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Abstract

Aims/hypothesis—The pathophysiology of type 2 diabetes involves pro-inflammatory
pathways. We tested the hypothesis that IL-18 predicts future diabetes cases.

Methods—We used a nested case—control design based in the Nurses' Health Study. Baseline
blood samples were collected between 1989 and 1990. Questionnaires to assess body weight,
lifestyle (physical activity, diet, smoking) and diabetes diagnosis were sent out and assessed
biennially (follow-up until 2002). Cases (n=1012) were defined as women developing type 2
diabetes at least 1 year after blood sampling. Control women (n=1081) were matched to cases by
age, date of blood draw, fasting status and race. We calculated the RR (95% CI) of type 2 diabetes
in quintiles of 1L-18 using conditional logistic regression with the first quintile as referent;
adjustments included matching factors, diabetes risk factors, BMI, adipokine levels (adiponectin,
resistin) and inflammatory proteins (C-reactive protein, TNFr2 and IL-6).

Results—Higher IL-18 levels were associated with increased risk of developing diabetes, even
after adjustment for matching factors and multiple diabetes risk factors: being in the highest
quintile of IL-18 was associated with a RR of 1.75 (1.41-2.18) for diabetes relative to the first
quintile (p<0.0001 for trend). Significant trends in association were still observed after adjustment
for BMI (RR 1.44 [1.15-1.80], p<0.0001 for trend) and adiponectin levels (RR 1.28 [1.02-1.60],
p=0.006 for trend). Further adjustment for inflammatory markers in a sub-sample did not
significantly change the results.

Conclusions/interpretation—Elevated IL-18 levels are associated with higher risk of
diabetes. This association is independent of usual risk factors, including BMI and adipokine
levels.
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Introduction

Methods

There is increasing evidence that part of the pathophysiology linking obesity and insulin
resistance include pro-inflammatory pathways [1]. Many proteins have been identified in
these inflammatory pathways related specifically to excess adiposity, including the pro-
inflammatory molecule I1L-18. IL-18 was first described in 1989 as an interferon-y inducing
factor [2]. We now know that it has many other functions, including augmentation of cell
adhesion molecules, synthesis of nitric oxide, chemokine production, induction of Fas ligand
and stimulation of TNFa and IL-6 production [2]. The primary sources of IL-18 are
macrophages and dendritic cells, but the 1L-18 precursor is produced by epithelial cells
throughout the body [2]. Adipocytes have also been shown to produce 1L-18 [3], but non-
adipocyte cells seem to be the major source of IL-18 in the adipose tissue [4, 5]. It has been
hypothesised that 1L-18 is produced by muscles in the insulin-resistant state [6]. It remains
to be elucidated if 1L-18 is implicated in adiposity-related pro-inflammatory pathways or if
its actions are part of another specific pathway.

In cross-sectional studies, 1L-18 has been associated with excess adiposity [7, 8] and
metabolic syndrome [8, 9]. It has also been associated with insulin resistance measured by
HOMA [10, 11], IVGTT [12] or clamps [13]. Cross-sectional studies have also shown that
levels of IL-18 are higher in patients with type 2 diabetes [11, 14, 15]. In one prospective
cohort, diabetes incidence was associated with higher levels of 1L-18 at baseline [16]. This
association was adjusted for some of the diabetes risk factors, but not for specific dietary
information, which has been shown to influence IL-18 levels [17], or for correlated levels of
other adipokines known to be associated with insulin resistance [18] and diabetes risk [19].
The independent contribution of circulating levels of 1L-18 with diabetes risk remains
unresolved. Using a case—control study nested in the prospective follow-up of the Nurses'
Health Study [20], we examined whether IL-18 was associated with development of type 2
diabetes and whether this association was independent of BMI, known diabetes risk factors
and adiposity-related biomarkers.

Study sample

The Nurses' Health Study [20] is a well established cohort that initially enrolled 121 700
female US nurses (30 to 55 years old at baseline) in 1976. From baseline, the participants
were asked to fill in health-related questionnaires biennially. In 1989 to 1990, blood samples
were provided by 32 826 participants. Women who agreed to provide a blood sample were
similar to women who did not in respect of age, BMI, smoking history, physical activity,
alcohol consumption and past medical history (hypertension, dyslipidaemia, diabetes or
cardiovascular disease). In this analysis, cases were defined as women who were free of
diabetes, coronary heart disease, stroke and cancer at the time of blood draw and who
developed type 2 diabetes at least 1 year after blood collection until the end of follow-up in
June 2002. Control participants were also free of diabetes, coronary heart disease, stroke and
cancer at the time of the blood sampling and remained free of diabetes during the same
follow-up period. Control participants were matched to cases by age at blood draw (1
year), date of blood draw (£3 months), fasting status (=8 h vs <8 h since the last meal) and
race. The total sample for this analysis was 1012 case participants and 1081 control
participants. The study was approved by the institutional review board of Brigham and
Women's Hospital, Boston, MA.
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Ascertainment of type 2 diabetes

The periodic biennial health-related questionnaires were used to screen for cases of type 2
diabetes. Each case was then confirmed by a validated follow-up questionnaire about
symptoms, diagnostic laboratory test results and diabetes treatment [20]. Consistent with the
criteria of the National Diabetes Data Group, diagnosed cases required: (1) an elevated
glucose concentration (fasting plasma glucose =7.8 mmol/l, random plasma glucose =11.1
mmol/l or plasma glucose >11.1 mmol/I after an oral glucose load) and at least one symptom
related to diabetes (excessive thirst, polyuria, weight loss or hunger); (2) no symptoms, but
elevated glucose concentrations on two occasions; and (3) treatment with insulin or oral
hypoglycaemic medication. For cases of type 2 diabetes identified after 1998, the cut-off
point used for fasting plasma glucose concentrations was lowered to 7.0 mmaol/l according to
the American Diabetes Association criteria. Validation of this approach using a sub-sample
in the Nurses' Health Study revealed high validity (98.4% of self-reported cases were
confirmed in the medical records and only 0.5% of controls were false-negatives) [21].

Assessment of lifestyle and dietary information

Body weight was self-reported at the time of blood sampling. BMI was calculated as weight
(in kg) divided by the squared height (in m2). Family history of first-degree relatives was
reported in the 1982 and 1988 questionnaires. Dietary intake was calculated using the data in
the semi-quantitative food frequency questionnaire (average from 1986 and 1990
questionnaires); values for nutrients were adjusted for total energy intake, using the residual
method [22]. The 1988 questionnaire included leisure time physical activity assessment
(time per week, intensity) which was used to estimate energy expenditure in metabolic
equivalent task (MET) h per week [23]. Information about cigarette smoking, menopausal
status and use of hormonal replacement therapy was also taken from the 1988 questionnaire.
The validity of self-reported body weight, dietary intake and physical activity levels in the
Nurses' Health Study has been previously reported [24].

Laboratory procedures

A phlebotomy kit was sent to all the women who agreed to provide blood samples. The
samples were returned by overnight mail in a frozen water bottle, processed on arrival and
stored in liquid nitrogen (=130°C or less) until time of analysis. The plasma samples were
analysed in randomly fashioned order (by case—control pairs). The laboratory personnel
were blind to the case—control status of samples. IL-18 concentration was measured by an
ELISA method (MBL, Naka-ku Nagoya, Japan); intra- and inter-assay coefficients of
variance were 7.26% and 7.53% respectively. Details for the assays used for C-reactive
protein (CRP), TNFa-R2, IL-6, high molecular weight (HMW) adiponectin and resistin
have been previously reported [19, 25, 26]. We had measurements of HMW adiponectin and
resistin from all the women included in this case—control study; measurements of CRP,
TNFa-R2 and IL-6 were available for sub-samples only (Table 1).

Statistical analysis

Baseline characteristics of the case and control participants were compared using X2 tests
(for percentages), Student's #tests (for means) and Wilcoxon's rank-sum tests (for medians).
Using the distribution thresholds in control participants, IL-18 levels were divided into
quintiles. We used conditional logistic regression to calculate RR of type 2 diabetes with the
first quintile as referent. The first model was adjusted for matching factors (age at blood
draw [+1 year], date of blood draw [£3 months], fasting status [=8 h vs <8 h since the last
meal] and race). In a second model, we also adjusted for known diabetes risk factors, i.e.
physical activity (quintiles of MET h/week), smoking (never, past, current 1-14 cigarettes
per day and current =15 cigarettes per day), family history of diabetes (yes/no), hormone
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replacement therapy (premenopausal, never, past, current and information not available),
alcohol consumption (non-drinkers, 0.1-4.9, 5-10 and >10 g/day), glycaemia load
(quintiles), ratio of polyunsaturated fat to saturated fat (quintiles) and intake of cereal fibre,
trans fat, magnesium and total energy (all in quintiles). In the third model, BMI adjustment
(by category <23, 23-24.9, 25-26.9, 27-29.9, 30-34.9 and =35 kg/m?) was added to all the
matching and diabetes risk factors. In subsidiary analysis, we adjusted for adiposity using
BMI as a continuous variable and assessed the impact of adjusting for waist circumference
as a marker of central adiposity. In additional models, we added major adipokines (HMW
adiponectin and resistin) to the BMI-adjusted model. In subsidiary analyses of the fewer
participants with inflammatory biomarkers measured, we also tested the BMI-adjusted
model adding the other biomarkers (CRP, IL-6, TNFa-R2), but we caution that those
models should be interpreted in light of the smaller number of women with measurements
available. Since glucose levels were not available in this cohort, we adjusted for Hb A1
levels in the sub-sample of women in whom it had been measured. We tested the trends
across the quintiles of IL-18, using the medians of each quintile as continuous variables in
the models. We considered two-sided p values <0.05 to be significant. Finally, we tested
interactions between levels of IL-18 and major risk factors for diabetes (age, BMI, family
history of diabetes). Those models were age- and BMI-adjusted (except when specifically
stratified for that factor). Interactions with two-sided p values <0.05 were considered
significant, p<0.2 was considered to denote a trend [27]. All statistical analyses were
conducted with SAS software 9.1 (SAS Institute, Cary, NC, USA).

Characteristics of the case and control women at baseline are described in Table 1. Women
who developed diabetes were more likely to have a family history of diabetes and less likely
to use post-menopausal hormones. They were also less active and had higher mean values of
BMI and waist circumference. On dietary assessment, they had greater total daily energy
intake and more frans fatty acids, but less fibre, magnesium, caffeine and alcohol. As
reported before, women who developed diabetes in the future had more adverse levels of
adipokines at baseline, i.e. lower levels of HMW adiponectin, but higher levels of resistin
[19]. Case participants had higher levels of all the pro-inflammatory proteins (TNFa-R2,
IL-6 and CRP [28]) than the control participants at baseline. Levels of IL-18 were 25%
higher in case participants (323.2 pg/ml) than in control participants (264.1 pg/ml,
p<0.0001).

Spearman correlation (Table 2) showed that higher IL-18 levels were moderately associated
with higher values of BMI and waist circumference, and weakly associated with higher age
and lower physical activity. IL-18 levels were weakly associated with some of the dietary
components. Circulating IL-18 levels also showed modest associations in the expected
directions with the other adipokines and biomarkers, the strongest associations being
positive correlations (r=0.22 to 0.30); p<0.0001 for all) with the other pro-inflammatory
proteins (TNFa-R2, IL-6 and CRP).

Multivariate models using quintiles of IL-18 levels at baseline to predict development of
type 2 diabetes are presented in Table 3. Higher levels of 1L-18 were associated with higher
risk of incident diabetes, even after adjustment for all diabetes risk factors (Model 2:
multivariate RR). Thus being in the highest quintile of IL-18 was associated with a RR (95%
Cl) of 1.75 (1.41-2.18) for developing diabetes in the future (relative to the first quintile;
p<0.0001 for trend). After further adjustment for BMI (Model 3), the RR was reduced (1.44
[1.15-1.80]), but remained significant. Using BMI as a continuous variable instead of in
categories, the RR was 1.56 (1.25-1.95) (for the highest compared with the lowest quintile;
p<0.0001 for trend); this subsidiary analysis confirmed that it is more appropriate to use
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categorical BMI adjustment. Using waist circumference instead of BMI resulted in the same
trend (p=0.002). Adding HMW adiponectin to Model 3 further reduced the RRs, as seen in
Model 4 (Table 3); the trend remained significant (p=0.006 for trend). Adding resistin to
Model 3 did not change the association of 1L-18 with diabetes (see Model 5); adding resistin
to Model 4 (including HMW-adiponectin) had no effect on the RRs and resulted in exactly
the same trend and p value (not shown). In subsidiary analyses (see Electronic
supplementary material [ESM] Table 1), adjustment for other pro-inflammatory proteins
(TNFa-R2, IL-6 or CRP) did not have a substantial impact on the initial BMI-adjusted
model (Model 3), and all trends for the 1L-18 association with diabetes remained significant
(p<0.05 for trends, all). Even when all the biomarkers (HMW adiponectin, resistin, CRP,
IL-6, TNFr2) were included in the BMI-adjusted model, the trend for IL-18 quintiles to
predict diabetes remained significant (p=0.03 for trend) (ESM Table 1). The subsidiary
analysis in the sub-sample for which HbA;. measurements were available (cases n=402,
controls n=403) showed similar trends, even after adjustment for this marker of chronic
glycaemic exposure. High levels of IL-18 seemed to increase the risk of developing
diabetes, regardless of levels of adiponectin, resistin or CRP (Fig. 1).

We conducted interaction analyses with major risk factors (age, BMI and family history of
diabetes) for diabetes. The women with a BMI lower than 25 kg/m? seemed to have a
stronger association of I1L-18 with diabetes incidence (RR 2.12 [1.40-3.20] for highest
quintile compared with first quintile) than overweight and obese women (RR 1.35
[1.05-1.74] for the highest quintile compared with first quintile; p=0.05 for interaction). We
also observed an interesting trend: women without a family history of diabetes seemed to
have a stronger association of 1L-18 with future diabetes (RR 1.61 [1.18-2.21] for highest
quintile compared with first quintile) than women with a positive familial history (RR 1.34
[0.99-1.82] for highest quintile compared with first quintile; p=0.06 for interaction).

Discussion

We have shown that higher circulating plasma levels of 1L-18 are associated with future
diabetes incidence in a healthy cohort of middle-aged women. This association was
independent of well-known risk factors for diabetes, including obesity and dietary intake,
and novel risk factors, including levels of adipokines. Interaction analyses suggested that the
association of 1L-18 with incident diabetes may be stronger in women otherwise considered
at low risk of diabetes (such as without family history of diabetes or with lower BMI). This
could mean that 1L-18 may be implicated very early in the disease process, its predicting
effect being dampened by common risk factors; or, in another scheme, it could indicate that
IL-18 is part of a pathway different from the one implicated by the usual risk factors.

The role of IL-18 in the development of diabetes is still unclear. It has been shown that
adipocytes from obese individuals produce higher levels of 1L-18 than those from lean
individuals [3]. Other investigators have shown that non-adipocyte cells are the primary
source of IL-18 in the adipose tissue of obese individuals [4, 5]. Leick et al. confirmed that
obese individuals had higher adipose tissue /L8 mRNA levels than lean individuals and
showed that an 8-week exercise programme decreased /LZ8 mRNA levels in adipose tissue
of obese individuals [29]. In contrast, Krogh-Madsen et al. have suggested that adipose
tissue is unlikely to be a major source of IL-18; thus in vivo, TNFa infusion induced insulin
resistance in healthy humans (measured by clamps) and increased /LZ8 mRNA levels in
muscles but not in adipose tissue [6]. Non-adipose sources of IL-18 might explain some of
the inconsistencies in the literature regarding circulating IL-18 and anthropometric
measurements. We and others [7, 8, 13] have shown a positive association between BMI and
IL-18 levels, while other groups have not observed this correlation [11, 16, 30]. BMI is an
imperfect proxy for excess adiposity and represents both fat and fat-free mass. Interestingly,
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in non-diabetic men, IL-18 was not associated with BMI (r=0.12, p=0.1), but showed a
moderate correlation (r=0.19, p=0.03) with fat-free mass [12], which could support the
hypothesis that muscles contribute to circulating IL-18.

Another argument in favour of muscles being the source of 1L-18 is that increased adiposity
seems to mask the association of IL-18 and the risk of developing diabetes. This hypothesis
is supported by our data showing that in women with lower BMI, the association between
IL-18 and diabetes tended to be stronger (p=0.05 for interaction). This stronger association
for individuals with lower BMI was also suggested in a report on IL-18 levels and diabetes
incidence in the MONICA/KORA study [16]. Hung et al. also found a significant interaction
(p=0.03) between BMI and an IL-18 association with metabolic syndrome [8]. In a 15-week
weight-loss intervention in obese individuals, Bruun et al. demonstrated that a change in
IL-18 levels during the intervention was correlated with changes in HOMA of insulin
resistance (HOMA-IR) and not with changes in BMI [10]. The same study also
demonstrated that /L 78 mMRNA or changes in mRNA in subcutaneous adipose tissue were
not associated with circulating IL-18, BMI or HOMA-IR at baseline (or with changes over
intervention), supporting the hypothesis that the major source of circulating IL-18 in humans
is not adipocytes. Nevertheless, IL-18 circulating levels have been very consistently
associated with insulin resistance [10-13] in accordance with our findings.

If IL-18 is closely implicated in the pro-inflammatory cascade inside the adipose tissue, we
would expect its predicting effect to be stronger with adverse levels of adipokines such as
low adiponectin. Low levels of circulating adiponectin (both total and HMW forms) have
been consistently shown to predict higher risk of developing diabetes, and this was
confirmed in the Nurses' Health Study by a previous report [19]. In the present report, we
did not observe a stronger effect of 1L-18 at more adverse adipokines levels: in each tertile
of adiponectin (or resistin), higher levels of 11-18 were associated with an increased risk of
developing diabetes. Once again, this suggests that IL-18 might be implicated in a very
specific pathway outside adipose tissue. Moreover, our finding that IL-18 is associated with
risk of developing diabetes independently of adiponectin levels is concordant with other
findings in the literature. For example, Straczkowski et al., using the gold-standard
euglycaemic—hyperinsulinaemic clamp to measure insulin sensitivity (M value),
demonstrated that circulating IL-18 was associated with A/value, even when adjusted for all
the co-variates, including adiponectin [13].

Strengths and limitations

Our study has many strengths. Thus we used a well-known cohort of women in a nested
case—control design, providing large sample size, prospective follow-up of cases of diabetes,
excellent validation of diabetes diagnosis and measurements of an extensive list of risk
factors (including detailed information on diet and lifestyle), as well as of biomarkers
associated with diabetes, all of which we could adjust for in the models. We used single
measurement of biomarkers at baseline, but this has been shown to be reliable compared
with more than one measurement over time [31, 32]. We had large numbers of participants,
allowing us to use quintiles of IL-18 to test the main association with multiple adjustments
in a non-parametric framework. However, our power to detect interactions might have been
limited. Our cohort is composed of women predominantly of European origin, so our results
might not be generalisable to other ethnic backgrounds. Finally, we adjusted for known
confounding factors, but residual confounding cannot be excluded. Since glucose levels are
associated with 1L-18 levels or diabetes incidence in other cohorts, we cannot exclude the
possibility that adjusting for glucose in our multivariate models could have reduced the
observed effect, since glucose levels are strong predictors of diabetes; we addressed this
limitation by adjusting for HbA; in the sub-sample for whom measurements were available;
this reduced the effect, but did not eliminate the trend. We acknowledge that the absence of
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glucose measurement in this cohort limits our ability to account for this major confounding
factor and that adjusting for HbA4 only partially addresses this limitation. It is possible that
factors related to I1L-18 at baseline (e.g. obesity) increased the risk of being diagnosed with
diabetes. However, adjustment for baseline BMI did not abolish the observed association.
Also, stratified analyses by baseline BMI indicated that the association between IL-18 and
diabetes was stronger in normal-weight than in overweight and obese women (£=0.05 for
interaction).

We have shown that high levels of IL-18 are associated with an increased risk of future
diabetes, and that this is independent of obesity, other known diabetes risk factors (including
dietary aspects), levels of adipokines and other pro-inflammatory proteins. IL-18 might be a
stronger predictor of diabetes in women otherwise considered at lower risk of diabetes. Type
2 diabetes is a very heterogeneous disease. It remains to be elucidated whether IL-18 is
involved in a very specific pathway that is different from the ones driven by the usual risk
factors or whether it is a very early marker of diabetes risk. Our observations, along with
other reports, suggest that 1L-18 might be involved in non-adipocyte-related inflammatory
pathways. Physiological studies and cohort studies with repeated prospective measurements
of adipokines and biomarkers are needed to reveal this aspect of the pathophysiology of
diabetes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.

Multivariate-adjusted RR (95% CI) of developing type 2 diabetes, by joint analysis of 1L-18
and (a) adiponectin, (b) resistin or (c) CRP. Results are stratified by tertiles. RRs are
adjusted for matching factors, diabetes risk factors and BMI. Tertiles of IL-18 are based on
control group distribution, i.e.: first tertile, median 182.9 (78.4-226.2) (black circles);
second tertile, median 264.5 (226.3-313.0) (black triangles); and third tertile, median 391.5
(313.1-2100.6) (black squares). Tertiles of adipokines were also based on control
participants: HMW adiponectin <4.96 pg/ml, 4.97-8.58 pug/ml and >8.58 pg/ml; resistin
<12.58 ng/ml, 12.59-18.39 ng/ml and >18.39 ng/ml; and CRP <0.095 mg/dl, 0.096-0.262
mg/dl and >0.0262 mg/dI
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Risk factorsfor type 2 diabetes, and adipokine and inflammatory biomarker circulating
levelsin case and control women at baseline

Characterigtics n@ Control 1081 Case 1012 p values
Demogr aphic and anthropometric
Ageb (years) 55.8 (7.0) 56.1(7.0) 0.41
BMlb (kg/m?) 26.3 (6.0) 30.1(5.4) <0.0001
Waist circumference (cm) 78.0 (11.7) 87.7 (12.0) <0.0001
Physical activity (MET/week) 15.5(25.1) 12.2 (15.0) 0.0002
Family history of diabetes (%) 22.8 455 <0.0001
Current smoking (%) 12.4 134 0.48
Post-menopausa | (%) 60.6 62.7 0.31
Current post-menopausal hormone use (%) 36.8 28.9 0.0001
Dietary intake
Cereal fibre (g/day) 4.95 (2.58) 4.55 (2.18) 0.0001
Glycaemic load 102.0 (17.8) 102.2 (16.1) 0.85
Trans fatty acid (g/day) 2.54 (0.83) 2.64 (0.83) 0.006
Polyunsaturated:saturated fatty acids ratio 0.57 (0.18) 0.56 (0.15) 0.05
Magnesium (mg/day) 306.2 (70.5) 297.1 (62.7) 0.002
Caffeine (mg/day) 256.9 (197.0) 236.1 (184.1) 0.01
Alcohol (g/day) 5.62 (9.07) 3.40 (7.15) <0.0001
Total energy intake (kJ/day) 7409 (1957) 7651 (2119) 0.007
Biomarkerscirculating levels
IL-18 (pg/ml) 264.1(142.8)  323.2(179.1)  <0.0001
HMW adiponectin (jLg/ml) 6.62 (5.53) 3.59 (3.62) <0.0001
Resistin (ng/ml) 15.27 (9.85) 16.35(11.16)  <0.0001
CRP (nmol/L) 1.52 (2.57) 3.52 (4.00) <0.0001
TNFa-R2 (pg/ml) 24075 (887.2) 2646.5(968.7) <0.0001
IL-6 (ng/ml) 1.92 (1.51) 2.39(1.82) <0.0001

Values are expressed as mean (SD), % or (for biomarkers) median (interquartile range)

Case and control participants' characteristics were compared using XZ test (for percentages), ftest (for means) or Wilcoxon's rank-sum test (for

medians)

an:number in the sample except for: waist circumference 761 control, 621 case participants; physical activity 1066 control, 1001 case participants;
postmenopausal hormone use 1072 control, 995 case participants; dietary intake 1072 control, 1002 case participants; TNFa-R2 598 control, 690

case participants; IL-6 577 control, 667 case participants; and CRP, 584 control, 680 case participants

bMatching factor
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Table 2
Spearman correlations of 1L-18 with risk factors, adipokines and inflammatory
biomarkersin case and controlswomen at baseline

Characteristics Spearman correlations  p values

Demogr aphic and anthr opometric

Age (years) 0.07 0.0008
BMI (kg/m?) 0.22 <0.0001
Waist circumference (cm) 0.20 <0.0001
Physical activity (MET/week) -0.06 0.005
Dietary intake
Cereal fibre (g/day) -0.05 0.02
Glycaemic load -0.02 0.44
Trans fatty acid (g/day) 0.04 0.04
Polyunsaturated:saturated fatty acids ratio -0.06 0.009
Magnesium (mg/day) -0.06 0.007
Caffeine (mg/day) -0.03 0.23
Alcohol (g/day) -0.07 0.002
Total energy intake (kJ/day) 0.06 0.01

Biomarkerscirculating levels

HMW adiponectin (j.g/ml) -0.20 <0.0001
Resistin (ng/ml) 0.18 <0.0001
CRP (nmol/L) 0.30 <0.0001
TNFa-R2 (pg/ml) 0.30 <0.0001
IL-6 (ng/ml) 0.22 <0.0001
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