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Valvular Heart Disease

Type 2 Diabetes Mellitus Is Associated With Faster
Degeneration of Bioprosthetic Valve
Results From a Propensity Score-Matched Italian Multicenter Study

Roberto Lorusso, MD, PhD*; Sandro Gelsomino, MD, PhD*; Fabiana Luca, MD;
Giuseppe De Cicco, MD; Giuseppe Bille, MD; Rocco Carella, MD; Emanuel Villa, MD;
Gianni Troise, MD; Mario Vigano, MD; Carlo Banfi, MD; Carmine Gazzaruso, MD;

Pier Gagliardotto, MD; Lorenzo Menicanti, MD; Francesco Formica, MD; Giovanni Paolini, MD;
Stefano Benussi, MD; Ottavio Alfieri, MD; Matteo Pastore, MD; Sandro Ferrarese, MD;
Giovanni Mariscalco, MD, PhD; Germano Di Credico, MD; Cristian Leva, MD; Claudio Russo, MD;
Aldo Cannata, MD; Roberto Trevisan, MD; Ugolino Livi, MD; Roberto Scrofani, MD; Carlo Antona, MD;
Andrea Sala, MD; Gian Franco Gensini, MD; Jos Maessen, MD, PhD; Andrea Giustina, MD

Background—The present study was aimed at determining the impact of type 2 diabetes mellitus (DM) on postoperative
bioprosthetic structural valve degeneration.

Methods and Results—Twelve Italian centers participated in the study. Patient data refer to bioprosthetic implantations
performed from November 1988 to December 2009, which resulted in 6184 patients (mean age 71.3*+5.4 years, 60.1%
male) being enrolled. Of these patients, 1731 (27.9%) had type 2 DM. The propensity score—matching algorithm
successfully matched 1113 patients with type 2 DM with the same number of no-DM patients. The postmatching
standard differences were less than 0.1 for each of the covariates, and 64.2% of DM patients were matched. The early
(30 days) mortality rate was 7.8% (n=87) versus 2.9% (n=33) in patients with or without type 2 DM (P<0.001),
respectively. Seven-year freedom from valve deterioration was significantly lower in patients with DM (73.2% [95%
confidence interval, 61.6—85.5] versus 95.4% [95% confidence interval, 83.9-100], P<<0.001). In Cox regression
models with robust SEs that accounted for the clustering of matched pairs, DM was the strongest predictor of structural
valve degeneration (hazard ratio 2.39 [95% confidence interval 2.28-3.52]). When we allowed for interaction between
type 2 DM and other key risk factors, DM remained a significant predictor beyond any potentially associated variable.

Conclusions—Patients with type 2 DM undergoing bioprosthetic valve implantation are at high risk of early and long-term
mortality, as well as of structural valve degeneration. (Circulation. 2012;125:604-614.)
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D espite their excellent hemodynamic properties, the lim-
ited durability of bioprostheses is the major drawback in
their use as a replacement for dysfunctional cardiac valves,
and for this reason, their use is generally confined to older
patients. The limited life span of bioprostheses is mainly
caused by tissue degeneration, the pathogenesis of which is
still not completely understood. Degeneration of xenografts is
believed to depend on the mechanical properties of the valve

and on host-related immunologic and calcification processes.
Hypercholesterolemia has been associated with an increased
risk of reoperation as a result of structural valve degeneration
(SVD) in patients with a bioprosthetic valve.!-? Furthermore,
it has been suggested that risk factors for atherosclerosis
accelerate the degeneration of aortic pericardial valves.?
Moreover, it has been suggested that statins could slow the
progression of bioprosthetic valve degeneration.>* Finally,
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the metabolic syndrome (MS), a cluster of atherogenic,
inflammatory, and atherothrombotic abnormalities linked to
abdominal obesity and insulin resistance, has been reported to
be an independent predictor of poor prognosis in native valve
disease and of faster degeneration of implanted bioprosthetic
valves.>¢
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Among the atherosclerosis-related risk factors, type 2
diabetes mellitus (DM) has been acknowledged as a critical
determinant for accelerated degeneration of both native and
prosthetic tissue valves.?> Nonetheless, as far as we know, no
large dedicated study exists that clearly demonstrates that
type 2 DM is independently associated with faster biopros-
thetic valve degeneration. The objective of the present report,
therefore, was to retrospectively analyze the data gathered
from a national multi-institutional experience concerning the
influence of type 2 DM on several major clinical outcomes
after bioprosthetic valve implantation for cardiac valve
replacement.

Methods
Patient Cohort and Data Collection

Twelve Italian centers participated in the study. Data were collected
from patient charts for preoperative, operative, and hospital admit-
tance details, or in the case of patients hospitalized for any cause
after surgery, through direct or telephone interview with survivors,
with relatives, general physicians, or hospital doctors. Patients were
followed up according to each individual institutional protocol.

Patient data refer to bioprosthetic implantations performed from
November 1988 to December 2009, which resulted in 6184 patients
(mean age 71.3%5.4 years, 60.1% male). Of these patients, 1731
(27.9%) had type 2 DM (Table 1). All collected data were sent to a
core laboratory (Cardiovascular Research Unit, Ospedale Careggi,
Florence, Italy) for statistical analysis.

Ethics committee approval was waived because of the retrospec-
tive analysis of the study, according to the Italian national law
regulating observational retrospective studies (law No. 11960, re-
leased on July 13, 2004). Median follow-up was 84.7 months
(interquartile range 48.4—156.6 months), with a total of 26 891 years
of evaluation. At the close of the follow-up (December 31, 2010), the
completeness of the follow-up was 98%.

Definitions
Type II DM was diagnosed on the basis of the current recommen-
dations of the American Diabetes Association.” Determination of
type 2 DM status in epidemiological studies is based on measure-
ment of the fasting plasma glucose level (FPG; =126 mg/dL
[7.0 mmol/L]) or 2-hour postload glucose on an oral glucose
tolerance test (FPG =200 mg/dL [11.1 mmol/L]). Patients admitted
with a previous diagnosis of type 2 DM were classified on the basis
of the type of treatment (oral hypoglycemic agent, non—insulin-
treated diabetes [NITDM], or insulin-treated diabetes [ITDM]). The
remaining patients were classified in accordance with their FPG level
as having either undiagnosed type 2 DM (FPG =126 mg/dL), with
such patients included in the DM group, or impaired fasting glucose
(FPG 100-125 mg/dL [8.8—11.1 mmol/L]) or normal fasting glucose
(FPG <100 mg/dL), with such patients representing the control
group (no DM).” Glucose tolerance was not consistently investigated
further in these 2 latter groups with an oral glucose tolerance test.
According to the current guidelines of the American Association
for Thoracic Surgery, the Society of Thoracic Surgeons, and the
European Association for Cardio-Thoracic Surgery,® SVD was
defined as dysfunction or deterioration that involved the implanted
bioprosthesis (exclusive of infection or thrombosis), such as wear,
fracture, calcification, leaflet tear, stent creep, and suture-line dis-
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Table 1.  Diabetes History (n=1731)

Fasting preoperative glucose level, mg/dL (95% CI) 148 (130-164)
Hb A, % (95% Cl) 6.8 (6.3-7.5)
Duration of diabetes, y 10+8.9
Preoperative diabetic medication

Diet alone 345 (20.0)
Oral hypoglycemic(s) alone 866 (50)
Insulin alone 311 (18.0)
Insulin+oral hypoglycemic(s) 209 (12.0)
Microvascular diabetic complication 538 (31.1)
Macrovascular diabetic complication
Prior MI 519 (29.9)
Prior CVA 343 (19.8)
Peripheral PVD 311 (17.9)
Prior congestive heart failure 398 (22.9)
Recurrent hypoglycemia 474 (27.3)

Episodes of diabetic ketoacidosis 26 (1.9)

Hb A,. indicates glycosylated hemoglobin; Cl, confidence interval; MI,
myocardial infarction; CVA, cerebrovascular accident; and PVD, peripheral
vascular disease.

Values are expressed as mean=SD or n (%).

ruption of components of a prosthetic valve. Diagnosis of SVD was
made by echocardiography and confirmed at surgical reoperation.

The clinical identification of patients with the features of the MS
was based on the modified criteria proposed by the National
Cholesterol Education Program’s Adult Treatment Panel II1.° Be-
cause waist circumference was not measured in the present sample,
body mass index was substituted for waist circumference as an index
of obesity.!? Patients were considered to have the MS when 3 of the
5 following criteria were present: (1) Body mass index =30 kg/m?,
(2) fasting glycemia =110 mg/dL, (3) triglycerides =150 mg/dL, (4)
high-density lipoprotein (HDL) cholesterol <40 mg/dL in men and
<50 mg/dL in women, and (5) systolic/diastolic blood pressures
=130/85 mm Hg.

Statistical Analysis

Estimation of Propensity Score and Matching

Because of the significant imbalances in baseline covariates between
patients with and without DM, we used propensity scores (PS) to
reduce imbalance.!! We used a multivariate logistic regression
model to estimate PS for DM for all patients. Variables used in the
model are displayed in Table 2.

Pairs of patients with and without DM on the logit of the PS were
matched by use of calipers with a width that was 0.2 SDs of the logit
of the PS.'2 The resultant matched sample consisted of 1113 matched
pairs. Covariate balance was measured by the standardized differ-
ences, by which an absolute standardized difference >0.1 is sug-
gested to represent meaningful covariate imbalance.'?

Prematched standardized differences exceeded 0.1 for 26
(53.1%) of the 49 covariates (Figure 1). The median prematching
standardized difference (interquartile range) was 0.186676
(0.105739-0.332149).

The postmatching standard differences for each of the covariates
are reported in Table 2. The median standardized difference was
0.036161 (interquartile range 0.016342—-0.074342), and in none of
the covariates did it exceed 0.1 (Figure 1).

Estimation of the Effect of DM on SVD

Postoperative data were compared between diabetic and nondiabetic
subjects with the Wilcoxon signed rank test and McNemar tests.
Complications were expressed as linearized rates (patients/year).
Freedom from SVD was determined in the matched cohort by
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Table 2.  Characteristics of Propensity-Matched Pairs (n=2226) Table 2.  Continued

Type I DM No Type Il DM  Standardized Type I DM No Type Il DM  Standardized

(n=1113) (n=1113) Difference (n=1113) (n=1113) Difference
Age, y 68.1+8.3 68.4+8.1 0.036 Bioprosthesis size, mm 23.1+0.6 23.1+0.7 0
Male sex 830 (74.5) 796 (71.5) 0.067 Associated CABG 466 (41.8) 418 (37.5) 0.087
Hypertension 1018 (91.4) 1002 (90.0) 0.048 Other associated 116 (10.4) 101 (10.1) 0.009
Current smoker 280 (25.1) 289 (25.9) 0.018 procedures
BMI, kg/m? 28.4+4.2 28.6+4.5 0.045 CPB time, min 125+38 124+35 0.027
Obesity 579 (52.0) 530 (47.6) 0.087 CC time, min 83+23 83+20 0
Metabolic syndrome 456 (40.9) 412 (37) 0.079 Redo surgery 74 (6.6) 69 (6.2) 0.016
Total cholesterol, mg/dL 189.6+27.7 187.8+25.6 0.067 DM indicates diabetes mellitus; BMI, body max index; HDL, high-density
HDL, mg/dL 52.3+13 53.4+25 0.086 lipoprotein; LDL, low-density lipoprotein; BP, blood pressure; COPD, chronic
Total cholesterol/HDL 36=11 35409 0.029 obstructive pulmonaw.d|seasg; N.YHA, Neyv York Heart Ass.00|.at|on functlonal

class; LVEF, left ventricular ejection fraction; MI, myocardial infarction; CVD,
LDL, mg/dL 113.7x282 11432279 0.021 cerebrovascular disease; PVD, peripheral vascular disease; CHF, congestive
Triglycerides, mg/dL 150.2+69.5 144.7+554 0.087 heart failure; AVR, aortic valve replacement; MVR, mitral valve replacement;
Statin use 567 (50.9) 524 (47.0) 0.077 CABG, coronary artery bypass graft; CPB, cardiopulmonary bypass; and CC,
i + + cross-clamp.

SYStOIN.: BP, mm Hg 13342216 132.92209 0.023 Values are expressed as mean==SD for normally distributed data, median
Diastolic BP, mm Hg 7841139  77.3+11.5 0.086 (interquartile range) for nonnormally distributed data, or n (%).
Chronic renal disease 178 (15.1) 144 (12.9) 0.085
COPD 155 (13.9) 154 (13.8) 0.002 Kaplan-Meier methodology, and a stratified log-rank test was used to
Creatinine, mg/dL 1.3+0.7 1.20+05 0.082 compare the curves. Nonetheless, because SVD is a nonfatal event,

patients can die before such an event has happened to them, so the

Valvular pathology Kaplan-Meier event-free estimate is lower than the real event-free

Aortic percentage. For this reason, we used also the “actual” analysis, which
Stenosis 402 (36.1) 400 (36.0) 0.002 pr(gidesla .mort.ali%—adjusted event-free pegcentage.”h. e deni
- umulative incidence curves were used to graphical epict
Insufficiency 219(19.7) 206 (18.5) 0.030 valve-related and non-valve-related deaths. Thi (I:)ompet}ilng fisk
Mixed 281(25.2) 263 (23.7) 0.034 analysis was used to avoid overestimation of the incidence of
Mitral valve-related death, and statistical significance was tested with the
Stenosis 14(1.2) 15(1.3) 0.009 Gray test.> .
’ ’ ' A Cox regression model with robust SEs that accounted for the
Insufficiency 80(7.2) 84 (7.5) 0.013 clustering of matched pairs was used to estimate the association of
Mixed 117 (10.6) 145 (13.0) 0.074 DM with SVD.!+!5 The proportional hazard assumption was con-
Etiology firmed by use of Schoenfeld residuals. Covariates used in the
multivariate model included age <65 years, sex, smoking, obesity,
Rheumatic 345 (31.0) 329 (29.5) 0.032 MS, total cholesterol =200 mg/dL, total cholesterol/HDL >4,
Calcific 612 (54.9) 604 (54.3) 0.012 triglycerides =150 mg/dL, low-density lipoprotein =130 mg/dL,
Myxomatous 101 9.2) 124 (112) 0.066 hyp'ertenswn, renal fa1lur§, type 2 .DM (NITDM/ ITDM), 1mpa1red
fasting glucose, use of statin, chronic obstructive pulmonary disease,
Previous valve operation 42(3.8) 44 (3.9) 0.020 valve pathology, valve etiology, pulmonary hypertension, left ven-
Other 13(1.1) 12(1.1) 0.016 tricular ejection fraction >35%, prior myocardial infarction, prior
Pulmonary hypertension 56 (49.5) 56 (49.5) 0 cerebrovascular accident, prior peripheral vascular disease, conges-
tive heart failure, aortic/mitral position, valve type (pericardial
NYHA =3 135 (12.1) 133 (11.9) 0.006 versus porcine), valve size, associated coronary artery bypass graft-
LVEF, % 44.6+12 44.7+11 0.008 ing, other associated procedures, reoperation, cardiopulmonary by-
: ass time =120 minutes, and cross-clamp time =80 minutes.
Prfor M 423 (38.1) 378(33.9) 0.087 ’ Optimal cutoff values of FPG and gi)ycohemoglobin (Hb A,
Prior CVD 312 (28.0) 284 (25.5) 0.056 were determined by receiver operating characteristic curve (ROC)
Prior PVD 248 (22.2) 206 (18.5) 0.087 analysis as the optimal threshold for predicting recurrence of SVD.
Prior CHE 267 (23.9) 238 (21.3) 0.062 We validated the results using the bootstrap method (1000 iterations)
and computed the optimism-corrected estimate (“optimism” refers to
Surgery absolute magnitude of bias) for sensitivity, specificity, and area
Urgent/emergent operation 111(9.9) 84 (7.5) 0.085 under the ROC curve.
Isolated AVR 691 (62.1) 670 (60.2) 0.038 Subgroup Analysis
Isolated MVR 134 (12) 136 (12.3) 0.009 Subgroup analyses were performed based on age (<65 years/=65
Double valve replacement 288 (25.9) 306 (27.5) 0.036 years), chronic renal failure (yes/no), total cholesterol/HDL (=4/
. : <4), total cholesterol (=200 mg/dL/<200 mg/dL), triglycerides
Stentless blf)pros.theSIS 113(101) %88 0.044 (=150 mg/dL/<150 mg/dL), and MS (yes/no). We matched subjects
Stented pericardial 748 (67.3) 734 (65.9) 0.029 on the PS and the subgroup variable and estimated the effect of
bioprosthesis DM in each subgroup with Cox regression using a robust variance
Stented porcine 252 (22.6) 281 (25.3) 0.063 estimator to account for clustering within matched pairs. We
bioprosthesis tested for interactions by entering interaction terms between each
(Continued) subgroup and DM, with an interaction P<<0.10 considered statis-

tically significant.
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Figure 1. Absolute standardized differences before and after propensity score matching comparing covariate values for patients with or
without diabetes mellitus (DM). HDL indicates high-density lipoprotein; BMI, body mass index; LDL, low-density lipoprotein; BP, blood
pressure; LVEF, left ventricular ejection fraction; MS, metabolic syndrome; CC, cross-clamp; CRD, chronic renal disease; PVD, periph-
eral vascular disease; CABG, coronary artery bypass graft; MI, myocardial infarction; CVD, cerebrovascular disease; CHF, congestive
heart failure; MVR, mitral valve replacement; AVR, aortic valve replacement; NYHA, New York Heart Association; CPB, cardiopulmonary

bypass; and COPD, chronic obstructive pulmonary disease.

Software

Analyses were performed with SAS, release 9.2 (SAS Institute, Cary,
NC), SPSS 12.0 (SPSS, Chicago, IL), and Graph Pad Prism release
5 (Graph Pad Software Inc, La Jolla, CA) statistical packages.
Cumulative incidence analyses were performed with an SAS
macro.'® ROC curve optimism analysis was conducted with S-plus
statistical software, release 6.0 (Insightful Corp, Seattle, WA).

Results

Matched-Pairs Clinical Outcome

Early and long-term outcomes are shown in Table 3. Patients
with type 2 DM had higher 30-day mortality, longer intensive
care unit stay, longer assisted ventilation time, and higher
incidence of early postoperative complications.

During follow-up, there were 262 late deaths (196 among
patients with type 2 DM [18 valve related] and 66 in the
control group [8 valve related]). Linearized rates were 1.5
patient-years (95% confidence interval [CI] 1.3-2.0) and 0.4
patient-years (95% CI, 0.1-0.7) in the type 2 DM group and
no-DM group, respectively. Non—valve-related death rates at
5 and 10 years (Figure 2) were 15.2% (95% CI, 14.7%-
15.8%) and 20.9% (95% CI, 19.5%— 21.7%) for DM versus
5.9% (95% CI, 4.5%—6.3%) and 8.7% (95% CI, 5.2%—9.4%)
for no DM (P<<0.001), respectively. Valve-related death rates
were 4.6% (95% CI, 4.1%-5.2%) and 6.4% (95% CI,
5.8%—6.9%) for DM versus 1.1% (95% CI, 0.8%—1.6%) and

2.2% (95% CI, 1.9%-2.7%) for no DM (P<<0.001). Finally,
New York Heart Association (NYHA) functional class was,
at follow-up, significantly higher in nondiabetic patients.

Matched-Pairs SVD

One hundred twenty-one patients (10.8%) in the type 2 DM
group and 43 (3.8%) in the no-DM group had reoperation as
result of primary tissue valve failure. Linearized rates were
3.3 patient-years (95% CI, 1.8-5.0) and 0.8 patient-years
(95% CI, 0.4-1.8) in the type 2 DM group and no-DM group,
respectively. Seven-year freedom from SVD was 95.4%
(95% CI, 83.9%— 100% [actual 98.7%, 95% CI, 88.9%-—
100%]) and 73.2% (95% CI, 61.6% —85.5% [actual 81.2%,
95% CI, 70.7%— 91.4%]) in patients without or with type 2
DM, respectively (Figure 3A; P<<0.001). Among patients
without DM, SVD occurred in 18 (47.3%) without MS and 24
(52.7%) with associated MS (P=0.8). In contrast, among
patients with DM and SVD, there was a significant difference
between those with (n=33; 27.2%) or without (n=88; 72.8%;
P=<0.001) MS. Kaplan-Meier plots for SVD in patients
with or without MS are displayed in Figure 3B.

Among patients without DM, 7-year freedom from SVD
was 96.8% (95% CI, 84.6%— 100% [actual 98.7%, 95% CI,
85.5%—-100%]) in patients without MS and 86.3% (95% ClI,
74.5%-98.1% [actual 91.3%, 95% CI, 80.0%—100%]) in
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Table 3. Hospital and Long-Term Outcome (n=2226)
Type I DM No Type || DM
(n=1113) (n=1113) P
30-d mortality 87 (7.8) 33(2.9) <0.001
ICU stay =3 d 93 (8.3) 39 (3.5) 0.001
Assisted ventilation time =1 d 222 (19.9) 56 (5.6) <0.001
Low-output syndrome 49 (4.4) 54 (4.8) 0.8
Bleeding 22(1.9) 8(1.6) 0.55
Myocardial infarction 24 (2.1) 20(1.7) 0.4
Multiorgan failure 7(0.6) 8(0.7) 0.9
Mediastinitis 45 (4.0 0(0.9 <0.001
Renal failure 53 (4.7) 43 (3.9) 0.81
Transient 30 (2.6) 27 (2.4)
CWH 15(1.3) 0(10.9)
Dialysis 8(0.7) 6 (0.5)
Cerebrovascular accidents 28 (2.5) 21(1.9) 0.44
TIA 20(1.7) 6(1.4)
Stroke 8(0.7) 5(0.4)
Overall complications 533 (47.8) 295 (26.5) <0.001
Long-term results
Survivors 830 (74.5) 1014 (91.1) <0.001
NYHA at follow up 3(2-4) 2(1-3) <0.001
| 238(28.7) 465 (45.8)
I 199 (24.0) 357 (35.3)
1l 246 (29.6) 122 (12.0)
v 147 (17.7) 70 (6.9)
LVEF, % 47.9+12 52.7+11 0.8

DM indicates diabetes mellitus; ICU, intensive care unit; CVVH, continuous
venovenous ultrafiltration; TIA, transient ischemic attack; NYHA, New York
Heart Association functional class; and LVEF, left ventricular ejection fraction.

Normally distributed data are expressed as mean=SD, nonnormally distrib-
uted data as median (interquartile range), and categorical variables as
frequencies.

patients with MS. In patients with DM and without MS,
7-year freedom from SVD was 64.2% (95% CI, 51.7%-
75.5% [actual 70.2%, 95% CI, 62.9%—-73.4%]), whereas in
patients with DM and MS, it was 47.5% (95% CI, 36.2%—
59.8% [actual 54.0%, 95% CI, 43.7%—63.2%]).

257

NVRD p<0.001

VRD p<0.001
20+ NVRD
154

Cumulative Incidence (%)

0 12 24 36 48 60 72 84

Time (months)

Figure 2. Cumulative incidence plots depicting no valve-related
death (NVRD) and valve-related death (VRD) in patients with dia-
betes mellitus (black lines) or no diabetes mellitus (green lines).

Seven-year freedom from SVD was significantly lower in
patients with ITDM (53.4%, 95% CI, 41.7%-65.5% [actual
63.5%, 95% CI, 52.8%—75.8%]) than in those with NITDM
(80.6%, 95% CI, 67.7%-93.1% [actual 87.3%, 95% ClI,
75.8% —98.9%]) and impaired fasting glucose (81.5%, 95%
CI, 69.8%-94.6% [actual 87.8%, 95% CI, 76.6% —98.9%];
P<0.001; Figure 3C). Finally, 7-year freedom from SVD did
not differ among diabetic patients by age (Figure 3D).

Multivariate Analysis

On Cox regression (Table 4), type 2 DM (hazard ratio [HR]
2.39,95% CI, 2.28-3.52), age <65 years (HR 1.41; 95% CI,
1.35-2.27), chronic renal failure (HR 1.36; 95% CI, 1.31-
2.23), total cholesterol/HDL ratio =4 (HR 1.19; 95% CI,
1.14-2.00), total cholesterol >200 mg/dL (HR 1.18; 95% CI,
1.12-1.93), and triglycerides =150 mg/dL (HR 1.16; 95%
CI, 1.07-2.03) were independent predictors of SVD. Com-
pared with patients with ITDM, those with NITDM had a
21.4% lower risk of SVD. Among patients with impaired
fasting glucose, those with MS without DM, and those
without DM and MS, the risk of SVD was 48.5%, 71.0%,
and 88.2% lower than in patients with ITDM, respectively
(Figure 4).

The ROC curve analysis showed that a cutoff value of FPG
=142 mg/dL (95% CI, 134-161 mg/dL) was predictive of
SVD. The model showed an area under the ROC curve of
0.84 (95% CI, 0.79-0.86 [optimism-corrected 0.82; 95% CI,
0.77-0.85]) with 0.87 (95% CI, 0.83-88) sensitivity
(optimism-corrected 0.85; 95% CI, 0.84—-0.86) and with 0.82
(95% CI, 0.80-0.84) specificity (optimism-corrected 0.79;
95% CI, 0.78—-0.80). The optimal cutoff value of Hb A, to
predict SVD was =6.5% (48 mmol/mol; 95% CI, 6.2%-6.
8%). The model showed an area under the ROC curve of 0.93
(95% CI, 0.92-0.94; optimism-corrected 0.90 [95% CI,
0.89-0.91]) with 0.90 (95% CI, 0.88-0.91) sensitivity
(optimism-corrected 0.87 [95% CI, 0.86—0.87]) and with
0.87 (95% CI, 0.85-0.89) specificity (optimism-corrected
0.85 [95% CI, 0.84-0.86]).

Subgroup Analysis

Associations between DM and SVD were observed in various
subgroups of patients (Figure 5). Patients with DM were
associated with increased SVD regardless of age, chronic
renal failure, cholesterol/HDL, total cholesterol, triglycerides,
and MS. There were no apparent significant interactions
between DM and any of the covariates.

Discussion

The main result of the present multicenter, retrospective PS
study is that type 2 DM is a strong predictor of bioprosthetic
SVD independent of other risk factors and, above all, of other
metabolic factors. Indeed, type 2 DM was, in our experience,
the strongest predictor of SVD (HR 2.39; 95% CI, 2.68—
3.52). This finding is clinically relevant because of the high
prevalence of DM (=~30%) in patients undergoing heart valve
replacement.!”

It has been suggested that the process of heart valve
degeneration is associated with the risk factors of atheroscle-
rosis and shares many of its histological and molecular
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Figure 3. Actual freedom from structural valve degeneration (SVD) in the matched cohort. A, Actuarial freedom from SVD in patients
with diabetes mellitus (DM) and without DM (NDM). B, Actuarial freedom from SVD in patients with DM and no metabolic syndrome
(DM - NMS), with DM and associated metabolic syndrome (DM — MS), without DM or metabolic syndrome (NDM — NMS), and with
metabolic syndrome without DM (NDM - MS). C, Actuarial freedom from SVD in patients with insulin-treated type 2 DM (ITDM), non-
insulin-treated type 2 DM (NITDM), and impaired fasting glucose (IFG). D, Age-adjusted actuarial freedom from SVD in patients with

type 2 DM.

characteristics. Results of MESA (Multi-Ethnic Study of
Atherosclerosis)'® showed that type 2 DM and MS are
associated with increased risk of valve calcification. Briand
and coworkers® found that type 2 DM was associated with a
faster progression of mean gradient and noted that the
association of type 2 DM with MS led to a mean gradient-
progression rate 2.5-fold higher than in those without these 2
factors. Moreover, Nollert et al> showed that the risk factors
for atherosclerosis might play a substantial role in the

Table 4. Multivariate Cox Model*

HR (95% Cl) P
Diabetes 2.39 (2.28-3.52) <0.001
Age <65y 1.41 (1.35-2.27) 0.009
Chronic renal failure 1.36 (1.31-2.23) 0.01
Total cholesterol/HDL =4 1.19 (1.14-2.00) 0.02
Total cholesterol >200 mg/dL 1.18 (1.12-1.93) 0.02
Triglycerides =150 mg/dL 1.16 (1.07-2.03) 0.03
Metabolic syndrome 1.10 (1.02-1.94) 0.08
LDL cholesterol >130 mg/dL 1.05 (0.94-1.75) 0.1
Mitral position 1.00 (0.89-1.70) 0.3
Pericardial bioprosthesis 0.94 (0.81-1.64) 0.6

HR indicates hazard ratio; Cl, confidence interval; HDL, high-density
lipoprotein; and LDL, low-density lipoprotein.

*Model with a robust variance estimate that accounts for clustering within
matched pairs.

degeneration of aortic bioprosthetic valves and that type 2
DM was a risk factor for reoperation for aortic valve
replacement. Nonetheless, all of these studies shared the
limitation of having a small number of patients and consid-
ered type 2 DM in conjunction with other confounding
metabolic factors potentially responsible for structural bio-
prosthetic failure. For this reason, we allowed for interaction
between type 2 DM and other significant risk factors, and we
found that the effect of type 2 DM on postoperative outcomes
was similar or even higher in low- versus high-risk patients.
Moreover, we failed to find any significant interactions
between DM and any of the other risk factors, which
demonstrates that type 2 DM remains a critical determinant of
SVD beyond any other potentially associated predictor.

It has also been suggested that statin treatment may slow
the progression of bioprosthetic degeneration,? and this action
was hypothesized to be attributable to its pleiotropic effects,
including anti-inflammatory properties, which could be ben-
eficial in preventing the postoperative degeneration of bio-
prostheses.* In the present study, the use of statin therapy did
not appear to significantly influence the degeneration of
bioprosthetic valves; however, controversy remains about this
issue,'® and controlled prospective, randomized trials would
be advisable to draw any conclusive information in this
regard.

Regarding other proatherosclerotic conditions, multivariate
analysis did not show MS to be an independent predictor of
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Figure 4. Hazard ratios (HR) and 95% confidence intervals (Cls) for structural valve degeneration in patients with insulin-treated type 2
diabetes mellitus (ITDM), non-insulin-treated type 2 diabetes mellitus (NITDM), impaired fasting glucose (IFG), metabolic syndrome
without diabetes mellitus (NDM-MS), and without metabolic syndrome or diabetes mellitus (NDM-NMS).

SVD. This lack of association between MS and SVD and the
strong association between DM and SVD observed in the
present study appear to suggest that hyperglycemia rather
than insulin resistance may play a major role in bioprosthesis
deterioration. Alternatively, one may hypothesize that be-
cause only some (hyperglycemia and, to a lesser extent,
triglycerides) but not all components of the syndrome may
predict SVD, this may weaken the overall impact of MS when
evaluated with stringent statistical analysis. Nevertheless,
specific work is needed to explore the possible role of insulin
resistance in SVD. Finally, total cholesterol levels, as well as
a high total cholesterol/HDL cholesterol ratio, were a very
strong independent predictor of SVD. Total cholesterol levels
are not included in the definition of the MS and are not
correlated with the presence of type 2 DM because they are
not significantly affected by insulin resistance.2? Therefore,
the fact that total cholesterol was associated with SVD
independent of DM appears to confirm findings from previ-
ous studies'? and to suggest that an accelerated atheroscle-
rotic process, of which hyperglycemia and hypercholesterol-
emia?! are among the main determinants, may play a key role
in SVD.

Potential Mechanisms Responsible for SVD in DM
The pathogenesis of postoperative calcification of biopros-
thetic heart valves is not fully understood. Calcification and
mineralization occur in virtually all bioprosthetic valves, but
the extent and characteristics vary a great deal and are

especially pronounced in young adults.?? The mechanisms of
accelerated calcification in young patients remain mostly
unknown. It might involve an immune-mediated reaction and
an increased adsorption of proteins related to bone forma-
tion.23-2* Another important mechanism of bioprosthetic de-
generation is mechanical stress. The design of the valve and
its stent are considered the 2 most important features to cope
with mechanical stress. In the vast majority of explanted
tissue valves, inflammatory cells were found to either cover
the surfaces at almost a monolayer density or focally infiltrate
into the tissue. The 3 possible mechanisms that can explain
these phenomena are the immune response theory, the glu-
taraldehyde intrinsic proinflammatory effect, and the shear
stress theory. It is realistic that all 3 mechanisms work
together to determine postimplantation prosthetic tissue deg-
radation.* The potential mechanism responsible for SVD in
type 2 DM patients is still largely unclear; however, oxidative
stress leading to DNA damage is implicated in progressive
chronic degenerative process secondary to DM. Indeed,
increased production of highly aggressive reactive oxygen
species under hyperglycemic conditions is considered the
main trigger of severe chronic complications such as degen-
erative valve disease.?®> Similar to diabetic patients, smokers
also have highly increased production of reactive oxygen
species, which leads to an enhanced incidence of degenera-
tive valve disease,?? although the specific pathophysiological
mechanisms require further clarification. A repair capacity in
the presence of increased production and the damaging
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Figure 5. Risk of structural valve deterioration in various subgroups in patients with diabetes mellitus (DM) and without diabetes (NDM).
HR indicates hazard ratio; CRF, chronic renal failure; HDL, high-density lipoprotein; and MS, metabolic syndrome.

effects of reactive oxygen species in patients with DM or
corresponding animal models is now under intensive inves-
tigation as a parameter or even a biomarker of differential cell
resistance to diabetic complications.?°-3% Furthermore, oxida-
tive stress has been proposed to be the pathogenic mechanism
linked to taurine depletion, which is associated with the
development of cardiomyopathy.?® Thus, the relevance in
tissue valve degeneration of molecular events caused by both
type 2 DM and taurine depletion might represent a fertile area
for further investigation.

Furthermore, patients with DM are a high-risk group for
infectious disorders. Increased prevalence of infectious endo-
carditis in patients with type 2 DM contributes considerably
to both acute valve insufficiency and chronic progressive
degeneration of valvular tissue.?

Mechanical stress, induced by unfavorable transvalvular
flow conditions, may play an adjunctive role in SVD devel-
opment. Indeed, Flameng and coworkers3! recently indicated
patient/prosthesis mismatch as another potential determinant
of tissue valve SVD. Although transvalvular flow character-
istics exert an undisputed impact on bioprosthetic tissue
integrity,?? current knowledge of factors and the mean of
calculations of parameters that generate an unfavorable pa-
tient/prosthesis interplay and clinical conditions or postoper-

ative effects are still unclear or poorly defined.?>37 The
interplay between undue mechanical stress and type 2 DM
may exacerbate the unfavorable working environment of the
prosthetic biological tissue. Further research in this area and
in the relationship between mechanical stress and type 2
DM-related effects on tissue valves is therefore mandatory,
particularly in light of improving intraoperative strategy
(appropriate valve choice, myectomy in association with
valve replacement, stented versus stentless, etc) and postop-
erative results.?®

Clinical Considerations
In the present study, type 2 DM had a significant impact on
in-hospital and long-term survival after heart valve replace-
ment. These findings are in accordance with the experience of
Halkos and associates,?® who showed, in a study of 2964
patients submitted to isolated primary cardiac valve opera-
tion, a worse outcome in diabetic patients (in-hospital mor-
tality of 8.0% versus 3.9% and 10-year mortality of 58.5%
versus 29.5%, respectively) and who showed that among
patients with DM, insulin-treated subjects had the worst
long-term results.

Furthermore, the present data indicated that in addition to
the confirmed negative impact on life expectancy, type 2
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ITDM conveyed a higher risk of SVD, whereas NITDM
treated with oral hypoglycemic agents conveyed an interme-
diate risk compared with the lower risk of SVD with no DM.

In addition, the increased risk associated with the ITDM
group was >2.5 times higher than with MS without DM. This
latter finding appears to confirm that hyperglycemia per se
may be the strongest predictor of SVD and is also supported
by the greater risk of SVD observed in patients treated with
oral hypoglycemic agents than in those with untreated hyper-
glycemia. That insulin treatment was associated with the
highest risk of SVD in patients in the present study may also
be consistent with this view, because insulin-treated type 2
DM patients were likely those with more difficult glycomet-
abolic control, and therefore, severity of type 2 DM would be
confirmed to play a key role in SVD. Alternatively, one can
argue that patients treated with insulin were those more likely
to have a relevant degree of insulin resistance,?® whereas
those treated with oral hypoglycemic agents, mainly insulin
sensitizers,*® were those more likely to have an improved
insulin sensitivity. Therefore, on the basis of these consider-
ations, a possible role for insulin resistance in the determin-
ism of SVD cannot be excluded and, as alluded above, should
be investigated specifically. The most recent glycemic goal
recommended by the American Diabetes Association, se-
lected on the basis of epidemiological and interventional
studies, is in general an Hb A, level of <7%. Recently, a
joint position statement of the American Heart Association
with the American Diabetes Association and the American
College of Cardiology also endorsed this Hb A, target as
being associated with long-term reduction in the risk of
diabetic macrovascular disease.*! However, this issue, partic-
ularly in type 2 DM, remains debated, and in the same
statement, the authors suggest that for some patients, individ-
ualized glycemic targets other than the general goal may be
appropriate.

The findings of the present study would indicate the need
for caution with regard to the choice of a biological prosthesis
for cardiac valve replacement in patients with DM and
advises the use of mechanical prostheses. Limited published
data, however, do not support the superiority of mechanical
valves versus tissue valves in patients with DM in terms of
early or late postoperative results.?® Furthermore, the influ-
ence of DM on valve-related complications after heart valve
replacement that are usually linked to mechanical substitutes
(eg, hemorrhage, thromboembolism, pannus formation) has
also been poorly explored. Evaluation of postoperative com-
plications in patients with artificial valves has suggested that
DM may predispose to different patterns of adverse events
after surgery according to the type of prosthesis used,
particularly with regard to non—SVD-related events.*> There-
fore, the impact of what is currently known as the “diabetic
disadvantage,”*? particularly in patients requiring an artificial
valve, warrants further studies to better elucidate whether and
how type 2 DM might affect the patient postoperative
outcome depending on the presence of a mechanical or a
biological prosthesis.

On the basis of the present data, stricter metabolic control
than recommended in the general diabetic population with a
target Hb A,. <6.5% might be advisable in patients with a

bioprosthesis, and improved implementation of current guide-
lines*! should be taken into consideration, particularly in
patients with ITDM, who have an exceedingly high risk of
SVD with respect to those with NITDM.

Interestingly, on the basis of the present data, patients with
DM thought to be reasonably well controlled, according to
current guidelines*? (Hb A, <7% but >6.5%), or with mild
DM (FPG slightly >140 mg/dL) still appear to bear a
significant risk of valve degeneration. Moreover, SVD risk
appears to be exceedingly high in ITDM with respect to
NITDM. Finally, the use of oral hypoglycemic insulin-
sensitizer agents may be hypothesized to be able to attenuate
the risk of SVD in type 2 DM.

Study Limitations

This study retains the obvious limitations related to the
multicenter and retrospective format of data collection. In
particular, the clinical evaluation and procedures were per-
formed at different centers by different surgeons. However,
the main limitation of the present study is its retrospective
nature.

To reduce the bias, we used the PS analysis, a technique
that has been used in other recent clinical studies.!'-'> None-
theless, inexact or incomplete matching might affect the
results of the present study. However, we matched nondia-
betic patients with 64.2% of patients with DM, with the worst
matching having a PS difference of 0.016 and with a median
standardized difference after matching of 0.003, which indi-
cates a satisfactory matching. In addition, patients not under-
going active hypoglycemic treatment were categorized with
respect to glucose tolerance on the basis of fasting glucose
levels and not on their response to an oral glucose tolerance
test. This may be another limitation inherent to the nature of
the study in that the definitions, particularly of the no-DM
group, may not be totally accurate. However, this approach is
validated by other previous large cohort studies with cardio-
vascular end points.*+45

With regard to statin therapy, data were extremely variable
with respect to doses, type, duration and onset of treatment,
and adherence to therapy throughout the follow-up. Further-
more, no data were available about the actual effect of the
ongoing lipid-lowering therapy. Interpretation of these
findings, therefore, may be difficult in terms of the effects
of such hypocholesterolemic agents on postoperative valve
degeneration.

Unfavorable transvalvular flow conditions, for instance,
generated by inappropriate balance between prosthetic size/
design and patient anatomic or functional features (patient/
prosthesis mismatch, among others), may play a critical role
in SVD development.32:33 This information was not reviewed
in the present analysis and hence represents a limitation of our
study. However, mechanically related SVD of tissue valves
remains to be defined, because current knowledge on this
topic and the elucidation of the factors and extent of such a
pathogenetic phenomenon are still controversial.3+-37

Finally, because of the retrospective nature of the study,
which included patients operated on during a 21-year period,
we failed to report information about the mode of failure
(stenosis/regurgitation/mixed). It would have been important
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to perform some analysis in this regard because the determi-
nants of SVD may differ depending on the underlying
mechanism. Finally, patients could not be followed up with
the same follow-up interval but according to each individual
institutional protocol.

Conclusions

We conclude that type 2 DM exerts a significant impact on
postoperative outcome in patients undergoing cardiac valve
replacement with tissue valves. Specifically, type 2 DM was
shown to be a strong predictor of SVD. Moreover, risk
appears to increase for patients treated with insulin, for those
with Hb A, >6.5%, and for those with FPG >142 mg/dL.
Therefore, even patients with apparently well-controlled or
mild DM need to be included in the high-risk group for SVD.
Whether postoperative strict (target Hb A, >6.5%) glycemic
control in patients with type 2 DM undergoing tissue valve
implantation should be implemented must be demonstrated in
intervention studies.
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CLINICAL PERSPECTIVE

Biological prostheses are increasingly implanted to treat disparate cardiac valve diseases. Postoperative structural valve
degeneration represents the most relevant drawback of such artificial valves, sometimes leading to substantial leaflet tissue
derangement, clinical deterioration and ultimately, reoperation. The causes and pathogenetic mechanisms of artificial valve
structural impairment are not yet fully understood. Atherosclerosis-related risk factors have been suggested recently,
through analysis of postoperative outcome in limited patient experiences, to play a role in postimplantation bioprosthetic
failure. This multicenter retrospective study sought to investigate specifically the early and long-term influence of type 2
diabetes mellitus in terms of composite outcome in patients undergoing bioprosthetic heart valve implantation in the aortic
or mitral position. Propensity score analysis enabled a 1:1 match in 2226 diabetic and nondiabetic subjects among 6184
patients submitted to cardiac valve replacement with biological valves during a 21-year period. In this study, type 2
diabetes mellitus was shown to be an independent predictor of unfavorable outcome, either in terms of reduced life
expectancy or in terms of structural bioprosthetic valve degeneration, with the insulin-treated subjects showing the most
unfavorable postoperative results. Furthermore, diabetes mellitus was shown to negatively affect postoperative tissue valve
performance, irrespective of other associated cardiovascular risk factors. Additional studies are needed to disclose the
pathogenetic mechanisms by which such a metabolic disorder may affect the structural integrity of tissue valves and to
investigate methods to reduce such an adverse event. Meanwhile, strict clinical surveillance is advised on the basis of the
currently witnessed higher rate of structural valve degeneration in diabetic patients submitted to cardiac valve replacement
with a biological prosthesis.
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