Diabetes Care

O

Influence of Diabetes on Trends
in Perioperative Cardiovascular
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OBJECTIVE

Patients undergoing noncardiac surgery frequently have diabetes mellitus (DM) and
an elevated risk of cardiovascular disease. It is unknown whether temporal declines in
the frequency of perioperative major adverse cardiovascular and cerebrovascular
events (MACCEs) apply to patients with DM.

RESEARCH DESIGN AND METHODS

Patients =45 years of age who underwent noncardiac surgery from January 2004 to
December 2013 were identified using the U.S. National Inpatient Sample. DM was identi-
fied using ICD-9 diagnosis codes. Perioperative MACCEs (in-hospital all-cause mortality, acute
myocardial infarction, or acute ischemic stroke) by DM status were evaluated over time.

RESULTS

The final study sample consisted of 10,581,621 hospitalizations for major noncardiac
surgery; DM was present in ~23% of surgeries and increased over time (P for
trend <0.001). Patients with DM experienced MACCEs in 3.3% of surgeries vs. 2.8% of
surgeries for patients without DM (P < 0.001). From 2004 to 2013, the odds of
perioperative MACCEs after multivariable adjustment increased by 6% (95% Cl 2-9%)
for DM patients, compared with an 8% decrease (95% Cl —10% to —6%) for patients
without DM (P for interaction <0.001). Trends for individual end points were all less
favorable for patients with DM versus those without DM.

CONCLUSIONS

In an analysis of >10.5 million noncardiac surgeries from a large U.S. hospital ad-
mission database, perioperative MACCEs were more common among patients with
DM versus without DM. Perioperative MACCEs increased over time and individual
end points were all less favorable for patients with DM. Our findings suggest that
a substantial unmet need exists for strategies to reduce the risk of perioperative
cardiovascular events among patients with DM.

Patients with diabetes mellitus (DM) comprise an increasingly large proportion of
the >300 million patients who annually undergo noncardiac surgery worldwide (1,2). In
addition toincreasing cardiovascular disease (CVD) risk (3), DM is often considered a risk
factor for perioperative major adverse cardiovascular and cerebrovascular events
(MACCEs), including acute myocardial infarction (AMI), and stroke (4). Moreover,
patients with DM undergoing noncardiac surgery incur increased costs and experience
longer lengths of hospital stay (5,6). The proportion of DM among inpatient hospital-
izationsisincreasing, and it is estimated that by 2050 1in 3 individualsinthe U.S.and 1in
10 individuals worldwide will have DM (7-9).
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Whereas increases in DM prevalence
burden health care systems worldwide,
overall CVD morbidity and mortality among
patients with DM may be decreasing (10).
Additionally, recent evidence from the
U.S. National Inpatient Sample (NIS) of
all inpatients undergoing noncardiac sur-
gery suggests a decline in some, but not
all, cardiovascular events (11). However,
whether these trends apply to perioper-
ative MACCEs among patients with DM
has not been examined. To address this
knowledge gap, we queried a large admin-
istrative database of U.S. hospital admissions
to compare national trends in cardiovascular
outcomes and mortality after noncardiac
surgery among patients with and without
DM. We also examined factors associated
with in-hospital perioperative cardiovas-
cular events among patients with diabetes.

RESEARCH DESIGN AND METHODS

Study Population

Patients =45 years of age undergoing
major noncardiac surgery from 2004 to
2013 were identified from the NIS of
the Healthcare Cost and Utilization Project
(HCUP), as previously described (11). The
NIS is a national administrative database
of discharge-level data from a 20% strat-
ified sample of all U.S. hospitals. Patients
were included if they had a principal ICD-9
procedure code for a major therapeutic
operating room procedure (HCUP Proce-
dure Class 4) during the hospital admission.
Principal Clinical Classifications Software
procedure codes, aggregates of related
ICD-9 procedure codes, were used to
stratify cases by surgical subtype. Patients
who underwent cardiac procedures (n =
1,655,567), cardiac surgery and cardiac
transplantation (n = 582,726), bone mar-
row transplantation (n = 18,151), ophthal-
mologic surgery (n = 13,342), radiation
therapy (n = 9,817), dental surgery (n =
1,779), and non—operating room proce-
dures (n = 386) were excluded from the
analysis. Major noncardiac surgery Clinical
Classifications Software procedure codes
were clustered into the following 13 major
surgical subtypes: endocrine, general,
genitourinary, gynecologic, neurosurgery,
obstetric, orthopedic, otolaryngology, skin
and breast, thoracic, noncardiac solid
organ transplant, and vascular surgery.

Outcomes

The primary outcome was MACCEs, de-
fined as in-hospital all-cause death, AMI,
or ischemic stroke. AMI was identified

using ICD-9 diagnosis codes for acute
ST-segment elevation myocardial infarc-
tion (410.01-410.61, 410.81, and 410.91)
and non-ST-segment elevation myocar-
dial infarction (410.71). Acute ischemic
stroke was identified using ICD-9 diagnosis
codes 433.x1, 434.x1, 436, and 437.1. DM
was identified using ICD-9 diagnosis codes
250.x. DM was classified as type 1 or type 2
based on ICD-9 diagnosis codes, aslisted in
Supplementary Table 1, and were further
classified as controlled (ICDM-9-CM codes
250.x0 and 250.x1, which code diabetes as
“not stated as uncontrolled”) or uncon-
trolled (ICD-9-CM diagnosis codes 250.x2
and 250.x3) (Supplementary Table 3).

Sex-Specific Analysis

Several studies have observed sex-specific
differences in the association between
diabetes and CVD (12). We therefore also
sought to investigate the association be-
tween diabetes and perioperative MACCEs
when stratified by sex.

Statistical Analysis

Sampling weights were applied to calcu-
late rates for trend analyses and to de-
termine national incidence estimates
according to HCUP guidance (13). Un-
weighted data were used in all other
analyses, unless otherwise specified. To
report adjusted odds ratios (ORs) for
MACCEs, multivariable logistic regression
models were generated with demograph-
ics, obesity, tobacco use, hypertension,
hyperlipidemia, chronic kidney disease,
end-stage renal disease, coronary artery
disease, prior revascularization with either
percutaneous coronary intervention (PCl)
or coronary artery bypass grafting (CABG),
peripheral arterial disease, valvular heart
disease, congestive heart failure, prior
venous thromboembolism, chronic lung
disease, alcohol abuse, malignancy, ane-
mia, elective hospitalization, noncardiac
surgery subtype, and year of surgery
as covariates. Additional adjustment was
performed for atrial fibrillation and history
of cerebrovascular accident and for socio-
economic status by insurance payer, and
for quartile classification of the estimated
median household income of residents in
the patient’s zip code. Interaction tests for
DM status and MACCEs over time were
performed in the fully adjusted multivari-
able models. To facilitate data presenta-
tion in tables, the prevalence of diabetes
and perioperative adverse events were
reported in 2-year intervals, as follows:

2004-2005,2006-2007,2008-2009, 2010-
2011, and 2012-2013. Statistical analyses
were performed using SPSS 20 (IBM SPSS
Statistics, Armonk, NY) and R (R Foundation
for Statistical Computing, Vienna, Austria).
Statistical tests are two sided, and P values
<0.05 were considered to be statistically
significant.

RESULTS

Study Population

From 2004 to 2013, 12,863,389 hospital-
izations for major surgery were identi-
fied among patients =45 years of age.
After excluding patients undergoing car-
diac surgery, low-risk and nonoperative
procedures, the final study sample con-
sisted of 10,581,621 hospitalizations for
major noncardiac surgery. Of this total,
2,438,204 hospitalizations for major sur-
gery occurred among patients with DM,
and 8,143,417 hospitalizations for pa-
tients without DM. After applying sam-
pling weights, this corresponds to an
estimated 11,645,711 surgical hospital-
izations among patients with DM in the
U.S. over this time period. Patients with
DM undergoing major noncardiac sur-
gery tended to be older, of nonwhite
race, and of Hispanic ethnicity (Table 1). As
expected, patients with DM were more
frequently obese with concomitant cardio-
vascular risk factors and were more likely
to undergo vascular surgery (Table 1).
The proportion of patients with DM un-
dergoing noncardiac surgery increased
over time (20.3% in 2004% to 25.4% in
2013; Pfortrend <0.0001). Over this time
period, there was a significant increase in
the proportion of patients with type 2
diabetes, withacorresponding decrease
in type 1 diabetes (Table 2).

MACCEs

MACCEs occurredin ~3% (~3,000 events
per 100,000) of all major noncardiac
surgeries.

MACCEs occurred in 80,632 major non-
cardiac surgeries (3,307 events per 100,000
major noncardiac surgeries [3.3%]) for pa-
tients with DM, compared with 230,080
(2,825 events per 100,000 [2.8%]) for
patients without DM. After applying sam-
pling weights from 2004 to 2013, this
corresponds to an estimated 383,970
in-hospital perioperative events for pa-
tients with DM, and 1,094,582 for patients
without DM. When all patients with DM
were compared with those without DM,
the adjusted OR for perioperative MACCEs
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Table 1—Baseline characteristics of patients undergoing major noncardiac surgery

Patient characteristics

No diabetes (n = 8,143,417)

Diabetes (n = 2,438,204)

Age, years (£SD)
Female sex

Race/ethnicity
Non-Hispanic white
Non-Hispanic black

65.44 (+12.6)
58.1 (4,716,623)

66.8 (5,437,647)
6.7 (547,640)

66.72 (+11.2)
51.7 (1,259,175)

59.1 (1,441,419)
11.7 (285,680)

Newman and Associates

multivariable adjustment, the odds of
perioperative MACCE increased by 6%
(95% Cl 2-9%) among patients with di-
abetes. In comparison, the adjusted odds
of perioperative MACCEs decreased by 8%
(95% Cl —10% to —6%) among patients
without DM (P for interaction <0.001)
(Fig. 2A). Similar trends in perioperative

Hispanic 4.8 (391,529) 8.5 (207,028)

Other 3.6 (293,191) 4.6 (111,097) events for patients with and without DM

Unknown 18.1 (1,473,410) 16.1 (392,980) were observed for major surgical subtypes
Obesity 8.6 (697,195) 18.8 (457,376) (Supplementary Fig. 1). Adjustment for

Tobacco use
Hypertension
Hyperlipidemia

Chronic kidney disease
End-stage renal disease
Coronary artery disease
Prior PCI

Prior CABG

Peripheral arterial disease
Valvular heart disease
History of heart failure

20.9 (1,704,669)
51.8 (4,221,563)
24.5 (1,995,723)
4.9 (402,164)
1.3 (107,836)
14.3 (1,166,484)
3.1 (249,641)
3.6 (291,775)
5.5 (449,900)
4.2 (345,860)
5.2 (423,534)

19.7 (480,091)
78.2 (1,906,909)
41.2 (1,003,336)

16.4 (398,751)

6.1 (148,278)

29.5 (719,029)

5.7 (138,076)

8.3 (203,314)

11.9 (290,923)

4.3 (104,844)

11.4 (278,898)

atrial fibrillation, history of cerebrovascu-
lar accident, insurance payer, and quartile
classification of the estimated median
household income of residents in the pa-
tient’s zip code did not alter the adjusted
trends in MACCEs by diabetes status (data
not shown).

Supplementary Table 2 presents the
results for the composite of MACCEs
and individual end points over time for the
population overall and stratified by DM
status. From 2004 to 2013 the number of

History of venous thromboembolism 2.5 (202,014) 2.7 (66,852) ) )
Chronic pulmonary disease 16.3 (1,324,354) 18.6 (454,288) deaths per 100,000 surgeries declined by
Alcohol abuse 2.3 (183,818) 15 (37,578) 383 (95% Cl 349-417; P for trend <0.001)

Malignancy
Anemia

5.7 (467,405)
13.7 (1,115,113)

4.6 (113,130)
20.9 (509,488)

for patients with DM compared with 787
(95% CI 769-805; P for trend <<0.001) for
patients without DM (Fig. 1B). Over this

Elective surgery 62.5 (5,075,736) 54.1 (1,316,032) ] . . .

Surgery type time, the adjusted odds of perioperative
T - 1.2 (99,209) 1.0 (23,605) mortality decreased by 14% (95% Cl —19%
General 21.9 (1,783,831) 19.6 (478,344) to —10%) among patients with DM com-
GU 7.6 (620,146) 6.2 (150,150) pared with a 24% decrease (95% Cl —26%
Neurosurgery 5.9 (482,674) 4.9 (119,455) to —22%) among patients without DM
Ob/Gyn 13.7 (1,118,770) 5.7 (139,120) (P for interaction <0.001) (Fig. 28).
Otolaryngology 08 (63,448) 06 (14,879) For the individual end point of perioper-
Orthopedic 40.0 (3,258,728) 40.8 (994,493) ) i JOE
Thoracic 2.3 (187,333) 1.9 (45,595) ative AMI, the rate did not change signif-
Transplant 0.2 (20,269) 0.5 (11,895) icantly over time for patients with diabetes
Vascular 9.3 (756,959) 15.4 (376,469) (P for trend = 0.122) (Fig. 1C). In contrast,
Skin breast 3.8 (311,435) 6.3 (154,159) among pa“ents without DM, periopera_

All values are percentage (n), unless otherwise indicated. GU, genitourinary; Ob/Gyn, obstetric and

gynecological; RCRI, revised cardiac risk index.

was 0.94 (95% ClI 0.93-0.95). When com-
paring patients with uncontrolled DM to
those without DM, the adjusted OR for
MACCEs was 1.41 (95% Cl 1.38-1.43). Pa-
tients with uncontrolled diabetes also had
the greatest event rate of any MACCE over
the study period (Supplementary Table 3).

Trends in MACCEs by Diabetes Status

From 2004 to 2013, the number of per-
ioperative MACCEs per 100,000 surgeries
declined by 222 (95% ClI 175-270; P for
trend <0.001) for patients with DM versus
730 (95% CI 707-753; P for trend <0.001)
for patients without DM (Fig. 1A). After

Table 2—Trends in DM among patients undergoing major noncardiac surgery

tive AMI per 100,000 surgeries decreased
by 255 (95% ClI 243-267; P for trend
<<0.001) (Fig. 1C). From 2004 to 2013, the
adjusted odds of perioperative AMI de-
creased by 7% (95% Cl —12% to —1%)
among patients with diabetes. In compar-
ison, there was a 16% decrease (95%
Cl —19% to —13%) in perioperative AMI
among patients without DM (P for in-
teraction <0.001) (Fig. 2C).

3

Total
(N = 10,581,621)

2004-2005
(N = 2,051,557)

20062007
(N = 2,117,047)

2008-2009
(N = 2,213,461)

2010-2011
(N = 2,254,360)

2012-2013
(N = 1,945,196)

No diabetes 79.5(1,631,311)  78.1(1,653,305)  77.0(1,704,807) 755 (1,702,296)  74.6(1,451,698)  77.0 (8,143,417)
DM 20.5 (420,246) 21.9 (463,742) 23.0 (508,654) 24.5 (552,064) 25.4 (493,498) 23.1 (2,438,204)
Type 1 6.6 (27,929) 2.9 (13,327) 2.2 (11,066) 1.9 (10,611) 1.9 (9,378) 3.0 (72,311)

Type 2 93.4 (392,317) 97.1 (450,415) 97.8 (497,588) 98.1 (541,453) 98.1 (484,120) 97.0 (2,365,893)

All values are percentage (n).
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Figure 1—Trends in rates by diabetes status of perioperative MACCEs. A: MACCEs. B: Death. C: AMI. D: Stroke. (A high-quality color representation of this

figure is available in the online issue.)

Similar to the noncardiac surgery pop-
ulation overall (11), the number of peri-
operative strokes per 100,000 surgeries
increased by 286 (95% Cl 262-310; P for
trend <0.001) for patients with DM. The
magnitude of increase in perioperative
strokes was similar for patients without
DM (216 [95% CI 205-227]; P for trend
<0.001) (Fig. 1D). From 2004 to 2013, the
adjusted odds of perioperative stroke in-
creased by 96% (95% Cl 83—110%) among
patients with diabetes. In comparison, there
was a smaller 73% increase (95% Cl 35—
80%) among patients without DM (P for
interaction <0.001) (Fig. 2D).

Sex-Specific Analysis

For both sexes, the frequency of perioper-
ative MACCEs was higher among patients
with DM compared with without DM (3.0%
vs. 2.4% among women, P < 0.001; 3.6%
vs. 3.4% among men, P < 0.001). The
association between diabetes and perio-
perative MACCEs was greater among

women (OR 1.26; 95% Cl 1.25-1.28)
than among men (OR 1.06; 95% Cl 1.05—
1.07), P for interaction <0.001). From
2004 to 2013, the adjusted odds of
perioperative MACCEs increased by 1%
(95% Cl —4% to 6%) among women with
diabetes compared with a 9% decrease
(95% Cl —12% to —6%) among women
without DM. In contrast, over this time
period the adjusted odds of perioperative
MACCEs increased by 10% (95% CI 5-16%)
among men with diabetes. In comparison,
there was an 8% decrease (95% Cl —10%
to —5%) in the adjusted odds of perioper-
ative MACCEs among men without DM.

CONCLUSIONS

In this analysis of >10.5 million major
noncardiac surgeries occurring from 2004
to 2013, MACCEs occurred in 3.3% of
patients with DM compared with 2.8%
of those without DM, corresponding
to ~25,000 excess perioperative events

annually among patients with DM. Overall,
DM was not associated with an increased
risk of perioperative MACCEs after multi-
variable adjustment. However, uncon-
trolled DM was associated with adjusted
odds of 1.41 (95% ClI 1.38-1.43) for peri-
operative MACEs compared with those
without DM. This indicates that covariates/
confounders may drive excess periopera-
tive MACCEs in patients with well-con-
trolled DM, but uncontrolled DM is an
independent risk factor for perioperative
events. These findings are consistent with
data from the revised cardiac risk index,
demonstrating increased risk of periop-
erative MACCEs for insulin-requiring DM
(14). In adjusted analyses, trends in peri-
operative MACCEs increased for patients
with DM while they decreased for those
without DM (Fig. 3). Trends for the indi-
vidual the end points of death, Ml and
stroke were all less favorable in patients
with versus without DM (Fig. 3). To our
knowledge, this is the largest study to
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quality color representation of this figure is available in the online issue.)

report on national trends in cardiovascular
outcomes for patients with diabetes un-
dergoing major noncardiac surgery. Our
findings suggest that a substantial unmet
need exists for strategies to reduce the
risk of perioperative cardiovascular events
among patients with DM.

Patients with DM comprise an increas-
ingly large proportion of the population
undergoing major noncardiac surgery.
The trends in MACCEs and individual end
points among the growing proportion of
patients with DM are discouraging and as
yet unexplained. Surgical patients with
DM have more comorbidities and cardio-
vascular risk factors than patients without
DM. Observational data from the U.S. and
Europe consistently show that patients
with DM have worse surgical outcomes,
including longer lengths of stay and in-
creased costs (5,15-17). Some (14,18), but
not all (19), risk score analyses suggest

that DM confers an independent risk of
perioperative cardiovascular events. In the
most recent American College of Cardiology/
American Heart Association Clinical Practice
Guideline for the cardiovascular evaluation
and management of patients undergoing
noncardiac surgery (4), DM is included
as an important factor in perioperative
cardiovascular risk stratification and
management.

In the nonoperative setting, trends in
AMI and stroke among U.S. patients with
DM appeartobeimproving (10). Improved
cardiovascular risk factor control and
adherence to preventive practices among
U.S. outpatients with DM has also been
reported (20). These trends contrast
with the suboptimal trends in operative
MACCEs and individual end points among
patients with DM observed in the current
study. Surgery is a period of physiologic
stress including induction of anesthesia,

surgical trauma, bleeding, anemia, hypoxia,
and postoperative pain. These perturba-
tions can cause catecholamine surges, plate-
let activation and a hypercoagulable state,
inflammation, and bleeding (21). Patients
with DM undergoing major noncardiac
surgery may experience enhanced athe-
rothrombosis (22), increased perioperative
autonomicinstability (23), and upregulated
pathways of inflammation and oxidative
stress (24) relative to surgical patients
without DM. These pathways may haveinflu-
enced the unfavorable trends in perioper-
ative outcomes for patients with DM that
we observed. Future study is needed to de-
termine whether these pathways can be
maodified to reduce the number of perioper-
ative MACCEs among patients with DM.
Over recent decades, the incidence
rates of ischemic stroke have declined
for the overall U.S. population, including
for patients with DM (10,25). Despite this


http://care.diabetesjournals.org

6 DM and Perioperative Cardiovascular Events

+6%

Adjusted Percent Change
N
<
X

N

-20%

-40%
MACCE

-14%

Death
ENo DM =DM

AMI

Diabetes Care

+96%

' -7%

Stroke

Figure 3—Adjusted percentage change in odds of perioperative MACCEs and individual end points, 2004-2013. (A high-quality color representation of this

figure is available in the online issue.)

decline, patients with DM remain at
increased risk of ischemic stroke (26). In
the NIS, patients with DM had greater
adjusted oddsin perioperative stroke than
patients without diabetes. Because DM
is a risk factor for perioperative stroke
among patients undergoing cardiac and
noncardiac surgery (27), it is possible that
the incidence of perioperative stroke in
the NIS increased in parallel with the
increasing proportion of patients with
DM. Alternatively, the increased odds of
perioperative stroke among patients with
diabetes in the NIS may be attributable
to a greater burden of cardiovascular risk
factors, atrial arrhythmias, or altered intra-
operative hemodynamics (23,27). Perio-
perative medication use may also play a
role in this finding. The POISE study (28)
reported a small but statistically signifi-
cant increased risk of stroke associated
with perioperative use of long-acting
metoprolol, but this observation is un-
likely to fully explain the difference in the
incidence of stroke between NIS patients
with and without DM.

We observed a significantly greater
association between diabetes and peri-
operative MACCEs in women compared
with men, an observation that to our knowl-
edge has not been described previously.
Prior studies have shown an increased risk
of fatal coronary heart disease (29), myo-
cardial infarction (12), and stroke (30)
among women with diabetes compared
with men with diabetes. Further study is

warranted to determine whether novel,
sex-specific strategies can abrogate the in-
creased risk of perioperative MACCEs that
women with diabetes may experience.

Limitations

There are limitations to the current study.
First, NIS analyses are based on adminis-
trative coding data, which may be subject
to reporting bias or coding errors. In
particular, we noted an increase in mor-
tality in 2008-2009 for surgical patients
with diabetes. The cause of this increase is
unknown, but has been noted in other
analyses of patients with diabetes from
the NIS dataset (31). The observed change
in perioperative death after 2008 among
patients with DM may be related to
change in the use of secondary adminis-
trative codes for DM introduced as part of
ICD-9-CM coding in 2008 (32). Second, the
analysis was limited to patients =45 years
of age, the population at risk for cardio-
vascular complications from noncardiac
surgery. Third, there are limitations in the
measures of DM control and compli-
cations used in NIS. There was no insulin
use or levels of glucose control, a major
predictor of CVD risk for patients with
diabetes, that was reported (33,34). Def-
initions of diabetes control and complica-
tions were limited to administrative coding,
which may not accurately reflect the sever-
ity and perioperative risk for some patients
with DM. Administrative coding data have
limited ability to distinguish type 1 DM

from type 2 DM (35), and the prevalence
estimates presented in Supplementary
Table 1 are therefore only used for de-
scriptive purposes. Similarly, the NIS ad-
ministrative data set lacks granularity on
clinical characteristics such as hypertensive
control, appropriate use of anticoagulants
for atrial fibrillation, or management of
relevant comorbidities that may be associ-
ated with perioperative outcomes. Fourth,
medical therapy was not available from this
administrative data set. The use of cardio-
vascular therapies for the secondary pre-
vention of CVD in patients with DM (36,37)
in the perioperative period remains un-
known. Fifth, data were analyzed as a
simple random sample for some of the
analyses (i.e., without using weights). This
may introduce empirical weighting and
thus may not be reflective of the overall
population. Although observational anal-
yses cannot establish causality, our findings
of less favorable trends in perioperative
MACCEs in patients with DM and increased
risk among patients with uncontrolled DM
may be useful for perioperative manage-
ment. Finally, the results of perioperative
laboratory testing, including cardiac bio-
markers, were not available from this
administrative data set.

Conclusions

Using the largest publicly available data-
base for the accurate identification of
trendsin diseases and outcomes, we dem-
onstrate that over a 10-year period and
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>10.5 million major noncardiac surgeries
patients with DM experienced an increase
in MACCEs and less favorable trends in
AMI, stroke, and death than did patients
without diabetes. This analysis highlights
the need for additional strategies to
reduce the risk of perioperative cardio-
vascular complications among patients
with diabetes, and the need for additional
study to confirm the increases in peri-
operative stroke observed for patients
with and without diabetes.
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