
microvascular and macrovascular complications were
all reduced by multifactorial intensive intervention.30 31
However, the isolated effect of LDL-C lowering was unclear
in the STENO-
2. The ADDITION-
Europe was another
randomized trial with intensive multifactorial therapy but
found no significant effect on clinical outcomes.32 33 Based
on our findings and literatures, widely used statin (or other
lipid-
lowering agents) without careful examination of
LDL-C is potentially harmful to patients and may increase
the risk of long-
term clinical outcomes. These inconsistences may be due to the fact that no large microvascular
outcome trial has been done with microvascular events as
the primary outcome, despite preliminary observations
showing a benefit on nephropathy and retinopathy. In
addition, researchers have not figured out all the answers
yet and continued to grapple with the pathophysiology as
to how diabetes and high cholesterol are related. One study
found that blood sugar, insulin, and cholesterol all interact
with each other in the body, and are affected by each other.34
However, our study was not suggesting these LDL-C levels as
targets/goals. What we have observed is the best outcomes
in people who achieved these levels and may be useful as a
guide (without being prescriptive) for such people.
Previous studies showed African Americans had lower
LDL-C test rate and lower proportion of achieving LDL-C
goal, but no significant difference in LDL-C level across
races has been found,35 36 while our study showed that white
patients had higher optimal LDL-C value than black patients
for achieving the lowest risk of macrovascular/microvascular complications.
BP control and its optimal value
Optimal value was only detected for SBP in the models
fitting for macrovascular complication. Lower SBP was
correlated to lower risk of microvascular complication.
To minimize the risk of macrovascular complication,
optimal SBP was found at 131 mmHg. Lower SBP may
increase the risk of macrovascular complication in our
study. BP of 143/82 mmHg was estimated with lowest
risk of vascular events. However, the population used
in this study was not patients with T2DM. A retrospective study found that an optimal SBP of 128 mmHg was
associated with best outcome of diabetic nephropathy.37
Considering the risk of macrovascular complication, we
found that higher SBP might be the best SBP value for
the general population with T2DM.
Compared with the targets in guidelines, the optimal
SBP values provided more valuable information.
SBP <140 mmHg is recommended for the general diabetes
population, while the lower target of <130 mmHg is
recommended for healthier patients or who can tolerate.
In subgroup analysis, to achieve lower risk of macrovascular complication, patients older than 60 years have
higher optimal SBP than younger patients. The optimal
SBP was much higher in white than in black patients. Also,
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the patients with normal weight had lower SBP for risk
reduction than the overweight patients. Therefore, SBP
target should be adjusted with respect to age group, race,
and body weight. Using the SBP target of <140 mmHg
may be not be suitable for obese patients. Younger black
patients with normal weight can be recommended with
SBP at around 120 mmHg. However, patients who are
older, white, and/or with obesity should have less intensive SBP control plan.
Almost all the relationships between DBP and clinical outcomes were negatively associated in the general
T2DM population. Higher DBP was associated with lower
risk. In the univariate analysis, the risk of vascular complications was monotonic decreased with growth of DBP
until it reached around 85 mmHg. When DBP was higher
than 85 mmHg, the risk slightly increased when the DBP
increased. Our findings were consistent with some other
studies. The SPRINT trial found that patients with low
DBP showed a significantly higher risk of cardiovascular
events and nephrology outcomes.38 39 The EURODIAB
Prospective Complications Study concluded that diastolic
blood pressure less than or equal to 83 was an important
predictor for progression to proliferative diabetic retinopathy.40 The diastolic J-shape phenomenon was still in
debate.41–43 However, the diastolic J-shape phenomenon
was observed in this study that either too low DBP or too
high DBP is harmful.
Limitations
The study has some limitations. There is a lack of information about diabetes duration in our data. To minimize
this problem, the patients with a history of microvascular
and macrovascular complication at baseline period were
excluded. This exclusion can reduce severity of hyperglycemia and complications, both of which are associated
with DM duration. Due to the nature of the VA population,
more than 90% of patients are male in our sample. Thus,
the results should not be generalized to both genders. The
optimal blood glucose, blood pressure, and lipid control
levels may vary between genders, but unfortunately it
cannot be assessed in this study. Although risk prediction
is not the primary objective in this study, predicted risk was
used for comparison and determination the relative optimal
value of diabetes management by applying the splines on
the predicted risks. The numbers of knots and degree of
these splines may still have estimation errors from the true
optimal values.
Finally, this study is based on data that were collected
before the results of recent cardiovascular and renal
outcome trials were known and subsequent changes in
guidelines. However, those trials compared newly developed
drugs with placebo, and none of them had optimization of
risk factor goals in either the drug or placebo groups, with
somewhat better control of glucose and BP in the drug
group over a prolonged period, and the trials were done
mainly in a population outside the USA with less impressive
results in subgroups in this country.44 Indeed, the analyses
have suggested that risk factor differences may explain the
BMJ Open Diab Res Care 2021;9:e002396. doi:10.1136/bmjdrc-2021-002396

benefits of the drugs.21 45 A comparative effectiveness study
between these drugs and optimized goals, and even further
subgroup analyses among different races (white vs black
patients) and biomarker levels, as in our data is needed. It is
noteworthy that at least one analysis has demonstrated less
of a benefit of these drugs in outcomes in subgroups particularly in the USA.44 However, such subgroup analyses may not
have enough power.
CONCLUSIONS
Optimal treatment goals of A1C, LDL-C, and BP were identified for diabetes management in the US veterans with T2DM.
Optimum clinical blood glucose, blood pressure, and blood
lipid targets can be used for diabetes management. Multi-
faceted treatment strategies targeting hypertension, hyperglycemia, and hyperlipidemia may improve health outcome
in veterans with T2DM. In addition to general ADA recommended goals, health system may examine their own large,
more diverse patients with T2DM for better quality of care
and population health management.
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Appendix A: Outcome Definitions
Diseases

ICD-9-CM
Diagnosis Codes

Description

ICD-10-CM
Diagnosis Codes

Description

250.5x

Diabetes with ophthalmic
manifestations

E08.3%

Diabetes mellitus due to underlying
condition with ophthalmic complications

362.0x

Diabetic retinopathy

E10.3%

Microvascular
complications
Retinopathy

Diabetic ophthalmologic
disease

H35.4%
H35.7%
H35.8%
H35.81%
H35.35%
H35.9%

Type 1 diabetes mellitus with
ophthalmic complications
Type 2 diabetes mellitus with
ophthalmic complications
Other specified diabetes mellitus with
ophthalmic complications
Background retinopathy and retinal
vascular changes
Other non-diabetic proliferative
retinopathy
Peripheral retinal degeneration
Separation of retinal layers
Other specified retinal disorders
Retinal edema
Cystoid macular degeneration
Unspecified retinal disorder

H35.2%

Other non-diabetic proliferative

E11.3%
E13.3%
Background retinopathy

362.1x
362.1x

Other non-diabetic
proliferative retinopathy

Other background retinopathy and
retinal vascular changes
Other background retinopathy and
retinal vascular changes

Retinal edema
CSME
Other retinal disorders

362.83
362.53
362.81
362.82

Retinal edema
Cystoid macular degeneration
Retinal hemorrhage
Retinal exudates and deposits

Proliferative diabetic

362.02

Proliferative diabetic retinopathy

H35.0%
H35.2%
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retinopathy

retinopathy

361.xx

Retinal detachments and defects

Blindness

369.xx

Blindness and low vision

Vitreous hemorrhage
Nephropathy

379.23

Vitreous hemorrhage

Retinal detachment

E08.35%, E10.35%,
E11.35%, E13.35%
H33.0%
H33.2%
H54.0%
H54.1%
H54.4%
H54.8%
H43.1%

N00.%
N04.%
I12.%

Hypertensive chronic kidney disease

I13.%

Hypertensive heart and chronic kidney
disease

N03.%

Chronic nephritic syndrome

E10.2%
250.4x

Diabetes with renal manifestations
E11.2%
E13.2%

Acute glomerulonephritis
Nephrotic syndrome

580.xx
581.xx

Acute glomerulonephritis
Nephrotic syndrome

Hypertension, nephrosis

581.81

Nephrotic syndrome in diseases
classified elsewhere

Chronic
glomerulonephritis

582.xx

Chronic glomerulonephritis

proliferative diabetic retinopathy in
diabetes mellitus
Retinal detachments and breaks
Serous retinal detachment
Blindness, both eyes
Blindness, one eye, low vision other eye
Blindness, one eye
Legal blindness, as defined in USA
Vitreous hemorrhage
Diabetes mellitus due to underlying
condition with kidney complications
Type 1 diabetes mellitus with kidney
complications
Type 2 diabetes mellitus with kidney
complications
Other specified diabetes mellitus with
kidney complications
Acute nephritic syndrome
Nephrotic syndrome

E08.2%

Diabetic nephropathy
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Unspecified
Nephritis/nephropathy
Chronic kidney disease
(CKD)
Renal failure
Renal insufficiency
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583.xx

Nephritis and nephropathy, not
specified as acute or chronic

N05.%

Unspecified nephritic syndrome

585.xx

Chronic kidney disease (CKD)

N18.%

Chronic kidney disease (CKD)

586.xx

Unspecified renal failure

N19.%

593.9x

Unspecified disorder of kidney and
ureter

N28.9%

Unspecified kidney failure
Disorder of kidney and ureter,
unspecified
Chronic kidney disease, unspecified

N18.9%
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Neuropathy

Diabetic neuropathy

250.6x

Diabetes with neurological
manifestations

E08.4%

356.9x

Unspecified, Hereditary and
idiopathic peripheral neuropathy

E10.4%

Diabetes mellitus due to underlying
condition with neurological
complications
Type 1 diabetes mellitus with
neurological complications
Type 2 diabetes mellitus with
neurological complications
Other specified diabetes mellitus with
neurological complications

E11.4%
E13.4%
Myasthenic syndromes in diseases
classified elsewhere

G12.21%

Amyotrophic lateral sclerosis

G54.5%

951.0x, 951.1x,
951.3x

Injury to oculomotor nerve;
Injury to trochlear nerve;
Injury to abducens nerve

G51.0%, G52.%,
H49.0%, H49.1%,
H49.2%

Neuralgic amyotrophy
Bell's palsy;
Disorders of other cranial nerves;
Third [oculomotor] nerve palsy;
Fourth [trochlear] nerve palsy;
Sixth [abducent] nerve palsy

354.xx

Mononeuritis of upper limb and
mononeuritis multiplex

G56.%

Amyotrophy
(nondiabetic)

358.1x

Cranial nerve palsy
(including opthalmic)

Mononeuropathy

Mononeuropathies of upper limb
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355.xx

Mononeuritis of lower limb and
unspecified site

G57.%

Mononeuropathies of lower limb

G58.%

Other mononeuropathies
Mononeuropathy in diseases classified
elsewhere

G59.%
713.5x
Charcot’s arthropathy

357.2x

Arthropathy associated with
neurological disorders

Polyneuropathy in diabetes

Polyneuropathy

E08.610, E09.610,
E10.610, E11.610,
E13.610

Charcot's joint in diabetes mellitus (E08,
E10-E13 with .610)

M14.6%

Charcot's joint - Excludes Charcot's joint
in diabetes mellitus (E08-E13 with .610)

E08.42, E09.42,
E10.42, E11.42,
E13.42
G61.%
G62.%
G63.%
G60.3%

Neurogenic bladder

596.54
337.0x

Autonomic neuropathy

337.1x

Neurogenic bladder NOS
Idiopathic peripheral autonomic
neuropathy
Peripheral autonomic neuropathy in
disorders classified elsewhere

N31.9%
G90.0%
G90.8%
G90.9%

Gastroparesis (including
diabetic)
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polyneuropathy in diabetes mellitus
(E08-E13 with .42)
Inflammatory polyneuropathy
Other and unspecified polyneuropathies
Polyneuropathy in diseases classified
elsewhere
Idiopathic progressive neuropathy
Neuromuscular dysfunction of bladder,
unspecified
Idiopathic peripheral autonomic
neuropathy
Other disorders of autonomic nervous
system
Disorder of the autonomic nervous
system, unspecified

536.3x

Gastroparesis

K31.84%

Gastroparesis

564.5

Functional diarrhea

E08.43%, E10.43%,

diabetic autonomic (poly)neuropathy in
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458.0x

Orthostatic hypotension

Orthostatic hypotension

E11.43%, E13.43%

diabetes mellitus

I95.1%
I95.2%

Orthostatic hypotension
Hypotension due to drugs
Multi-system degeneration of the
autonomic nervous system

G90.3%
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Macrovascular
complications
Cerebrovascular

Stroke - hemorrhage

430.xx

Subarachnoid hemorrhage

I60.%

431.xx

Intracerebral hemorrhage
Other and unspecified intracranial
hemorrhage

I61.%

432.xx

Stroke - ischemic

TIA

Other cerebrovascular
disease

I62.%

Nontraumatic subarachnoid
hemorrhage
Nontraumatic intracerebral hemorrhage
Other and unspecified nontraumatic
intracranial hemorrhage
Occlusion and stenosis of precerebral
arteries, not resulting in cerebral
infarction
Cerebral infarction
Transient cerebral ischemic attacks and
related syndromes

433.xx

Occlusion and stenosis of precerebral
arteries

I65.%

434.xx

Occlusion of cerebral arteries

I63.%

435.xx

Transient cerebral ischemia

G45.%

436.xx

Acute, but ill-defined, cerebrovascular
disease (excluded stroke)

I67.%

Other cerebrovascular diseases

I68.%

Cerebrovascular disorders in diseases
classified elsewhere

I69.%

Sequelae of cerebrovascular disease

G46.%

Vascular syndromes of brain in
cerebrovascular diseases

437.xx
438.xx

Other and ill-defined cerebrovascular
disease
Late effects of cerebrovascular
disease

Cardiovascular
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410.xx

Acute myocardial infarction

Myocardial infarction
(acute)

I21.%

I22.%

I23.%

I24.%

Other acute ischemic heart diseases

I25.2%
I20.%

Old myocardial infarction
Angina pectoris

I25.%

Chronic ischemic heart disease

440.xx

Atherosclerosis

I70.%

Atherosclerosis

441.xx

Aortic aneurysm and dissection

I71.%

Aortic aneurysm and dissection

442.xx

Other aneurysm

I72.%

Other aneurysm

444.xx

Arterial embolism and thrombosis

I74.%

Arterial embolism and thrombosis

445.xx
427.4x
427.3x
428.xx

Atheroembolism
Ventricular fibrillation and flutter
Atrial fibrillation and flutter
Heart failure

I75.%
I49.0%
I48.%
I50.%

429.2x

Cardiovascular disease, unspecified

I69.9%

Atheroembolism
Ventricular fibrillation and flutter
Atrial fibrillation and flutter
Heart failure
Sequelae of unspecified cerebrovascular
diseases

411.xx

Old myocardial infarction
Angina pectoris

412.xx
413.xx

Other chronic IHD

414.xx

Atherosclerosis
Aortic
aneurysm/dissection
Other aneurysm
Arterial embolism and
thrombosis
Atheroembolism
Ventricular fibrillation
Atrial fibrillation
Heart failure
Cardiovascular disease,
unspecified

ST elevation (STEMI) and non-ST
elevation (NSTEMI) myocardial
infarction
Subsequent ST elevation (STEMI) and
non-ST elevation (NSTEMI) myocardial
infarction
Certain current complications following
ST elevation (STEMI) and non-ST
elevation (NSTEMI) myocardial
infarction (within the 28 day period)

Other acute and subacute forms of
ischemic heart disease
Old myocardial infarction
Angina pectoris
Other forms of chronic ischemic heart
disease

Other acute IHD
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Peripheral vascular
disease
Secondary diabetes mellitus with
peripheral circulatory disorders
Diabetes with peripheral circulatory
disorders

E08.5%, E10.5%,
E11.5%. E13.5%

Diabetes mellitus with circulatory
complications

443.xx

Other peripheral vascular disease

I73.%

Other peripheral vascular diseases

447.xx

Other disorders of arteries and
arterioles

I77.%

Other disorders of arteries and
arterioles

250.7x

Diabetes with peripheral circulatory
disorders (gangrene)

E08.52%

Diabetes mellitus due to underlying
condition with diabetic peripheral
angiopathy with gangrene

249.7x

Secondary diabetes mellitus with
peripheral circulatory disorders
(diabetic gangrene)

E10.52%

Type 1 diabetes mellitus with diabetic
peripheral angiopathy with gangrene

249.7x
Diabetic PVD
250.7x
Other PVD
Other disorders of
arteries and arterioles
Gangrene/Ulcer

Gangrene in diabetes
mellitus

E11.52%
E13.52%

250.8x
Foot ulcer
249.8x

Diabetes with other specified
manifestations (any associated
ulceration)
Secondary diabetes mellitus with
other specified manifestations ( any
associated ulceration)

Type 2 diabetes mellitus with diabetic
peripheral angiopathy with gangrene
Other specified diabetes mellitus with
diabetic peripheral angiopathy with
gangrene

E08.621

Diabetes mellitus due to underlying
condition with foot ulcer

E10.621

Type 1 diabetes mellitus with foot ulcer

E11.621

Type 2 diabetes mellitus with foot ulcer
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E13.621
L89.5%
L89.6%
Ulcer of lower limbs, except pressure
ulcer

L97.%

Other specified diabetes mellitus with
foot ulcer
Pressure ulcer of ankle
essure ulcer of heel
Non-pressure chronic ulcer of lower
limb, not elsewhere classified
Other bacterial diseases, not elsewhere
classified, Gas gangrene

Ulcer of lower limbs

707.1x

Gas gangrene

040.xx

Foot wound

892.1x

Open wound of foot except toe(s)
alone, complicated

S91.%

Open wound of ankle, foot and toes

Gangrene (not diabetic)

785.4x

Gangrene

I96.%

Gangrene, not elsewhere classified
(excluded gangrene in diabetes mellitus)

A48.0%
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CSME: cystoid macular edema/degeneration; NOS, not otherwise specified; TIA, transient ischemic attack; IHD, ischemic heart disease; ASCVD, atherosclerotic
cardiovascular disease; PVD, peripheral vascular disease; LE, lower extremity.
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Appendix B: Definitions of Comorbidities
Comorbidities

ICD-9

ICD-10

Mental illness (substance abuse,
schizophrenia, depression, other
mental disorders)

291.0-292.9, 295.0-295.9, 296.0-296.9,
300.4, 301.12, 303.0-305.9, 308.0,
309.0, 309.1, 309.28, 309.81, 311

F11-F20, F30, F31, F32, F39, F341,
F43, F329

Any cardiovascular disease

390-459

I00-I99

Hypertension

401-405

I10-I13, I15

Coronary artery disease

410-414

I20-I25

Angina

411, 413

I20, I24

MI

410

I21

398.91, 428

I0981, I50

443

I73, I77, I798

Other cardiovascular
diseases

390-459 (excluding 401-405,410-414,
428, 398.91, 394-397, 424, 443)

I00-I99 (excluding I10-I13, I15, I20I25, I0981, I50, I73, I77, I798)

Tobacco

305.1, V15.82, 649.0

F17200, Z87891, O9933

Obesity

278

E66

Hyperlipidemia

272.0-272.4

E780 - E785

Renal disease

250.4, 590, 593, 791.0

E1121, E1129, E1165, N110, N28,
R803, R809

Congestive heart failure
(CHF)
Peripheral vascular disease
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Appendix C: Medication category
1. Anti-hyperglycemia
1.1. Oral medication
1.1.1.Alpha-Glucosidase Inhibitors: Acarbose, Miglitol
1.1.2.Biguanides: Metformin
1.1.3.DPP-4: Alogliptin, Linagliptin, Saxagliptin, Sitagliptin
1.1.4.Glucagon-Like Peptides: Albiglutide, Dulaglutide, Exenatide, Liraglutide
1.1.5.Meglitinides: Nateglinide, Repaglinide
1.1.6.SGLT2 Inhibitors: Dapagliflozin, Canagliflozin, Empagliflozin
1.1.7.Sulfonylureas: Glimepiride, Gliclazide, Glipizide, Glyburide, Chlorpropamide,
Tolazamide, Tolbutamide
1.1.8.Thiazolidinediones: Rosiglitazone, Pioglitazone
1.2. Insulin
1.2.1.Short-acting: Regular (R)
1.2.2.Rapid-acting: Insulin aspart, Insulin glulisine, Insulin lispro
1.2.3.Intermediate-acting: Insulin isophane
1.2.4.Long-acting: Insulin detemir, Insulin glargine

2. Anti-Hypertension
2.1. Diuretics:
2.1.1.Diuretics: Chlorthalidone, Chlorothiazide, Furosemide, Hydrochlorothiazide,
Indapamide, Metolazone
2.1.2.Potassium-sparing diuretics: Amiloride hydrochloride, Spironolactone,
Triamterene
2.1.3.Loop diuretic: Bumetanide
2.2. Beta-blocker: Acebutolol, Atenolol ,Betaxolol, Bisoprolol fumarate, Carteolol
hydrochloride, Metoprolol tartrate, Metoprolol succinate, Nadolol, Penbutolol
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sulfate, Penbutolol sulfate, Pindolol, Propranolol hydrochloride, Solotol
hydrochloride, Timolol maleate
2.3. ACE inhibitors: Benazepril hydrochloride, Captopril, Enalapril maleate, Fosinopril
sodium, Lisinopril, Moexipril, Perindopril, Quinapril hydrochloride, Ramipril,
Trandolapril
2.4. Angiotensin II receptor blockers: Candesartan, Eprosartan mesylate, Irbesarten,
Losartan potassium, Telmisartan, Valsartan
2.5. Calcium channel blockers: Amlodipine besylate, Bepridil, Diltiazem hydrochloride,
Felodipine, Isradipine, Nicardipine, Nifedipine, Nisoldipine, Verapamil hydrochloride
2.6. Alpha blockers: Doxazosin mesylate, Prazosin hydrochloride, Terazosin
hydrochloride
2.7. Alpha-2 Receptor Agonist: Methyldopa
2.8. Central agonists: Alpha methyldopa, Clonidine hydrochloride, Guanabenz acetate,
Guanfacine hydrochloride
2.9. Peripheral adrenergic inhibitors: Guanadrel, Guanethidine monosulfate, Reserpine
2.10. Blood vessel dilators (vasodilators): Hydralazine hydrocholoride, Minoxidil

3. Lipid Lowering Medication
3.1. Statins: Atorvastatin, Fluvastatin, Pravastatin, Rosuvastatin Calcium, Simvastatin
3.2. Niacin: Omega-3 Fatty Acid Ethyl Esters, Marine-Derived Omega-3 Polyunsaturated
Fatty Acids
3.3. Bile-acid resins: Cholestyramine, Colestipol, Colesevelam Hcl
3.4. Fibric acid derivatives: Gemfibrozil, Fenofibrate, Clofibrate
3.5. Cholesterol absorption inhibitors
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Appendix D: Flow Chart of Sample Selection
Sample Selection of Patients

Patients with at least two type 2 diabetes mellitus diagnoses (T2DM) records
between January 1, 2005 and Dec 31, 2014

1

2,391,347

Eligible patients were enrolled at least 1 year before the first T2DM record (index
date) and keep enrolled at least 1 year after index date
1,689,293

First T2DM
diagnosed date as
index date

Baseline period:
(index date - 365,
index date)

Patients aged >=18 and <=80 on index date
1,612,895

Exclude the patients died before 1 years after index date
1,608,788

Follow-up period:
(index date , end
of data/ death
date)

Patients had at least one BP measurements and lab measurement for HbA1c and
LDL during baseline period, and such that the gap between the three measurements
is less than 30 days apart
327,916

Excluded the patients had Micro/Macro-vascular complications history at baseline
166,571

Patients had at least one BP measurements and lab measurement for HbA1c and
LDL within 1 year after the index date
124,651
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Appendix E: A1C Targets of intensive and standard glycemic control
groups in major RCTs
Intensive treatment

Standard treatment

UKPDS-33

7% -> 7%

7.9%

UKPDS-34

7% ->7.4%

8%

ACCORD

Target at 6.0%

7.5%

8.1% -> 6.4% (3.5 yrs follow-up)

7.6%

8.1% -> 7.2% (5 yrs follow-up)
ADVANCE

Target at 6.5%

7.3%

7.5% -> 6.5%
STENO-2

8.4% -> 7.9%

8.8% -> 9.0% (received
intensive treatment at 2nd
stage)

VADT

9.4% -> 6.9%

9.4% -> 8.4%

ORIGIN

6.4% -> 6.5%

6.2%

ADDITION-

Target at <7%

Routine care

Europe
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Prevalence of Clinical Outcomes
Out of total 124,651 patients, 43,890 (35.21%) patients had at least one microvascular
complication during the follow-up period, which included 12,615 (10.12%)
retinopathy, 8,863 (7.11%) nephropathy, and 32,833 (26.34%) neuropathy. 10.68% of
patients had the first diagnosis of microvascular complication at the first year after
index date, while 6.34% happened at second year, 4.66% at third year, and 13.54%
happened after 3-year of post-index.
Out of 124,651 patients, 40,798 (32.73%) patients had at least one macrovascular
complication during the follow-up period, which included 25,504 (20.46%) patients
with CAD, 13,138(10.54%) patients with cerebrovascular disease, 12,066 (9.68%)
patients with PVD, and 8239 (6.61%) AAE. 10.78% of total patients had the first
diagnosis of macrovascular complication at the first year after index date, while 5.55%
happened at second year, 4.17% at third year, and 12.24% happened after 3- year of
post-index.
During the whole follow-up period, 22,524 patients died (18.07%). Patients died at
the first year of post-index have been excluded from this study. 2456 (1.97%) patients
were found died at the second year after index date, while 2630 (2.11%) death
occurred at the third year of post-index, and 17,439 (13.99%) patients died after three
years of post-index. (Table 1)
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Table 1: Prevalence of Clinical Outcomes and the Proportions of First Event Occurrence Year

N=124651
Microvascular Complications
Retinopathy
Nephropathy
Neuropathy
Macrovascular Complications
CAD
Cerebrovascular disease
PVD
AAE
Death

Whole follow-up
period
n
%
43890
35.21%
12615
10.12%
8863
7.11%
32833
26.34%
40798
32.73%
25504
20.46%
13138
10.54%
12066
9.68%
8239
6.61%
22524
18.07%

1-year Post-index
n
13313
4276
3041
10346
13437
9685
4575
4450
2879
n/a

%
10.68%
3.43%
2.44%
8.30%
10.78%
7.77%
3.67%
3.57%
2.31%
n/a

2-year Post-index
n
7903
2306
1633
6046
6918
4363
2194
2082
1433
2456

%
6.34%
1.85%
1.31%
4.85%
5.55%
3.50%
1.76%
1.67%
1.15%
1.97%

3-year Post-index
n
5809
1683
1147
4325
5198
3129
1658
1458
1060
2630

%
4.66%
1.35%
0.92%
3.47%
4.17%
2.51%
1.33%
1.17%
0.85%
2.11%

>3-year Post-index
n
16878
4350
3041
12116
15257
8327
4712
4076
2879
17439

%
13.54%
3.49%
2.44%
9.72%
12.24%
6.68%
3.78%
3.27%
2.31%
13.99%

*Follow-up time= 1st diagnosed date-index date; Years of follow-up was rounded up
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