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ABSTRACT
l ow-grade inflammation is associated with an increased risk of

chronic degenerative disease, but its relationship with mortality is

less well explored. We aimed at evaluating, at a large epidemiolog-
ical level, the possible association of low-grade inflammation, as meas-
ured by a composite score, with overall mortality risk. We conducted a
population-based prospective investigation on 20,337 adult subjects free
from major hematological disease and acute inflammatory status, ran-
domly recruited from the general population of the Moli-sani study. A
low-grade inflammation score was obtained from the sum of 10-tiles of
plasmatic (C-reactive protein) and cellular (leukocyte and platelet
counts, granulocyte/lymphocyte ratio) biomarkers of low-grade inflam-
mation; higher levels indicated increased low-grade inflammation.
Hazard ratios were calculated using multivariable Cox proportional haz-
ard models with 95% confidence intervals. At the end of follow-up
(median 7.6 years), 837 all-cause deaths were recorded. As compared to
subjects in the lowest quartile of the low-grade inflammation score,
those in the highest category had a significantly increased risk in overall
mortality (HR=1.44; 1.17-1.77), independently of possible confounders,
including the presence of chronic diseases and a number of health-relat-
ed behaviors. The magnitude of the association of low-grade inflamma-
tion with mortality was relatively higher in type 2 diabetic patients
(HR=2.90; 1.74-4.84) and in individuals with a history of cardiovascular
disease (HR=2.48; 1.50-4.11) as compared to their counterparts who
were free from the disease. In conclusion, an elevated degree of low-
grade inflammation, as measured by a composite score of inflammatory
biomarkers, is an independent risk factor for total mortality in an appar-
ently healthy adult general population.

Introduction

Low-grade inflammation is a condition not yet consistently defined or measured.
A number of plasmatic (e.g. C-reactive protein) or cellular biomarkers (e.g. white
blood cell and platelet counts) have been proposed as reliable indicators of such a
condition."?

This subclinical disorder has been recognized as a risk factor for a number of
chronic diseases including cancer, cardiovascular (CVD) and neurodegenerative dis-
ease.”In contrast, its relationship with mortality has been poorly investigated, at
least in the general population,”® while evidence within high-risk groups is more
robust.”"!

Low-grade inflammation has also been proposed as an underlying pathophysio-
logical mechanism linking risk factors or metabolic disorders (e.g. oxidative stress,
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obesity, diabetes, dyslipidemia), to an increased risk of
chronic degenerative disease' as well as a common patho-
genic denominator in age-related diseases.”

Pioneering large-scale studies focused on circulating fib-
rinogen, C-reactive protein (CRP), and white blood cell
(WBC) counts as reliable inflammatory biomarkers, most-
ly in relation to cardiovascular events.”"***More recently, a
pro-inflammatory action of blood platelets has been pro-
posed,” whereas the neutrophil-to-lymphocyte ratio bet-
ter expresses an early inflammatory cellular response.’®"
Evidence of the individual contribution of each of the
above mentioned inflammatory biomarkers to different
health outcomes is scarce.'*” Previous data suggest that
some inflammation biomarkers are associated —with
lifestyle modifications (e.g. dietary habits”) or electrocar-
diographic parameters,” emphasizing the need for further
study on their association with clinical outcomes, such as
the incidence of chronic degenerative disease and mortal-
ity rates. In this context, a comprehensive approach to
measure a low-grade inflammation condition has been
proposed in high cardiovascular risk subjects.”®”" Lately, a
significant inverse association of a composite low-grade
inflammation score with dietary polyphenol intake has
been observed by our group in a population-based
cohort.”

The purpose of the present study was to evaluate
whether this composite low-grade inflammation score
would be associated with overall mortality in an adult
population cohort with no overt acute inflammation or
major hematological diseases. In addition, we also dissect-
ed the specific contribution of each component of the
score and performed sensitivity analysis, to test whether
the association with mortality varied across subgroups at
different health risks.

Methods

Study population

This study analyzed data from the population-based cohort of
24,325 men and women aged =35 years enrolled in the Moli-sani
study from March 2005 to April 2010.%

We excluded from the analysis individuals lost to follow-up
(1.3%), those reporting unreliable anamnestic questionnaires at
baseline (1%), or having hepatitis B or C (2.9%) or any hemato-
logical disease (2.2%), or having missing data on platelet count
(2.7%), WBC (2.7 %), high-sensitivity (hs) CRP (0.12%), granulo-
cytes or lymphocytes (3.2%). Subjects with CRP= 10 mg/l (4%)
were also excluded to avoid confounding due to an acute inflam-
matory condition; we also eliminated those included in the per-
centiles of either highest (1%) or lowest (99 %) values for platelet
(1.9%) or WBC counts (1.9%). The final sample was of 20,337
(48.2% men) participants.

The Moli-sani study was approved by the Ethics Committee of
the Catholic University of Rome, Italy. See the Ounline
Supplementary Methods for further information

INFLA-score

The low-grade inflammation (INFLA) score had been used pre-
viously within the Moli-sani cohort” and allows one to evaluate
the possible synergistic effects of inflammation biomarkers. 10-
tiles of each biomarker levels (CRP, WBC, platelets, G/L ratio)
were generated. For all four components, being in the highest
deciles (7 to 10) gave a score which increased from 1 to 4, while
being in the lowest deciles (1 to 4) was negatively scored from -4

Low-grade inflammation and mortality -

to -1. Being in the deciles 5 or 6 got zero points. In such a way, the
INFLA-score ranged from between -16 and 16 and came up as the
sum of the four biomarkers. An increase in the score represented
an increase in low-grade inflammation intensity. For analysis pur-
poses, quartiles of the INFLA-score were also generated.

Statistical analysis

Age and sex adjusted multivariable analysis of variance for con-
tinuous or categorical variables was applied to test the associations
in Table 1. Potential covariates were included in the multivariable
model when they resulted as associated with P<0.20 with both
the INFLA-score and mortality.

Age and sex adjusted and multivariable hazard ratios with cor-
responding 95% confidence intervals (95%CI) were calculated
using the Cox proportional hazards model, considering subjects in
the lowest quartile of the INFLA-score as the reference group. To
highlight the specific role of each component within the INFLA-
score in relation to mortality, hazard ratios were calculated by
removing one component at a time from the original score. The
models with and without individual components of the score
were compared using Akaike's information criterion (AIC).*
Harrell’s C-index was used to quantify the prediction capacity of
the model.

Sensitivity analyses were undertaken to estimate possible dif-
ferences in the magnitude of the association between low-grade
inflammation and mortality within subgroups at different health
risks. Appropriate interaction terms were added to the Cox
regression models to test for a difference of the effect of low-
grade inflammation across subgroups. For subgroup analyses, all
variables were dichotomised (no/yes), and missing categories
excluded.

Tests for a violation of the proportional hazards assumption
were conducted through the introduction of linear interaction
between categories of the INFLA-score and the time variable
(P=0.66). A two-sided P-value of <0.05 was considered as statisti-
cally significant.

Results

Baseline characteristics of the Moli-sani cohort accord-
ing to quartiles of the INFLA-score are reported in Table 1.
Compared to subjects in the lowest category, those with
an increasing INFLA-score were mainly women, had a
lower level of education, a higher prevalence of unhealthy
lifestyles (smoking, poor leisure-time PA, higher WH-
ratio, lower intake of fruit), and an increased prevalence of
CVD, diabetes, hypercholesterolemia and hypertension
(P<0.05).

During a median follow-up of 7.6 years (interquartile
range: 6.7 to 8.6 years; 153,897 person/years), 837 deaths
occurred overall. Subjects in the higher quartiles of low-
grade inflammation score had a 44% (23% to 83%)
increased risk of all-cause mortality in the multivariable
analyses, in comparison with subjects in the lowest quar-
tile (Table 2, Figure 1). Harrell’s C-index for the model was
equal to 0.86 (95%CI 0.84-0.86).

The INFLA-score was alternately deprived of its compo-
nents in order to assess the relative contribution of each
biomarker. Models deprived of one component at a time
have an AIC which is lower than models which have a
score that includes all of the components (Table 2). These
differences are strong enough to support the hypothesis
that the model including the full score is the best, and that
each component adds some value to the full score. In par-
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ticular, CRP and G/L ratio contributed most, since their
exclusion from the score resulted in a more pronounced
AIC decrease (Table 2).

Table 3 shows potential predictors of all-cause death in
the study population. Major risk factors positively associ-
ated with death were age, sex (men), a low level of educa-
tion, waist to hip ratio, smoking habit, poor leisure-time
physical activity, and major chronic diseases at baseline,
with the exception of hypercholesterolemia. It is notewor-
thy that the relative risk associated with the highest cate-
gory of the INFLA-score is comparable to that of cancer-
or diabetes- related risk.

Sensitivity analysis is reported in Table 4. A higher risk
linked to an increased INFLA-score was found for subjects
with diabetes or CVD as compared to their counterparts
(P for interaction = 0.0091 and 0.025, respectively, Figure
1), suggesting a significant interaction between a subclini-
cal chronic inflammation and the presence of major dis-
eases at baseline in relation to the risk of death. As far as
all other subgroups are concerned, the strength of the

association of the INFLA-score with mortality did not sig-
nificantly differ (P>0.05) (Table 4).

Discussion

Non-communicable diseases (such as cardiovascular,
cancer and neurodegenerative disease) account for 80% of
deaths in Europe,” and each of these conditions is associ-
ated with a pro-inflammatory state.” The concomitant
presence of inflammatory biomarkers in diseases with
apparently different pathogenesis supports the hypothesis
of a common inflammatory soil underlying the patho-
genetic mechanisms involved.”” Yet, the low-grade
inflammation status has not been clearly and uniformly
defined, and its association with mortality has principally
been explored using a single biomarker approach®” rather
than considering a panel of combined selected
biomarkers.”’

In the present study, increased low-grade inflammation

Table 1. Baseline characteristics of the study population according to low-grade inflammation.
Quartiles of low-grade inflammation score

2+ 4

-4 to -1 4 to 16
N of subjects, % 5054 (24.9) 5079 (25.0) 5001 (24.6) 5203 (25.6) -
Age (years) 55.0 (11.4) 55.2 (11.7) 55.6 (11.9) 55.4 (11.9) 0.084
Sex 0.0003
Women 2591 (51.3) 2537 (50.0) 2580 (52.6) 2830 (54.4)
Men 2463 (48.7) 2542 (50.0) 2421 (484) 2373 (45.6)
High school or higher 2565 (50.8) 2428 (47.8) 2280 (45.6) 2257 (43.4) <0.0001
Waist to hip ratio 0.91 (0.08) 0.92 (0.08) 0.92 (0.08) 0.93 (0.08) <0.0001
Current smokers 890 (17.6) 1000 (19.7) 1181 (23.6) 1558 (29.9) <0.0001
Leisure-time PA (met-h/day) 38 (40 36 (4D 34 (4.0) 32(3.9) <0.0001
Cardiovascular disease 232 (4.6) 239 (4.7) 276 (5.5) 289 (5.6) 0.012
Heart failure 18 (0.36) 24 (047) 30 (0.60) 35 (0.67) 0.067
Cancer 160 (3.2) 142 (2.8) 138 (2.8) 140 (2.7 0.09
Hypertension 2511 (49.7) 2714 (534) 2956 (59.1) 3128 (60.1) <0.0001
Systolic BP 138 (20) 140 (21) 142 (20) 142 (21) <0.0001
Diastolic BP 81 (9 82 (10) 83 (9) 83 (10) <0.0001
Hypercholesterolemia 1499 (29.7) 1614 (31.8) 1616 (32.3) 1761 (33.9) <0.0001
Total cholesterol (mg/dL) 211 (41) 215 (41) 215 (42) 217 (42) <(0.0001
HDL-cholesterol (mg/dL) 60 (15) 58 (15) 57 (14) 55 (14) <0.0001
Triglycerides (mg/dL) 118 (77) 129 (89) 134 (87) 143 (89) <0.0001
Diabetes 369 (7.3) 433 (8.5) 500 (10.0) 595 (11.4) <0.0001
Fruit intake (gr/day) 362 (210) 352 (206) 346 (199) 339 (203) <0001
Vegetables intake (gr/day) 160 (73) 158 (72) 158 (71) 157 (73) 0.09
Energy intake (kcal/day) 1836 (566) 1852 (598) 1858 (598) 1854 (599) 0.19
C-reactive protein (mg/L)* 0.72 (0.70-0.73) 1.16 (1.13-1.18) 1.62 (1.58-1.65) 2.75 (2.69-2.80) <0.0001
Leukocyte count (x10%L) 4.97 (0.83) 5.71 (0.99) 6.39 (1.11) 7.50 (1.32) <0.0001
Platelet count (x10%L) 211 (40) 238 (49) 257 (51) 285 (53) <0.0001
Granulocyte/Lymphocyte 1.51 (0.42) 1.79 (0.55) 2.06 (1.09) 2.52 (0.90) <0.0001
Creatinine (mg/dL) 0.81 (0.17) 0.81 (0.18) 0.81 (0.19) 0.82 (0.22) 0.31

Numbers are presented as means+SD (continuous variables: age, waist to hip ratio, leisure-time PA, systolic and diastolic blood pressure, total cholesterol, HDL-cholesterol, triglyc-
erides, fruit and vegetable intake, energy intake, inflammatory biomarkers) or numbers and percentage (n, % for categorical variables). Means and P values are adjusted for age
and sex. *Values for CRP are reported as geomeltric means with corresponding 95% confidence intervals. * *Numbers do not add up to 100% due to missing values. PA: physical
activity; BP: blood pressure; HDL: high-density lipoproteins.
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as measured by a score including plasmatic and cellular
biomarkers, was found to be associated with a 44%
increased risk of all-cause mortality in a large population
cohort, in the absence of an acute inflammation status or
major hematological diseases. The INFLA-score tested in
our population included four markers of inflammation
that have been previously reported in association with an
increased risk of adverse health outcomes.

To the best of our knowledge, this study is the first to
have explored the risk of total mortality in a general pop-
ulation in association with a clinically silent low-grade
inflammation condition measured by a composite score.

In the conceptual framework of our analyses, low-grade
inflammation was conceived as a subclinical condition
(systemic or local, often chronic), characterized by
increased levels of plasmatic and/or cellular biomarkers of
inflammation without any apparent clinical sign. Of note,
the population under study was selected to exclude from
the analyses all subjects with acute inflammation or any
kind of hematological diseases that may lead to an overes-
timation of the risk; therefore our findings have to be
interpreted as related to variations within the ranges of
normality for each biomarker of inflammation.

Low-grade inflammation and mortality -

This approach has been previously proposed and tested
within the Moli-sani cohort in relation to dietary polyphe-
nol intake.” As remarked previously, the advantages of
using a composite assessment of low-grade inflammation
is to summarize the variability of inflammation as a plas-
matic and cellular phenomenon at an epidemiological
scale. In addition, the use of a score allowed for the eval-
uation of a possible synergistic effect of inflammation bio-
markers that are usually autocorrelated, and may thus pro-
duce multi-collinearity when simultaneously studied in a
regression model.

We also addressed the question of the specific contribu-
tion of each biomarker, in order to exclude a training role
of one biomarker over others: both CRP and G/L ratio
contributed most to the association of the INLFLA-score
with mortality. Nonetheless, the contribution of both
leukocyte and platelet counts were not negligible, thus jus-
tifying their inclusion in the score. The excess of risks
associated with the top quartile of the INFLA-score was
comparable to that of common risk factors, thus reinforc-
ing the need to take into account a low-grade inflamma-
tion condition when dealing with health outcomes.

The nature of the association between inflammatory

Table 2. Risk of all-cause mortality associated with quartiles of low-grade inflammation and after alternate subtraction of each component.
Quartiles of low-grade inflammation

znd

N of deaths/ N of subjects 148/5054 180/5079
Hazard ratio (95%CI)

Age/sex adjusted 1.00 (ref) 1.16 (0.93-1.44)
Multivariable model* 1.00 (ref) 1.11 (0.90-1.39)
INFLA-score minus CRP* 1.00 (ref) 1.10 (0.90-1.36)
INFLA-score minus WBC* 1.00 (ref) 1.09 (0.87-1.35)
INFLA-score minus Platelet* 1.00 (ref) 1.16 (0.92-1.47)
INFLA-score minus G/L ratio* 1.00 (ref) 1.18 (0.96-1.45)

3 4 AIC variation
247/5001 262/5203
1.55 (1.26-1.89)  1.65 (1.35-2.02) - -
144 (117-1.77) 1.4 (1.17-1.77) 14457.092 -
1.30 (1.07-1.58) 139 (1.14-1.69) 14462.682 5.6
1.30 (1.06-1.60)  1.43 (1.17-1.74) 14460.187 3.1
1.28 (1.04-1.59)  1.52 (1.23-1.87) 14459.344 23
1.30 (1.07-1.57) 141 (1.15-1.73) 14463.778 6.7

*Hazard ratios from the multivariable model adjusted for age, sex, cardiovascular disease, heart failure, cancer, diabetes, hypercholesterolemia, systolic and diastolic BP leisure-time
PA, waist to hip ratio, fruit and vegetables intake, energy intake, smoking, education. AIC: Akaike’s information criterion. AIC variation (multivariable model including INFLA score)
— AIC (multivariable model including INFLA score minus each component at a time). BP: blood pressure; PA: physical activity; CI: confidence intervals; CRP: C-reactive protein;
WBC: white blood cell count; G/L ratio: granulocyte to lymphocyte ratio.
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markers and health outcomes is still a matter of debate.”
Regarding CVD onset, some studies support the hypothe-
sis that the inflammatory markers, or the underlying
inflammatory processes they represent, are directly
involved in the development of atherosclerosis and plaque
rupture,** and more recently, two large-scale trials have
been testing whether targeted inhibition of inflammation
may reduce cardiovascular event rates by the use of target-
ed anti-inflammatory agents for the secondary prevention
of myocardial infarction.*

On the other hand, others claim that rather than being
independent risk factors, inflammation biomarkers con-
found the ultimate association with adverse CVD out-
comes, due to the strict association of inflammatory mark-
ers with many cardiovascular risk factors, such as smoking

or hypertension.* However, our findings were controlled
for a wide panel of possible confounders, including dietary
factors and health-related behaviors, that should support
the independence of low-grade inflammation in predicting
overall mortality.

Sensitivity analyses revealed that the magnitude of the
association of low-grade inflammation with mortality
was higher in high-risk subjects, such as those with type 2
diabetes or a history of cardiovascular disease. To the best
of our knowledge, few studies have investigated the likely
heterogeneous effect of low-grade inflammation across
groups at different health risks. Sanchez er al* found that
inflammation appears more evident in diabetic than in
non-diabetic patients with acute coronary syndrome, and
that inflammatory markers constitute independent predic-

Table 3. Risk factors associated with all-cause mortality in the study population.

N of deaths/
N of subjects

Low-grade inflammation (quartiles)

Risk of
all-cause death
HR (95% CI)

Incidence
Rate (%)

I* 148/5054 29 -1-

2 180/5079 3.5 1.11 (0.90-1.39)

3 247/5001 49 1.4 (1.17-1.77)

4n 262/5203 5.0 1.4 (1.17-1.77)
Age (for 1 year increment) - - 1.110 (1.101-1.119)

Sex

Women 276/10538 2.6 -1-

Men 561/9799 5.7 1.82 (1.51-2.18)
Education

Up to middle school 609/10779 5.7 -1-

High school or higher 225/9530 24 0.79 (0.67-0.93)
Waist to hip ratio - - 1.999 (0.725-5.511)
Smoking

No 331710099 3 -1-

Yes 174/4629 3.8 1.93 (1.57-2.36)

Former 331/5586 5.9 1.19 (1.00-1.43)
Cardiovascular disease

No 639/18988 34 -1-

Yes 171/1036 16.5 1.78 (1.49-2.13)

Not ascertained 8/11 10.4 1.01 (0.50-2.04)
Heart failure

No 798/20152 40 -1-

Yes 29107 21.1 2.00 (1.37-2.94)

Not ascertained 10/78 12.8 0.97 (0.51-1.84)
Cancer

No 762/19659 3.9 -1-

Yes 61/580 10.5 1.56 (1.20-2.03)
Not ascertained 2/A 50.0 6.89 (1.70-27.90)
Leisure-time PA - - 0.974 (0.957-0.992)
Systolic BP - - 1.003 (0.998-1.007)
Diastolic BP - - 1.006 (0.998-1.015)

Hypercholesterolemia

No 313/6648 47 -1-

Pre- hypercholesterolemia 229/6931 3.3 0.79 (0.67-0.94)

Yes 275/6490 42 0.78 (0.66-0.92)
Diabetes

No 504/15887 3.2 -1-

Prediabetes 120/2366 5.1 1.08 (0.88-1.32)

Yes 200/1897 10.5 1.53 (1.28-1.82)
Fruit intake - - 1.000 (0.999-1.000)
Vegetables intake - - 0.999 (0.998-1.000)
Energy intake - - 1.000 (1.000-1.000)

Hazard ratios from the model including all the listed variables. PA: physical activity; BP: blood pressure; HR: hazard ratio; CI: confidence intervals.



tors of cardiovascular death in diabetics with unstable
coronary disease. Results from the Hoorn study suggest
that endothelial dysfunction and low-grade inflammation
were associated with greater risks of cardiovascular mor-
tality, especially in those with diabetes.*”

Increased levels of inflammatory markers have been
reported in patients with CVD, and it has been shown
that the risk of death associated with high levels of IL-6 is
dependent on the patients history of CVD, whereas for
those without CVD the risk completely disappeared after
adjustment for potential confounders.*

The strong relationship of low-grade inflammation with
mortality in high-risk individuals is attributable to a pro-
coagulant effect associated with inflammation.* In addi-
tion, pro-inflammatory cytokines may be involved in pro-
moting atherosclerotic plaque development and its disrup-
tion, an occurrence that is particularly plausible in CVD or
diabetic patients.***

Strengths and limitations of this study

The major strengths of this study include a large com-
munity-based cohort, a prospective design and a quite
long follow-up period. In addition, further controls of all
analyses by a wide panel of possible confounding factors,
including health-related behaviors, should assure consis-
tency with the observed associations.

A major limitation of the present study is the lack of
information on specific causes of death that prevents us
from exploring the association of low-grade inflammation
with different health outcomes. Since information about
the participants were collected at baseline only, life course
changes which possibly occurred during the follow-up
may influence the strength of the findings. We acknowl-
edge the lack of other biomarkers of inflammation, for
example fibrinogen or interleukin-6,"'® that were not
included in the INFLA-score because of the unavailability
of the data.

Table 4. Sensitivity analyses for the association of low-grade inflammation and all-cause mortality.
Quartiles of low-grade inflammation

N of deaths/
N of subjects

2" 3"

P value
for interaction

Whole sample 837/20337 1.00 (ref) 1.11 (0.90-1.39) 144 (1.17-1.77) 144 (1.17-1.77) -
Sex
Women 276/10538 1.00 (ref) 0.83 (0.56-1.23) 1.28 (0.91-1.82) 1.19 (0.84-1.68) 0.27
Men 561/9799 1.00 (ref) 1.25 (0.96-1.64) 1.49 (1.15-1.92) 1.54 (1.19-2.00)
Age
<65 239/15757 1.00 (ref) 1.19 (0.81-1.76) 1.23 (0.84-1.81) 1.18 (0.80- 1.74) 0.44
>65 598/458() 1.00 (ref) 1.05 (0.80-1.37) 1.49 (1.16 1.90) 1.50 (1.17-1.92)
Education
Low 609/10779 1.00 (ref) 0.98 (0.75-1.26) 1.28 (1.01 -1.63) 1.31 (1.03 -1.66) 0.14
High 225/9530 1.00 (ref) 1.66 (1.09-2.52) 1.90 (1.27 -2.87) 1.87 (1.24 -2.81)
Smoking habit
No 662/15685 1.00 (ref) 1.05 (0.82-1.34) 146 (1.17-1.84) 1.54 (1.23-1.94) 0.11
Yes 174/4629 1.00 (ref) 1.38 (0.82-2.32) 1.28 (0.77-2.11) 1.08 (0.66-1.78)
Waist to hip ratio
Normal 107/5440 1.00 (ref) 0.91 (0.50-1.65) 1.70 (0.99 -2.92) 1.47 (0.82 -2.63) 0.77
At risk 724/14897 1.00 (ref) 1.13 (0.89-1.43) 1.40 (1.12-1.75) 141 (1.13 -1.76)
Leisure-time PA
Below median 462/10071 1.00 (ref) 1.14 (0.83-1.56) 1.69 (1.27-2.26) 1.58 (1.18-2.10) 0.31
Above median 3753/10266 1.00 (ref) 1.18 (0.82-1.52) 1.20 (0.89 -1.63) 1.35 (1.00 -1.82)
Diabetes
No 624/18253 1.00 (ref) 0.94 (0.74-1.21) 1.27 (1.01-1.59) 1.24 (0.99-1.57) 0.0091
Yes 200/1897 1.00 (ref) 2.32 (1.35-3.97) 2.50 (1.47-4.23) 2.90 (1.74-4.84)
Hypercholesterolemia
No 542/13579 1.00 (ref) 1.15 (0.88-1.51) 1.46 (1.13-1.88) 1.35 (1.05-1.75) 0.56
Yes 275/6490 1.00 (ref) 1.11 (0.75-1.65) 1.37 (0.94-2.00) 1.58 (1.09-2.27)
Cardiovascular disease
No 639/18988 1.00 (ref) 1.05 (0.82- 1.34) 1.44 (1.14-1.81) 1.24 (0.98-1.57) 0.025
Yes 171/1036 1.00 (ref) 1.57 (0.91- 2.71) 1.80 (1.07-3.06) 2.48 (1.50-4.11)
Cancer
No 762/19659 1.00 (ref) 1.11 (0.88-1.39) 141 (1.14-1.75) 1.37 (1.11-1.71) 0.35
Yes 61/580 1.00 (ref) 0.85 (0.35-2.10) 1.76 (0.82-3.77) 2.13 (0.99-4.59)
Fruit intake
Below median 459/10135 1.00 (ref) 1.06 (0.79-1.42) 1.20 (0.90-1.59) 1.32 (1.00-1.74) 0.24
Above median 378/10134 1.00 (ref) 1.16 (0.83-1.62) 1.75 (1.29-2.38) 1.62 (1.18-2.21)
Vegetables intake
Below median 521/10129 1.00 (ref) 1.09 (0.82-1.45) 1.38 (1.06-1.81) 1.51 (1.16-1.96) 0.49
Above median 316/10208 1.00 (ref) 1.15 (0.81-1.64) 1.52 (1.09-2.11) 1.32 (0.94-1.85)

Hazard ratios from the multivariable model adjusted for age, sex, cardiovascular disease, heart failure, cancer; diabetes, hypercholesterolemia, systolic and diastolic BE leisure-time
PA, waist to hip ratio, fruit and vegetables intake, energy intake, smoking, education. PA: physical activity; BP: blood pressure.
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Conclusions

A high degree of low-grade inflammation, as measured
by a composite score accounting for possible synergistic
effects of selected inflammation biomarkers, is an inde-
pendent risk factor for total mortality in a general popula-
tion with no acute inflammation at baseline. Despite
being associated with all major health risk conditions, a
low-grade inflammation retains a significant independent
health predictive value per se. The strength of the observed
association was higher in diabetic patients and in individ-
uals with a history of CVD.
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*Appendix 1

Moli-sani Study Investigators

The enrolment phase of the Moli-sani study was conducted at
the Research Laboratories of the Catholic University in
Campobasso (Italy), the follow up of the Mol-sani cohort is
being conducted at the IRCCS Neuromed, Pozzilli, Italy.
Steering Committee: Licia lacoviello (Neuromed, Pozzilli, Italy),
Chairperson, Matia Benedetta Donati and Giovanni de
Gaetano (Neuromed, Pozzilli, Italy). Safety and data monitor-
ing Committee: Jos Vermylen (Catholic University, Leuven,
Belgium), Chairman, Ignacio De Paula Carrasco (Accademia
Pontificia Pro Vita, Roma, Italy), Simona Giampaoli (Istituto
Superiore di Sanita, Roma, Italy), Antonio Spagnuolo (Catholic
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