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OBJECTIVEdThis study compared the clinical and economic beneﬁts associated with dualgoal achievement, glycated hemoglobin (HbA1c) ,7% (53 mmol/mol) and LDL cholesterol
(LDL-C) ,100 mg/dL, with achievement of only the LDL-C goal or only the HbA1c goal in
veterans with type 2 diabetes mellitus (T2DM).
RESEARCH DESIGN AND METHODSdThis retrospective cohort analysis evaluated
electronic medical records (Veterans Integrated Service Network 16) in adult T2DM patients
with two or more measurements of LDL-C and HbA1c between 1 January 2004 and 30 June 2010
(N = 75,646). Cox proportional hazards models were used to compare microvascular and cardiovascular outcomes by goal achievement status; generalized linear regression models were
used to assess diabetes-related resource utilization (hospitalization days and number of outpatient visits) and medical service costs.
RESULTSdRelative to achievement of only the LDL-C goal, dual-goal achievement was
associated with lower risk of microvascular complications (adjusted hazard ratio [aHR]
0.79), acute coronary syndrome (0.88), percutaneous coronary intervention (0.78), and coronary artery bypass graft (CABG) (0.74); it was also associated with fewer hospitalization
days (adjusted incidence rate ratio [aIRR] 0.93) and outpatient visits (0.88), as well as lower
diabetes-related annual medical costs (2$130.89). Compared with achievement of only
the HbA1c goal, dual-goal achievement was associated with lower risk of the composite
cardiovascular-related end point (aHR 0.87) and CABG (aHR 0.62), as well as fewer outpatient visits (aIRR 0.98).
CONCLUSIONSdAchieving both HbA1c and LDL-C goals in diabetes care is associated with
additional clinical and economic beneﬁts, as compared with the achievement of either goal alone.
Diabetes Care 36:3297–3304, 2013

T

he American Diabetes Association
recommends that patients with
type 2 diabetes mellitus (T2DM)
maintain levels of glycated hemoglobin
(HbA1c) ,7% (53 mmol/mol) and LDL
cholesterol (LDL-C) ,100 mg/dL (1).
The level of HbA1c, an indicator of average glycemia over several months, is a
strong predictor of diabetes-related complications (1). Intensive treatments aimed
at decreasing HbA 1c levels have been

associated with a reduced risk of microvascular complications (e.g., nephropathy and retinopathy) in patients with
T2DM (1–4). The beneﬁcial effects of decreasing HbA1c levels on the rate of cardiovascular events is less evident, with
recent data showing that cardiovascular
beneﬁts of tight glycemic control are predominantly observed in patients who are
newly diagnosed with diabetes and have
minimal comorbidities (5). Conversely,
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treatments aimed at lowering LDL-C levels in patients with diabetes, especially
in individuals with a high baseline cardiovascular risk, have been associated
with signiﬁcantly lower rates of cardiovascular events, including death (6–10).
In addition, studies suggest that in
diabetes, a condition estimated to incur
direct annual costs (2007) of $116 billion in the U.S. (11), treatments aimed
at glycemic (12–15) and LDL-C control
(16–18) are generally considered costeffective.
Cardiovascular disease is the most
frequent underlying cause of death in
diabetic patients (19). Although the cardiovascular beneﬁts of LDL-C control in
patients with diabetes have been well established (1), the beneﬁts of achieving the
HbA1c goal in addition to achieving the
LDL-C goal are not clear. In diabetes,
multifactorial interventions (i.e., targeting several risk factors simultaneously, including HbA1c, LDL-C, blood pressure,
and lifestyle) have been associated with
signiﬁcant reductions in microvascular
and cardiovascular morbidity and mortality when compared with conventional
treatments in several studies, including
the Steno-2 Study (20,21), and appear
to be cost-effective (22,23). However, existing research has not assessed the
additional beneﬁts associated with appropriate control of both HbA 1c and
LDL-C levels versus the control of only
one.
Since the cardiovascular beneﬁts associated with HbA1c goal achievement
in addition to LDL-C goal achievement
are not clear, the primary objective
of our study was to assess the clinical
and economic beneﬁts associated with
the achievement of both HbA 1c and
LDL-C goals compared with achievement
of only the LDL-C goal. Additional objectives included comparisons of clinical and
economic outcomes in dual-goal achievers
versus HbA1c-only achievers, dual-goal
achievers versus no-goal achievers, and
each group of single-goal achievers versus
no-goal achievers.

DIABETES CARE, VOLUME 36, OCTOBER 2013

3297

Beneﬁts of dual-goal achievement in T2DM
RESEARCH DESIGN AND
METHODS
Data source
This retrospective observational study
was conducted using electronic medical
records from the South Central Veterans
Affairs Health Care Network (VISN 16),
one of the largest of the 23 VISNs in the
Veterans Health Administration (VHA).
The VHA is a national integrated health
care system providing a set of comprehensive services to veterans. As of 2010,
;23 million veterans were living in the
U.S., a large majority (90.6%) of whom
were male. About one-third of veterans
were enrolled in the VHA.
The VISN 16 data warehouse is an
integrated, de-identiﬁed, individual-level
database representing ;7.8% of U.S. veterans and covers a geographic region of
;170,000 square miles, including the
states of Arkansas, Louisiana, Mississippi,
and Oklahoma, and parts of Alabama,
Florida, Missouri, and Texas. It includes
records for .445,000 veterans from 10
medical centers and 40 outpatient clinics,
with information regarding demographics, vital signs, laboratory results, diagnoses, procedures, inpatient and outpatient
services (e.g., admission date, length of
stay, and emergency room visits), drug
prescriptions, and database enrollment
history. As in the national VHA population, patients in VISN 16 are predominantly male (90.1%). All data comply
with the Health Insurance Portability
and Accountability Act. The study protocol was approved by the institutional review
board and research and development committee of the Southeast Louisiana Veterans
Health Care Systems.
Sample selection
Adult patients ($18 years of age) were
included in the study if they had two or
more diagnoses of T2DM between 1 January
2004 and 30 June 2010. Patients who had
more than one diagnosis of T1DM were excluded. Patients had at least one measurement of HbA1c and LDL-C within 30 days
of each other (paired measurements) after
the ﬁrst diabetes diagnosis; the earlier date
of the HbA1c or LDL-C measurement was
deﬁned as the index date. All patients were
further required to have at least one more
measurement of HbA1c and LDL-C within
1 year after the index date, irrespective of
the gap between the measurements. The
ﬁnal sample included patients who were
enrolled in the database for at least 12
months after the index date.
3298

Data preparation
Longitudinal data were analyzed by 6-month
cycles, starting from the index date. Average HbA1c and LDL-C levels were estimated for each cycle using the area under
the curve method (24,25). For each cycle,
these estimated averages were used to
stratify patients into one of four goal
achievement categories: dual goal (average
HbA1c ,7% [53 mmol/mol] and average
LDL-C ,100 mg/dL), HbA1c only (average HbA1c ,7% [53 mmol/mol] and average LDL-C $100 mg/dL), LDL-C only
(average LDL-C ,100 mg/dL and average
HbA1c $7% [53 mmol/mol]), or no goal
(average HbA1c $7% [53 mmol/mol] and
average LDL-C $100 mg/dL).
Patient characteristics
Patient characteristics as of the ﬁrst cycle
were summarized for the overall population, as well as stratiﬁed according to
goal achievement status. Demographic
information included age on index date,
sex, race, BMI, and year of index date.
The history of diabetes-related complications (microvascular, macrovascular, and
other), comorbidities, and surgical procedures was identiﬁed as of the ﬁrst cycle
using ICD-9, Clinical Modiﬁcation (ICD9-CM) codes. Medication use during
the ﬁrst cycle was categorized by drug
therapeutic class; health care resource
utilization during the ﬁrst cycle was
categorized by hospitalization days and
outpatient visits.
Characteristics were compared across
the four groups according to goal achievement status using the ANOVA method for
continuous variables and x2 tests for categorical variables.
Clinical outcomes
Clinical outcomes were selected a priori and
comprised 1) a composite cardiovascularrelated end point (cerebrovascular disease [stroke], acute myocardial infarction, or cardiovascular death [deﬁned
by a diagnosis of coronary artery disease
or cerebrovascular disease on the day of
death]), 2) a composite end point for
microvascular complications (diabetic
retinopathy, nephropathy, or neuropathy), 3) acute coronary syndromes (ACS;
acute myocardial infarction or unstable
angina), and 4) cardiovascular procedures
(percutaneous coronary intervention
[PCI] or coronary artery bypass graft
[CABG]).
For each clinical outcome, goal achievement and patient characteristics were measured in a given cycle and outcomes were
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assessed for the following cycle. The time to
the ﬁrst clinical event was evaluated
using a Cox proportional hazards model,
with goal achievement status as a timedependent variable, controlling for patient demographics and other potential
confounding factors such as cumulative
comorbidity history, resource utilization,
and medication use. All clinical outcomes
were measured from the start of the second
cycle until the ﬁrst event, death, or end of
data; for the analyses of speciﬁc clinical
outcomes, patients were excluded from
the analysis if any clinical event deﬁning the particular outcome occurred
before the end of the ﬁrst cycle. Results
are reported as adjusted hazard ratios
with 95% CI.
Economic outcomes
The numbers of diabetes-related hospitalization days and outpatient visits were
estimated for each 6-month cycle. Diabetesrelated medical service costs were measured
in each cycle using the average cost method
(26). Costs were adjusted for inﬂation to
2011 U.S. dollars according to the medical
care services component of the Consumer
Price Index (27,28). Utilization and costs
were considered diabetes related if they
were associated with diagnoses of any of
the following: diabetes, macrovascular complications, or microvascular complications.
The associations between goal
achievement status in a given study cycle
and utilization in the following cycle were
assessed using generalized linear regression models (GLMs) with a Poisson distribution; results are reported as adjusted
incidence rate ratios with 95% CIs. The
associations between goal achievement
status in a given cycle and costs in the
following cycle were assessed using GLMs
with a g distribution, and adjusted results
are reported as annualized incremental
cost differences. All longitudinal GLMs
accounted for within-patient correlation
using a generalized estimating equation
approach and controlled for demographics and time-dependent variables such as
cumulative comorbidity history, resource
utilization, and medication use. SAS software version 9.2 was used to conduct statistical analyses, and a two-tailed a level
of 0.05 was used to determine statistical
signiﬁcance.
RESULTS
Patient characteristics
Of the 149,613 patients with at least two
recorded diagnoses of T2DM between
care.diabetesjournals.org
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1 January 2004 and 30 June 2010, a total
of 75,646 patients met the selection criteria and were included in the analysis.
As shown in Table 1, as of the index
date, most patients were older than 55
years (84.1%; mean age 64.7 years) and
had an average BMI of 31.6 kg/m2. Almost
all patients were men (97.4%), and approximately two in three were white
(67.4%). During the ﬁrst cycle, 35.1% of
patients achieved both goals (dual-goal
achievers), whereas 21.6% achieved only
the LDL-C goal (LDL-C achievers), 24.6%
achieved only the HbA 1c goal (HbA 1c
achievers), and 18.6% did not achieve
either goal (no-goal achievers) (Table 1).
Compared with all other groups, dualgoal achievers were older (67.1 vs. 61.4–
64.4 years). Rates of microvascular complications were lower for dual-goal (24.1%)
and HbA1c achievers (22.4%) than for
LDL-C (33.0%) and no-goal achievers
(30.2%); similar differences were observed
for the usage of insulin (10.4 and 7.5% vs.
34.6 and 30.1%, respectively) and oral antidiabetic drugs (67.4 and 64.0% vs. 82.2
and 82.7%, respectively). A higher rate of
macrovascular complications was observed
among dual-goal (47.4%) and LDL-C
achievers (45.6%) than among HbA1c
(33.8%) and no-goal achievers (33.9%)
(Table 1).
Clinical outcomes
The median duration of follow-up time
was 4.5 years from the index date. After
adjusting for demographics, diabetesrelated complications, comorbidities, surgical procedures, diabetic medication use, and
health care utilization, dual-goal achievement, when compared with achievement of
LDL-C goal alone, was associated with a
signiﬁcantly reduced risk of microvascular
complications (adjusted hazard ratio 0.79
[95% CI 0.76–0.82]), ACS (0.88 [0.81–
0.96]), PCI (0.78 [0.67–0.90]), and
CABG (0.74 [0.60–0.92]), but not of the
composite cardiovascular-related end
point (1.00 [0.94–1.06]) (Fig. 1). Compared with HbA1c achievers, dual-goal
achievement was associated with a lower
risk of CABG (0.62 [0.49–0.79]) and the
composite cardiovascular end point (0.87
[0.81–0.93]).
Compared with no-goal achievers,
dual-goal achievers had a signiﬁcant
19–30% lower hazard of the cardiovascular end point or diabetes-related microvascular or ACS-related events, and a 45–49%
lower hazard of undergoing PCI or CABG.
In addition, relative to no-goal achievers,
both groups of single-goal achievers had
care.diabetesjournals.org

signiﬁcant reductions in hazard for all
categories of complications and surgical
procedures, except microvascular complications among LDL-C achievers.
Resource utilization
After controlling for demographics, diabetesrelated complications, comorbidities, surgical procedures, diabetic medication
use, and health care utilization, dual-goal
achievers generally used less health care
resources compared with single- or no-goal
achievers (Fig. 2). In particular, compared
with LDL-C achievers, dual-goal achievers
had signiﬁcantly fewer hospitalization
days (adjusted incidence rate ratio 0.93
[95% CI 0.87–1.00]) and outpatient visits (0.88 [0.87–0.89]). Compared with
HbA 1c achievers, dual-goal achievers
had signiﬁcantly fewer outpatient visits
(0.98 [0.97–1.00]), but there was no
statistical difference in the number of
hospitalization days (0.98 [0.89–1.07]).
Compared with no-goal achievers, dualgoal achievers had signiﬁcantly fewer
hospitalization days (0.81 [0.72–0.90])
and outpatient visits (0.86 [0.85–0.87]).
Similarly, both groups of single-goal
achievers also had signiﬁcantly fewer
hospitalization days (LDL-C achievers,
0.87 [0.78–0.96]; HbA1c achievers, 0.83
[0.73–0.94]) and outpatient visits (LDL-C
achievers, 0.98 [0.96–0.99]; HbA1c achievers, 0.87 [0.86–0.89]) than patients who did
not achieve either goal.
Medical service costs
After adjusting for demographics, diabetesrelated complications, comorbidities, surgical procedures, diabetic medication use,
and health care utilization, dual-goal
achievers incurred signiﬁcantly lower
annualized diabetes-related medical service
costs compared with those who achieved
only the LDL-C goal (2$130.89; P =
0.016), but no statistically signiﬁcant difference was observed between dual-goal
achievers and HbA 1c goal achievers
(2$56.17; P = 0.404) (Fig. 3). Diabetesrelated medical service costs were significantly lower for dual-goal (2$376.50;
P , 0.001), LDL-C (2$245.61; P ,
0.001), and HbA1c achievers (2$320.32;
P , 0.001) compared with those who did
not achieve either goal.
CONCLUSIONSdThe study results
showed that, compared with the achievement of only the LDL-C goal, achievement of both HbA1c and LDL-C goals is
associated with a lower risk of microvascular
complications, ACS, and cardiovascular

surgeries (PCI or CABG), lower utilization
of health care resources, and lower costs of
care, but no additional effect was observed
for the composite cardiovascular-related
end point. In addition, dual-goal achievement relative to HbA1c goal achievement
is associated with a lower risk of the composite cardiovascular-related end point,
CABG, and outpatient visits.
Clinical outcomes: dual- vs. singlegoal achievement
To our knowledge, this is the ﬁrst study
that was designed to quantify the differences in clinical and economic outcomes
between dual-goal and single-goal
achievement in patients with T2DM.
The results from our study are generally
consistent with ﬁndings from previous
studies designed to assess the beneﬁts of
treatment paradigms aimed at achieving
more than one clinical goal in diabetes. In
Steno-2, a Danish open-label, randomized, parallel-group study of patients with
established T2DM, patients assigned to
receive an intensive treatment targeting
tighter goals for blood pressure (systolic
,130–140 mmHg; diastolic ,80–85
mmHg), HbA1c (,6.5% [48 mmol/mol]),
total cholesterol (,175–190 mg/dL), and
triglycerides (,150 mg/dL) had a signiﬁcantly lower risk of cardiovascular disease
and microvascular complications over an
average follow-up of 7.8 years, compared
with patients assigned to antidiabetic treatment in accordance with national guidelines (21). A 5.5-year extension of that
same study demonstrated that the multifactorial therapy was associated with sustained lower risk of cardiovascular events
or death (20). In the Steno-2 Study, lipidlowering treatments were suggested to
have had the greatest contribution to cardiovascular risk reduction, whereas antiglycemic and antihypertensive treatments
were considered to have accounted for
the greatest reduction in microvascular
complications (29). These results are in
alignment with our ﬁndings that suggest
that there are additional cardiovascular
beneﬁts associated with the achievement
of both LDL-C and HbA1c goals when
compared with only HbA1c goal achievement, while there are additional microvascular beneﬁts associated with the
achievement of both HbA1c and LDL-C
goals when compared with only LDL-C
goal achievement.
In contrast to the Steno-2 Study (21),
we did not assess the impact of multiple
interventions or goal achievements other
than HbA1c and LDL-C. The blood pressure
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Number of patients, n (%)
Demographics
Age as of the index date, years, mean
Age-group, n (%)
18–44
45–54
55–64
65–69
70–74
75–79
80+
Male, n (%)
White, n (%)
BMI, kg/m2, mean
Index year, n (%)
2004
2005
2006
2007
2008
2009
Diabetes-related complications, n (%)
Microvascular complications
Macrovascular complications
Ocular problemsx
Comorbidities, n (%)
Hypertension
Hyperlipidemia
Depression
Surgical procedures, n (%)
Lower-extremity amputation
CABG
PCI
Diabetic medications, n (%)
Oral antidiabetic
Insulin
Antihypertensive
Lipid lowering

Characteristics
26,587 (35.1)
67.1
384 (1.4)
2,300 (8.7)
9,288 (34.9)
3,787 (14.2)
4,298 (16.2)
3,537 (13.3)
2,993 (11.3)
26,095 (98.2)
18,724 (70.4)
31.2
4,061 (15.3)
10,323 (38.8)
4,130 (15.5)
3,188 (12.0)
3,297 (12.4)
1,588 (6.0)
6,417 (24.1)
12,597 (47.4)
9,153 (34.4)
22,287 (83.8)
19,011 (71.5)
8,742 (32.9)
94 (0.4)
242 (0.9)
402 (1.5)
17,914 (67.4)
2,776 (10.4)
20,409 (76.8)
20,102 (75.6)

64.7
2,214 (2.9)
9,820 (13.0)
29,402 (38.9)
9,836 (13.0)
10,085 (13.3)
7,779 (10.3)
6,510 (8.6)
73,695 (97.4)
51,015 (67.4)
31.6
13,157 (17.4)
30,516 (40.3)
11,830 (15.6)
8,051 (10.6)
8,065 (10.7)
4,027 (5.3)
20,233 (26.8)
31,120 (41.1)
25,176 (33.3)
61,783 (81.7)
54,096 (71.5)
26,413 (34.9)
295 (0.4)
574 (0.8)
1,061 (1.4)
54,916 (72.6)
14,057 (18.6)
57,941 (76.6)
56,164 (74.3)

Dual

75,646

All patients
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13,427 (82.2)
5,651 (34.6)
13,308 (81.5)
12,792 (78.3)

81 (0.5)
146 (0.9)
303 (1.9)

13,535 (82.9)
11,338 (69.4)
5,415 (33.2)

5,389 (33.0)
7,452 (45.6)
5,515 (33.8)

3,245 (19.9)
7,037 (43.1)
2,205 (13.5)
1,524 (9.3)
1,497 (9.2)
829 (5.1)

425 (2.6)
2,112 (12.9)
6,544 (40.1)
2,234 (13.7)
2,214 (13.6)
1,565 (9.6)
1,243 (7.6)
16,072 (98.4)
11,159 (68.3)
31.9

64.4

16,337 (21.6)

LDL-C

Patient group*

11,934 (64.0)
1,396 (7.5)
13,405 (71.9)
12,822 (68.8)

50 (0.3)
107 (0.6)
191 (1.0)

14,852 (79.7)
13,615 (73.0)
7,116 (38.2)

4,174 (22.4)
6,295 (33.8)
6,125 (32.9)

3,055 (16.4)
7,126 (38.2)
3,345 (17.9)
2,095 (11.2)
2,036 (10.9)
986 (5.3)

672 (3.6)
2,732 (14.7)
7,466 (40.1)
2,238 (12.0)
2,244 (12.0)
1,763 (9.5)
1,528 (8.2)
17,933 (96.2)
12,358 (66.3)
31.4

63.9

18,643 (24.6)

HbA1c

11,641 (82.7)
4,234 (30.1)
10,819 (76.8)
10,448 (74.2)

70 (0.5)
79 (0.6)
165 (1.2)

11,109 (78.9)
10,132 (72.0)
5,140 (36.5)

4,253 (30.2)
4,776 (33.9)
4,383 (31.1)

2,796 (19.9)
6,030 (42.8)
2,150 (15.3)
1,244 (8.8)
1,235 (8.8)
624 (4.4)

733 (5.2)
2,676 (19.0)
6,104 (43.4)
1,577 (11.2)
1,329 (9.4)
914 (6.5)
746 (5.3)
13,595 (96.6)
8,774 (62.3)
32.0

61.4

14,079 (18.6)

None

Table 1dPatient baseline characteristics, demographics, comorbidities, complications, medications, and resource use

,0.001
,0.001
,0.001
,0.001

,0.001
,0.001
,0.001
,0.001

,0.001
,0.001
0.852
0.002

0.030
,0.001
0.005

,0.001
0.327
,0.001

,0.001
,0.001
,0.001
0.113
,0.001
,0.001

,0.001
,0.001
,0.001

,0.001
,0.001
,0.001
,0.001

,0.001

None vs.
dual

P value*,†

,0.001
,0.001
0.001

,0.001
,0.001
,0.001
,0.001

,0.001

HbA1c vs.
dual

0.025
0.860
0.007

0.008
,0.001
0.571

,0.001
,0.001
0.156

0.081
,0.001
,0.001
,0.001

,0.001

LDL-C vs.
dual

,0.001
,0.001
,0.001
,0.001

0.001
0.879
0.203

0.092
0.033
0.002

,0.001
0.767
0.001

0.077
,0.001
,0.001
,0.001

,0.001

HbA1c vs.
none

Continued on p. 3301

0.257
,0.001
,0.001
,0.001

0.986
0.001
,0.001

,0.001
,0.001
,0.001

,0.001
,0.001
,0.001

,0.001
,0.001
0.246
,0.001

,0.001

LDL-C vs.
none
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Demographic information is from the index date; all other characteristics were measured in the ﬁrst 6-month cycle. *Dual, patients achieving both LDL-C and HbA1c goals; HbA1c, patients achieving only the HbA1c goal;
LDL-C, patients achieving only the LDL-C goal; none, patients achieving neither goal (see text for details). †P values for categorical variables were obtained using x2 tests; P values for continuous variables were obtained
using ANOVA tests. xIncludes glaucoma, macular edema, retinal edema, vitreous hemorrhage, and blindness.

,0.001
0.039
0.594
,0.001
0.138
0.102
0.106
0.157
0.947
,0.001
0.382
0.580
,0.001
0.824
0.065
2,058 (7.7)
629 (2.4)
26,192 (98.5)
Resource utilization, n (%)
Inpatient visit
Emergency room visit
Outpatient visit

5,712 (7.6)
1,788 (2.4)
74,474 (98.5)

1,484 (9.1)
392 (2.4)
16,057 (98.3)

1,143 (6.1)
465 (2.5)
18,354 (98.5)

1,027 (7.3)
302 (2.2)
13,871 (98.5)

None vs.
dual
HbA1c vs.
dual
LDL-C vs.
dual
None
LDL-C
Dual
All patients
Characteristics

Table 1dContinued

Patient group*

HbA1c

P value*,†

LDL-C vs.
none

HbA1c vs.
none

Shi and Associates

Figure 1dGoal achievement and clinical outcomes. Dual, patients achieving both LDL-C and
HbA1c goals; HbA1c, patients achieving only the HbA1c goal; LDL-C, patients achieving only the
LDL-C goal; none, patients achieving neither goal (see text for details).

level cutoff recommended by major national
and international guidelines for patients
with diabetes (,130/80 mmHg) may be difﬁcult to achieve, and the beneﬁts of achieving this blood pressure goal are unclear
(30). We decided to await ﬁnal consensus
on the optimal blood pressure goal for
patients with diabetes before creating appropriate models to account for blood pressure goal achievements. Current lipid and
glycemic goals, however, are relatively easy
to achieve, as can be seen from our study,
and their effects are therefore easier to take
into consideration.
Clinical outcomes: single- vs.
no-goal achievement
Our results are also consistent with ﬁndings from large randomized trials that
evaluated situations analogous to the
achievement of single metabolic goals.
The 10-year UK Prospective Diabetes Study
found that intensive glycemic control reduces the risk of microvascular complications but does not affect the risk of
macrovascular disease (31). This lack of
association between intensive glycemic control and macrovascular beneﬁts has been observed in other large trials, such as Action in
Diabetes and Vascular Disease: Preterax and
Diamicron Modiﬁed Release Controlled

Evaluation (ADVANCE) (4), Action to Control Cardiovascular Risk in Diabetes
(ACCORD) (2,3), and Veterans Affairs Diabetes Trial (VADT) (32), except in the case
of patients with newly diagnosed diabetes
(5,33). Our study showed a 6% lower hazard of cardiovascular-related end point
for HbA1c achievers compared with nogoal achievers. Our ﬁndings are in agreement with the results from several large
randomized trials that found that the
treatments aimed at lowering LDL-C
were associated with a reduced risk of
cardiovascular events in patients with
diabetes (6–10).
In our study, achievement of the
HbA1c goal alone and the LDL-C goal
alone were each associated with a lower
risk of cardiovascular surgeries, which is
consistent with other research in patients
with diabetes which has shown that patients who undergo CABG (34–36) and
PCI (37,38) often have elevated HbA1c
levels, and that lowering LDL-C levels is
also associated with lower risks of coronary events (6,7,39).
Economic outcomes
This is the ﬁrst study to examine the differences between dual- and single-goal
achievement in terms of health care resource
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Figure 2dGoal achievement and health care utilization. Dual, patients achieving both LDL-C
and HbA1c goals; HbA1c, patients achieving only the HbA1c goal; LDL-C, patients achieving only
the LDL-C goal; none, patients achieving neither goal. *P , 0.05; **P , 0.01; ***P , 0.001.

utilization and costs in patients with
diabetes. Our results suggest that dualgoal achievement provides additional
economic beneﬁts. over LDL-C goal alone,
but not over HbA1c goal alone. Our results
are consistent with previous studies that
show that control of either LDL-C (40) or
HbA1c (15) is associated with cost savings.
For example, a 2003 study designed to
assess cost of statin therapy for the primary prevention of major coronary events

in U.S. patients with diabetes and LDL-C
levels .100 mg/dL found that among
individuals with LDL-C levels of 100–
129 mg/dL and $130 mg/dL, the annual
cost difference between patients with major coronary events with statin treatment
versus without statin treatment was $480–
950 and $590–1,920, respectively (16). A
2005 analysis conducted to predict costs
and outcomes for patients with uncontrolled T1DM and T2DM, compared with

Figure 3dGoal achievement and diabetes-related medical service cost difference. Dual, patients
achieving both LDL-C and HbA1c goals; HbA1c, patients achieving only the HbA1c goal; LDL-C,
patients achieving only the LDL-C goal; none, patients achieving neither goal. *P , 0.05;
***P , 0.001.
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patients who remained at HbA1c levels of 7%
(53 mmol/mol) or 6.5% (48 mmol/mol),
found that efﬁcient targeting of ﬁnancial
resources toward achievement of HbA1c
goals in the U.S. would result in $35–72
billion savings over the subsequent 10
years (15).
The design and methods of this study
had several strengths. First, the data used
for this study include laboratory measurements for patients over time. Second, this
study used a longitudinal design that was
able to capture the time-varying nature of
laboratory measurements. This allowed
for better estimation of the association
between goal achievement and risk of
complications over time, compared with a
simple cross-sectional design, which
would use baseline laboratory values in
regression models. The limitations of the
study include the usual caveats associated
with retrospective studies. First, due to
the retrospective observational design,
the analysis may have been affected by
unobserved factors that were not taken
into account in the model. Second, the
electronic medical records did not include information on disease severity,
disease duration, lifestyle modiﬁcations,
or other interventions. Third, although
patients enrolled in the VHA do not
typically use services outside of the system, any health care services that were
administered by a provider outside of the
VHA were not included in the electronic
records. Fourth, because we used VHA
data, the patients in our study were predominantly male. Although our sample
was representative of the VHA population, gender imbalance may limit the
generalization of our ﬁndings. As the
VHA population may have characteristics
that are distinct from those in the general
population, similar studies in the general
population should be performed. Finally,
studies on the clinical and economic beneﬁts associated with triple goal achievement
of HbA 1c, LDL-C, and blood pressure
goals may shed additional light on the
appropriate management of patients with
T2DM.
In conclusion, this retrospective study
among U.S. veterans suggests that the
achievement of both LDL-C and HbA1c
goals is associated with additional clinical
and economic beneﬁts, compared with the
achievement of either goal alone. These
ﬁndings may facilitate decision making
when considering the health and pharmacoeconomic beneﬁts of various treatment
strategies to target multiple treatment goals
for individuals with diabetes.
care.diabetesjournals.org
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