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Abstract

Background: The effect of different dietary markers on inflammatory markers has seldom been
assessed in a general population setting. We assessed the effect of single foods, nutrients, dietary

patterns and scores on inflammatory markers (CRP, IL-6, TNF-a and leucocyte count).

Methods: Cross-sectional study including 4027 participants (46.5% men, 57.2+10.2 years) in Lausanne,
Switzerland (ColLaus study). Dietary intake was collected between 2009-2012 using a semi-quantitative
food frequency questionnaire. Besides single foods and nutrients, three naive (using principal
components analysis - PCA) and four oriented (Mediterranean, Alternative Healthy Eating Index - AHEI)

dietary scores were used.

Results: Three dietary patterns explaining 20% of total variance were obtained and named “Meat &
chips” (positive loadings for meat and French fries); “Pastries & fat” (positive loadings for hard fats,
pastries and sugar) and “Fruits & vegetables” (positive loadings for fruits & vegetables). After
multivariate adjustment on total energy intake, gender and other socio-demographic factors, fruit
intake, the “Fruits & vegetables” pattern, the Mediterranean and the AHEI scores were negatively
associated with CRP levels (standardized regression scores: -0.043, -0.054, -0.043 and -0.067,
respectively, all p<0.01). The “Fruits & vegetables” pattern was also negatively associated with
leucocyte count (standardized regression score: -0.057, p<0.01). Conversely, no association between

nutrients and inflammatory markers and between all dietary markers and IL-6 or TNF-a was found.

Conclusion: global dietary behaviours have a small but significant impact on inflammatory markers in
the general population. The effect of individual nutrients or foods (fruits excepted) is of less clinical

importance.

Keywords: dietary scores; inflammation; epidemiology; dietary patterns; nutrients
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Introduction

Systemic low-grade inflammation has been linked to several chronic conditions such as
cardiovascular disease (CVD)!. Moreover, chronically elevated rates of inflammatory markers such

as C-reactive protein (CRP) and interleukin 6 (IL-6) could be predictors of CVD risk>.

The already well known association between diet and CVD may partly be linked through
these inflammatory markers®. Indeed , several epidemiological studies have identified negative
4 5

associations between inflammatory levels and specific nutrients such as polyphenols® ~,

polyunsaturated fatty acids®, histidine” and branched-chain amino acids®.

Besides specific nutrients, dietary scores based on the consumption of specific food items
have also been linked with inflammatory levels. For example, hypothesis-oriented scores such as the
Mediterranean-diet score’ has been linked with lower platelet and white blood cell counts'®.
Similarly, the Southern European Atlantic diet™ and the Baltic Sea diet'? have been associated with
lower levels of CRP. Similarly, the Alternate Healthy Eating Index (AHEI) of McCullough and coll.?
was negatively associated with IL-6 levels* 3. Conversely, the traditional Inuit diet, based on sea
mammals’ meat rich in n-3 fatty acids and vitamin D, tended to increase CRP and YKL-40 levels,
possibly due to the presence of organic pollutants in marine mammals™.

Also, naive-oriented scores, such as dietary patterns obtained through principal component

analysis (PCA), have been shown to be associated with inflammatory levels. For example, “prudent”*®

or “health-aware”

patterns were negatively associated with CRP levels. Ozawa and coll. used
reduced rank regression analysis and identified a “dietary inflammatory pattern” rich in red and
processed meat, peas, legumes and fried food, and low in whole grains, which was positively
associated with IL-6 levels and other inflammatory markers*®. However, most studies assessed only
a limited number of nutrients or foods, or even focused on a single dietary score or pattern, while

studies comparing simultaneously the effect of different dietary parameters on inflammatory

markers are scarce.
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Hence, our study aimed at assessing the associations between a wide range of dietary
parameters (macro- and micronutrients, single foods, dietary patterns and scores) and several

inflammatory markers to find the most accurate indicator of an anti-or pro-inflammatory diet.

Participants and methods

Sampling procedure

The Colaus study is a population-based study assessing the clinical, biological and genetic
determinants of cardiovascular disease in the city of Lausanne, Switzerland®®. Recruitment began in
June 2003 and ended in May 2006, enrolling 6733 participants who underwent an interview, a physical
exam, and a blood analysis. The first follow-up was performed between April 2009 and September
2012, 5.5 years on average after baseline. We only consider data from the follow-up examination as

dietary intake assessment was first introduced here.

Blood samples
Venous blood samples (50 mL) were drawn in the fasting state. Most biological assays were
performed at the clinical laboratory of the Lausanne university hospital (CHUV) within 2 hours of blood

collection on fresh samples. Supplementary samples were stored at -80°C.2°

Dietary intake

Dietary intake was assessed using a validated self-administered, semi quantitative Food
Frequency Questionnaire (FFQ) which also included portion size*. Briefly, this FFQ assesses the
dietary intake of the previous 4 weeks and consists of 97 different food items accounting for more
than 90% of the intake of calories, proteins, fat, carbohydrates, alcohol, cholesterol, vitamin D and
retinol, and 85% of fibre, carotene and iron. For each item, consumption frequencies ranging from
“less than once during the last 4 weeks” to “2 or more times per day” were provided, and the
participants also indicated the average serving size (smaller, equal or bigger) compared to a
reference size. Daily consumption of the different food items was computed based on frequency and

portion size and expressed in mL (for drinks) or in grams (for other foods). Conversion into nutrients
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was performed based on the French CIQUAL food composition table?? taking into account portion

size.

Dietary scores

Three dietary scores were computed, two based on the Mediterranean diet, the third on a
modification of the alternative healthy eating index (AHEI). The first Mediterranean dietary score
(hereby designated as “Mediterranean score 1”) was derived from Trichopoulou et al.’, the score
ranges between zero and eight. The second Mediterranean dietary score (hereby designated as
“Mediterranean score 2”) is adapted to the Swiss population and was computed according to
Vormund et al.%. Contrary to the score from Trichopoulou et al, dairy products are considered as
beneficial. The score thus ranges between zero and nine. The AHEI was adapted from McCullough et
al.’, In our study, the amount of trans fat could not be assessed, and we considered all participants
taking multivitamins as taking them for a duration =5 years. Thus, the modified AHEI score ranged
between 2.5 and 77.5 instead of 2.5 and 87.5 for the original AHEI score®®. For all three scores, higher

values represented a healthier diet.

Dietary patterns

Prior to assessment of dietary patterns, the 97 items of the FFQ were grouped into 40 food
and nutrient groups, including vitamin and food supplements (supplementary table 1) as previously

reported®* .

Dietary patterns were assessed by PCA with varimax rotation as done in previous studies? 2°

2728 The Kaiser-Meyer-Olkin (KMO) and the Bartlett test for sphericity were applied to assess the
appropriateness of applying PCA to the dataset. The Bartlett test compares the correlation matrix
between the different items to be included in the PCA to the identity matrix. A non-significant Bartlett

test indicates that the variables are highly correlated and that information compression using PCA is

not useful. The KMO was 0.754, which was above the suggested minimum of 0.5%° and comparable to
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values reported in the literature 2> 3°, The Bartlett test for sphericity yielded a p-value of <0.0001.

Hence, both KMO and the Bartlett tests indicated that the data were suitable for PCA.

The number of dietary patterns to be retained was calculated based on the same criteria as in

other studies®! 26

, namely: 1) analysis of the scree plot; 2) an eigenvalue higher than one and 3) the
interpretability of the dietary pattern. For interpretation purposes, varimax rotation was performed.
Items with absolute factor loading >0.30 were considered to characterize the dietary patterns %,

although all items were used to calculate dietary pattern scores. Dietary patterns were categorized

into quintiles and the dietary intake of the highest was reported.

Exclusion criteria
Participants with the following characteristics were excluded: 1) No dietary data; 2) No socio-
clinical data; 3) No inflammatory data; 4) Anti-inflammatory drugs; 5) Inflammation (CRP>20 mg/L); 6)

Total energy intake (TEI) <850 or >4500 kcal/day.

Statistical analysis
Statistical analysis was performed using Stata version 14.1 for Windows (Stata Corp, College
Station, Texas, USA). Participants characteristics were expressed as number (percentage) for

categorical variables or as average + standard deviation for continuous variables.

Bivariate associations were assessed using Spearman nonparametric rank correlation. Dietary
markers significantly associated on bivariate analysis with inflammatory markers were further
explored using multivariable analysis. Multivariable analysis was performed using linear regression
adjusting for age (continuous), body mass index (continuous), gender, smoking (never, former,
current), educational level (high, middle, low), physical activity, diabetes (yes/no) and total caloric
intake (continuous). Results were expressed as standardized coefficients; standardized coefficients can
be interpreted as multivariable-adjusted correlations. For multivariable analyses, inflammatory

markers were log-transformed.
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The importance of dietary scores and patterns relative to single foods was further addressed
by entering simultaneously in each model one dietary pattern and the foods significantly associated

with inflammatory markers. Statistical significance was considered for a two-sided test with p<0.01.

Results

Characteristics of the participants

Of the initial 5064 participants, 1037 (20.5%) were excluded. The reasons for exclusion are
indicated in figure 1 and the characteristics of excluded and included participants are summarized in
supplementary table 2. Excluded participants were older, had a higher BMI, a lower education, and

were prone to smoke, be sedentary and have diabetes.

Dietary patterns

The results of the PCA are summarized in supplementary table 3. The KMO was 0.754,
indicating that the data were suitable for PCA. Two unhealthy and one healthy dietary patterns were
identified, explaining 20% of the overall variance. The three patterns were named “Meat & chips”
(unhealthy: positive loadings for all kinds of meat and French fries); “Pastries & fat” (unhealthy:
positive loadings for hard fats, pastries and sugar) and “Fruits & vegetables” (healthy: positive loadings

for fruits & vegetables).

Participants in the highest quintile of the “Meat & chips” and the “Pastries & fat” patterns
showed a higher intake of total fat (expressed as percentage of total energy intake) and of saturated
fat (expressed as percentage of total fat). Participants in the highest quintile of the “Meat & chips”
pattern also showed a higher intake of protein while participants in the highest quintile of “Fruits &

vegetables” pattern showed a higher intake of carbohydrates and fiber (supplementary table 3).

11
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Associations of individual nutrients with inflammatory markers
On bivariate analysis, total fat was positively associated with IL-6, and carotene was negatively
associated with CRP and leucocyte count (table 1). However, these relationships were no longer

significant when adjusting for confounders (table 2).

Associations of single foods with inflammatory markers

On bivariate analysis, fruits, carrots and tofu were negatively associated with CRP and
leucocyte count; green salad, bananas, apples and kiwis were negatively associated with leucocyte
count, while vegetables showed a positive association with IL-6 levels (table 1). After multivariable

adjustment, only the negative association between tofu and CRP levels remained (table 2).

Associations of dietary patterns and scores with inflammatory markers

On bivariate analysis, the “Meat & Chips” pattern was positively associated with CRP levels
and leucocyte count; the “Pastries & Fat” pattern was negatively associated with leucocyte count, and
the “Fruits & Vegetables” pattern was negatively associated with CRP levels and leucocyte count (table
1). After multivariable adjustment, only the negative associations between the “Fruits & Vegetables”

pattern and CRP levels and leucocyte counts remained (table 2).

On bivariate analysis, both Mediterranean scores and the AHEI were negatively associated
with CRP levels; the AHElI was also negatively associated with leucocyte count (table 1). After
multivariable adjustment, only the negative associations between Trichopoulou’s Mediterranean

score and the AHEI with CRP levels remained (table 2).

When entered simultaneously with fruit intake, the “Fruits & Vegetables” pattern, the
Trichopoulou’s Mediterranean score and the AHEI tended to remain significantly and negatively
associated with CRP levels, while the association with fruit intake was no longer significant

(supplementary table 4).

12
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Discussion

This study is one of the few that compared the associations between different dietary
parameters and inflammatory markers in the general population. Our results show that (un)healthy
dietary behaviours have a small but significant impact on inflammatory markers, while individual

nutrients or foods have a lower clinical importance.

Associations of individual nutrients with inflammatory markers

Only a limited number of macro- and micronutrients were associated with inflammatory
markers on bivariate analysis, and no significant association remained after adjustment for
confounders. These findings are in agreement with Scottish study'’, which also failed to find any
significant association between several micronutrients (flavonoids and antioxidants) and inflammatory
markers. Also, the lack of association between vitamin D intake and inflammatory markers matches an
earlier study on Inuits, whose diet is known to be rich in this component32, Overall, our results suggest
that most macro and micro-nutrients are not associated with inflammatory markers. Still, as no
information was available regarding polyphenol intake, it was not possible to confirm or infirm the

existing information on the anti-inflammatory properties of polyphenols*®.

Associations of single foods with inflammatory markers

Fruit intake was negatively associated with CRP levels, but not with IL-6, TNF-a or leucocyte
count. The association with CRP remained after multivariate analysis, a finding in agreement with the
literature. A possible explanation is the high polyphenol content of fruits**, which has been linked
with a decrease in inflammation levels*>. Our results thus stress the need of an adequate consumption

of fruit to decrease inflammatory levels.

Associations of dietary patterns and scores with inflammatory markers

The Mediterranean diet score was negatively associated with CRP levels, and this association

persisted after multivariate adjustment. These findings are in agreement with previous studies 1°3> 3,

13
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suggesting that the beneficial effect of the Mediterranean diet on CVD might partly be linked to a

decreased inflammatory status.

The AHEI was negatively associated with CRP levels. This finding is in agreement with some
studies where the AHEI was inversely correlated with CRP 3 or IL-6 levels® 1, but not with other studies
which failed to find any association 3 3%, As the associations were rather weak, a possible explanation
is the relatively small sample size (<1000 participants) of the studies that failed to find a significant

association.

Of the three dietary patterns obtained, only the “Fruits & Vegetables” one retained its negative
association with CRP and IL-6 after multivariable adjustment. These findings are partly in agreement
with other studies which also assessed dietary patterns using PCA. Indeed, both the “health-aware”
pattern from the Lothian Birth Cohort study!’ and the “prudent” pattern from the Aberdeen
Prospective Osteoporosis Screening Study cohort!®, which scored high in fruits and vegetables, were

negatively associated with CRP levels.

Interestingly, the “Fruits & Vegetables” pattern, the Trichopoulou’s Mediterranean score and
the AHEI showed stronger negative associations with CRP levels than single fruit intake, indicating that
their effects were not only due to a higher fruit intake, but that other components might also
intervene. Overall, our results suggest that a diet rich in fruits (but not only) is paramount for reducing

inflammatory levels.

Importance for clinical practice

Many studies have focused on the associations between single nutrients or foods and
inflammatory markers. Still, increasing or decreasing the consumption of specific nutrients or even of
selected foods might be difficult to achieve in general practice. Our results indicate that dietary
recommendations focused on the consumption of several food groups are more important than

recommendations focused on specific foods or nutrients®. Hence, in clinical practice, generic

14
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recommendations could be provided, instead of focusing on specific foods or nutrients, which are
difficult to identify and to integrate in a normal diet. This would facilitate dietary counselling by general

practitioners, whose nutritional knowledge is usually low*!,

Similarly, from a public health perspective, simple messages aimed at a healthier eating and

increased consumption of fruits and vegetables*? 43

could be delivered. The impact of such measures
in the general population could then be monitored by any of the scores (AHEI, Mediterranean or “Fruits

and vegetables”) rather than by complex nutrient assessment.

Strengths and limitations

Our study has several strengths: firstly, it is one of the very few simultaneously comparing the
effect of different dietary parameters on inflammatory markers. Secondly, it relied on a rather large
sample size, thus allowing a relatively adequate statistical power. Indeed, only five studies assessing
the association between diet and inflammatory markers had a larger sample size* 11 441018 Finally, due
to the population-based setting, our results can be transposed to other populations and practical

recommendations can be used in public health and clinical practice.

This study also has several limitations. First, and as alredy indicated, no information regarding
polyphenols was available. Hence, it was not possible to confirm previous findings® 4. Future studies
should rely either on an extensive food composition database or on the direct measurement of
polyphenols in serum or urine. Second, the Mediterranean-diet score is based on a Greek population’s
food consumption, and the scores obtained cannot be directly transposed to a Swiss population.
Finally, we could not calculate the Dietary Inflammatory Index (DIl), which is composed by a list of 45
items, mainly specific nutrients and spices® and is often used in recent literature on CVD and
inflammation, showing decreased CRP levels with high DIl scores*. However, this score is based on
food items 4 that are rarely collected in epidemiological studies and are dependent on the food

composition table. Hence, its interest for public health or clinical practice is limited.
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Conclusion

Our results show that healthy dietary behaviours have a small but significant impact on
inflammatory markers in the general population. The effect of individual nutrients or foods appears to

be of less clinical importance.

Conflict of interest

The authors report no conflict of interest.

Ethical statement

The institutional Ethics Committee of the University of Lausanne, which afterwards became
the Ethics Commission of Canton Vaud (www.cer-vd.ch) approved the baseline Colaus study
(reference 16/03, decisions of 13th January and 10th February 2003); the approval was renewed for
the first (reference 33/09, decision of 23rd February 2009) and the second (reference 26/14, decision
of 11th March 2014) follow-up. The full decisions of the CER-VD can be obtained from the authors
upon request. The study was performed in agreement with the Helsinki declaration and its former
amendments, and in accordance with the applicable Swiss legislation. All participants gave their signed

informed consent before entering the study.

Funding

The Colaus|PsyColaus study was and is supported by research grants from GlaxoSmithKline,
the Faculty of Biology and Medicine of Lausanne, and the Swiss National Science Foundation (grants
3200B0-105993, 3200B0-118308, 33CSCO-122661, 33CS30-139468 and 33CS30-148401). The funding
source had no involvement in the study design, data collection, analysis and interpretation, writing of

the report, or decision to submit the article for publication.

16



289

290
291
292
293

294
295
296
297

298
299
300

301
302
303

304
305
306

307
308
309

310
311

312
313
314

315
316
317

318
319
320

References

10.

Pearson TA, Mensah GA, Alexander RW, et al. Markers of inflammation and cardiovascular disease:
Application to clinical and public health practice: A statement for healthcare professionals from the
centers for disease control and prevention and the American Heart Association. Circulation.

2003;107(3):499-511. doi:10.1161/01.CIR.0000052939.59093.45.

Gérald Luc, Jean-Marie Bard, Irene Juhan-Vague, Jean Ferrieres, Alun Evans, Philippe Amouyel,
Dominique Arveiler, Jean-Charles Fruchart PD. C-Reactive Protein, Interleukin-6, and Fibrinogen as
Predictors of Coronary Heart Disease: The PRIME Study. Arterioscler Thromb Vasc Biol. 2003;23:1255-
1261.

TT F, ML M, PK N, et al. Diet-quality scores and plasma concentrations of markers of inflammation and
endothelial dysfunction. Am J Clin Nutr. 2005;82(1):163-173.
http://search.ebscohost.com/login.aspx?direct=true&db=rzh&AN=106528577&site=ehost-live.

Pounis G, Bonaccio M, Di Castelnuovo A, et al. Polyphenol intake is associated with low-grade
inflammation, using a novel data analysis from the Moli-sani study. Thromb Haemost. 2016;115(2):344-

352. doi:10.1160/TH15-06-0487.

Cassidy A, Rogers G, Peterson JJ, Dwyer JT, Lin H, Jacques PF. Higher dietary anthocyanin and flavonol
intakes are associated with anti-inflammatory effects in a population of US adults. Am J Clin Nutr.

2015;102(1):172-181. doi:10.3945/ajcn.115.108555.

Muka T, Kiefte-de Jong JC, Hofman A, Dehghan A, Rivadeneira F, Franco OH. Polyunsaturated fatty acids
and serum C-reactive protein: the Rotterdam study. Am J Epidemiol. 2015;181(11):846-856.
doi:10.1093/aje/kwv021.

Li YC, Li CL, Qi JY, et al. Relationships of dietary histidine and obesity in northern chinese adults, an
internet-based cross-sectional study. Nutrients. 2016;8(7):1-15. doi:10.3390/nu8070420.

LiYC, Li Y, Liu LY, et al. The ratio of dietary branched-chain amino acids is associated with a lower
prevalence of obesity in young northern chinese adults: An internet-based cross-sectional study.

Nutrients. 2015;7(11):9573-9589. d0i:10.3390/nu7115486.

Antonia Trichopoulou, M.D., Tina Costacou, Ph.D., Christina Bamia, Ph.D., and Dimitrios Trichopoulos
MD. Adherence to a Mediterranean Diet and Survival in a Greek Population Antonia. N Engl J Med.

2003;348(26):2599-2608.

Bonaccio M, Di Castelnuovo A, De Curtis A, et al. Adherence to the Mediterranean diet is associated
with lower platelet and leukocyte counts: Results from the Moli-sani study. Blood. 2014;123(19):3037-
3044. doi:10.1182/blood-2013-12-541672.

17



321
322
323

324
325
326

327
328

329
330
331

332
333
334

335
336
337

338
339
340

341
342
343

344
345
346

347
348
349

350
351

352

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Guallar-Castillén P, Oliveira A, Lopes C, Lopez-Garcia E, Rodriguez-Artalejo F. The Southern European
Atlantic Diet is associated with lower concentrations of markers of coronary risk. Atherosclerosis.

2013;226(2):502-509. doi:10.1016/j.atherosclerosis.2012.11.035.

Kanerva N, Kaartinen NE, Rissanen H, et al. Associations of the Baltic Sea diet with cardiometabolic risk
factors - a meta-analysis of three Finnish studies. BrJ Nutr. 2014;112(4):616-626.
do0i:10.1017/5S0007114514001159.

McCullough ML, Feskanich D, Stampfer MJ, et al. Diet quality and major chronic disease risk in men and

women: Moving toward improved dietary guidance. Am J Clin Nutr. 2002;76(6):1261-1271.

Akbaraly TN, Shipley MJ, Ferrie JE, et al. Long-term adherence to healthy dietary guidelines and chronic
inflammation in the prospective Whitehall Il study. Am J Med. 2015;128(2):152-160.
doi:10.1016/j.amjmed.2014.10.002.

Schaebel LH, Vestergaard H, Laurberg P, Rathcke CN, Andersen S. Intake of traditional Inuit diet vary in
parallel with inflammation as estimated from YKL-40 and hsCRP in Inuit and non-Inuit in greenland.

Atherosclerosis. 2013;228(2):496-501. doi:10.1016/j.atherosclerosis.2013.03.022.

Wood AD, Strachan AA, Thies F, et al. Patterns of dietary intake and serum carotenoid and tocopherol
status are associated with biomarkers of chronic low-grade systemic inflammation and cardiovascular

risk. BrJ Nutr. 2014;112(8):1341-1352. doi:10.1017/S0007114514001962.

Corley J, Kyle JAM, Starr JM, McNeill G, Deary lJ. Dietary factors and biomarkers of systemic
inflammation in older people: the Lothian Birth Cohort 1936. BrJ Nutr. 2015;114(7):1088-1098.
do0i:10.1017/5000711451500210X.

Ozawa M, Shipley M, Kivimaki M, Singh-Manoux A, Brunner EJ. Dietary pattern, inflammation and
cognitive decline: The Whitehall Il prospective cohort study. Clin Nutr. 2017;36(2):506-512.
doi:10.1016/j.cInu.2016.01.013.

Firmann M, Mayor V, Vidal PM, et al. The Colaus study: a population-based study to investigate the
epidemiology and genetic determinants of cardiovascular risk factors and metabolic syndrome. BMC

Cardiovasc Disord. 2008;8(1):6. d0i:10.1186/1471-2261-8-6.

Fraga S, Marques-Vidal P, Vollenweider P, et al. Association of socioeconomic status with inflammatory
markers: A two cohort comparison. Prev Med (Baltim). 2015;71:12-19.
doi:10.1016/j.ypmed.2014.11.031.

Bernstein L, Huot | MA. Amélioration des performances d’un questionnaire alimentaire semi-quantitatif

comparé a un rappel des 24 heures. Santé Publique 1995, 7(4):403-413. 1995;7(4):403-413.

French agency for food environmental and occupational health & safety (ANSES). Composition

18



353
354

355
356

357
358
359

360
361
362

363
364
365

366
367

368
369
370

371
372

373
374
375

376
377
378

379
380
381

382
383
384

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

nutritionnelle des aliments TABLE Ciqual. https://pro.anses.fr/tableciqual/index.htm. Published 2016.
Accessed September 6, 2016.

Vormund K, Braun J, Rohrmann S, Bopp M, Ballmer P, Faeh D. Mediterranean diet and mortality in

Switzerland: an alpine paradox? Eur J Nutr. 2015;54(1):139-148. doi:10.1007/s00394-014-0695-y.

Martinez-Gonzalez MA, Zazpe |, Razquin C, et al. Empirically-derived food patterns and the risk of total
mortality and cardiovascular events in the PREDIMED study. Clin Nutr. 2015;34(5):859-867.
doi:10.1016/j.cInu.2014.09.006.

Arruda SPM, da Silva AAM, Kac G, Goldani MZ, Bettiol H, Barbieri MA. Socioeconomic and demographic
factors are associated with dietary patterns in a cohort of young Brazilian adults. BMC Public Health.

2014;14(1):654. doi:10.1186/1471-2458-14-654.

Fernandez-Alvira JM, Bammann K, Pala V, et al. Country-specific dietary patterns and associations with
socioeconomic status in European children: the IDEFICS study. Eur J Clin Nutr. 2014;68(7):811-821.
doi:10.1038/ejcn.2014.78.

Esmaillzadeh A, Azadbakht L. Major dietary patterns in relation to general obesity and central adiposity

among lranian women. J Nutr. 2008;138(2):358-363.

Chowdhury R, Steur M. Invited Commentary: Dietary Polyunsaturated Fatty Acids and Chronic Systemic
Inflammation--A Potentially Intriguing Link. Am J Epidemiol. 2015;181(11):857-860.
doi:10.1093/aje/kwv023.

Dziuban CD, Shirkey E. When is a Correlation Matrix Appropriate for Factor Analysis? Some Decision

Rules. Psychol Bull. 1974;81(6):358-361. d0i:10.1037/h0036316.

Markussen MS, Veiergd MB, Kristiansen AL, Ursin G, Andersen LF. Dietary patterns of women aged 50-
69 years and associations with nutrient intake, sociodemographic factors and key risk factors for non-

communicable diseases. Public Health Nutr. 2016;19(11):1-9. doi:10.1017/51368980015003547.

Kesse-Guyot E, Bertrais S, Péneau S, et al. Dietary patterns and their sociodemographic and behavioural
correlates in French middle-aged adults from the SU.VI.MAX cohort. Eur J Clin Nutr. 2009;63(4):521-
528. doi:10.1038/sj.ejcn.1602978.

Schabel LK, Bonefeld-Jgrgensen EC, Laurberg P, Vestergaard H, Andersen S. Vitamin D-rich marine Inuit
diet and markers of inflammation — a population-based survey in Greenland. J Nutr Sci. 2015;4(40):e40.

doi:10.1017/jns.2015.33.

Esmaillzadeh A, Kimiagar M, Mehrabi Y, Azadbakht L, Hu FB, Willett WC. Fruit and vegetable intakes, C-
reactive protein, and the metabolic syndrome. Am J Clin Nutr. 2006;84(6):1489-1497. doi:84/6/1489

[pii].

19



385
386
387

388
389
390

391
392
393

394
395
396
397

398
399
400

401
402
403

404
405

406
407
408

409
410

411
412

413
414
415

416

34.

35.

36.

37.

38.

39.

40.

41.

42,

43,

44.

45.

Pérez-Jiménez J, Neveu V, Vos F, Scalbert A. Identification of the 100 richest dietary sources of
polyphenols: an application of the Phenol-Explorer database. Eur J Clin Nutr. 2010;64:5112-5120.
doi:10.1038/ejcn.2010.221.

Chrysohoou C, Panagiotakos DB, Pitsavos C, Das UN, Stefanadis C. Adherence to the Mediterranean
diet attenuates inflammation and coagulation process in healthy adults: The ATTICA study. J Am Coll

Cardiol. 2004;44(1):152-158. doi:10.1016/j.jacc.2004.03.039.

Viscogliosi G, Cipriani E, Liguori ML, et al. Mediterranean Dietary Pattern Adherence: Associations with
Prediabetes, Metabolic Syndrome, and Related Microinflammation. Metab Syndr Relat Disord.

2013;11(3):210-216. doi:10.1089/met.2012.0168.

Fargnoli JL, Fung TT, Olenczuk DM, Chamberland JP, Hu FB, Mantzoros CS. Adherence to healthy eating
patterns is associated with higher circulating total and high-molecular-weight adiponectin and lower
resistin concentrations in women from the Nurses’ Health Study. Am J Clin Nutr. 2008;88(5):1213-1224.
doi:10.3945/ajcn.2008.26480.

Huang T, Tobias DK, Hruby A, Rifai N, Tworoger SS, Hu FB. An Increase in Dietary Quality Is Associated
with Favorable Plasma Biomarkers of the Brain-Adipose Axis in Apparently Healthy US Women. J Nutr.
2016;146(5):1101-1108. doi:10.3945/jn.115.229666.

Neelakantan N, Naidoo N, Koh W-P, Yuan J-M, van Dam RM. The Alternative Healthy Eating Index Is
Associated with a Lower Risk of Fatal and Nonfatal Acute Myocardial Infarction in a Chinese Adult

Population. J Nutr. 2016;146(7):1379-1386. do0i:10.3945/jn.116.231605.

Piepoli MF, Hoes AW, Agewall S, et al. 2016 European Guidelines on cardiovascular disease prevention

in clinical practice. Eur Heart J. 2016;37(29):2315-2381. doi:10.1093/eurheartj/ehw106.

Han SL, Auer R, Cornuz J, Marques-Vidal P. Clinical nutrition in primary care: An evaluation of resident
physicians’ attitudes and self-perceived proficiency. Clin Nutr ESPEN. 2016;15:69-74.
do0i:10.1016/j.clnesp.2016.06.005.

Société Suisse de Nutrition. Pyramide alimentaire suisse. http://www.sge-ssn.ch/fr/toi-et-moi/boire-et-

manger/equilibre-alimentaire/pyramide-alimentaire-suisse/. Published 2017.

Agriculture USD of H and HS and USD of. 2015 — 2020 Dietary Guidelines for Americans. 2015 — 2020
Diet Guidel Am (8th Ed. 2015:18. d0i:10.1097/NT.0b013e31826c50af.

Lipsky LM, Cheon K, Nansel TR, Albert PS. Candidate measures of whole plant food intake are related to
biomarkers of nutrition and health in the US population (National Health and Nutrition Examination

Survey 1999-2002). Nutr Res. 2012;32(4):251-259. doi:10.1016/j.nutres.2012.03.005.

Shivappa N, Steck SE, Hurley TG, Hussey JR, Hébert JR. Designing and developing a literature-derived,

20



417
418

419
420
421

422

46.

population-based dietary inflammatory index. Public Health Nutr. 2014;17(8):1689-1696.
doi:10.1017/51368980013002115.

Shivappa N, Steck SE, Hurley TG, et al. A population-based dietary inflammatory index predicts levels of

C-reactive protein in the Seasonal Variation of Blood Cholesterol Study (SEASONS). Public Health Nutr.

2014;17(8):1825-1833. doi:10.1017/51368980013002565.

21



Figure legends

Figure 1 : selection procedure
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Tables

Table 1: bivariate associations between inflammatory and dietary markers ColLaus study, Lausanne,

Switzerland, 2009-2012.

CRP (log) IL-6 (log) TNF-a (log) Leucocytes
Total energy intake -0.006 0.057 0.016 0.012
Macronutrients
Total protein -0.003 0.046 0.017 0.027
Vegetable protein -0.043 0.041 0.000 -0.030
Animal protein 0.019 0.034 0.022 0.050
Total carbohydrates -0.034 0.037 0.012 -0.008
Monosaccharides -0.038 0.018 0.004 -0.011
Polysaccharides -0.020 0.038 0.012 -0.007
Total fat 0.001 0.054 0.016 0.019
Saturated 0.007 0.039 0.028 0.021
Monounsaturated -0.007 0.057 0.010 0.017
Polyunsaturated 0.033 0.065 0.007 0.047
Fiber -0.052 0.028 0.002 -0.056
Cholesterol -0.010 0.025 -0.005 0.010
Alcohol -0.022 0.030 0.015 0.011
Micronutrients
Calcium -0.014 0.022 0.020 -0.032
Iron -0.024 0.051 0.005 -0.012
Retinol 0.015 0.013 0.005 0.015
Carotene -0.061 0.031 -0.008 -0.081
Vitamin D -0.025 0.032 0.002 -0.019
Vitamin A -0.021 0.028 -0.009 -0.025
Food Items
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Fruits -0.055 0.000 -0.021 -0.061

Vegetables -0.045 0.059 -0.002 -0.038
Fish -0.037 0.023 -0.001 -0.016
Haricots verts -0.022 0.010 0.004 0.006
Chou-fleur -0.029 0.036 0.000 -0.019
Tomatoes 0.017 0.005 0.006 0.015
Carrots -0.064 0.024 -0.001 -0.098
Green salad -0.040 0.014 -0.020 -0.061
Thick vegetables soup -0.033 0.040 -0.005 0.007
Tomato sauce -0.028 0.006 -0.032 0.019
Tofu -0.091 0.013 -0.026 -0.086
Bananas, apples -0.035 -0.004 0.007 -0.059
Oranges, tangerines -0.023 -0.005 -0.027 -0.021
Peaches, nectarines 0.030 -0.036 0.044 0.027
Strawberries, blackcurrants 0.034 -0.041 -0.002 -0.011
Kiwis -0.034 0.012 0.028 -0.077
Fresh fruit juice -0.043 -0.031 -0.031 -0.002
Patterns
Meat & Chips 0.072 0.030 0.029 0.094
Fruits & Vegetables -0.090 0.030 -0.022 -0.131
Pastries & Fat -0.048 -0.007 -0.017 -0.095

Dietary scores

Mediterranean (Trichopoulou) -0.076 0.046 -0.022 -0.032
Mediterranean (Vormund) -0.054 0.027 -0.018 -0.038
AHEI ! -0.111 0.033 -0.016 -0.072

AHEI, alternate healthy eating index. Data from 4027 participants. Results are expressed as Spearman

correlations. Significant (p<0.01) correlations are indicated in bold.
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Table 2: multivariate associations between selected inflammatory and dietary markers ColLaus study,

Lausanne, Switzerland, 2009-2012.

CRP (log) IL-6 (log) Leucocytes

Macronutrients

Total fat - 0.001 -

Monounsaturated - 0.006 -
Polyunsaturated - 0.005 -

Fiber - - -0.028
Micronutrients

Carotene -0.037 - -0.047
Food Items

Fruits -0.043 - -0.026

Vegetables - 0.025 -

Carrots -0.037 - -0.041

Green salad - - -0.043

Tofu -0.024 - -0.013

Bananas, apples - - -0.010

Kiwis - - -0.016
Dietary patterns

Meat & Chips 0.011 - 0.045

Fruits & Vegetables -0.054 - -0.057

Pastries & Fat - - -0.021
Dietary scores

Mediterranean (Trichopoulou) -0.043 - -

Mediterranean (Vormund) -0.039 - -

AHEI ! -0.067 - -0.041
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AHEI, alternate healthy eating index; -, not assessed. Data from 4027 participants. Results are
expressed as standardized regression coefficients adjusted for age (continuous), body mass index
(continuous), gender, smoking (never, former, current), educational level (high, middle, low), physical

activity, diabetes (yes/no) and total caloric intake (continuous). Significant (p<0.01) associations are

indicated in bold.
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Supplementary files

Supplementary table 1: food groups and subgroups used to derive dietary patterns.

Main group Subgroup Examples
Dairy products Plain Milk, yogurt

Low fat Cottage cheese, 0% fat; yogurt, light

Cheese Emmental, Gruyére, fondue, feta, tomme, parmesan
Bread & cereals  White bread

Meat

Fish

Vegetables

Potatoes

Sauces
Other

Eggs
Tofu
Fruit

Fats & oils

Sugar & sweets

Supplements

Wholemeal bread
Breakfast cereals
Toasts, crackers
Red meat

White meat
Processed meat
Liver

Oily fish

Canned or fried fish
Lean fish & seafood
Vegetables

Boiled
French fries
Sauces
Cafeteria
Starch

Eggs

Tofu

Fresh fruit

Canned fruit

Fresh fruit juice
Bottled fruit juice
Low-fat products
Hard fats

Olive oil

Other vegetable oils
Bakery

Chocolate
Sweeteners

Sugar

Vitamins

Other supplements

Puffed rice, corn flakes, muesli, porridge

Beef, horsemeat, veal, spareribs, lamb chops
Poultry

Sausage, salami, cured ham, cervelas, paté, terrine
Liver (veal, pork, poultry)

Salmon (fresh or smoked)

Cod, pollock, trout, shrimp

Spinach, green beans, tomatoes, broccoli, carrots, vegetable

soup

Mayonnaise, vinaigrette, tomato
Ravioli, tortellini, cannelloni, pizza, quiche
Rice, pasta, semolina

Banana, pear, apple, plum, grapes, berries, orange,
tangerine, melon, apricot, peach, nectarine, kiwi

Butter, margarine

Sunflower seed, peanut

Croissant, chocolate bread, cream cake, English cake,
biscuits, cookies, fruit pie

Chocolate, jam, honey, ice-cream

Aspartame

Single or multivitamins
Fibre, bran, garlic pills
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Drinks

Sodas

Tea & coffee
Water
Alcoholic

Beer, wine, champagne, spirits, aperitifs
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Supplementary table 2: Comparison between excluded and included participants, CoLaus study,

Lausanne, Switzerland, 2009-2012.

Included Excluded P-value
Sample size 4027 1037
Gender (male) 46.51% 46.67% 0.926
Age (years) 57.2+10.2 60.0+11.3 <0.001
Education <0.001
High 23.09% 14.44%
Middle 26.89% 21.61%
Low 50.01% 63.95%
BMI (kg/m?) 26.0+£4.5 27.0+5.1 <0.001
BMI categories <0.001
Normal 45.10% 37.45%
Overweight 38.99% 40.12%
Obese 15.92% 22.43%
Smoking status <0.001
Current 20.34% 27.55%
Former 37.94% 36.22%
Never 41.72% 36.22%
Sedentary 56.41% 65.79% <0.001
Diabetes 9.56% 15.13% <0.001

BMI, body mass index. Results are expressed as percentage or as average standard deviation. Between

group comparisons using chi-square for categorical variables or student’s t-test for continuous

variables.
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Supplementary table 3: factor loadings, percentage of total variance explained, and nutritional intake

of the highest quintile for the three dietary patterns identified, ColLaus study, Lausanne, Switzerland,

2009-2012.

Meat & chips Fruits & vegetables Pastries & fat
Bread & cereals White bread 0.307
Meat Red meat 0.419
White meat 0.403
Processed meat 0.417
Liver, kidneys 0.421
Vegetables Vegetables 0.342
Potatoes French fries 0.334
Fruit Fresh fruit 0.346
Fats & oils Hard fats 0.373
Sugar & sweets Bakery 0.346
Chocolate 0.327
Sugar 0.314
% of variance explained § 8% 7% 5%

Total energy intake (kcal)
Macronutrients (% TEI)
Protein
Carbohydrates
Fat
Alcohol
Fatty acids (% fat)
Saturated
Monounsaturated
Polyunsaturated
Fibre (g/day)

2267 [1849 - 2755]

16.3[14.6 - 18.3]

42.9[37.4-48.3]

35.6[31.4-40.2]
2.6[0.6-6.7]

36.6 [32.7 - 40.0]
40.1[37.5 - 42.7]
14.3[12.3-17.0]
15.6 [11.4 - 21.3]

2160 [1788 - 2655]

14.9 [13.2 - 17.1]

48.1[42.7 - 54.2]

34.1[29.3 - 38.9]
1.1[0.2 - 2.9]

33.8[29.8 - 37.8]
40.4 [37.4 - 44.2]
14.9 [12.7 - 17.5]
24.0 [17.6 - 32.2]

2466 [2121 - 2948]

13.9 [12.4 - 15.6]

47.4[41.4 -53.2]

35.0 [30.5 - 39.5]
1.7 [0.4 - 4.6]

39.5 [35.5 - 43.4]
38.2[35.7 - 41.1]
13.2[10.9 - 16.0]
17.4[13.1-23.4]

Only items with absolute factor loading >0.300 are shown. Results for energy and nutrient intake are

expressed as median and [interquartile range]. TEl, total energy intake. §, by the rotated components

using varimax procedure.
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Supplementary table 4: multivariate associations between selected dietary patterns or scores with

C-reactive protein levels, further adjusted for fruit intake, ColLaus study, Lausanne, Switzerland, 2009-

2012.

Fruits & Vegetables Mediterranean diet AHEI
Fruit intake -0.017 (0.399) -0.032 (0.063) -0.015 (0.399)
Selected score/pattern -0.045 (0.021) -0.035 (0.027) -0.061 (<0.001)

AHEI, alternate healthy eating index. Data from 4027 participants. Results are expressed as
standardized regression coefficients adjusted for age (continuous), body mass index (continuous),
gender, smoking (never, former, current), educational level (high, middle, low), physical activity,

diabetes (yes/no) and total caloric intake (continuous) and (p-value).
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