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ABSTRACT

Introduction: The prevalence of type 2 diabetes
(T2D) represents a rising burden in the US and
worldwide, with the condition shown to be
associated with relatively large human and
economic costs. Part of the reason for such high
costs associated with T2D is that the condition
is often accompanied by additional health-re-
lated complications. The goal of this research is
to examine the association between glycemic
control and diabetes-related complications for
individuals with T2D.

Methods: The Optum Clinformatics� Data
Mart (CDM) database from 2007 to 2020 was
used to identify adults with T2D. Individuals
were classified as having sustained glycemic
control (all hemoglobin A1c [HbA1c]\7%) or
poor glycemic control (all HbA1c C 7%) over
the 5-year post-period, and diabetes-related
complications were identified based upon the
Diabetes Complications Severity Index. Multi-
variable analyses examined the association
between sustained glycemic control and diag-
nosis of a diabetes-related complication in the
post-period.
Results: Maintaining HbA1c\ 7% over the
5-year post-period, compared to maintaining
HbA1c C 7%, was associated with reduced odds
of the diabetes-related complications of cardio-
vascular disease (odds ratio [OR] = 0.76, 95%
confidence interval [CI] 0.61–0.94), metabolic
disease (OR = 0.37, 95% CI 0.22–0.600), neu-
ropathy (OR = 0.62, 95% CI 0.45–0.84),
nephropathy (OR = 0.81, 95% CI 0.69–0.94),
and peripheral vascular disease (OR = 0.52, 95%
CI 0.33–0.83). There was no statistically signif-
icant association between sustained glycemic
control and cerebrovascular disease.
Conclusions: Sustained glycemic control was
found to be associated with significant reduc-
tions in the odds of being diagnosed with dia-
betes-related complications over a 5-year post-
period.
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Key Summary Points

The prevalence of type 2 diabetes (T2D)
represents a rising burden in the US and
worldwide, with the condition shown to
be associated with relatively large human
and economic costs.

T2D is often accompanied by additional
health-related complications, which have
been found to be associated with
morbidity and mortality.

This study found that for individuals with
T2D, maintaining hemoglobin A1c
(HbA1c)\ 7% over a 5-year period,
compared to maintaining HbA1c C 7%,
was associated with reduced odds of the
diabetes-related complications of
cardiovascular disease, metabolic disease,
neuropathy, nephropathy, and peripheral
vascular disease.

Results from this study highlight the
importance of lower HbA1c for adults
with T2D.

INTRODUCTION

The prevalence of diagnosed and undiagnosed
diabetes in the US population was roughly
10.5% in 2018 estimates [1]. With this relatively
high prevalence and its chronic nature, it is
unsurprising that diabetes has been associated
with a large human and economic burden [2].
Much of this burden is due to complications [2],
3. For example, in type 2 diabetes (T2D), direct
costs have been estimated to be nine times
higher and health-related quality-of-life has
been found to be significantly lower for those
with T2D-related complications compared to
individuals without such complications [3, 4].

Furthermore, all complications have been
found to independently predict mortality, and
macrovascular complications have been found
to be the most common cause of morbidity and
mortality in T2D [5–7].

Clinical trials have suggested that intensive
glycemic control may help reduce the compli-
cations associated with T2D. For example, the
United Kingdom Prospective Diabetes Study
(UKPDS) found, after a median follow-up time
of 10 years, that intensive drug therapy (median
hemoglobin A1c [HbA1c] 7%) led to a 25%
lower overall rate of microvascular complica-
tions relative to conventional treatment (me-
dian HbA1c 7.9%) [8]. While UKPDS included
only people newly diagnosed with T2D and
excluded individuals with markers of pre-exist-
ing vascular disease [8], later T2D clinical trials
included people with long-standing diabetes
and a history of, or risk factors for, vascular
disease [9–11]. Among these later trials, the
Action in Diabetes and Vascular Disease
(ADVANCE) study (2008) found a statistically
significant reduction in the rate of microvascu-
lar, but not macrovascular, events in an inten-
sively treated cohort (mean HbA1c of 6.5%)
relative to a standard treatment cohort (mean
HbA1c of 7.3%) [10]. Similarly, in 2008 the
Action to Control Cardiovascular Risk in Dia-
betes (ACCORD) trial observed a statistically
significant reduction in nonfatal myocardial
infarction associated with intensive therapy
(target HbA1c of\6.0%) compared to standard
therapy (target HbA1c of 7.0% vs. 7.9%) [9].

While the above-cited studies provide some
evidence of benefits associated with intensive
glycemic control, T2D treatment has changed
substantially since much of that research was
conducted. For example, since 2005, dipeptidyl-
peptidase inhibitors, glucagon-like peptide-1
receptor agonists (GLP-1 RAs), and sodium-glu-
cose cotransporter-2 (SGLT-2) inhibitors have
all been approved for the treatment of T2D [12].
Both GLP-1 receptor agonists and SGLT-2 inhi-
bitors have been shown to have reno- and car-
dioprotective effects independent of their
impact on hyperglycemia [13], while dipep-
tidyl-peptidase inhibitors appear to reduce car-
diovascular risk factors, such as dyslipidemia
and hypertension [14]. In addition, in 2008, the
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US Food and Drug Administration (FDA) issued
new guidelines to ensure the cardiovascular
safety of glucose-lowering agents (GLAs) [15].

Given the importance of T2D complications
and the recent innovations in treatment, the
present study examined the relationship
between glycemic control, defined as sustained
HbA1c\ 7%, and T2D complications over a
5-year time horizon. The aim of this study was
to broaden the evidence from the clinical trials
as well as provide updated evidence of the
association between glycemic control and dia-
betes-related complications. To this end, the
analyses used observational data from real-
world settings and included a large and geo-
graphically diverse population of individuals
with T2D in the US between 2007 and 2020.

METHODS

The Optum Clinformatics� Data Mart (CDM)
database was licensed by Optum to Lilly and
HealthMetrics for use in this study. The CDM
database contains geographically diverse
healthcare information for approximately
17–19 million annual covered lives from com-
mercial health plan data and Medicare Advan-
tage members. This information is based on the
insurance claims of individuals who have both
medical and prescription drug coverage as well
as on the results of outpatient laboratory tests
processed by large national laboratory vendors.
For the present study, the CDM provided
information on patient characteristics, member
enrollment, outpatient services, inpatient con-
finements, prescription medication use, and
HbA1c laboratory test results. The time horizon
for all claims, tests, and encounters referenced
in this study was January 1, 2007, through
December 31, 2020. All data were deidentified
at the patient level and fully compliant with the
Health Insurance Portability and Accountability
Act (HIPAA). Given the use of retrospective and
deidentified data, no ethics review approval was
required for this study.

To be included in the study population,
individuals were required to have at least 6 years
of continuous insurance coverage, as dictated
by our study design, which included a 1-year

pre-period and a 5-year post-period. The iden-
tification window for each person was the
overlap between his or her period of continuous
insurance coverage and the time horizon
requirements for the pre- and post-period. For
example, if an individual had continuous
insurance coverage from January 1, 2010,
through December 31, 2016, he or she would
have an identification window of January 1,
2011, through December 31, 2011. In addition,
individuals were required to have at least one
recorded HbA1c within their identification
window. The date of the first such HbA1c result
was defined as the index date for that
individual.

Given the above requirements, participants
were included if, during the pre-period, they
received at least one diagnosis of T2D and filled
a prescription for at least one GLA. Individuals
were excluded if they received a diagnosis of
type 1 diabetes or any diabetes-related compli-
cation during the pre-period or if they were
diagnosed with pregnancy or gestational dia-
betes at any time during the study period.
Individuals younger than 18 years at index date
were also disqualified. In addition, individuals
were excluded if they had [ 120 recorded
HbA1c test results in the 5-year post-period due
to an issue with the source code, which recor-
ded an extensive number of HbA1c tests for a
small subset of people. Finally, individuals were
required to maintain their HbA1c either (1)
below or (2) at or above 7% (the target) for the
entire post-period. The choice of 7% as the
threshold for glycemic control is consistent
with American Diabetes Association (ADA)
guidelines, which state that a HbA1c goal of\
7% is appropriate for many nonpregnant adults
[16]. Figure 1 illustrates how each of the inclu-
sion and exclusion criteria affected the sample
size.

Outcomes examined in these analyses
focused on diabetes-related complications as
defined by the Diabetes Complications Severity
Index (DCSI) [17, 18]. The specific complica-
tions included in the DCSI included cardiovas-
cular disease, cerebrovascular disease, metabolic
disease, neurology, nephrology, peripheral vas-
cular disease, and retinopathy. These compli-
cations were included in the DCSI based on
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models and consensus from a panel of experts,
including a diabetologist, an ophthalmologist,
epidemiologists, nephrologists, primary care
physicians, and psychiatrists [17]. Each of the
DCSI complications, with the exception of
retinopathy, was considered individually in this
study as an outcome of interest. Retinopathy
was omitted from the analyses because it was
identified in\1% of our cohort.

Descriptive statistics examined the overall
cohort and also examined the unadjusted dif-
ferences between individuals with sustained
glycemic control, defined as sustained
HbA1c\ 7% over the entire post-period, and
individuals with sub-optimal glycemic control,
defined as sustained HbA1c C 7% throughout
the post-period. In addition, logistic regressions
were utilized to examine the association
between sustained glycemic control and the
likelihood of being newly diagnosed with a
diabetes-related complication. To adjust for
potential underlying confounders, the multi-
variable analyses controlled for patient age,
gender, race, region, insurance type, and pre-
period adjusted Charlson Comorbidity Index
(CCI) [19, 20], where factors included in both
the CCI and the DCSI were omitted. Specifi-
cally, the comorbidities of myocardial infarc-
tion, congestive heart failure, peripheral
vascular disease, renal disease, and diabetes
with or without complications were omitted
from the calculation of the adjusted CCI. The
analyses also controlled for: pre-period comor-
bidities that are not included in the CCI but
which may affect patient outcomes (anxiety,
depression, and hypoglycemia); pre-period
resource utilization (visits to a cardiologist,
endocrinologist, neurologist, nutritionist, oph-
thalmologist, family practitioner, or internist);
and pre-period medication use (numbers of
prescribed classes of insulins, non-insulin GLAs,
and non-GLA drugs).

All analyses were conducted using SAS, ver-
sion 9.4. A probability value of\0.05 was
determined, a priori, to be statistically
significant.

Fig. 1 Inclusion/exclusion criteria and sample size. A:
Identification window for each patient was dictated by the
start and stop of their continuous enrollment period, the
requirement of a 1-year pre-period, and the requirement of
a 5-year post-period. The first recorded HbA1c result in
the identification window was identified as the index date.
B: Based upon receipt of C 1 diagnosis of T2D, no receipt
of any diagnoses of type 1 diabetes, and filling of at least 1
prescription for a glucose-lowering agent. C: To exclude
patients with a source code that recorded a large number of
HbA1c results
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Table 1 Descriptive statistics—overall and by sustained HbA1c threshold of 7%

All Sustained
glycemic control
(HbA1c < 7%)A

Sustained
sub-optimal
glycemic control
(HbA1c ‡ 7%)A

P value

Sample size 3607 2119 1488

Patient demographics (measured at baseline)

Age (in years)—mean ± SD 66.5 ± 11.7 68.1 ± 11.2 64.2 ± 12.1 \ 0.0001

Sex—N (%) \ 0.0001

Female 2166 (60.0) 1342 (63.3) 824 (55.4)

Male 1441 (40.0) 777 (36.7) 664 (44.6)

Race/ethnicity—N (%) 0.0598

Asian 134 (3.7) 87 (4.1) 47 (3.2)

Black 477 (13.2) 265 (12.5) 212 (14.2)

Hispanic 745 (20.7) 414 (19.5) 331 (22.2)

White 1962 (54.4) 1182 (55.8) 780 (52.4)

Unknown 289 (8.0) 171 (8.1) 118 (7.9)

Region—N (%) 0.0554

Midwest 429 (11.9) 237 (11.2) 192 (12.9)

Northeast 395 (11.0) 230 (10.9) 165 (11.1)

South 1768 (49.0) 1020 (48.1) 748 (50.3)

West 1010 (28.0) 630 (29.7) 380 (25.5)

Other/unknown 5 (0.1) 2 (0.1) 3 (0.2)

Insurance product type—N (%) \ 0.0001

Exclusive provider organization 130 (3.6) 64 (3.0) 66 (4.4)

Health maintenance organization 1745 (48.4) 1101 (52.0) 644 (43.3)

Independent 15 (0.4) 9 (0.4) 6 (0.4)

Point of service 596 (16.5) 296 (14.0) 300 (20.2)

Preferred provider organization 316 (8.8) 192 (9.1) 124 (8.3)

Other 805 (22.3) 457 (21.6) 348 (23.4)

Pre-period general health & comorbidities

Adjusted Charlson Comorbidity

Index—mean ± SDB

0.6 ± 1.6 0.6 ± 1.6 0.7 ± 1.6 0.7525

Anxiety—N (%) 108 (3.0) 72 (3.4) 36 (2.4) 0.0896

Depression—N (%) 237 (6.6) 142 (6.7) 95 (6.4) 0.7053

Hypoglycemia—N (%) 107 (3.0) 45 (2.1) 62 (4.2) 0.0004
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RESULTS

Table 1 describes characteristics for the entire
cohort as well as for subgroups of individuals
whose HbA1c over the post-period indicated
glycemic control (HbA1c\ 7%) or sub-optimal
glycemic control (HbA1c C 7%). There were
6037 individuals included in the study prior to
requiring that HbA1c be maintained either
above or below target for the entire post-period.
Adding that requirement resulted in a final
sample of 3067 individuals, illustrating that
50.8% of the cohort had relatively stable HbA1c
over the 5-year post-period. For the 3067 indi-
viduals in the final sample, the mean age was
66.5 years, 60% were female, 54.4% were

identified as white, 49.0% resided in the South,
and 48.4% were insured via a health mainte-
nance organization. Over half of those in the
final sample had visited a cardiologist in the
pre-period, and, on average, individuals were
treated in the pre-period with 1.8 classes of
GLAs and 13.1 non-GLA drugs.

The unadjusted descriptive statistics
(Table 1) reveal significant differences between
the people with sustained glycemic control and
those with sub-optimal control. Specifically,
individuals with glycemic control were signifi-
cantly older, more likely to be female, less likely
to be insured via a health maintenance organi-
zation, and less likely to have either visited an
endocrinologist or been diagnosed with

Table 1 continued

All Sustained
glycemic control
(HbA1c < 7%)A

Sustained
sub-optimal
glycemic control
(HbA1c ‡ 7%)A

P value

Pre-period resource use

Cardiologist—N (%) 1947 (54.0) 1153 (54.4) 794 (53.4) 0.5325

Endocrinologist—N (%) 431 (11.9) 205 (9.7) 226 (15.2) \ 0.0001

Nephrologist—N (%) 269 (7.5) 158 (7.5) 111 (7.5) 0.9970

Nutritionist—N (%) 30 (0.8) 20 (0.9) 10 (0.7) 0.3762

Ophthalmologist—N (%) 1287 (35.7) 774 (36.5) 513 (34.5) 0.2056

No. of family practice/internist

visits—mean ± SD

11.6 ± 10.9 12.2 ± 11.5 10.8 ± 9.8 0.0002

Pre-period medication use—mean ± SD

No. of classes of insulin prescribed 0.4 ± 0.7 0.2 ± 0.4 0.7 ± 0.8 \ 0.0001

No. of classes of non-insulin prescribed 1.4 ± 0.8 1.3 ± 0.6 1.6 ± 1.0 \ 0.0001

No. of nonGLAs prescribed 13.1 ± 6.6 13.2 ± 6.6 13.0 ± 6.6 0.3422

HbA1c—mean ± SD

Post-period average HbA1c (%) 7.2 ± 1.6 6.1 ± 0.4 8.8 ± 1.4 \ 0.0001

No. of HbA1c tests in post-period 6.6 ± 9.0 6.6 ± 9.3 6.6 ± 8.6 0.5228

A: Sustained glycemic control defined as all HbA1c\ 7% throughout the entire 5-year post-period. Suboptimal glycemic
control defined as all HbA1c C 7% throughout the entire 5-year post-period
B: The comorbidities of myocardial infarction, congestive heart failure, peripheral vascular disease, renal disease, and diabetes
with or without complications were omitted from the calculation of the adjusted Charlson Comorbidity Index,
SD = standard deviation
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hypoglycemia in the pre-period. In addition,
they had significantly more visits to a family
practitioner or internist in the pre-period, and
they were prescribed significantly fewer classes
of insulins and non-insulin classes of GLAs.

Figure 2 shows the findings of the multi-
variable analyses, which are the main results of
this study. As the figure reveals, individuals
with sustained glycemic control, defined as all
HbA1c\ 7% in the post-period, compared to
those with sustained sub-optimal glycemic
control, defined as all HbA1c C 7% in the post-
period, were significantly less likely to be diag-
nosed in the post-period with most of the dia-
betes-related comorbidities of interest. In
particular, maintaining HbA1c\7% in the
5-year post-period was associated with a signif-
icantly lower likelihood of being diagnosed
with: cardiovascular disease (24% lower odds,
odds ratio [OR] = 0.76, 95% confidence interval
[CI] 0.61–0.94), metabolic disease (63% lower
odds, OR = 0.37, 95% CI 0.22–0.60),

neuropathy (38% lower odds, OR = 0.62, 95%
CI 0.45–0.84), nephropathy (19% lower odds,
OR = 0.81, 95% CI 0.69–0.94), and peripheral
vascular disease (48% lower odds, OR = 0.52,
95% CI 0.33–0.83). In contrast, cerebrovascular
disease was found to have no statistically sig-
nificant relationship with post-period HbA1c.

As a test of the sensitivity of results, the main
analyses were repeated twice more. In the first
sensitivity analysis (Fig. 3), the focus was on
maintaining a more rigorous HbA1c threshold.
Specifically, people were grouped based upon
whether they maintained HbA1c B 6.5% or[
6.5% for the entire 5-year post-period. An
HbA1c target of B 6.5% is consistent with the
management algorithm for T2D developed by
the American Association of Clinical Endocri-
nologists (AACE) and the American College of
Endocrinology. [21] The second sensitivity
analysis (Fig. 4) focused on relaxing the
requirement that HbA1c be maintained below
7% for the entire 5-year post-period. Instead,

Fig. 2 Association between sustained glycemic control
(HbA1c\ 7%) and the likelihood of diabetes-related
complications. Results from multivariable logistic regres-
sions which controlled for patient characteristics (age, sex,
race, region, insurance type), pre-period general health and
comorbidities (adjusted CCI, anxiety, depression, and
hypoglycemia), pre-period resource utilization (visits to

cardiologist, endocrinologist, nephrologist, nutritionist,
ophthalmologist, and number of family practice/internist
visits), and pre-period medication use (number of classes of
insulin prescribed, number of classes of non-insulin GLAs
prescribed, and number of non-GLAs prescribed). Depen-
dent variable is sustained HbA1c\ 7% (compared to
sustained HbA1c C 7%)
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people were grouped based upon their HbA1c
level at index date. In general, the main find-
ings of the analyses were robust to these alter-
native specifications. Specifically, in both the
main analyses and the sensitivity analyses,
having HbA1c below target was associated with
statistically significant reductions in the likeli-
hood of being diagnosed with cardiovascular
disease, metabolic disease, neuropathy, and
nephropathy. However, requiring individuals to
have sustained HbA1c B 6.5% over the entire
5-year post-period resulted in a significant
reduction in the likelihood of being diagnosed
with cerebrovascular disease, while classifying
individuals based upon their HbA1c at index
date only revealed no statistically significant
association between HbA1c and the likelihood
of being diagnosed with peripheral vascular
disease. It should also be noted that there was
no statistically significant difference when
comparing results for individuals with sustained
HbA1c\ 7% over the 5-year post-period com-
pared to individuals with a HbA1c\7% at
index date. While some of the individuals in the

latter group also had sustained HbA1c below
target for the entire post-period, this result is
consistent with research which has identified a
legacy effect for long-term outcomes associated
with having HbA1c below target during the
first-year post-diagnosis of diabetes [22].

DISCUSSION

Microvascular Complications

Our finding that sustained glycemic control,
defined as all HbA1c\7% in the post-period,
was associated with lower rates of neuropathy
and nephropathy is generally consistent with
the overall conclusions of UKPDS, ADVANCE,
and the Veterans Affairs Diabetes Trial (VADT)
clinical trials, which all noted statistically sig-
nificant reductions in microvascular complica-
tions with intensive glycemic control
[8, 10, 11]. Furthermore, meta-analyses of clin-
ical trials which examined intensive glycemic
control found that such control was associated

Fig. 3 Sensitivity analyses examining the association
between sustained HbA1c B 6.5% and diabetes-related
complications. Results from multivariable logistic

regressions which controlled for patient characteristics,
pre-period general health and comorbidities, pre-period
resource, and pre-period medication use. Sample size: 3730

Adv Ther (2022) 39:2208–2221 2215



with a reduction in the risk for the composite
microvascular outcome [23] or the specific
microvascular endpoint of nephropathy
[24, 25]. The findings of reduced likelihood of
being diagnosed with a microvascular compli-
cation for individuals with sustained glycemic
control, defined as HbA1c\7% throughout the
post-period, are also consistent with previous
nonclinical trial research. For instance, a 2011
observation of a population of Mediterranean
adults newly diagnosed with T2D found that
both men and women with HbA1c[7%, either
initially (mean; p\0.001) or at follow-up
(mean; p = 0.001), were more likely to develop
microvascular complications sooner relative to
those with lower mean HbA1c [26] . Focusing
on individual microvascular complications, the
present results support a Japanese multivariate
analysis which found that HbA1c\7% was
associated with a decreased risk of nephropathy
[27] as well as a Chinese study which concluded
that HbA1c[7.5% was one of three factors
most strongly associated with a diagnosis of
diabetic nephropathy [28]. Similarly, a
prospective study conducted with 50 neurolog-
ically asymptomatic individuals with diabetes

found that HbA1c was the most important fac-
tor predicting higher risk of subclinical neu-
ropathy [29].

Macrovascular Complications

The results of our study suggest that glycemic
control (i.e., sustained HbA1c\7%) lowers the
odds of being diagnosed with two macrovascu-
lar complications, namely, cardiovascular dis-
ease and peripheral vascular disease, over a
5-year time horizon. This result has potentially
large economic implications, since macrovas-
cular disease has been found to account for 85%
of the cumulative costs of complications over a
5-year period among individuals with T2D [30].
These reductions in macrovascular complica-
tions are generally consistent with clinical trial
data which examined glycemic control over an
extended time horizon. Specifically, 10 years of
additional observational follow-up after UKPDS
revealed statistically significantly lower rates of
both myocardial infarction and all-cause death
among those who were initially randomized to
the intensive treatment cohort [31], while

Fig. 4 Sensitivity analyses examining the association
between index HbA1c\ 7% and diabetes-related compli-
cation results from multivariable logistic regressions which

controlled for patient characteristics, pre-period general
health and comorbidities, pre-period resource, and pre-
period medication use. Sample size: 6037
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10 years of additional follow-up after VADT
revealed a significant reduction in the risk of
cardiovascular events in the intervention group
relative to the control group [31, 32].

In contrast, the original UKPDS, ADVANCE,
and VADT clinical trials all concluded that there
was no statistically significant relationship
between intensive antidiabetic treatment and
macrovascular complications [8, 10, 11].
Meanwhile, the ACCORD trial found that the
intensively treated group had a reduced risk of
nonfatal myocardial infarction but also a higher
rate of death, leading to early termination of the
trial [9]. Inconsistencies between the present
study and the original clinical trial results dis-
cussed above may reflect differences in the time
horizon and populations included in these
respective studies as well as changes in treat-
ments developed for T2D and the increased
emphasis on cardiovascular outcomes over the
past 2 decades.

The present macrovascular findings gener-
ally support several previous non-clinical stud-
ies. A recent study of older veterans with
diabetes found that increases in HbA1c time-in-
range were associated with decreases in cardio-
vascular disease [33]. Additionally, Rawshani
et al. [34] included 271,174 Swedish men and
women with T2D matched with 1,355,870
controls (based on age, sex, and county) and,
after a median follow-up of 5.7 years, found that
HbA1c outside the target range (i.e., HbA1c
C 7%) was the strongest predictor of stroke and
acute myocardial infarction. A smaller (n = 469)
2011 study, which looked at a Mediterranean
cohort newly diagnosed with T2D, found a
statistically significant association between
HbA1c[ 7% (at baseline and at follow-up) and
an increased risk for macrovascular complica-
tions among women but not men [26]. Mean-
while, a study of Japanese individuals with T2D
found that ‘‘HbA1c on target [\7%] correlated
with being free of CVD [cardiovascular disease]’’
[27].

Metabolic Disease

The decreased likelihood of metabolic disease
among those with glycemic control in the

present study is roughly consistent with previ-
ous non-clinical studies that have reported an
association between lower HbA1c and a reduced
rate of metabolic syndrome [35–37]. However, it
is important to note that metabolic syndrome,
defined as the presence of two or more risk
factors (e.g., high blood pressure, dyslipidemia,
high HbA1c, etc.) for heart disease or other
problems [35–37], is not the same as the DCSI
definition of metabolic disease. Specifically, the
DCSI defines metabolic disease as any diagnosis
of diabetes with ketoacidosis, hyperosmolarity,
or hypoglycemia [18]. Nevertheless, both
metabolic syndrome and metabolic diseases
indicate serious physiological dysfunction,
which has been associated with worse out-
comes, including higher odds of mortality
[38, 39].

Limitations

Like any research, this study has limitations.
First, the analyses focused on the benefits of
achieving HbA1c goals and did not examine
disadvantages that may be associated with
intensive treatment. For example, while some
previous research has found that reductions in
HbA1c are associated with cost savings [40],
other research has shown that the improved
health outcomes associated with intensive gly-
cemic control may be accompanied by increases
in economic costs [41]. Furthermore, while this
research focuses on the HbA1c target of\ 7%
based upon ADA guidelines for most adults [16],
there is only limited evidence suggesting that
such a target may be appropriate for adults with
limited life span, given the risks associated with
maintaining HbA1c at such a level and the lag
time associated with the benefits of such a tar-
get [42]. The analyses included only insured
adults with T2D, suggesting that the results may
not be generalizable to the entire US population
with diabetes andhe study design precluded
controlling for or studying socioeconomic sta-
tus, education level, duration of diabetes, or any
other characteristics that were not captured in
the insurance claims. In addition, the DCSI
identified \ 1% of the study population as
having retinopathy. This result is surprising as
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retinopathy may be the most common
microvascular complication of diabetes
[17, 43, 44]. While a strength of the current
study is that individuals were followed for a
relatively long time, there were no interim
analyses conducted. Finally, the focus on dia-
betes-related complications precluded an
examination of any potential cost-efficacy
associated with lower HbA1c, and the study
does not examine the impact of specific therapy
use or treatment patterns on patient outcomes.

CONCLUSIONS

This study focused on the long-term risk of
diabetes-related complications among individ-
uals with T2D. Using real-world data, these
analyses indicated that maintaining HbA1c\
7% over 5 years was associated with reduced
rates of diabetes-related complications relative
to having sustained HbA1c C 7%. These find-
ings illustrate some of the negative effects
associated with poor glycemic control and
highlights the importance of lower HbA1c for
adults with T2D. Future work will examine how
specific therapies and treatment patterns affect
patient outcomes.
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