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Abstract

Context: Type 2 diabetes (T2D) shows a high mortality rate, partly mediated by
atherosclerotic plaque instability. Discovering novel biomarkers may help identify high-
risk patients who would benefit from more aggressive and specific managements. We
recently described a serum resistin and multicytokine inflammatory pathway (REMAP),
including resistin, interleukin (IL)-1p, IL6, IL-8, and TNF-a, that is associated with
cardiovascular disease.
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Objective: We investigated whether REMAP is associated with and improves the
prediction of mortality inT2D.

Methods: A REMAP score was investigated in 3 cohorts comprising 1528 patients with
T2D (409 incident deaths) and in 59 patients who underwent carotid endarterectomy
(CEA; 24 deaths). Plagues were classified as unstable/stable according to the modified
American Heart Association atherosclerosis classification.

Results: REMAP was associated with all-cause mortality in each cohort and in all 1528
individuals (fully adjusted hazard ratio [HR] for 1 SD increase = 1.34, P<.001). In CEA
patients, REMAP was associated with mortality (HR = 1.64, P=.04) and a modest change
was observed when plaque stability was taken into account (HR = 1.568; P=.07). REMAP
improved discrimination and reclassification measures of both Estimation of Mortality
Risk inType 2 Diabetic Patients and Risk Equations for Complications of Type 2 Diabetes,
well-established prediction models of mortality inT2D (P < .05-<.001).

Conclusion: REMAP is independently associated with and improves predict all-cause
mortality in T2D; it can therefore be used to identify high-risk individuals to be targeted
with more aggressive management. Whether REMAP can also identify patients who
are more responsive to IL-6 and IL-1 monoclonal antibodies that reduce cardiovascular

burden and total mortality is an intriguing possibility to be tested.

Key Words: resistin, cytokines, mortality, prediction models, type 2 diabetes, plaque instability

Type 2 diabetes is a leading cause of death, accounting for
11% of global all-cause mortality among adults (1).

Because of the epidemic proportion type 2 diabetes is
assuming (1), this dramatic load will surge further over the
next decades, thus greatly contributing to increased eco-
nomic, social, and human costs worldwide (2).

To tackle such a burden, highly performing models able
to predict the most high-risk patients who would benefit
from the most aggressive, expensive, and burdensome pre-
vention strategies are mandatory.

Unraveling novel biomarkers that improve stratification
of all-cause mortality risk is a way to address this need (3).
Coincidentally, such efforts can also highlight pathogenic
pathways that are still unknown or poorly understood and
that eventually become the target of new treatments (4).

It has long been known that low-grade inflammation is
pathogenic for atherosclerotic cardiovascular disease (5, 6)
and a key player in atherosclerotic plaque formation, pro-
gression, instability, and healing (7), all major causes of total
death, especially in individuals with diabetes (8). Among the
proinflammatory cytokines is resistin, which has been as-
sociated with cardiovascular disease and mortality rate in
patients with type 2 diabetes (9-11). Resistin itself controls
the expression of several other proinflammatory cytokines
(12-16), so the existence of a resistin and multicytokine in-
flammatory pathway, now named resistin and multicytokine
inflammatory pathway (REMAP), operating in cells and tis-
sues, has been hypothesized (17) Our recent findings also
speak in favor of the existence in vivo of such a pathway,
including interleukin (IL)-1f3, IL-6, IL-8, and tumor necrosis

factor (TNF)-a,, whose serum concentrations are strictly cor-
related with those of resistin (17). Notably, a REMAP score,
created by summing up circulating levels of resistin and the
aforementioned cytokines, is associated with cardiometabolic
traits in the general population and with major adverse car-
diovascular events (MACE) in type 2 diabetes (17). Based on
this encouraging background, we investigated whether it is
associated with and helps improve the prediction of all-cause
mortality as assessed by established prediction models (18,
19), which, though well performing, need to be further im-
proved with the aim of reaching outstanding discriminatory
abilities (20, 21). In a small subgroup of high-risk individuals
enriched by type 2 diabetes, we also investigated whether the
association between REMAP and all-cause mortality was de-
pendent on atherosclerotic plaque stability.

Materials and Methods
Participants

Three cohorts of patients with type 2 diabetes (diagnosed ac-
cording to the American Diabetes Association 2018 criteria),
the Gargano Mortality Study (GMS), Foggia Mortality Study
(FMS), and the Gargano Heart Study (GHS)-prospective de-
sign from Apulia, central-southern Italy, were analyzed.

The GMS and GHS-prospective design were recruited
at IRCCS “Casa Sollievo della Sofferenza,” San Giovanni
Rotondo, Italy (3). The GMS comprises 1028 patients re-
cruited from 2000 to 2005, with all-cause mortality as
the end point and followed until December 2014 (3). The
FMS comprises 1115 patients consecutively recruited at
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the University of Foggia from 2002 to 2008, with all-cause
mortality as the end point and followed until March 2015
(3). The GHS-prospective design consists of 368 patients
with coronary artery disease consecutively recruited from
2001 to 2008, and followed yearly until 2011 for MACE,
cardiovascular, and all-cause mortality (9, 17).

For all patients, follow-up duration, exclusion criteria,
and vital status ascertainment were assessed as previously
described (3). For this specific study, serum resistin, IL-1f3,
IL-6, IL-8, and TNF-a concentrations were assessed in 643
individuals from the GMS (62.5% of the total sample, ran-
domly extracted), 532 from the FMS (48%, randomly ex-
tracted), and 353 (96 %) from the GHS-prospective design.

In addition, to address the role of plaque instability in
mediating the association between REMAP and all-cause
mortality, a selected cohort of 59 patients (16 with major
stroke or transient ischemic attack and 43 with no symp-
toms) was recruited. All patients underwent carotid end-
arterectomy (CEA) by patch reconstruction with the use of
shunt when indicated by electroencephalogram monitoring,
performed at Tor Vergata University Hospital, Rome, Italy
(22). Further details on this sample have been previously
reported (22). Both serum levels and carotid plaque gene
expression of the 5 cytokines mentioned earlier were meas-
ured in these patients.

Measurement of Circulating Cytokines

Serum resistin concentrations were measured in duplicate
by a commercial enzyme-linked immunosorbent assay (Bio
Vendor) as previously described (17). Interassay and intra-
assay coefficients of variation were 7.0% to 8.1% and
5.2% to 6.6%, respectively. Serum IL-1p, IL-6, IL-8, and
TNF-a circulating levels were measured in duplicate, using
a multiplex detection 4-plex kit from Bio-Rad. The median
coefficient of variation was less than 25% for all analyzed
cytokines. Data were analyzed as previously described (17).

Plague Histology and Measurements of Cytokine
Expression

All plaques had histology classified according to previously
reported methods (22) and were separated into 2 categories
according to the modified American Heart Association
atherosclerosis classification: unstable and stable plaques
(23). Unstable plaques comprise thrombotic and vulner-
able plaques. Thrombotic plaques included: (a) plaque
rupture with the luminal thrombus, (b) ulceration, (c) ero-
sion, and (d) a calcified nodule. Vulnerable plaque or a
thin-cap fibroatheroma was characterized by a fibrous cap
less than 165 pm thick heavily infiltrated by macrophages,
CD68 positive (> 25 per high-magnification field), without

plaque rupture. Stable plaques were divided in fibrocalcific
and healed plaques. Fibrocalcific plaques showed a thick
fibrous cap (> 165 um) associated with the presence of cal-
cification and a variable necrotic core. Healed plaques were
defined as those showing multilayers of fibrous tissue and a
lipid-rich necrotic core.

Gene expression quantification of RETN, IL-1,
IL-6, CXCL8, and TNF were derived from a whole-
transcriptomic analysis conducted in 59 carotid plaques
from patients with CEA, by means of high coverage (30
million pairs of 100 bp reads/sample) paired-end RNA-
sequencing on Illumina NexSeq 500, following Illumina-
based strand specific protocol (Illumina Inc). Data from
the whole-transcriptomic analysis remain under deeper,
ongoing investigation and will be the subject of another

manuscript.

Statistical Analysis

Patients’ baseline characteristics were reported as
mean = SD or median and interquartile range and fre-
quency and percentage for continuous and categorical vari-
ables, respectively. Since the rate of missing values was low
(< 5%) in all samples, data were imputed using the random
forest framework (24). Because of skewed distribution,
values of all molecules belonging to the REMAP were
log-transformed, standardized, and then summed up in a
REMAP score. In the 3 cohorts of individuals with type 2
diabetes, to be conservative enough, our analyses were kept
linked to the background derived from similar, unselected
diabetic patients (17) on whom our present study is based.
Each standardized cytokine serum value was therefore
summed in the REMAP score after being weighted by the
regression coefficient previously obtained in the associ-
ation with MACE (17). The weights used to estimate the
REMAP score and the overall rationale behind their use are
described in the supplementary data (25). In all prospective
studies, the time variable was defined as the time between
the baseline examination and date of the event (ie, all-cause
mortality) or, for individuals who did not experience the
event, the date of the last available clinical follow-up. The
incidence rate for all-cause mortality was expressed as the
number of events per 100 person-years.

To investigate the relationship between REMAP score
and the all-cause mortality rate, REMAP score was in-
cluded in the multivariable analyses as: 1) a linear term
only, 2) a quadratic term only, 3) both linear and quad-
ratic terms. Goodness of fit for each Cox model was
evaluated by Akaike information criterion. The linear
term was the one obtaining the minimum Akaike infor-
mation criterion value among all the Cox models tested.
To assess the association between REMAP score and
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all-cause mortality, unadjusted and adjusted Cox pro-
portional hazard models were estimated. In the GMS,
FMS, and GHS-prospective and in the pooled sample,
age at recruitment, sex, smoking habit, body mass index
(BMI), HbA , diabetes duration, and antihypertensive,
insulin, and statin treatments were considered as pos-
sible confounders in the fully adjusted model. Moreover,
high-sensitivity C reactive protein (hs-CRP), a marker
of acute-phase inflammation, was considered as an add-
itional covariate after log transformation and standard-
ization. Analyses in the pooled sample were also adjusted
for study cohort. Our pooled sample of 1528 patients,
with an event rate of 26.8%, achieves 90% power at
a 5% significance level to detect, for a 1-SD increment
of the REMAP score, a hazard ratio (HR) equal to at
least 1.18.

In the sample with CEA, comprised also of individuals
with no diabetes, HbA and diabetes duration were ex-
cluded and diabetes status (yes/no) and plaque status (un-
stable/stable) were included in the model.

Risks were reported as odds ratios (ORs) or HRs along
with their 95% Cls per 1-SD increase in standardized log
REMAP score values.

To deeply study the association between REMAP and
all-cause mortality, the pooled sample was stratified ac-
cording to the study-specific tertiles of REMAP score values
and incidence rates were computed within each stratum.
Moreover, study-adjusted Cox survival curves were es-
timated (26) in the whole sample according to REMAP
tertiles.

To examine whether the REMAP score increases the pre-
diction accuracy of all-cause mortality in type 2 diabetes,
2 different, well-established models were used, including
Estimation of Mortality Risk in Type 2 Diabetic Patients
(ENFORCE) (18) and Risk Equations for Complications
of Type 2 Diabetes (RECODe) (19). Predictors included in
the 2 models are reported in the supplementary data (25).

According to the models’ setting, the time horizon
prediction was 6 years for ENFORCE and 10 years for
RECODe. Each model was tested without (reference
model) and with the addition of REMAP score values.
Discrimination was measured by survival ¢ statistic (27),
the improvement in discrimination by A ¢ statistic (27),
and the survival version of the relative integrated discrim-
ination improvement (rIDI) (28). In addition, the survival
version of the category-free net reclassification improve-
ment (cNRI) (29), which examines whether the predicted
probabilities of individuals with and without events
move in the right directions (upward and downward, re-
spectively) from the reference to the enriched model was
evaluated.

The 95% Cls for discrimination and reclassification
measures were computed by bootstrap. A P value of less
than .05 was considered significant. All analyses were per-
formed using SAS Release 9.4 (SAS Institute).

Results

The clinical features of patients from the GMS, FMS, and
GHS-prospective design are summarized in Table 1. In the
GMS, during follow-up (10.7 = 3.5 years; 6897.5 person-
years), 185 deaths occurred. In the FMS, during follow-up
(7.1 2.5 vyears; 3773.3 person-years), 143 deaths oc-
curred. In the GHS-prospective design, during follow-up
(5.4 = 2.5 years; 1907.6 person-years), 81 deaths occurred.
The association between any single cytokine comprised
in the REMAP and all-cause mortality in each sample is
shown in Supplementary Table 1 (25). In all 3 samples, the
REMAP score was significantly associated with all-cause
mortality (HR [95% CI] for 1-SD increase = 1.47 [1.28-
1.68],1.47[1.28-1.69] and 1.56 [1.28-1.89] in GMS, FMS,
and GHS-prospective, respectively; all P < .001]). The 3 as-
sociations remained significant in a fully adjusted model
comprising age at recruitment, sex, smoking habit, BMI,
HbA, , diabetes duration, and antihypertensive, insulin,
and statin treatments (HR [95% Cls] =1.36 [1.17-1.57],
1.27 [1.09-1.47], and 1.47 [1.20-1.81] in GMS, FMS and
GHS-prospective, respectively; all P <.01). In the GHS-
prospective design, where data on cardiovascular mortality
were available, the association between the REMAP score
and all-cause mortality was superimposable to that of car-
diovascular origin (HR; 95% CI=1.62; 1.29-2.04 and
1.48; 1.17-1.87 in the unadjusted and the fully adjusted
model, respectively). In the pooled analysis comprising all
3 samples, the REMAP score was strongly associated with
all-cause mortality with an adjusted HR = 1.34 (1.22-1.47;
P <.001) (Table 2), with no difference between male and
female participants (P of heterogeneity = .92). Of note, this
association, even if weakened, remained strongly signifi-
cant after also adjusting for hs-CRP (HR; 95% CI = 1.20;
1.08-1.34; P <.001). Interestingly, a negative REMAP-by-
CRP interaction was observed (3 value [SE]: —0.12 [0.04];
P < .01), with the association between REMAP and mor-
tality being stronger in patients with lower CRP levels.
Finally, in a fully adjusted model also comprising serum
resistin levels, the REMAP score (HR; 95% CI=1.37;
1.13-1.65; P < .01), but not resistin (HR; 95% CI = 0.98;
0.81-1.18; P = .81), was associated with all-cause mortality.

When the pooled sample was stratified according to
study-specific tertiles of REMAP values (cutoffs being
—0.49 and 0.35;-0.50 and 0.21;-0.40 and 0.23 for GMS,
FMS, and GHS-prospective, respectively; distributions of
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Table 1. Clinical characteristics of patients from the 3 study cohorts

GMS FMS GHS-prospective

(n=643) (n=532) (n=353)
Male, n (%) 307 (47.7) 269 (50.6) 238 (67.4)
Age at recruitment, y 61.5+9.7 62.7+11.6 64.5 = 8.1
Smoking habit, n (%) 87 (13.5) 82 (15.4) 64 (18.1)
Diabetes duration, y 10.4 = 8.9 13.0+9.8 13.9£9.1
BMI 31.0+ 5.7 30.0 = 5.8 30.1+4.7
HbA , %, mmol/mol 8.6 1.9 (70 +20.8) 9.0 £2.1 (75 =23.0) 8.6 1.9 (70 +20.8)
Antihypertensive therapy, n (%) 340 (52.9) 386 (72.6) 306 (86.7)
Insulin therapy, n (%) 241 (37.5) 181 (34.0) 195 (55.2)
Statins therapy,(n (%) 167 (26.0) 166 (31 2) 220 (62 3)
hs-CRP, mg/L 6(1.2-5.4) 4 (1.2-6.0) 4 (0.7-5.5)
Resistin, ng/mL 2 (5.9-11.5) 6 (4.9-9.8) 0 (6.8-12.5)
IL-1 B, pg/mL 5(4.4-10.9) 8 (3.8-8.5) 5(2.6-6.8)
IL-6, pg/mL 5(6.8-15.3) 10 3(8.2-13.4) 18 9(10.7-36.9)
IL-8, pg/mL 52.1(30.1-87.8) 40.0 (30.9-53.6) 166.1 (73-403)
TNF-a, pg/mL 21.4.5(15.9-27.2) 37.9 (31.4-45.5) 69.5 (35.8-111.5)
Follow-up, y (py) 10.7 = 3.5 (6897.5) 7.1+2.5(3773.3) 5.4+2.5(1907.6)
All-cause death, n (%) 185 (28.8) 143 (26.9) 81 (22.9)
IR, n events per 100 py” (95% CI) 2.3 (2.0-2.7) 2.6 (2.1-3.1) 2.8 (2.2-3.5)

Continuous variables are reported as mean = SD, and categorical variables as total frequencies and percentages. Skewed variables are presented as median (inter-

quartile range).

Abbreviations: BMI, body mass index; FMS, Foggia Mortality Study; GHS-prospective, Gargano Heart Study—prospective design; GMS, Gargano Mortality Study;

HbA , glycated hemoglobin A, ; hs-CRP: high-sensitivity C-reactive protein; IL, interleukin; IR, incidence rate of all-cause death events; py, person-years; TNE

tumor necrosis factor.
“Adjusted for age and sex.

Table 2. Multivariable associations with all-cause mortality in the pooled sample (n = 1528)

HR P
REMAP score, per 1 SD 1.34 (1.22-1.47) <.001
Male vs female 1.45(1.17-1.80) <.001
Age at recruitment, per 5y 1.60 (1.50-1.70) <.001
Smoking habit, yes vs no 1.41 (1.04-1.92) .03
BMI, per 1 unit 0.99 (0.97-1.01) 23
HbA, , per 1 unit 1.09 (1.04-1.15) .001
Disease duration, per 10 y 1.02 (0.92-1.16) .74
Antihypertensive therapy, yes vs no 1.74 (1.34-2.25) <.001
Insulin treatment, yes vs no 1.68 (1.35-2.09) <.001
Statins treatment, yes vs no 0.77 (0.62-0.95) .02

REMAP obtained as described in “Materials and Methods” (SD are of log-transformed values). Analyses are adjusted for study cohort.

Abbreviations: BMI, body mass index; HbA ,

pathway.

glycated hemoglobin A

1

HR, hazard ratio; REMAP, weighted serum resistin and inflammatory multicytokines

single inflammatory molecules in each tertile are reported
in Supplementary Table 3) (25), a clear trend of mortality
incidence rate was observed from 2.1% (96 events/503;
4522.9 person-years) to 2.5% (107 events/503; 4220.8
person-years), and 5.3% (206 events/520; 3851.1
person-years) in tertile 1, 2, and 3, respectively (P for
trend < .001), with tertile 3 being by far the most at-risk
subgroup (Fig. 1).

REMAP, All-Cause Mortality, and Plaque
Instability

The clinical features of patients who underwent CEA
are summarized Table 3. During follow-up (6.2 = 2.2;
365.3 person-years), 24 deaths occurred. Also in this co-
hort, serum IL-1f, IL-6, IL-8, and TNF-a were signifi-
cantly correlated with serum resistin (all P <.001). The
REMAP score was significantly associated with all-cause
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Figure 1. Survival curves for all-cause mortality in the pooled sample according to baseline tertiles of the resistin and multicytokine inflammatory
pathway (REMAP) score. Ranges of tertiles (expressed for 1 SD of REMAP score): -3.1 to -0.5, -0.5 to 0.3, and 0.3 to 4.0 for the Gargano Mortality
Study; -2.7 to -0.5, -0.5 to 0.2, and 0.2 to 4.3 for the Foggia Mortality Study; and -2.3 to -0.4, -0.4 to 0.2, and 0.2 to 3.2 for the Gargano Heart Study.

Curves are estimated by Cox regression after adjusting for study sample.

mortality (HR [95% CI] for 1-SD increase = 1.51 [1.11-
2.07]; P <.01). This association remained significant
in a fully adjusted model comprising age at recruit-
ment, sex, smoking habit, BMI, diabetes status, and
antihypertensive and statin treatments (HR, 95% CI, for
1-SD increase = 1.64 [1.01-1.64]; P = .04). In the same
fully adjusted model the REMAP score was also signifi-
cantly associated with plaque instability (OR, 95% CI,
for 1-SD increase = 3.04 [1.02-9.01]). Finally, only a
modest weakening of the association between REMAP
and all-cause mortality was observed in the fully ad-
justed model including also plaque status (HR, 95% CI,
for 1-SD increase = 1.58 [0.96-2.56]; P = .07).

Though not reaching statistical significance, a tendency
toward the expected positive association was observed
when the correlation between RETN gene expression and
all other cytokine expression levels was tested (P =.08-
.35). The REMAP expression score was associated neither
with all-cause mortality (P = .43) nor with plaque status
(P =.76) and REMAP serum score (P =.54).

REMAP and Improved Mortality Risk Prediction

To examine whether the REMAP score is useful for
improving the prediction of all-cause mortality in type 2
diabetes, 2 different validated prediction models were used,
ENFORCE and RECODe. To this purpose the GMS and
FMS, comprising 1175 patients and 187 (at 6 years for
ENFORCE) and 277 (at 10 years for RECODe) deaths
were used. Based on the results obtained when considering
tertiles of REMAP score values (ie, tertile 3 being by far the
most at risk), the REMAP score was used as a dichotomous
variable (eg, tertile 3 = yes/no).

The addition of the REMARP score significantly amelior-
ated discrimination measures in both models, as indicated
by the c statistic values and percentage rIDI (Table 4). Risk
classification was also clearly ameliorated in both models,
with a highly statistically significant and clinically mean-
ingful proportion of nonevents being correctly reclassified
(see Table 4).

Very similar results in terms of both rIDI and ¢cNRI were
obtained when the hs-CRP-enriched version of ENFORCE
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(3) was tested in the 1175 individuals whose hs-CRP levels
were available (Supplemental Table 3; (25).

Conclusions

This study shows for the first time that the serum
REMAP score, signaling a pathway comprising sev-
eral inflammatory cytokines all under the control of
resistin, is independently associated with all-cause mor-
tality in patients with type 2 diabetes and in selected
high-risk patients with carotid atherosclerosis. Notably,
in a model comprising both resistin as singly considered

Table 3. Clinical characteristics of patients who underwent
carotid endarterectomy (n = 59)

Male, n (%) 45 (76.3)
Age at recruitment, y 72.6 = 8.5
Current smoking habit, n (%) 12 (20.3)

Diabetes, n (%) 26 (44.1)

BMI 26.9 4.3
Antihypertensive therapy, n (%) 52 (88.1)

Statins therapy, n (%) 37 (62.7)

Unstable plaque, n (%) 37 (62.7)

Resistin, ng/mL 5.7 (5.6-8.9)
IL-1 B, pg/mL 3.2 (2.8-4.0)
IL-6, pg/mL 7.8 (5.9-13.0)
IL-8, pg/mL 20.5 (18.0-28.2)
TNF-a, pg/mL 16.7 (15.1-18.2)
Follow-up, y (py) 6.2 +2.2(365.3)
All-cause death, n (%) 24 (40.7)

IR, n events per 100 py* (95% CI) 4.4 (2.7-7.0)

Continuous variables were reported as mean = SD, and categorical variables as
total frequencies and percentages. Skewed variables are presented as median
(interquartile range).

Abbreviations: BMI, body mass index; IL, interleukin; IR, incidence rate of all-
cause death events; py, person-years; TNF, tumor necrosis factor.

“Adjusted for age and sex.

and the REMAP, the latter but not the former remained
significantly associated, thus suggesting that REMAP
provides more information on the risk of death than
resistin alone. The association between mortality rate
and REMAP was replicable in all study samples, a con-
sistency that increases the credibility of our finding. In
addition and of utmost importance for possible clinical
implications, the REMAP score improves both discrim-
ination and reclassification of 2 well-established predic-
tion models of all-cause death in type 2 diabetes (18,
19). These findings extend our previous evidence on the
association between REMAP and cardiovascular disease
in diabetes (17) to total mortality and are in line with
the well-known role proinflammatory cytokines play on
atherosclerotic processes (30, 31), cardiovascular events
(32, 33) and all-cause mortality (10, 11, 34, 35) in sev-
eral clinical sets. Our data on CEA patients suggest that
atherosclerotic plaque instability, though strongly asso-
ciated with REMAP, seems to play a marginal role in
mediating the association between the latter and the risk
of death. Also, no role seems to be attributable to the
expression levels within the atherosclerotic plaque of
the genes encoding the 5 inflammatory molecules, ana-
lyzed in a combined fashion as a REMAP expression
score. Since CEA treatment has likely reduced the risk
of mortality exerted by plaque instability, all findings in
CEA patients have to be interpreted with caution. Taken
altogether, our data suggest that plaque-independent
mechanisms are likely to mediate most of the association
between serum REMAP and all-cause mortality. On the
other hand, it cannot be excluded that a greater per-
centage of this association would be influenced if, in an
ideal experimental scenario, the whole burden exerted
by all the atherosclerotic plaques affecting each indi-
vidual could be considered.

Table 4. Survival discrimination and reclassification measures of the ENFORCE and RECODe models

Discrimination

Reclassification

Prediction models ¢ Statistic Ac Statistic (P)

% Relative IDI (P)

1/2% cNRI (P) % Events (P) % Nonevents (P)

(95% CI)

ENFORCE 0.793

(0.764-0.823)
ENFORCE + REMAP score 0.797 0.04 5.8 21 3 39
(tertile 3 = yes/no) (0.766-0.829) (.015) (.011) (<.001) (.337) (<.001)
RECODe 0.735

(0.705-0.764)
RECODe + REMAP score 0.741 0.06 6.4 21 -0.2 43
(tertile 3 = yes/no) (0.712-0.770) (.031) (.002) (<.001) (.934) (<.001)

Analyses were performed in Gargano Mortality Study and Foggia Mortality Study (n = 1175).

Abbreviations: cNRI, category-free net reclassification improvement; ENFORCE, Estimation of Mortality Risk in Type 2 Diabetic Patients; IDI, integrated discrimi-

nation improvement; RECODe, Risk Equations for Complications of Type 2 Diabetes; REMAP, weighted serum resistin and inflammatory multicytokines pathway.
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Interestingly, the effect of REMAP on mortality is inde-
pendent of and interacts negatively with hs-CRP, an acute-
phase protein and a well-known marker of cardiovascular
disease and all-cause death (36, 37). In detail, the associ-
ation between a high REMAP score and high mortality rate
decreases with increasing levels of hs-CRP, thus suggesting
that the deleterious effect on mortality rate of low-grade
inflammation and that of acute-phase inflammation cannot
be mutually added. This is a typical negative synergy scen-
ario that occurs when a certain biological effect (increasing
the risk of death, in our case) approaches the plateau.

Prediction analyses highlighted that the REMAP score
improves the discrimination ability both of ENFORCE (18)
and RECODe (19), 2 established prediction models of all-
cause mortality in patients with type 2 diabetes.

Though statistically significant, the Ac statistic is rather
small, but it is worth noticing that in already well-performing
models, as are those we used here, the ¢ statistic lacks sen-
sitivity in detecting further discrimination improvements
(38). On the contrary, this is not the case of percentage rIDI,
which, in fact, approximated 6%, the threshold requested
by international guidelines for adding new biomarkers on
top of established prediction models (39). A more important
improvement, both statistically and clinically, was observed
on reclassification measures. In fact, adding the REMAP
score to ENFORCE and RECODe made it possible to cor-
rectly reclassify a high proportion (approximately 40%) of
nonevent individuals, thus reducing risk overestimation.
Conversely, adding the REMAP score did not help to cor-
rectly reclassify event individuals, thus showing no ability
in addressing risk underestimation. Of note, a similar im-
provement in discrimination and reclassification measures
was observed in the hs-CRP-enriched version of ENFORCE
(3). The association between REMAP score and mortality
rate has some potential clinical implication in the context
of a precision medicine approach. In fact, 2 neutralizing
monoclonal antibodies against IL-6 (ie, tocilizumab) (40)
and IL-1f (ie, canakinumab) (41) have been proved to re-
duce the cardiovascular burden in high-risk patients with
the latter also being able to reduce total mortality (42). One
could therefore envision a future scenario in which individ-
uals with a relatively high serum REMAP score (eg, those
belonging to the highest tertile, by far those with the highest
risk of mortality) become the most eligible to be targeted
with novel anti-inflammatory therapies.

Strengths of our study are as follows. We used well-
established, prospectively analyzed cohorts with complete
information, including standardized clinical evaluations and
mortality validated by death certificates. Measurements of
cytokines were centralized. In addition, our data were con-
firmed in a well-characterized cohort of selected high-risk
patients with carotid atherosclerosis. Moreover, the useful-
ness of the REMAP score for risk stratification purposes

was tested on top of 2 well-established and validated models
(18, 19), thus ensuring the feasibility of implementation in
the real-life clinical set. A major limitation of our finding is
due to the intrinsic nature of correlative studies like ours,
which, by definition, cannot address the biology underlying
the reported associations. At this stage of knowledge, we
can say only that while the well-known deleterious effects
of all REMAP components on low-grade inflammation
represent a credible and strong biological background, the
data obtained in individuals undergoing CEA suggest that
most of the REMAP’s effect on the risk of death is not me-
diated by an atherosclerotic plaque-dependent mechanism.
Second, although in the GHS-prospective design data on
cardiovascular death were superimposable to those of all-
cause mortality, the lack of information on cardiovascular
mortality in the other 2 larger studies makes it impossible
to robustly extend our observation to death of cardiovas-
cular origin. Finally, it is not known whether our present
findings can be generalized to patients with different ethnic,
environmental, and/or genetic backgrounds as well as to
different clinical settings.

In conclusion, in patients with type 2 diabetes a serum
resistin and multicytokine inflammatory pathway is not
only independently associated with total death but also
helps improve established all-cause mortality prediction
models, thus paving the way to a precision medicine ap-
proach that allows us to focus our efforts on patients at
the highest risk. Our finding also makes it possible to en-
vision a further precision medicine approach in which
REMAP is used to identify individuals who may be more
responsive to treatments with neutralizing monoclonal
antibodies against IL-6 and IL-1p that have been re-
cently proven to reduce cardiovascular burden and total
mortality.

Acknowledgments

The authors thank the staff and participants of the GMS, FMS,
and GHS-prospective for their dedication and contributions.

Financial Support: This work was supported by the Ministero
dell’Istruzione dell’Universita e della Ricerca “Progetti di Ricerca
di Interesse Nazionale” (PRIN) (2015 grant to V.T.) and the
Ministero della Salute (grant No. RF-2013-02356459 and EFSD/
Sanofi [2017 grant] to C.M.). M.G.S. was supported by the
Fondazione Umberto Veronesi. ML.E. is supported by the Ministero
dell’Istruzione dell’Universita e della Ricerca Progetti di Ricerca
di Interesse Nazionale (grant Nos. PRIN 2015MPESJS_004 and
2017FM74HK) and Innovative Medicines Initiative grant No.
875534).

Additional Information

Present Affiliation: Maria Giovanna Scarale, University Centre
for Statistics in the Biomedical Sciences (CUSSB), Vita-Salute San
Raffaele University, Milan, Italy.

220z I1dy G| uo Jasn ejeBiop 101 eysIaAuN AQ G221 LEY/0SEYS/L L/90L/aIo1HE/Wa0]/Wod dno"dIWapEedE//:Ssdny Wouj papeojumoq



e4358

The Journal of Clinical Endocrinology & Metabolism, 2021, Vol. 106, No. 11

Correspondence: Claudia Menzaghi, PhD, Research Unit of
Diabetes and Endocrine Diseases, IRCCS “Casa Sollievo della
Sofferenza,” Viale Padre Pio, 71013 San Giovanni Rotondo, Italy.
Email: c.menzaghi@operapadrepio.it; or Vincenzo Trischitta, MD,
Research Unit of Diabetes and Endocrine Diseases, IRCCS “Casa
Sollievo della Sofferenza,” Viale Padre Pio, 71013 San Giovanni
Rotondo, Italy. Email: vincenzo.trischitta@uniromal.it.

Disclosures: The authors have nothing to disclose. All authors
have submitted the ICMJE Form for Disclosure of Potential Con-
flicts of Interest. Conflicts that the editors consider relevant to the
content of the manuscript have been disclosed.

Data Availability: Some or all data sets generated during and/
or analyzed during the present study are not publicly accessible
but are available from the corresponding author on reasonable
request.

References

1. Saeedi P, Salpea P, Karuranga S, et al. Mortality attributable to
diabetes in 20-79 years old adults, 2019 estimates: results from
the International Diabetes Federation Diabetes Atlas, 9th edi-
tion. Diabetes Res Clin Pract. 2020;162:108086.

2. Gregg EW, Zhuo X, Cheng Y], Albright AL, Narayan KMV,
Thompson TJ. Trends in lifetime risk and years of life lost due
to diabetes in the USA, 1985-2011: a modelling study. Lancet
Diabetes Endocrinol. 2014;2(11):867-874.

3. Scarale MG, Copetti M, Garofolo M, et al. The synergic associ-
ation of hs-CRP and serum amyloid P component in predicting
all-cause mortality in patients with type 2 diabetes. Diabetes
Care. 2020;43(5):1025-1032.

4. Hanssen NMJ, Westerink ], Scheijen JL]JM, van der Graaf Y,
Stehouwer CDA, Schalkwijk CG; SMART Study Group. Higher
plasma methylglyoxal levels are associated with incident cardio-
vascular disease and mortality in individuals with type 2 dia-
betes. Diabetes Care. 2018;41(8):1689-1695.

5. Tousoulis D, Papageorgiou N, Androulakis E, et al. Diabetes
mellitus-associated vascular impairment: novel circulating
biomarkers and therapeutic approaches. | Am Coll Cardiol.
2013;62(8):667-676.

6. Kaptoge S, Seshasai SR, Gao P, et al. Inflammatory cytokines
and risk of coronary heart disease: new prospective study and
updated meta-analysis. Eur Heart J. 2014;35(9):578-589.

7. Raggi P, Genest ], Giles JT, et al. Role of inflammation in the
pathogenesis of atherosclerosis and therapeutic interventions.
Atherosclerosis. 2018;276:98-108.

8. Rawshani A, Rawshani A, Franzén S, et al. Risk factors, mor-
tality, and cardiovascular outcomes in patients with type 2 dia-
betes. N Engl ] Med. 2018;379(7):633-644.

9. Menzaghi C, Bacci S, Salvemini L, et al. Serum resistin, cardio-
vascular disease and all-cause mortality in patients with type 2
diabetes. PloS One. 2014;8(6):e64729.

10. Fontana A, Spadaro S, Copetti M, et al. Association between
resistin levels and all-cause and cardiovascular mortality: a new
study and a systematic review and meta-analysis. PloS One.
2015;10(3):0120419.

11. Fontana A, Ortega Moreno L, Lamacchia O, et al. Serum
resistin is causally related to mortality risk in patients with type
2 diabetes: preliminary evidences from genetic data. Sci Rep.
2017;7(1):61.

12. Lee S, Lee HC, Kwon YW, et al. Adenylyl cyclase-associated pro-
tein 1 is a receptor for human resistin and mediates inflammatory
actions of human monocytes. Cell Metab. 2014;19(3):484-497.

13. Bokarewa M, Nagaev I, Dahlberg L, Smith U, Tarkowski A.
Resistin, an adipokine with potent proinflammatory properties.
J Immunol. 2005;174(9):5789-5795.

14. Nagaev I, Bokarewa M, Tarkowski A, Smith U. Human resistin is
a systemic immune-derived proinflammatory cytokine targeting
both leukocytes and adipocytes. PloS One. 2006;1(1):e31.

15. Silswal N, Singh AK, Aruna B, Mukhopadhyay S, Ghosh S,
Ehtesham NZ. Human resistin stimulates the pro-inflammatory
cytokines TNF-alpha and IL-12 in macrophages by NF-kappaB-
dependent  pathway. Biochem Biophys Res Commun.
2005;334(4):1092-1101.

16. Dong ZX,SuL,Brymora J,etal. Resistin mediates the hepaticstellate
cell phenotype. World | Gastroenterol. 2013;19(28):4475-4485.

17. Menzaghi C, Marucci A, Antonucci A, et al. Suggestive evi-
dence of a multi-cytokine resistin pathway in humans and its
role on cardiovascular events in high-risk individuals. Sci Rep.
2017;7:44337.

18. Copetti M, Shah H, Fontana A, et al. Estimation of Mortality
Risk in Type 2 Diabetic Patients (ENFORCE): an inexpensive
and parsimonious prediction model. J Clin Endocrinol Metab.
2019;104(10):4900-4908.

19. Basu S, Sussman ]B, Berkowitz SA, et al. Validation of Risk
Equations for Complications of Type 2 Diabetes (RECODe)
using individual participant data from diverse longitudinal co-
horts in the U.S. Diabetes Care. 2018;41(3):586-595.

20. Hosmer DW, Lameshow S. Applied Logistic Regression. 2nd ed.
John Wiley & Sons; 2000.

21. Trischitta V, Copetti M. Moving toward the implementation of
precision medicine needs highly discriminatory, validated, in-
expensive, and easy-to-use prediction models. Diabetes Care.
2020;43(4):701-703.

22. Cardellini M, Rovella V, Scimeca M, et al. Chronic kidney dis-
ease is linked to carotid nodular calcification, an unstable plaque
not correlated to inflammation. Aging Dis. 2019;10(1):71-81.

23. Virmani R, Kolodgie FD, Burke AP, Farb A, Schwartz SM.
Lessons from sudden coronary death: a comprehensive mor-
phological classification scheme for atherosclerotic lesions.
Arterioscler Thromb Vasc Biol. 2000;20(5):1262-1275.

24. Tang F, Ishwaran H. Random forest missing data algorithms.
Stat Anal Data Min. 2017;10(6):363-377.

25. Scarale MG, Antonucci A, Cardellini M, Copetti M, Salvemini L,
Menghini R, et al. Supplementary data for: A serum resistin and
multi-cytokine inflammatory pathway is linked with and helps
predict all-cause death in diabetes. Figshare. 2021. Accessed
June 7,2021. https://doi.org/10.6084/m9.figshare.14743530.v2

26. Therneau TM Crowson C, Atkinson EJ. Adjusted survival
curves. 2015. Accessed January. https://cranr-projectorg/web/
packages/survival/vignettes/adjcurvepdf

27.Uno H, Tian L, Cai T, Kohane IS, Wei L]. A unified infer-
ence procedure for a class of measures to assess improve-
ment in risk prediction systems with survival data. Stat Med.
2013;32(14):2430-2442.

28. Pencina M]J, D’Agostino RB Sr, D’Agostino RB Jr, Vasan RS.
Evaluating the added predictive ability of a new marker: from
area under the ROC curve to reclassification and beyond. Stat
Med. 2008;27(2):157-172; discussion 207.

220z I1dy G| uo Jasn ejeBiop 101 eysIaAuN AQ G221 LEY/0SEYS/L L/90L/aIo1HE/Wa0]/Wod dno"dIWapEedE//:Ssdny Wouj papeojumoq



The Journal of Clinical Endocrinology & Metabolism, 2021, Vol. 106, No. 11

e4359

29.

30.

31.

32.

33.

34.

35.

36.

Pencina M], D’Agostino RB Sr, Steyerberg EW. Extensions of net
reclassification improvement calculations to measure usefulness
of new biomarkers. Stat Med. 2011;30(1):11-21.

Moriya J. Critical roles of inflammation in atherosclerosis. |
Cardiol. 2019;73(1):22-27.

Burnett MS, Lee CW, Kinnaird TD, et al. The poten-
tial role of resistin
2005;182(2):241-248.
Apostolakis S, Vogiatzi K, Amanatidou V, Spandidos DA.
Interleukin 8 and cardiovascular disease. Cardiovasc Res.
2009;84(3):353-360.

Sattar N, Murray HM, Welsh P, et al; Prospective Study of
Pravastatin in the Elderly at Risk (PROSPER) Study Group.

Are markers of inflammation more strongly associated with

in atherogenesis. Atherosclerosis.

risk for fatal than for nonfatal vascular events? PloS Med.
2009;6(6):1000099.

Li H, Liu W, Xie J. Circulating interleukin-6 levels and cardio-
vascular and all-cause mortality in the elderly population: a
meta-analysis. Arch Gerontol Geriatr. 2017;73:257-262.

Yonas E, Alwi I, Pranata R, et al. Elevated interleukin levels are
associated with higher severity and mortality in COVID 19—a
systematic review, meta-analysis, and meta-regression. Diabetes
Metab Syndr. 2020;14(6):2219-2230.

Casas JP, Shah T, Hingorani AD, Danesh J, Pepys MB. C-reactive
protein and coronary heart disease: a critical review. | Intern

Med. 2008;264(4):295-314.

37.

38.

39.

40.

41.

42.

Kaptoge S, Di Angelantonio E, Lowe G, et al. C-reactive pro-
tein concentration and risk of coronary heart disease, stroke,
and mortality: an individual participant meta-analysis. Lancet.
2010;375(9709):132-140.

Cook NR. Use and misuse of the receiver operating character-
istic curve in risk prediction. Circulation. 2007;115(7):928-935.
Goff DC Jr, Lloyd-Jones DM, Bennett G, et al; American College
of Cardiology/American Heart Association Task Force on
Practice Guidelines. 2013 ACC/AHA guideline on the assess-
ment of cardiovascular risk: a report of the American College of
Cardiology/American Heart Association Task Force on Practice
Guidelines. Circulation. 2014;129(25 Suppl 2):549-S73.
Kleveland O, Kunszt G, Bratlie M, et al. Effect of a single dose
of the interleukin-6 receptor antagonist tocilizumab on inflam-
mation and troponin T release in patients with non-ST-elevation
myocardial infarction: a double-blind, randomized, placebo-
controlled phase 2 trial. Eur Heart . 2016;37(30):2406-2413.
Ridker PM, Thuren T, Zalewski A, Libby P.Interleukin-1f inhibition
and the prevention of recurrent cardiovascular events: rationale
and design of the Canakinumab Anti-inflammatory Thrombosis
Outcomes Study (CANTOS). Am Heart |. 2011;162(4):597-605.
Ridker PM, MacFadyen ]G, Everett BM, Libby P, Thuren T,
Glynn RJ; CANTOS Trial Group. Relationship of C-reactive pro-
tein reduction to cardiovascular event reduction following treat-
ment with canakinumab: a secondary analysis from the CANTOS
randomised controlled trial. Lancet. 2018;391(10118):319-328.

220z I1dy G| uo Jasn ejeBiop 101 eysIaAuN AQ G221 LEY/0SEYS/L L/90L/aIo1HE/Wa0]/Wod dno"dIWapEedE//:Ssdny Wouj papeojumoq



