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Background Type 2 diabetes (T2D) is a strong risk factor for cardiovascular (CV) disease. CV outcomes in T2D have 
generally been improving over time but recent data from the US suggest attenuation of trends in older adults with reversal of 
trends in younger adults. However, published data are only reported through 2015. 

Objectives To quantify trends over time in CV outcomes from 2001 to 2018, and describe changes over time in health 
care costs in T2D. 

Methods This retrospective cohort study incorporated data from a regional health insurance plan. Study outcomes 
included acute myocardial infarction (AMI), ischemic stroke, hemorrhagic stroke, heart failure hospitalization (HFH), percu- 
taneous coronar y inter vention, coronar y arter y bypass surger y, and all-cause mortality. Poisson regression estimated rate 
ratios across the entire 17-year study period (RR 17 ). 

Results Among 79,392 T2D members tracked on average 4.1 years, overall trends in AMI (RR 17 = 0.69; 95% CI: 0.64, 
0.74), HFH (RR 17 = 0.82; 0.79, 0.86), and all-cause mortality (RR 17 = 0.87; 0.84, 0.91) improved while ischemic stroke 
(RR 17 = 2.36; 2.16, 2.57) worsened. For AMI, HFH, and all-cause mortality, trends in older age groups were significantly 
better than in younger age groups (interaction P -values < .001). Health care costs related to pharmaceuticals ( + 15%/year) 
and emergency department (ED) visits ( > 15%/year) increased at faster rates than other utilization metrics ( + 10%/year). 

Conclusions In T2D, overall trends in most CV outcomes improved but smaller improvements or worsening trends 
were observed in younger patients. Health care costs accelerated at faster rates for medications and ED visits. (Am Heart J 
2023;265:161–169.) 
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Type 2 diabetes (T2D) affects nearly 15% of United
States (US) adults, and with the growing obesity epi-
demic the absolute number of people with T2D and its
associated complications are expected to rise. 1-4 T2D as-
sociates with multiple risk factors for cardiovascular dis-
ease (CVD) which accelerate the development and pro-
gression of atherosclerotic CVD (ASCVD). 5 As such, T2D
increases by 2-fold the risk of ASCVD-related events in-
cluding myocardial infarction (MI), ischemic stroke, and
cardiovascular (CV) death. 5-12 Notably, better control of
ASCVD risk factors through either lifestyle or pharma-
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cologic means is strongly associated with improved CV
outcomes in T2D. 5 , 13-16 

Over the last few decades, ASCVD event and all-cause
mortality rates in T2D have generally been improving
in the US and elsewhere. 9 , 17-22 However, in the US,
an attenuation of trends was observed in older adults
while in younger adults ( < 65 years) trend reversals were
observed including for acute MI and stroke but only
through 2015. 19 Fur thermore, ASCVD r isk factor con-
trol in T2D has been stagnating or worsening in re-
cent years following an extended period of improv-
ing control. 1 , 23-25 In addition, 2 new classes of glucose-
lowering therapy—the glucagon-like peptide-1 receptor
agonists (GLP-1 RA) and sodium-glucose cotransporter-
2 inhibitors (SGLT2i)—have recently shown cardiopro-
tective effects in randomized trials and uptake of these
classes has been rising. 5 , 13 , 23 , 26 , 27-29 The collective ef-
fect of these changes on population-level ASCVD out-
come rates in T2D is uncertain, and the heterogeneous
trends by age observed in prior studies require confir-
mation. Lastly, the effects of changes in outcomes and

treatments on health care costs in T2D have not been 
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recently examined. Accordingly, the present study uti-
lized a regional insurance claims database to achieve the
following goals: (1) quantify changes over time in car-
diovascular outcomes among T2D patients from 2001 to
2018; (2) evaluate historical trends and contemporary
uptake of novel and established diabetes medications;
and (3) quantify changes over time in health care costs
in an unselected T2D cohort. 

Methods 

This retrospective cohort study incorporated insurance
claims data from the Geisinger Health Plan (GHP), a re-
gional health insurance plan serving members in Penn-
sylvania and surrounding states. Study-eligible members
were required to have at least 1 continuous GHP enroll-
ment period of > 2 years between 1999 and 2020. T2D
patients were identified through the appropriate Inter-
national Classification of Diseases 10th edition (ICD-10)
codes documented at either 1 inpatient or 2 separate out-
patient encounters. Member-level study intervals were
defined by the time period beginning on the first out-
patient visit after inclusion cr iter ia were met and ending
on the disenrollment date or December 31, 2020. 

The current study evaluated changes over time from
2001 to 2020 in the following data domains: (1) case
mix, including demographics, medical history such as
the presence of concomitant CV risk factors, prior CV
events and procedures, and diabetes-related complica-
tions; (2) diabetes medications; (3) cardiovascular med-
ications; (4) new cardiovascular events and procedures
(“study outcomes”) including (a) acute myocardial in-
farction, (b) ischemic stroke, (c) hemorrhagic stroke,
(d) heart failure hospitalization (HFH), (e) percutaneous
coronary intervention (PCI), (f) coronary artery bypass
graft (CABG) surgery, and (g) all-cause mortality; and (5)
costs. Time intervals of data availability within GHP data
systems varied across data domains: case mix and CV out-
come/procedure data were available from 2001 to 2018,
medication data from 2007 to 2020, and cost data from
2012 to 2018. 

Study outcomes occurring between 2001 and 2018
within members’ study intervals were identified. MI, is-
chemic stroke, hemorrhagic stroke, and HFH were con-
sidered study outcomes when an appropriate ICD-10
code was documented as the primary discharge diagno-
sis associated with a hospital admission. PCI and CABG
procedures performed were identified through appropri-
ate ICD-10 and procedure codes. Age-standardized out-
come rates—standardized to the 2010 age distribution
of the study cohort according to age groups < 45, 45
to 54, 55 to 64, 65 to 74, 75 to 84, and ≥85—were
reported per 10,000 per son-year s by calendar year and
plotted over time. Poisson regression models were de-
veloped with calendar year as a single degree of free-
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dom term to test for log-linear trends in outcome rates
over time. Age-adjusted rate ratios (RR) with correspond-
ing 95% confidence intervals (CI) were estimated; RRs
are interpreted as the average annual relative change in
outcome rates over the entire study period. RRs raised
to the 17th power (RR 

17 ) provide an estimate of the to-
tal relative change in outcome rates over the 17 years
from the beginning (2001) to the end (2018) of the
outcome-tracking study period. As a secondary analysis,
age-adjusted RRs comparing a “late” time period (2014-
2018) to an “early” time period (2001-2005) were also
estimated. Lastly, RRs from Poisson models were also re-
ported across age strata to evaluate trend heterogeneity
across age groups and formal interaction tests were per-
formed. 

Member-level cost data were available from 2012 to
2018. Costs are defined as provider charges submitted
for payment (ie, costs of providing care). Pharmaceu-
tical costs reflect drug prices prior to application of
copays, discounts, rebates, etc. Costs were identified
within member-level study intervals and apportioned
across calendar years (per member per year). Hypotheti-
cal trend lines denoting fixed annual cost increases of 3%,
10%, and 15% (starting from 2012 costs) were superim-
posed on the observed mean cost trend lines to approx-
imate annual relative cost increases. In secondary anal-
yses, costs were separated into various mutually exclu-
sive categories: (1) pharmaceutical vs medical (ie, non-
pharmaceutical) costs; and (2) outpatient vs inpatient vs
emergency department costs. 

The authors are solely responsible for the design and
conduct of this study, all study analyses, the drafting and
editing of the paper and its final contents. Funding for
this study was provided by Novo Nordisk. Novo Nordisk
was an active participant in all phases of this study and
Novo Nordisk employees are listed as coauthors. 

Results 

Case mix 

From 2001 to 2018, 79,392 unique adult study mem-
bers with T2D were tracked a total of 322,565 person-
years, an average (SD) of 4.1 (4.1) years per member. The
number of per son-year s apportioned to individual calen-
dar years ranged from 11,075 in 2001 to 29,939 in 2018.
Demographics, medical history, prior CV events and pro-
cedures, and diabetes-related complications are reported
over time in eTable 1. 

Diabetes and cardiovascular medications 
Medication data were available for years 2007 to 2020.

Over the study period, among the 8 classes of diabetes
medications considered, use of metformin (26% in 2007
vs 50% in 2020), DPP4i (2% vs 9%), insulin (12% vs 22%),
meglitinides ( < 1% vs 2%), GLP-1 RA (0% vs 12%), and
Social Security de ClinicalKey.es por Elsevier en noviembre 16, 2023. 
ción. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.
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Figure 1 

Diabetes Medications Over Time Among Patients with Type 2 Diabetes. DPP4i - Dipeptidyl peptidase-4 inhibitors; GLP1-RA - Glucagon-like 
peptide-1 receptor agonists; SGLT2i - Sodium-glucose transporter 2 inhibitors; SU - Sulfonylureas; TZD - Thiazolidinediones. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SGLT2i (0% vs 11%) increased, while sulfonylureas (17%
vs 19%) and thiazolidinediones (5% vs 2%) remained
steady or decreased ( Figure 1 ; eTable 2). Since 2015,
uptake of GLP-1 RAs and SGLT2is have risen sharply.
Over time, the average number of diabetes medication
classes used per member increased (0.63 in 2007, 1.28
in 2020—eFigure 1). Among cardiovascular medications,
use of an angiotensin converting enzyme inhibitor (ACEI)
or angiotensin receptor blocker (ARB) increased over
time (39% in 2007 vs 60% in 2020), as did statin use (33%
vs 68%) (eFigure 2; eTable 3). 

Cardiovascular outcomes and procedures 
Acute myocardial infarction 

Between 2001 and 2018, 8,457 total MI events were
documented over 322,565 per son-year s of observation
(event rate [ER] = 262 per 10,000 per son-year s) [Note:
per son-year denominator s are identical for all nonfa-
tal study outcomes]. Within the entire study cohort,
MI rates decreased over time (RR = 0.98, 95% CI: 0.97,
0.98; RR 

17 = 0.69 (over 17 years), 95% CI: 0.64, 0.74)
( Figure 2 ). Comparing years 2014-2018 to 2001-2005,
RR = 0.76, 95% CI: 0.67, 0.87. Across age groups, MI
rates significantly decreased over time among T2D pa-
tients 65 to 74 (RR 

17 = 0.76, 95% CI: 0.67, 0.86), 75 to
84 (RR 

17 = 0.68, 95% CI: 0.60, 0.77), and ≥85 years of
age (RR 

17 = 0.63, 95% CI: 0.53, 0.76), while no signifi-
Descargado para Anonymous User (n/a) en National Library of Health and Socia
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cant changes over time were observed in younger age
groups (interaction P < .001) ( Figure 3 ; eTable 4). 

Ischemic stroke 
For ischemic stroke, 6,731 events were documented

over the study period (ER = 209 per 10,000 person-
years). In the entire study cohort, ischemic stroke rates
increased over time (RR = 1.05, 95% CI: 1.05, 1.06;
RR 

17 = 2.36, 95% CI: 2.16, 2.57) ( Figure 2 ). Comparing
years 2014-2018 to 2001-2005, RR = 2.00, 95% CI: 1.71,
2.35. Ischemic stroke rates increased significantly within
all age groups (interaction P = .36) ( Figure 3 ; eTable 5). 

Hemorrhagic stroke 
For hemorrhagic stroke, 1,479 events were docu-

mented over the study period (ER = 46 per 10,000
per son-year s). For the entire study cohort, hemorrhagic
stroke rates increased over time (RR = 1.02, 95% CI: 1.01,
1.03; RR 

17 = 1.50, 95% CI: 1.26, 1.79). Comparing years
2014-2018 to 2001-2005, RR = 1.54, 95% CI: 1.11, 2.15.
Across age groups a significantly increasing trend was ob-
served only in the ≥85 group (RR 

17 = 1.89, 95% CI: 1.26,
2.84) (interaction P = .12) ( Figure 2 ; Figure 3 ; eTable 6). 

Heart failure hospitalization 

For heart failure hospitalization, 32,114 events were
observed over the study period (ER = 996 per 10,000
per son-year s). For the entire study cohort, HFH rates
decreased over time (RR = 0.99, 95% CI: 0.99, 0.99;
RR 

17 = 0.82, 95% CI: 0.79, 0.86). Comparing years 2014-
l Security de ClinicalKey.es por Elsevier en noviembre 16, 2023. 
 Copyright ©2023. Elsevier Inc. Todos los derechos reservados.
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Figure 2 

Age-standardized cardiovascular outcome rates over time among patients with type 2 diabetes. 

Figure 3 

Cardiovascular outcome trends among patients with type 2 dia- 
betes stratified by age group. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2018 to 2001-2005, RR = 0.86, 95% CI: 0.81, 0.92. How-
ever, there was heterogeneity of trends across age groups
(interaction P < .001). HFH rates significantly decreased
in older age groups (eg, age ≥85: RR 

17 = 0.77, 95% CI:
0.71, 0.83), but significantly increased in younger age
groups (eg, age 45-54: RR 

17 = 2.02, 95% CI: 1.57, 2.59)
(eTable 7). 

Revascularization procedures 
PCI (ER = 106 per 10,000 per son-year s) and CABG

(ER = 53 per 10,000 per son-year s) rates declined
consistently both overall (PCI: RR 

17 = 0.54, 95% CI: 0.48,
Descargado para Anonymous User (n/a) en National Library of Health and 
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0.60; CABG: RR 

17 = 0.29, 95% CI: 0.24, 0.34) and across
most age groups ( Figure 2 ; Figure 3 ; eTable 8; eTable
9). For PCI, comparing years 2014-2018 to 2001-2005,
RR = 0.62, 95% CI: 0.49, 0.77. For CABG, comparing
years 2014-2018 to 2001-2005, RR = 0.44, 95% CI: 0.33,
0.58. 

Mortality 

For all-cause mortality, 21,334 deaths occurred over the
study period (ER = 354 per 10,000 per son-year s). Across
the entire study cohort, the age-standardized death rate
decreased over time (RR = 0.99, 95% CI: 0.99, 0.99;
RR 

17 = 0.87, 95% CI: 0.84, 0.91) but with heterogene-
ity across age groups (interaction P < .001) ( Figure 2 ;
Figure 3 ; eTable 10). Comparing years 2014-2018 to
2001-2005, RR = 0.90, 95% CI: 0.83, 0.98. Among older
age groups, death rates significantly decreased over time
(age 65-74: RR 

17 = 0.78, 95% CI: 0.71, 0.86; age 75-84:
RR 

17 = 0.79, 95% CI: 0.74, 0.86; age ≥ 85: RR 

17 = 0.74,
95% CI: 0.67, 0.80), while death rates significantly in-
creased over time in younger age groups (age < 45:
RR 

17 = 2.86, 95% CI: 1.57, 5.21; age 45-54: RR 

17 = 1.48,
95% CI: 1.11, 1.98). In the 55 to 64 age group there was
no significant (linear) change in death rates over time
(RR 

17 = 1.03, 95% CI: 0.87, 1.21). 

Costs 
Total per member per year mean costs increased at an

annual rate of approximately 10% per year (eFigure 3;
eTable 11). Whereas annual increases in mean medical
(ie, nonpharmaceutical) costs remained around 10% per
Social Security de ClinicalKey.es por Elsevier en noviembre 16, 2023. 
ción. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.
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Figure 4 

Medical costs over time among patients with type 2 diabetes. 

Figure 5 

Pharmaceutical costs over time among patients with type 2 diabetes. 

 

 

 

 

 

 

 

 

 

 

year over the study period, mean pharmaceutical costs
increased sharply starting in 2015 such that the average
annual increase was ∼15% per year over the study pe-
riod ( Figure 4 ; Figure 5 ). In 2018, pharmaceutical costs
accounted for 9.2% of total costs, increasing from 8.0% in
Descargado para Anonymous User (n/a) en National Library of Health and Socia
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2012. Mean outpatient and inpatient costs increased 10%
per year, but annual increases in emergency department
(ED) costs exceeded 15% per year (eFigure 4; eFigure 5;
eFigure 6). The fraction of total medical costs attributed
to ED utilization increased from 5.3% in 2012 to 7.8% in
l Security de ClinicalKey.es por Elsevier en noviembre 16, 2023. 
 Copyright ©2023. Elsevier Inc. Todos los derechos reservados.
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2018. Furthermore, in 2018, hospitalizations accounted
for 46.9% of total medical costs while outpatient costs
accounted for 45.3%. 

Discussion 

In this retrospective study of patients with type 2
diabetes enrolled in a regional health insurance plan,
age-standardized rates of all-cause mortality, acute my-
ocardial infarction, heart failure hospitalization, percuta-
neous coronary intervention, and coronary bypass graft
surgery improved over time from 2001 to 2018, while
rates of ischemic and hemorrhagic stroke worsened. Out-
come trends were generally more favorable in older than
younger T2D patients; indeed, for all-cause mortality and
HFH, event rates significantly worsened over time in
younger age groups yet improved in older groups. Over
time, T2D members were increasingly more likely to
be diagnosed with diabetes-related microvascular condi-
tions and received a greater number of glucose-lowering
medications. Total health care costs among T2D mem-
bers increased approximately 10% per year from 2012
to 2018, while pharmaceutical costs increased approx-
imately 15% per year starting in 2015. Among health
care utilization metrics considered, costs related to emer-
gency department visits increased at a relatively faster
rate than costs related to hospitalizations and outpatient
visits, though hospitalizations and outpatient visits each
accounted for > 40% of total costs. 

After an extended period of decreasing all-cause mor-
tality and CV-related event rates in T2D over time in
the US and elsewhere, a recent study 19 has cast doubt
on this progress reporting an attenuation of trends in
older adults and concerning trend reversals in younger
adults under 65 years of age through 2015. 7 , 9 , 17 , 19-22 , 30-32

Our results generally support these findings in a large
though geographically confined T2D patient population
enrolled in a regional health insurance plan. This study
extends previous findings by tracking an expanded col-
lection of CV outcomes through 2018. In particular, we
observed consistent decreases over time in all-cause mor-
tality, acute MI, heart failure hospitalization, and coro-
nary revascularization procedures performed. A notable
exception was observed for ischemic stroke whose oc-
currence rate consistently increased over the study pe-
riod such that its estimated overall increase from 2001 to
2018 was over 2-fold. Cautious interpretation of this ob-
servation is warranted however as no obvious explana-
tion can be provided for the diverging trends. However,
in agreement with our findings, a study from Spain exam-
ining trends in multiple CV outcomes from 2002 to 2014
reported a similar, though less extreme, discordance of
trends between stroke and other CV outcomes. 33 Also
consistent with the recent study by Gregg et al, 19 our
study observed trend heterogeneity by age across mul-
tiple study outcomes, whereby flat or worsening trends
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were observed in younger age groups while improving
trends were observed in older age groups. 17-19 Explana-
tions for this heterogeneity are speculative. Notably, a
relative increase in the number of younger T2D patients
was observed during the latter years of our study. This
may reflect increased diagnostic screening in the clini-
cal environment, thereby uncovering a greater number
of younger T2D patients—a group more likely to go un-
diagnosed. 1 Indeed, a recent study revealed that the frac-
tion of undiagnosed T2D cases has been declining faster
among younger than older individuals. 34 Coupled with
the observation that T2D in younger patients typically
follows a more aggressive clinical course, an explanation
for the worsening trends in younger T2D patients can be
hypothesized. 35 

In parallel with the temporal changes in CV outcomes
observed in this study, multiple changes in the risk pro-
file and applied therapeutic strategies occurred which
may have impacted outcome rates in T2D. In particu-
lar, multiple lines of evidence suggest that disease sever-
ity has been worsening over time among T2D patients.
Our study reported significant increases over time in
the prevalence of coexisting microvascular disorders—
conditions strongly associated with poor glycemic con-
trol. We caution, however, that the large observed in-
creases may be partially attributable to nonphysiologic
factors such as increased diagnostic testing, recognition,
and upcoding. Furthermore, an electronic health record-
(EHR-) based study from the study institution and other
recent population-based studies from the US have re-
ported worsening glycemic control among T2D patients
in recent years. 1 , 23 , 24 Worsening glycemic control has
been observed despite an increasing number of T2D
medications being used over time. 23 , 24 , 36 Our study re-
ported a near doubling in the average number of T2D
medications used per member over the period of avail-
able data (2007-2020). This increase in T2D medication
use has been observed worldwide as part of the evolving
medical management of T2D with increasing use of met-
formin, insulin, GLP-1 RA, and SGLT2i. 37-40 The increased
uptake of GLP-1 RAs and SGLT2is to > 10% of T2D pa-
tients in 2020 is especially noteworthy in the current
study’s context as these are the only diabetes medication
classes convincingly shown to reduce CV outcomes in
randomized trials. 26 

With respect to non–glucose-related CV risk factors
and therapies, our study reported increased uptake of
blood pressure- and lipid-lowering therapies over time
though use remained suboptimal. In 2020, documented
statin use was 68% (up from 33% in 2007) despite 87% of
study patients having a dyslipidemia diagnosis. Further-
more, ACEI/ARB use was 60% in 2020 (up from 39% in
2007) despite a documented hypertension diagnosis in
87%. These results concur with prior work reporting un-
derutilization of effective, CV-event-reducing therapies
in T2D. 41-44 Though the current insurance claims-based
Social Security de ClinicalKey.es por Elsevier en noviembre 16, 2023. 
ción. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.
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analysis was unable to track actual changes in blood pres-
sure and lipids over time, a complementary study from
our group using EHR data reported noticeable improve-
ments in lipid control over time but no change in blood
pressure control. 23 Two recently-published studies incor-
porating NHANES data reported similar findings. 1 , 24 Im-
portantly, better control of CV risk factors has been asso-
ciated with improved CV outcomes in both observational
and randomized studies. 5 , 24-31 Unfortunately, maintaining
control of CV risk factors in T2D has been challenging
as underscored by ample data. 1 , 14 , 16 , 23-25 , 29 , 41 , 43-46 For
instance, in our EHR-based study, only 41% of T2D pa-
tients had simultaneous control of 4 important risk fac-
tors (HbA1c, blood pressure, non–high-density lipopro-
tein cholesterol, and smoking) in 2020. 23 

The management of T2D and its complications are im-
por tant dr ivers of health care costs. 2 Our study observed
an annual increase in total health care costs of approxi-
mately 10% per year, well above average annual inflation.
When breaking down total costs into mutually exclusive
categories, in 2018, hospitalizations accounted for 42.6%
of costs, emergency department visits for 7.1%, outpa-
tient care (ie, nonhospital, non-ED) for 41.1%, and out-
patient pharmacologic management for 9.2%. Prior work
has shown that hospitalizations account for a large pro-
portion of costs in managing T2D. 47-48 Costs related to
ED visits and pharmaceuticals increased at faster rates
than costs related to other utilization metrics. In partic-
ular, annual costs related to ED visits increased at a rate
exceeding 15% per year, while pharmaceutical costs in-
creased at a rate of about 15% per year. Prior studies have
reported increases over time in inflation-adjusted spend-
ing for diabetes therapies related to both the number of
medications prescribed and the per-claim price of pop-
ular diabetes drugs. 49-51 Furthermore, a significant frac-
tion of the costs related to T2D is associated with the
management of CVD with studies reporting that costs of
managing T2D are double among those with versus with-
out CVD. 47 , 48 , 52 , 53 

Limitations 
Some limitations of this study should be noted. The

health plan member T2D cohort was significantly older
(median age ∼70) than more population-based T2D co-
horts (mean age ∼60). 24 , 42 This may be partially at-
tributed to our 2 + -year enrollment criterion which may
have excluded a disproportionate number of younger pa-
tients enrolled through employers. In common with all
insurance claims data studies, we lacked information on
impor tant var iables which may have helped explain our
findings such as body mass index, smoking status, blood
pressure, cholesterol, and glucose indices. Data availabil-
ity varied across the different data domains which lim-
ited our ability to assess correlations between study vari-
ables. Proper interpretation of outcome trends can be
obscured by artifacts including changing diagnostic crite-
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ria, coding practices, etc. 17 Notably, the primary diagnos-
tic biomarker for T2D changed during our study period
(from blood glucose to HbA1c) and this change may have
affected the patient profile and observed trends. Further-
more, the observed trend in ischemic stroke may reflect
unidentified artifact and this analysis should be repeated
in future studies. However, that all study outcomes were
operationalized through a common methodology argues
against artifact as explaining the trend. 

In conclusion, in T2D, overall trends in most CV out-
comes improved but smaller improvements or worsen-
ing trends were observed in younger patients. Health
care costs accelerated at faster rates for medications and
ED visits. Opportunity remains for further improvement
in CV outcomes, and future work should attempt to bet-
ter understand the worsening CV outcomes in younger
T2D patients. 

Disclosures 

Novo Nordisk was an active participant in all phases
of this study and Novo Nordisk employees are listed as
co-authors. JR and YMP are employees of Novo Nordisk.
NK is a former employee of Novo Nordisk. JPB is on
the speakers’ bureau of Novo Nordisk. The remaining au-
thors have nothing to disclose. 

Funding 

Funding for this study was provided by Novo Nordisk . 

Supplementary materials 

Supplementary material associated with this article can
be found, in the online version, at doi: 10.1016/j.ahj.
2023.07.012 . 

References 

1. Wang L, Li X, Wang Z, et al. Trends in prevalence of diabetes 
and control of risk factors in diabetes among US adults, 
1999-2018. JAMA 2021;326:1–13 . 

2. Centers for Disease Control and Prevention. National Diabetes 
Statistics Report website. https: 
//www.cdc.gov/diabetes/data/statistics-report/index.html . 
Accessed June 10, 2022. 

3. Tsao CW, Aday AW, Almarzooq ZI, et al. Heart disease and 
stroke statistics-2022 update: a report from the American Heart 
Association. Circulation 2022;145:e153–639 . 

4. Menke A, Casagrande S, Geiss L, Cowie CC. Prevalence of and 
trends in diabetes among adults in the United States, 1988-2012.
JAMA 2015;314:1021–9 . 

5. . 10. Cardiovascular disease and risk management: standards of 
medical care in diabetes-2022. Diabetes Care 2022;45(suppl 
1):S144–74 . 

6. Einarson TR, Acs A, Ludwig C, Panton UH. Prevalence of 
cardiovascular disease in type 2 diabetes: a systematic literature 
review of scientific evidence from across the world in 
2007-2017. Cardiovasc Diabetol 2018;17:83 . 
l Security de ClinicalKey.es por Elsevier en noviembre 16, 2023. 
 Copyright ©2023. Elsevier Inc. Todos los derechos reservados.

https://doi.org/10.1016/j.ahj.2023.07.012
http://refhub.elsevier.com/S0002-8703(23)00185-0/sbref0001
https://www.cdc.gov/diabetes/data/statistics-report/index.html
http://refhub.elsevier.com/S0002-8703(23)00185-0/sbref0003
http://refhub.elsevier.com/S0002-8703(23)00185-0/sbref0004
http://refhub.elsevier.com/S0002-8703(23)00185-0/sbref0005
http://refhub.elsevier.com/S0002-8703(23)00185-0/sbref0006


168 Williams et al American Heart Journal 
November 2023 

 

 

 

 

 

 

 

 

 

 

7. Gregg EW, Cheng YJ, Srinivasan M, et al. Trends in 
cause-specific mortality among adults with and without diagnosed
diabetes in the USA: an epidemiological analysis of linked 
national survey and vital statistics data. Lancet 
2018;391:2430–40 . 

8. Chatterjee S, Khunti K, Davies MJ. Type 2 diabetes. Lancet 
2017;389:2239–51 . 

9. Rawshani A, Rawshani A, Franzen S, et al. Mortality and 
cardiovascular disease in type 1 and type 2 diabetes. N Engl J 
Med 2017;376:1407–18 . 

10. Beckman JA, Creager MA. Vascular complications of diabetes. 
Circ Res 2016;118:1771–85 . 

11. Dinesh Shah A, Langenberg C, Rapsomaniki E, et al. Type 2 
diabetes and incidence of a wide range of cardiovascular 
diseases: a cohort study in 1.9 million people. Lancet 
2015;385(suppl 1):S86 . 

12. Rao Kondapally Seshasai S, Kaptoge S, Thompson A, et al. 
Diabetes mellitus, fasting glucose, and risk of cause-specific 
death. N Engl J Med 2011;364:829–41 . 

13. Cosentino F, Grant PJ, Aboyans V, et al. 2019 ESC Guidelines on
diabetes, pre-diabetes, and cardiovascular diseases developed in
collaboration with the EASD. Eur Heart J 2020;41(2):255–323 . 

14. Mancini G, Maron DJ, Hartigan PM, et al. Lifestyle, glycosylated 
hemoglobin A1c, and survival among patients with stable 
ischemic heart disease and diabetes. J Am Coll Cardiol 
2019;73:2049–58 . 

15. Khunti K, Kosiborod M, Ray KK. Legacy benefits of blood glucose,
blood pressure and lipid control in individuals with diabetes and 
cardiovascular disease: time to overcome multifactorial 
therapeutic inertia? Diabetes Obes Metab 2018;20:1337–41 . 

16. Rawshani A, Rawshani A, Franzén S, et al. Risk factors, mortality,
and cardiovascular outcomes in patients with type 2 diabetes. N 

Engl J Med 2018;379:633–44 . 
17. Ali MK, Pearson-Stuttard J, Selvin E, Gregg EW. Interpreting 

global trends in type 2 diabetes complications and mortality. 
Diabetologia 2022;65:3–13 . 

18. Sacre JW, Harding JL, Shaw JE, Magliano DJ. Declining mortality
in older people with type 2 diabetes masks rising excess risks at 
younger ages: a population-based study of all-cause and 
cause-specific mortality over 13 years. Int J Epidemiol 
2021;50:1362–72 . 

19. Gregg EW, Hora I, Benoit SR. Resurgence in diabetes-related 
complications. JAMA 2019;321:1867–8 . 

20. Harding JL, Pavkov ME, Magliano DJ, et al. Global trends in 
diabetes complications: a review of current evidence. 
Diabetologia 2019;62:3–16 . 

21. Weisman A, Fazli GS, Johns A, Booth GL. Evolving trends in the 
epidemiology, risk factors, and prevention of type 2 diabetes: a 
review. Can J Cardiol 2018;34:552–64 . 

22. Gregg EW, Li Y, Wang J, et al. Changes in diabetes-related 
complications in the United States, 1990-2010. N Engl J Med 
2014;370:1514–23 . 

23. Williams BA, Brady JP, Voyce S, et al. Changes over time in the 
cardiovascular risk profile of type 2 diabetes from 2007 to 
2020: a community-based study. Diabetes Obes Metab 
2022;24:1216–23 . 

24. Fang M, Wang D, Coresh J, Selvin E. Trends in diabetes 
treatment and control in U.S. adults, 1999-2018. N Engl J Med 
2021;384:2219–28 . 
Descargado para Anonymous User (n/a) en National Library of Health and 
Para uso personal exclusivamente. No se permiten otros usos sin autoriza
25. Ali MK, Bullard KM, Saaddine JB, et al. Achievement of goals in 
U.S. diabetes care, 1999-2010. N Engl J Med 
2013;368:1613–24 . 

26. Ghosh-Swaby OR, Goodman SG, Leiter LA, et al. 
Glucose-lowering drugs or strategies, atherosclerotic 
cardiovascular events, and heart failure in people with or at risk 
of type 2 diabetes: an updated systematic review and 
meta-analysis of randomized cardiovascular outcome trials. 
Lancet 2020;8:418–35 . 

27. Dave CV, Schneeweiss S, Wexler DJ, et al. Trends in clinical 
characteristics and prescribing preferences for SGLT2 inhibitors 
and GLP-1 receptor agonists, 2013-2018. Diabetes Care 
2020;43:921–4 . 

28. Honigberg MC, Chang LS, McGuire DK, et al. Use of 
glucagon-like peptide-1 receptor agonists in patients with type 2 
diabetes and cardiovascular disease: a review. JAMA Cardiol 
2020;5:1182–90 . 

29. Arnold SV, de Lemos JA, Rosenson RS, et al. Use of 
guideline-recommended risk reduction strategies among patients 
with diabetes and atherosclerotic cardiovascular disease. 
Circulation 2019;140:618–20 . 

30. An J, Nichols GA, Qian L, et al. Prevalence and incidence of 
microvascular and macrovascular complications over 15 years 
among patients with incident type 2 diabetes. BMJ Open 
Diabetes Res Care 2021;9:e001847 . 

31. Honigberg MC, Patel RB, Pandey A, et al. Trends in 
hospitalizations for heart failure and ischemic heart disease 
among US adults with diabetes. JAMA Cardiol 2021;6:354–7 . 

32. McAllister DA, Read SH, Kerssens J, et al. Incidence of 
hospitalization for heart failure and case-fatality among 3.25 
million people with and without diabetes mellitus. Circulation 
2018;138:2774–86 . 

33. de Miguel-Yanes JM, Jiménez-García R, Hernández-Barrera V, 
et al. Impact of type 2 diabetes mellitus on in-hospital-mortality 
after major cardiovascular events in Spain (2002-2014). 
Cardiovasc Diabetol 2017;16:126 . 

34. Selvin E, Wang D, Lee AK, et al. Identifying trends in 
undiagnosed diabetes in U.S. adults by using a confirmatory 
definition: a cross-sectional study. Ann Intern Med 
2017;167:769–76 . 

35. Lascar N, Brown J, Pattison H, et al. Type 2 diabetes in 
adolescents and young adults. Lancet Diabetes Endocrinol 
2018;6:69–80 . 

36. Lipska KJ, Yao X, Herrin J, et al. Trends in drug utilization, 
glycemic control, and rates of severe hypoglycemia, 2006-2013.
Diabetes Care 2017;40:468–75 . 

37. Bang C, Mortensen MB, Lauridsen KG, Bruun JM. Trends in 
antidiabetic drug utilization and expenditure in Denmark: a 
22-year nationwide study. Diabetes Obes Metab 
2020;22:167–72 . 

38. Montvida O, Shaw J, Atherton JJ, Stringer F, Paul SK. Long-term 

trends in antidiabetes drug usage in the U.S.: real-world evidence
in patients newly diagnosed with type 2 diabetes. Diabetes Care 
2018;41:69–78 . 

39. Wilkinson S, Douglas I, Stirnadel-Farrant H, et al. Changing use 
of antidiabetic drugs in the UK: trends in prescribing 2000-2017.
BMJ Open 2018;8:e022768 . 

40. Christensen DH, Rungby J, Thomsen RW. Nationwide trends in 
glucose-lowering drug use, Denmark, 1999-2014. Clin Epidemiol
2016;8:381–7 . 
Social Security de ClinicalKey.es por Elsevier en noviembre 16, 2023. 
ción. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.

http://refhub.elsevier.com/S0002-8703(23)00185-0/sbref0007
http://refhub.elsevier.com/S0002-8703(23)00185-0/sbref0008
http://refhub.elsevier.com/S0002-8703(23)00185-0/sbref0009
http://refhub.elsevier.com/S0002-8703(23)00185-0/sbref0010
http://refhub.elsevier.com/S0002-8703(23)00185-0/sbref0011
http://refhub.elsevier.com/S0002-8703(23)00185-0/sbref0012
http://refhub.elsevier.com/S0002-8703(23)00185-0/sbref0013
http://refhub.elsevier.com/S0002-8703(23)00185-0/sbref0014
http://refhub.elsevier.com/S0002-8703(23)00185-0/sbref0015
http://refhub.elsevier.com/S0002-8703(23)00185-0/sbref0016
http://refhub.elsevier.com/S0002-8703(23)00185-0/sbref0017
http://refhub.elsevier.com/S0002-8703(23)00185-0/sbref0018
http://refhub.elsevier.com/S0002-8703(23)00185-0/sbref0019
http://refhub.elsevier.com/S0002-8703(23)00185-0/sbref0020
http://refhub.elsevier.com/S0002-8703(23)00185-0/sbref0021
http://refhub.elsevier.com/S0002-8703(23)00185-0/sbref0022
http://refhub.elsevier.com/S0002-8703(23)00185-0/sbref0023
http://refhub.elsevier.com/S0002-8703(23)00185-0/sbref0024
http://refhub.elsevier.com/S0002-8703(23)00185-0/sbref0025
http://refhub.elsevier.com/S0002-8703(23)00185-0/sbref0026
http://refhub.elsevier.com/S0002-8703(23)00185-0/sbref0027
http://refhub.elsevier.com/S0002-8703(23)00185-0/sbref0028
http://refhub.elsevier.com/S0002-8703(23)00185-0/sbref0029
http://refhub.elsevier.com/S0002-8703(23)00185-0/sbref0030
http://refhub.elsevier.com/S0002-8703(23)00185-0/sbref0031
http://refhub.elsevier.com/S0002-8703(23)00185-0/sbref0032
http://refhub.elsevier.com/S0002-8703(23)00185-0/sbref0033
http://refhub.elsevier.com/S0002-8703(23)00185-0/sbref0034
http://refhub.elsevier.com/S0002-8703(23)00185-0/sbref0035
http://refhub.elsevier.com/S0002-8703(23)00185-0/sbref0036
http://refhub.elsevier.com/S0002-8703(23)00185-0/sbref0037
http://refhub.elsevier.com/S0002-8703(23)00185-0/sbref0038
http://refhub.elsevier.com/S0002-8703(23)00185-0/sbref0039
http://refhub.elsevier.com/S0002-8703(23)00185-0/sbref0040


American Heart Journal 
Volume 265 

Williams et al 169 

 

 

 

 

41. Nelson AJ, O’Brien EC, Kaltenbach LA, et al. Use of lipid-, blood 
pressure-, and glucose-lowering pharmacotherapy in patients 
with type 2 diabetes and atherosclerotic cardiovascular disease. 
JAMA Netw Open 2022;5:e2148030 . 

42. Nargesi AA, Jeyashanmugaraja GP, Desai N, et al. 
Contemporary national patterns of eligibility and use of novel 
cardioprotective antihyperglycemic agents in type 2 diabetes 
mellitus. J Am Heart Assoc 2021;10:e021084 . 

43. Nelson AJ, Pagidipati NJ, Aroda VR, et al. Incorporating SGLT2i 
and GLP-1RA for cardiovascular and kidney disease risk 
reduction: call for action to the cardiology community. Circulation
2021;144:74–84 . 

44. Steen DL, Khan I, Becker L, et al. Patterns and predictors of 
lipid-lowering therapy in patients with atherosclerotic 
cardiovascular disease and/or diabetes mellitus in 2014: insights
from a large US managed-care population. Clin Cardiol 
2017;40:155–62 . 

45. Fan W, Song Y, Inzucchi SE, et al. Composite cardiovascular risk
factor target achievement and its predictors in US adults with 
diabetes: the diabetes collaborative registry. Diabetes Obes 
Metab 2019;21:1121–7 . 

46. Arnold SV, Inzucchi SE, Tang F, et al. Real-world use and 
modeled impact of glucose-lowering therapies evaluated in recent
cardiovascular outcomes trials: an NCDR® research to practice 
project. Eur J Prev Cardiol 2017;24:1637–45 . 
Descargado para Anonymous User (n/a) en National Library of Health and Socia
Para uso personal exclusivamente. No se permiten otros usos sin autorización.
47. Artime E, Romera I, Díaz-Cerezo S, Delgado E. Epidemiology 
and economic burden of cardiovascular disease in patients with 
type 2 diabetes mellitus in Spain: a systematic review. Diabetes 
Ther 2021;12:1631–59 . 

48. Einarson TR, Acs A, Ludwig C, Panton UH. Economic burden of 
cardiovascular disease in type 2 diabetes: a systematic review. 
Value Health 2018;21:881–90 . 

49. Sumarsono A, Everett BM, McGuire DK, et al. Trends in 
aggregate use and associated expenditures of antihyperglycemic 
therapies among US Medicare beneficiaries between 2012 and 
2017. JAMA Intern Med 2020;180:141–4 . 

50. Dennis JM, Henley WE, McGovern AP, et al. Time trends in 
prescribing of type 2 diabetes drugs, glycaemic response and 
risk factors: a retrospective analysis of primary care data, 
2010-2017. Diabetes Obes Metab 2019;21:1576–84 . 

51. Riddle MC, Herman WH. The cost of diabetes care-an elephant 
in the room. Diabetes Care 2018;41:929–32 . 

52. Li R, Bilik D, Brown MB, et al. Medical costs associated with type 
2 diabetes complications and comorbidities. Am J Manag Care 
2013;19:421–30 . 

53. Melzer Cohen C, Hallén N, Chodick G, et al. Short-term excess 
healthcare costs associated with cardiovascular events among 
adults with type 2 diabetes in Israel: a retrospective cohort study. 
Pharmacoecon Open 2021;53:533–44 . 
l Security de ClinicalKey.es por Elsevier en noviembre 16, 2023. 
 Copyright ©2023. Elsevier Inc. Todos los derechos reservados.

http://refhub.elsevier.com/S0002-8703(23)00185-0/sbref0041
http://refhub.elsevier.com/S0002-8703(23)00185-0/sbref0042
http://refhub.elsevier.com/S0002-8703(23)00185-0/sbref0043
http://refhub.elsevier.com/S0002-8703(23)00185-0/sbref0044
http://refhub.elsevier.com/S0002-8703(23)00185-0/sbref0045
http://refhub.elsevier.com/S0002-8703(23)00185-0/sbref0046
http://refhub.elsevier.com/S0002-8703(23)00185-0/sbref0047
http://refhub.elsevier.com/S0002-8703(23)00185-0/sbref0048
http://refhub.elsevier.com/S0002-8703(23)00185-0/sbref0049
http://refhub.elsevier.com/S0002-8703(23)00185-0/sbref0050
http://refhub.elsevier.com/S0002-8703(23)00185-0/sbref0051
http://refhub.elsevier.com/S0002-8703(23)00185-0/sbref0052
http://refhub.elsevier.com/S0002-8703(23)00185-0/sbref0053

	Temporal trends in cardiovascular outcomes and costs among patients with type 2 diabetes
	Methods
	Results
	Case mix
	Diabetes and cardiovascular medications
	Cardiovascular outcomes and procedures
	Acute myocardial infarction
	Ischemic stroke
	Hemorrhagic stroke
	Heart failure hospitalization
	Revascularization procedures
	Mortality
	Costs


	Discussion
	Limitations

	Disclosures
	Funding
	Supplementary materials
	References


