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                                                                                                                        Abstract

                                                            Low-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 epidemiological level, the possible association of low-grade inflammation, as measured 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, randomly 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 inflammation; higher levels indicated increased low-grade inflammation. Hazard ratios were calculated using multivariable Cox proportional hazard 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-related behaviors. The magnitude of the association of low-grade inflammation 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 apparently 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.21
This subclinical disorder has been recognized as a risk factor for a number of chronic diseases including cancer, cardiovascular (CVD) and neurodegenerative disease.63 In contrast, its relationship with mortality has been poorly investigated, at least in the general population,87 while evidence within high-risk groups is more robust.119
Low-grade inflammation has also been proposed as an underlying pathophysiological mechanism linking risk factors or metabolic disorders (e.g. oxidative stress, obesity, diabetes, dyslipidemia), to an increased risk of chronic degenerative disease1 as well as a common pathogenic denominator in age-related diseases.12
Pioneering large-scale studies focused on circulating fibrinogen, C-reactive protein (CRP), and white blood cell (WBC) counts as reliable inflammatory biomarkers, mostly in relation to cardiovascular events.16136 More recently, a pro-inflammatory action of blood platelets has been proposed,17 whereas the neutrophil-to-lymphocyte ratio better expresses an early inflammatory cellular response.1918 Evidence of the individual contribution of each of the above mentioned inflammatory biomarkers to different health outcomes is scarce.17147 Previous data suggest that some inflammation biomarkers are associated with lifestyle modifications (e.g. dietary habits17) or electrocardiographic parameters,19 emphasizing the need for further study on their association with clinical outcomes, such as the incidence of chronic degenerative disease and mortality rates. In this context, a comprehensive approach to measure a low-grade inflammation condition has been proposed in high cardiovascular risk subjects.2120 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.22
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 dissected 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 2010.23
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 hematological disease (2.2%), or having missing data on platelet count (2.7%), WBC (2.7%), high-sensitivity (hs) CRP (0.12%), granulocytes or lymphocytes (3.2%). Subjects with CRP≥ 10 mg/l (4%) were also excluded to avoid confounding due to an acute inflammatory condition; we also eliminated those included in the percentiles 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 Online Supplementary Methods for further information.
INFLA-score
The low-grade inflammation (INFLA) score had been used previously within the Moli-sani cohort22 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 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 purposes, quartiles of the INFLA-score were also generated.
Statistical analysis
Age and sex adjusted multivariable analysis of variance for continuous 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.
[image: ]

Table 1.Baseline characteristics of the study population according to low-grade inflammation.
Age and sex adjusted and multivariable hazard ratios with corresponding 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).24 Harrell’s C-index was used to quantify the prediction capacity of the model.
Sensitivity analyses were undertaken to estimate possible differences 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 statistically significant.
Results
Baseline characteristics of the Moli-sani cohort according 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 quartile (Table 2, Figure 1). Harrell’s C-index for the model was equal to 0.86 (95%CI 0.84–0.86).
[image: ]

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

Figure 1.Relative risk of all-cause death for each quartile of low-grade inflammation score according to the presence of diabetes at baseline. The reference group is the lowest quartile for each subgroup. Hazard ratios are adjusted for age, sex, cardiovascular disease, heart failure, cancer, hypercholesterolemia, systolic and diastolic BP, leisure-time PA, waist to hip ratio, fruit and vegetables intake, energy intake, smoking, education. Vertical bars indicate 95% confidence intervals. PA: physical activity; BP: blood pressure.
The INFLA-score was alternately deprived of its components 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 particular, 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 associated with death were age, sex (men), a low level of education, waist to hip ratio, smoking habit, poor leisure-time physical activity, and major chronic diseases at baseline, with the exception of hypercholesterolemia. It is noteworthy that the relative risk associated with the highest category of the INFLA-score is comparable to that of cancer-or diabetes-related risk.
[image: ]

Table 3.Risk factors associated with all-cause mortality in the study population.
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 subclinical chronic inflammation and the presence of major diseases 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 significantly differ (P>0.05) (Table 4).
[image: ]

Table 4.Sensitivity analyses for the association of low-grade inflammation and all-cause mortality.
Discussion
Non-communicable diseases (such as cardiovascular, cancer and neurodegenerative disease) account for 80% of deaths in Europe,25 and each of these conditions is associated with a pro-inflammatory state.26 The concomitant presence of inflammatory biomarkers in diseases with apparently different pathogenesis supports the hypothesis of a common inflammatory soil underlying the pathogenetic mechanisms involved.2827 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 approach298 rather than considering a panel of combined selected biomarkers.72
In the present study, increased low-grade inflammation 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 population 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 overestimation of the risk; therefore our findings have to be interpreted as related to variations within the ranges of normality for each biomarker of inflammation.
This approach has been previously proposed and tested within the Moli-sani cohort in relation to dietary polyphenol intake.22 As remarked previously, the advantages of using a composite assessment of low-grade inflammation is to summarize the variability of inflammation as a plasmatic and cellular phenomenon at an epidemiological scale. In addition, the use of a score allowed for the evaluation of a possible synergistic effect of inflammation biomarkers that are usually autocorrelated, and may thus produce multi-collinearity when simultaneously studied in a regression model.
We also addressed the question of the specific contribution 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 justifying 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 reinforcing the need to take into account a low-grade inflammation condition when dealing with health outcomes.
The nature of the association between inflammatory markers and health outcomes is still a matter of debate.29 Regarding CVD onset, some studies support the hypothesis that the inflammatory markers, or the underlying inflammatory processes they represent, are directly involved in the development of atherosclerosis and plaque rupture,3130 and more recently, two large-scale trials have been testing whether targeted inhibition of inflammation may reduce cardiovascular event rates by the use of targeted anti-inflammatory agents for the secondary prevention of myocardial infarction.32
On the other hand, others claim that rather than being independent risk factors, inflammation biomarkers confound the ultimate association with adverse CVD outcomes, due to the strict association of inflammatory markers with many cardiovascular risk factors, such as smoking or hypertension.33 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 et al.34 found that inflammation appears more evident in diabetic than in non-diabetic patients with acute coronary syndrome, and that inflammatory markers constitute independent predictors 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 mortality, especially in those with diabetes.35
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.36
The strong relationship of low-grade inflammation with mortality in high-risk individuals is attributable to a procoagulant effect associated with inflammation.36 In addition, pro-inflammatory cytokines may be involved in promoting atherosclerotic plaque development and its disruption, an occurrence that is particularly plausible in CVD or diabetic patients.3836
Strengths and limitations of this study
The major strengths of this study include a large community-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 consistency 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 acknowledge the lack of other biomarkers of inflammation, for example fibrinogen or interleukin-6,1614 that were not included in the INFLA-score because of the unavailability of the data.
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 independent risk factor for total mortality in a general population 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 individuals with a history of CVD.
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