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Abstract

Sepsis — syndrome of infection complicated by organ dysfunction — is responsible for over 750 000 hospitalisations and 200 000 deaths in the
USA annually. Despite potential nutritional benefits, the association of diet and sepsis is unknown. Therefore, we sought to determine the
association between adherence to a Mediterranean-style diet (Med-style diet) and long-term risk of sepsis in the REasons for Geographic
Differences in Stroke (REGARDS) cohort. We analysed data from REGARDS, a population-based cohort of 30 239 community-dwelling adults
age >45 years. We determined dietary patterns from a baseline FFQ. We defined Med-style diet as a high consumption of fruit, vegetables,
legumes, fish, cereal and low consumption of meat, dairy products, fat and alcohol categorising participants into Med-style diet tertiles (low:
0-3, moderate: 4-5, high: 6-9). We defined sepsis events as hospital admission for serious infection and at least two systematic inflammatory
response syndrome criteria. We used Cox proportional hazard models to determine the association between Med-style diet tertiles and first
sepsis events, adjusting for socio-demographics, lifestyle factors, and co-morbidities. We included 21256 participants with complete dietary
data. Dietary patterns were: low Med-style diet 32-0 %, moderate Med-style diet 42-1 % and high Med-style diet 26-0 %. There were 1109 (5-2 %)
first sepsis events. High Med-style diet was independently associated with sepsis risk; low Med-style diet referent, moderate Med-style diet
adjusted hazard ratio (HR) 0-93 (95 % CI 0-81, 1-08), high Med-style diet adjusted HR = 0-74 (95 % CI 0-61, 0-88). High Med-style diet adherence
is associated with lower risk of sepsis. Dietary modification may potentially provide an option for reducing sepsis risk.
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Microbial infections including pneumonia, kidney infection,
cellulitis and meningitis can trigger sepsis”’, which is a life-
threatening organ dysfunction resulting from a dysregulated
host response to infection®. Sepsis is responsible for
approximately 200000 deaths in the USA annually®. In 2014,
there were over 750 000 hospitalisations for sepsis in the USA®.

Research reveals that diet may play an integral role in
influencing sepsis risk. Previous studies have shown that
high-fat diets fed to mice are associated with increased
mortality, organ injury, susceptibility to sepsis and dis-
turbance in innate immune functions® . Although this
study was done in mice and may not be applicable for
humans, a disturbance in innate immune functions can affect
the body’s ability to combat microbial infections®, which as

mentioned above can trigger sepsis. A study, in humans,
demonstrated that a Southern-style diet — high consumption of
processed meats, fried foods and sugar-sweetened beverages — is
associated with an increased risk of sepsis®. Other studies have
shown that a greater adherence to a Western diet — high
consumption of red meats, fat/dairy productions and refined
grains — is associated with higher levels of biomarkers of
endothelial and inflammation dysfunction’®™?, which are both
implicated in the biological pathway of sepsis™>™>. These
two human studies show that a Southern and Western dietary
pattern are associated with a higher risk of sepsis. Despite
these findings, there is a lack of research on the association
between the Mediterranean-style diet (Med-style diet) and risk of
sepsis.

Abbreviations: HR, hazard ratio; Med-style diet, Mediterranean-style diet; REGARDS, REasons for Geographic and Racial Differences in Stroke; SOFA, sequential

organ failure assessment.
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The concept of a Mediterranean diet originated in the Medi-
terranean basin after the second world war'®. It is a social
practice that is based on knowledge, traditions, fishing,
conservation, preparation, as well as culture®. A traditional
Mediterranean diet consists of a high consumption of plant
foods, high olive oil intake as the primary source of
monounsaturated fat, low saturated fat intake with limited
meat and dairy products consumption, and moderate fish and
alcohol intake”. Med-style diet has been reported as a model
for healthy eating secondary to its contributions to a more
favourable health status and overall quality of life"®'?
as its beneficial roles in reducing CVD and chronic degenerative
(1820 Ope study concluded that lower

adherence to a Med-style diet was associated with higher risk
@D

, as well
disease occurrence

of stroke
adherence to a Med-style diet was associated with a 30 % risk
reduction in CVD®? and lower incidence of major CVD events,
breast cancer and diabetes®®. Since Med-style diet is associated
with decreased risk of stroke and prior stroke is associated with
greater risk of sepsis”®”’, we would expect to observe a decrease
in risk of sepsis within the high Med-style diet adherence group.
In this study, we seek to examine the association between
adherence to Med-style diet and risk of sepsis in community-
dwelling participants of the REasons for Geographic and Racial
Differences in Stroke (REGARDS) study.

. In contrast, another study showed that higher

Methods
Study design and participants

REGARDS is a national, prospective, longitudinal study that
enrolled 30239 individuals from January 2003 to October 2007.
Briefly, this study investigated black—white and regional differ-
ences in stroke incidence with an oversampling of black and white
individuals. This sampling method included 30% of participants
from the stroke belt (North Carolina, South Carolina, Georgia,
Tennessee, Mississippi, Alabama, Louisiana and Arkansas), 20 %
from the stroke buckle region (the coastal plain of North Carolina,
South Carolina and Georgia), and 50 % from other regions in the
continental USA. Participants were at least 45 years of age at
baseline and contacted twice a year via telephone calls. Detailed
descriptions of the REGARDS cohort are published else-
where® . The REGARDS-sepsis study identified participants
with infection and potentially reversible risk factors for sepsis at
the individual and community level. REGARDS participants with
data anomalies or without plausible energy intakes/incomplete
dietary data were excluded from the current analysis. The
institutional review boards of all participating institutions
approved the study and all participants provided written consent.

Measures

Primary exposure. We used the Block 98 FFQ (NutritionQuest)
to estimate usual dietary intake over the past year. To calculate
the Med-style diet score, nine food groups were identified:
() vegetables, (i) fruits, (i) legumes, (iv) cereals (which
includes bread, pasta and rice), (v) fish, (vi) meat, (vil) dairy
products, (viii) fat intake and (ix) alcohol intake®V. Secondly,

we regressed energy intake (kJ) to calculate the derived
residuals of daily intake (g) for seven of the nine food groups
(vegetables, fruits, legumes, cereals, fish, meat and dairy
products)®"
conditions: (i) for consumption above the median for each
beneficial component (fruit, legumes, cereal, vegetables and fish)
and (i) for consumption below the median for each detrimental
component (meat and dairy products)®. For the eighth food
category (fat intake), we used a ratio (monounsaturated fats to
saturated fats) of the individual’s daily consumption to calculate
the median consumption separately for each sex®". Those
individuals with a ratio equal to or above the median calculated
received a score of 1%, For alcohol intake, individuals with
moderate consumption (1-7 drinks/week for women and 1-14
drinks/week for men) received a score of 1%V, The median
intake of these components for males and females are shown in
online Supplementary Table S1, which is based on Trichopolou’s
proposed method®.

. Individuals received a value of 1 under these

Primary outcome. Sepsis events were ascertained via medical
record review from 5 February 2003 to 31 December 2012 and
is described elsewhere®®. In brief, this process was conducted
in strictly structured manner. Two independently trained
research assistants collected and reviewed medical records for
all hospitalisations and emergency department visits. Two
abstractors independently
impressions documented in physician notes to confirm the
presence of a serious infection during the initial hospital visit.
Then these abstractors identified physiologic and laboratory
parameters needed to fulfill the sepsis criteria below®®: Sepsis
was defined as an admission to the hospital following serious
infection and the existence of a minimum of two ‘systemic
inflammatory response syndrome’ criteria during the first 28 h of
hospital admission: (a) temperature (<36 or >38°C), (b) heart
rate >90 beats per min, (¢) respiratory rate >20 breaths/min or
partial pressure of carbon dioxide (PaCO,) <32 mmHg and (d)
leucocyte count (<4000 or >12 000 cells/ mm?). When abstractors
disagreed, additional physician-level review was utilised as
needed.

reviewed all relevant clinical

Secondary outcome. Our secondary outcome was severe
sepsis, which, due to advances in sepsis pathobiology®", has
been differentiated from less severe sepsis®Y. We used the
established sequential organ failure assessment (SOFA)
G2 1o identify admitted patients who had a SOFA score
of at least two points, which we defined as a severe sepsis
event. This score assesses organ dysfunction in six organ
systems (respiration, coagulation, liver, cardiovascular, central

nervous system and renal) and thresholds for SOFA score
(33)

criteria

calculation are described elsewhere

Demographic and lifestyle factors. REGARDS used a combi-
nation of computer-assisted telephone interviews and a home
visit follow-up roughly 3-4 weeks post interview to collect
baseline data variable information. During the home visit,
blood, urine, blood pressure, electrocardiogram, prescription
medication and anthropometric data

were  collected.
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Participants were given self-administered questionnaires —
including the FFQ - to gather information and return by mail.
REGARDS collected information on age, sex, race, region of
residence, income, education, smoking status, energy intake
kD), sedentary behaviour and co-morbid conditions (see online
Supplementary Table S2 for detailed description of each
Variable)(zs’zg’%).

Statistical analysis

We used y* and Kruskal-Wallis tests to compare socio-
demographic characteristics across the distribution of Med-
style diet scores. Individuals with implausible energy intakes or
incomplete dietary data were excluded from analysis. The Med-
style diet score was calculated as the sum of the nine food
categories (range, 0-9), with a higher score indicating higher
adherence to the Med-style diet. Then, we categorised Med-
style diet score into low, moderate and high using Med-style
diet score tertiles (Med-style diet score, 0-3, 4-5 and 6-9,
respectively)®>®” which yielded comparable results to
previous studies that evaluated Med-style diet with other
health outcomes®"*>”, with low Med-style diet group as the
reference group, as previously described®". We also compared
included v. excluded participants. We performed a Cox
proportional hazard model analysis adjusted for covariates,
which included sociodemographic (age, race, sex, education,
income and geographic region), lifestyle factors (smoking
status and sedentary behaviour), and co-morbid conditions
(diabetes, hypertension, stroke, atrial fibrillation and obesity
status) to assess the association between Med-style diet and
sepsis outcomes. We used the SOFA criteria to determine the
association between Med-style diet and severe sepsis. Based
on sepsis and severe sepsis definitions, sensitivity analyses
were used to evaluate Med-style diet as a continuous variable.
All analyses were performed using SAS version 9.4 (SAS
Institute).

Results

REGARDS collected information for 30239 individuals. After
excluding those with data anomalies (72 56) and with missing
dietary data/implausible energy intakes (1 8927), a sample of
21256 (70-3%) individuals were included in the present ana-
lyses (Fig. 1). The median for age was 64-0 (interquartile range
13-0) years, 33-4% were black (17 7099), 56-0% were females
(72 11905) and 43-7 % were from the stroke-belt region (12 9286).
The Med-style diet score ranged from 0 to 9 with an approxi-
mately normal distribution, with 26-0 % of participants (7 5519)
having a score of 6-9, 42-:1% of participants (7 8940) having a
score of 4 or 5 and 32-:0% of participants (7 6797) having a
score of 0-3. The mean Med-style diet score was 4-4 (sp 1-7).
Demographic characteristics and lifestyle factors of participants
with low, moderate and high Med-style diet are presented in
Table 1. Med-style diet score was greater among black race,
male sex, older individuals, with greater educational attainment
and residents of the non-belt, and was lower among current
smokers, those who were obese and lived a sedentary lifestyle,
had a lower energy intake, and had a history of diabetes,
hypertension and stroke.

We did not observe differences in age or energy intake
among individuals who were excluded v. included individuals.
However, we did observe statistically significant differences for
excluded individuals, who were more likely to be lower
income, black males with less than high school education who
resided in the non-belt region, were obese, lived a sedentary
lifestyle, had history of diabetes and stroke, and were current
smokers (not shown).

During a mean follow up period of 6-4 (sp 2-2) years, incident
sepsis was identified in 1109 (5-2%) participants. Results of our
incremental Cox proportional hazard model analysis is shown
in Table 2. As compared with low Med-style diet adherence,
there were no statistically significant associations of moderate
Med-style diet adherence with risk of sepsis in unadjusted or
fully adjusted models (hazard ratio (HR) for moderate v. low

REGARDS cohort
n 302239

Sepsis
n 1109

Data anomalies
n 56

Missing dietary
Data/implausible energy
intakes
n 8927

Analysis sample
n21256

No sepsis
n20147

Fig. 1. Participant selection. REGARDS, REasons for Geographic and Racial Differences in Stroke.
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Table 1. Description of baseline characteristics across tertiles of Mediterranean-style diet (Med-style diet) scores for included study participants®

(Numbers and percentages; medians and interquartile ranges (IQR))

Med-style diet score

High, 6-9 (n 5519) Moderate, 4-5 (n 8940) Low, 0-3 (n 6797)
Variables n % n % n % P
Age (years) <0-0001
Median 65 65 63
IQR 13 14 13
<65 years 1139 9.8 6480 55-8 3988 344 <0-0001
Sex <0-0001
Male 2631 281 3893 416 2827 302
Female 2888 243 5047 424 3970 334
Race <0-0001
Black 1924 271 3056 431 2119 299
White 3595 254 5884 416 4678 330
Region <0-0001
Stroke belt 1761 241 3101 424 2445 335
Buckle 1108 238 2034 436 1521 326
Non-belt 2650 285 3805 410 2831 305
Income <0-0001
<$20k 642 19-1 1394 415 1323 394
$20k—$34k 1216 237 2160 421 1751 342
$35k—$74k 1843 27-8 2784 41.9 2015 30-3
$75k and above 1207 332 1539 423 893 245
Refused 611 246 1063 42.7 815 327
Education <0-0001
Less than high school 374 183 807 395 861 422
High school graduate 1082 199 2305 42.5 2040 37-6
Some college 1440 24.8 2378 40-9 1997 34-3
College graduate and above 2622 32-9 3447 43-3 1895 238
Lifestyle factors
Current smoker 464 16-1 1126 39-0 1295 44.9 <0-0001
Sedentary behaviour 417 155 1116 41.4 1162 431 <0-0001
Energy intake (kJ) <0-0001
Median 6880 6555 6468
IQR 3609 3706 3742
Co-morbidities
Diabetes 963 175 1851 20-8 1430 211 <0-0001
Hypertension 3040 551 5095 57-0 3915 576 0-015
Stroke 238 4.3 486 55 410 6-1 <0-0001
Atrial fibrillation 452 84 775 88 574 87 0-598
Obese 1663 303 3269 368 2749 40-8 <0-0001

* Row percentages may not add to 100 due to rounding.

Table 2. Sepsis according to tertiles of Mediterranean-style diet (MeD) score*

(Hazard ratios (HR) and 95 % confidence intervals)

Moderate (Med-style diet score, 4-5)

High (Med-style diet score, 6-9)

Association Low (MeD score, 0-3) HR 95% CI HR 95% CI

Crude Ref. 0-88 0-77, 1-00 0-66 0-56, 0-78
Model | Ref. 0-84 0-74, 0-96 0-62 0-53, 0-74
Model Il Ref. 0-89 0-78, 1-02 070 0-59, 0-82
Model 11l Ref. 0-92 0-80, 1-06 072 0-60, 0-86
Model IV Ref. 0-93 0-81, 1-08 074 0-61, 0-88

Ref., reference.

* Model | adjusts for age, race, sex and region. Model Il adjusts for model | plus income and education. Model Ill adjusts for model Il plus smoking status, sedentary behaviour and
energy intake. Model IV adjusts for model Il plus diabetes, hypertension, stroke and obesity status.

Med-style diet=0-88; 95 % CI 0-77, 1-00; HR =0-93; 95 % CI 0-81,
1-08, respectively). Compared with low adherence to Med-style
diet, higher adherence to Med-style diet was associated with
lower risk of sepsis (HR for high v. low Med-style diet=0-66;
95% CI 0-56, 0-78), in the unadjusted model. After adjustment

for demographic and socioeconomic factors (model I, model II
and model IID), this association remained statistically significant
(HR=0-62; 95% CI 0-53, 0-74; HR=0-70; 95 % CI 0-59, 0-82 and
HR =0-72; 95% CI 0-60, 0-80, respectively). In the fully adjusted
model (model 1V), high adherence to Med-style diet remained
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associated with lower risk of sepsis (HR for high v. low Med-
style diet=0-74; 95% CI 0-61, 0-88).

Moderate and high adherence to Med-style diet was asso-
ciated with a lower risk of severe sepsis in the fully adjusted
model (HR for moderate v. low Med-style diet=0-82; 95% CI
0-68, 0-97 and HR for high v. low Med-style diet=0-65; 95% CI
0-52, 0-81; respectively, table not shown). As a sensitivity ana-
lysis, Med-style diet score was evaluated as a continuous vari-
able in a Cox proportional hazards model. In the fully adjusted
model, a 1-point increase in Med-style diet score was inde-
pendently associated with a 6% lower risk of sepsis (95% CI
3, 10). Independent of covariates in the fully adjusted model, a
1-point increase in Med-style diet score was associated with a
9% lower risk of severe sepsis (95% CI 5, 14).

Discussion

After adjusting for multiple potential confounders in the
REGARDS cohort — a large population-based sample of US
black and white adults, individuals within the high Med-style
diet group had a 30 % lower risk of sepsis.

Med-style diet and risk of sepsis has been understudied,
therefore, we are unable to compare our results to past studies.
However, greater adherence to a Southern-style dietary
pattern — high in eggs/egg dishes, sugar-sweetened beverages,
fried foods, processed meats and red meat — has been asso-
ciated with greater sepsis risk”. This Southern-style pattern
contains very different foods from those of the Med-style diet.
Studies have also shown that Westernised diets are associated
with some key mediators of which includes
inflammation and endothelial cell activation®®'?, whereas a
healthier diet with high consumption of fruits and vegetables
3839 " Since the

sepsis,

was associated with the opposite outcome
Med-style diet score is indicative of a healthy diet pattern in
contrast to a Western or Southern diet pattern, our findings are
congruent with those described above.

Our secondary analysis revealed a 18 % lower risk of severe
sepsis for the moderate Med-style diet adherence group and a
35% lower risk of severe sepsis for the high Med-style diet
adherence group, in the fully adjusted model. Based on six
organ systems, the SOFA score can capture organ dysfunc-
tion®?. A sepsis-SOFA score of 2 or more is associated with a
10% excess in overall in-hospital mortality®". Considering the
vulnerability of this population and severity of organ
dysfunction, we would expect to observe a potentially greater
benefit of moderate as well as high adherence to Med-style diet.

There are some limitations to consider that can affect the
generalisability of our findings. Reliance on FFQ data can have
some methodological issues — selection bias — and under-
estimation of total energy intake, which can result in mis-
classification“*”. in our study,
participants based on a continuum of intakes of foods
association with Med-style diet, which did not involve
analysing the absolute energy intakes of each individual.
Underestimation of food intake attenuates relative risk of a
disease, which is secondary to nutrition literacy, education,

However, we examined

socioeconomic status, availability of certain foods, and access to

certain foods“ ™ Secondly, the Med-style diet score was

assessed using only baseline data. Therefore, we were not able
to measure changes in diet at follow-up, which could
potentially affect the reported associations. Generalisability of
findings is limited because REGARDS includes only black and
white individuals. However, the REGARDS cohort is a national
cohort study that has an oversampling of blacks and whites
from the USA stroke belt region, which is an area where sepsis
rates are higher than the any other part of the USA®®.

We acknowledged that all strategies of retrospective chart
review are subjects to numerous forms of bias. However,
identification of sepsis events was performed in a strictly
Initially, 1349 medical records were
reviewed and excellent inter-rater agreement was shown for
presence of serious infection (k=0-92) and sepsis (k= 0-90)(24{
Therefore, we believe that this system was actually more
objective than expert clinician assessment, as it broke down the
classification of sepsis to its component items (presence of
serious infection plus at least two abnormalities in temperature,
heart rate, respiratory rate or leucocyte count).

Patients were given instructions on how to complete their

structured manner.

FFQ and mailed these questionnaires to the study centre, which
resulted in available FFQ data for 70-4% of participants. As
mentioned earlier, there were no appreciable differences in age
or energy intake among the excluded v. included participants;
however, there were statistically significant differences in sex,
race, region of residence, income, education, sedentary beha-
viour and smoking status, which is similar to other studies that
examined REGARDS participants and Med-style diet*"*”. The
included participants were more likely to be white, female,
have higher education and income. They were also less likely
than excluded participants to be a smoker or to live a sedentary
lifestyle. The included participants appear to have been
healthier than the excluded participants. Participation rates
among REGARDS participants favourably compare with other
studies. In terms of bias, we would have to assume that the
reason for an individual dropping out of a study could change
the association between diet and disease process. Fortunately,
for longitudinal cohort studies, most declines in participation
rate are not likely to have a substantial impact on associations
between the exposure and outcome“®. Therefore, we suggest
that socio-demographic differences in participation rates
unlikely affect the reported associations.

In conclusion, high adherence to Med-style diet was associated
with a lower risk of sepsis. The moderate and high Med-style diet
adherence group was associated with risk reduction of severe
sepsis. Our findings suggest an association between Med-style
diet and risk of sepsis. Targeted efforts to increase consumption
of fruits, vegetables, legumes, fish and cereal with low con-
sumption of meat, dairy products, fat, and moderate alcohol
intake could potentially serve as an intervention for reducing risk
of sepsis. A randomised control trial showed that a Med-style
diet — supplemented with extra-virgin olive oil or nuts, along with
high consumption of fruits, vegetables, legumes, white meat, fish
and moderate alcohol intake — reduced the incidence of major
cardiovascular events“”. This reiterates the potential benefits of
a Med-style diet intervention in reducing risk of sepsis. To our
knowledge, this is the first study to assess an association between

ssaud Aisianun abplquied Aq auluo paysliand 998700815t L L£000S/210L°0L/B10"10p//:sdny


https://doi.org/10.1017/S0007114518002866

o

British Journal of Nutrition

1420

Med-style diet and risk of sepsis as well as severe sepsis in
community-dwelling participants. Therefore, future studies
should further assess the potential benefits of a Med-style diet
in reducing risk of sepsis using the SOFA criteria and assess any
differences in Med-style diet over time.

Acknowledgements

The authors thank the investigators, the staff and participants of
the REGARDS as well as REGARDS-sepsis studies for their
valuable contributions.

This study was supported by the National Institute for Nur-
sing Research (RO1-NR012726), the National
Research Resources (UL1-RR025777), as well as by grants from
the Center for Clinical and Translational Science and the Lister
Hill Center for Health Policy of the University of Alabama at
Birmingham. The parent REGARDS study was supported by
cooperative agreement (U01-NS041588) from the National
Institute of Neurological Disorders and Stroke, National Insti-
tutes of Health, Department of Health and Human Service. The
content is solely the responsibility of the authors and does not
necessarily represent the official views of the funding agencies.

Center for

Representatives of the funding agencies have been involved in
the review of the manuscript but not directly involved in the
collection, management, analysis or interpretation of the data.
This work was supported by the National Institute of General
Medical Sciences (J. P. D., F31-GM122180).

M. S. G.,H. E. W. and S. E. J. designed research; H. E. W. and
S. E. J. conducted research; M. S. G. and J. P. D. performed
statistical analysis; M. S. G., H. E. W., K. D. M. and S. E. J. drafted
and revised it critically for important intellectual content;
M.S.G., H.E. W.,K.D. M., S. E.J., O. M. G., J. P. D. and J. M. S.
are responsible for final content of manuscript. All authors read
and approved the final manuscript.

The authors declare that there are no conflicts of interest.

Supplementary material

For supplementary material/s referred to in this article, please
visit https://doi.org/10.1017/50007114518002866

References

1. Dellinger RP, Levy MM, Rhodes A, et al. (2013) Surviving
sepsis campaign: international guidelines for management
of severe sepsis and septic shock: 2012. Crit Care Med 41,
580-637.

2. Shankar-Hari M, Phillips GS, Levy ML, et al. (2016) Develop-
ing a new definition and assessing new clinical criteria for
septic shock: for the Third International Consensus Definitions
for Sepsis and Septic Shock (Sepsis-3). JAMA 315, 775-787.

3. Angus DC, Linde-Zwirble WT, Lidicker J, et al. (2001) Epide-
miology of severe sepsis in the United States: analysis of
incidence, outcome, and associated costs of care. Crit Care
Med 29, 1303-1310.

4. McDermot KW, Elixhauser A & Sun R (2017) Trends in Hospital
Inpatient Stays in the United States, 2005-2014. Healthcare Cost
and Ultilization Project (HCUP): Statistical Brief #225.

M. S. Gray et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Kaplan JM, Nowell M, Lahni P, et al. (2012) Short-term high fat
feeding increases organ injury and mortality after
polymicrobial sepsis. Obesity (Silver Spring) 20, 1995-2002.
Rivera CA, Gaskin L, Singer G, et al. (2010) Western diet
enhances hepatic inflammation in mice exposed to cecal
ligation and puncture. BMC Physiol 10, 20.

Strandberg L, Verdrengh M, Enge M, et al. (2009) Mice
chronically fed high-fat diet have increased mortality and
disturbed immune response in sepsis. PLoS ONE 4, €7605.
Ponton F, Wilson K, Cotter SC, et al. (2011) Nutritional
immunology: a multi-dimensional approach. PLoS Pathog 7,
€1002223.

Gutiérrez OM, Judd SE, Voeks JH, et al. (2015) Diet patterns
and risk of sepsis in community-dwelling adults: a
cohort study. BMC Infect Dis 15, 231-239.

Hlebowicz J, Persson M, Gullberg B, et al. (2011) Food pat-
terns, inflammation markers and incidence of cardiovascular
disease: the Malmo Diet and Cancer study. J Intern Med 270,
365-376.

Nettleton JA, Steffen LM, Mayer-Davis EJ, et al. (2006) Dietary
patterns are associated with biochemical markers of inflam-
mation and endothelial activation in the Multi-Ethnic Study of
Atherosclerosis (MESA). Am J Clin Nutr 83, 1369-13709.
Oude Griep LM, Wang H & Chan Q (2013) Empirically-derived
dietary patterns, diet quality scores, and markers of inflamma-
tion and endothelial dysfunction. Curr Nutr Rep 2, 97-104.
Aird WC (2003) The role of the endothelium in severe sepsis
and multiple organ dysfunction syndrome. Blood 101,
3765-3777.

Skibsted S, Jones AE, Puskarich MA, et al. (2013) Biomarkers of
endothelial cell activation in early sepsis. Shock 39, 427-432.
Wang HE, Shapiro NI, Griffin R, et a/. (2013) Inflammatory and
endothelial activation biomarkers and risk of sepsis: a nested
case—control study. J Crit Care 28, 549-555.

La Diete Méditerranéenne (2010) Candidature transnationale
en vue de linscription sur la Liste Représentative du Patri-
moine Culturel Immatériel de 'Humanité. Espagne/Grece/
Italie/Maroc Informations Additionnelles (Translational nomi-
nation for inclusion on the representative list of the Intangible
Cultural heritage of mankind. Spain/Greece/Italy/Morocco,
Version additional information).

Trichopoulou A, Corella D, Martinez-Gonzalez MA, et al.
(2006) The Mediterranean diet and cardiovascular epide-
miology. Nutr Rev 64, S13-S19.

Serra-Majem L, Roman B & Estruch R (2006) Scientific evi-
dence of interventions using the Mediterranean diet: a
systematic review. Nutr Rev 64, S27-S47.

Willett WC, Sacks F, Trichopoulou A, et al. (1995) Mediterra-
nean diet pyramid: a cultural model for healthy eating. Am J
Clin Nutr 61, 1402s-14006s.

de Lorgeril M, Salen P, Martin JL, et al. (1999) Mediterranean
diet, traditional risk factors, and the rate of cardiovascular
complications after myocardial infarction: final report of the
Lyon Diet Heart Study. Circulation 99, 779-785.

Tsivgoulis G, Psaltopoulou T, Wadley VG, et al. (2015)
Adherence to a Mediterranean diet and prediction of
incident stroke. Stroke 46, 780-785.

Martinez-Gonzalez MA, Salas-Salvado J, Estruch R, et al.
(2015) Benefits of the Mediterranean diet: insights from the
PREDIMED study. Prog Cardiovasc Dis 58, 50-60.
Bloomfield HE, Koeller E, Greer N, et al. (2016) Effects on
health outcomes of a Mediterranean diet with no restriction on
fat intake: a systematic review and meta-analysis. Ann Intern
Med 165, 491-500.

Wang HE, Shapiro NI, Griffin R, et al. (2012) Chronic medical
conditions and risk of sepsis. PLOS ONE 7, ¢48307.

ssaud Aisianun abplquied Aq auluo paysliand 998700815t L L£000S/210L°0L/B10"10p//:sdny


https://doi.org/10.1017/S0007114518002866

o

British Journal of Nutrition

26.

27.

28.

29.

30.

31.

32.

33.

34.

Mediterranean-style diet and risk of sepsis

Fung TT, Rexrode KM, Mantzoros CS, et al. (2009) Medi-
terranean diet and incidence of and mortality from coronary
heart disease and stroke in women. Circulation 119,
1093-1100.

Gardener H, Wright CB, Gu Y, et al. (2011) Mediterranean-
style diet and risk of ischemic stroke, myocardial infarction,
and vascular death: the Northern Manhattan Study. Am J Clin
Nutr 94, 1458-1464.

Hoevenaar-Blom MP, Nooyens ACJ, Kromhout D, et al. (2012)
Mediterranean style diet and 12-year incidence of cardiovas-
cular diseases: the EPIC-NL cohort study. PLOS ONE 7, e45458.
Howard VJ, Cushman M, Pulley L, et al. (2005) The reasons for
geographic and racial differences in stroke study: objectives
and design. Neuroepidemiology 25, 135-143.

Trichopoulou A, Costacou T, Bamia C, et al. (2003) Adherence
to a Mediterranean diet and survival in a Greek population.
N Engl ] Med 348, 2599-2608.

Levy MM, Fink MP, Marshall JC, et al. (2003) 2001 SCCM/
ESICM/ACCP/ATS/SIS international sepsis definitions con-
ference. Crit Care Med 31, 1250-1256.

Singer M, Deutschman CS, Seymour CW, et al. (2016) The
Third International Consensus Definitions for Sepsis and
Septic Shock (Sepsis-3). JAMA 315, 801-810.

Vincent JL, de Mendonca A, Cantraine F, et al. (1998) Use of
the SOFA score to assess the incidence of organ dysfunction/
failure in intensive care units: results of a multicenter, pro-
spective study. Working group on “sepsis-related problems”
of the European Society of Intensive Care Medicine. Crit Care
Med 26, 1793-1800.

Vincent JL, Moreno R, Takala J, et al. (1996) The SOFA (sepsis-
related organ failure assessment) score to describe organ
dysfunction/failure. Intensive Care Med 22, 707-710.

Sofi F, Cesari F, Abbate R, et al. (2008) Adherence to Medi-
terranean diet and health status: meta-analysis. BMJ 337,
1344-1350.

Feart C, Samieri C, Rondeau V, et al. (2009) Adherence to a
Mediterranean diet, cognitive decline, and risk of dementia.
JAMA 302, 638-648.

30.

37.

38.

39.

40.

41.

42.

43.

44.

45.

40.

47.

1421

Scarmeas N, Stern Y, Tang MX, et al. (2006) Mediterranean
diet and risk for Alzheimer’s disease. Ann Neurol 59, 912-921.
Tsivgoulis G, Judd S, Letter AJ, et al. (2013) Adherence to a
Mediterranean diet and risk of incident cognitive impairment.
Neurology 80, 1684-1692.

Boynton A, Neuhouser ML, Wener MH, et al. (2007) Associa-
tions between healthy eating patterns and immune function or
inflammation in overweight or obese postmenopausal women.
Am J Clin Nutr 86, 1445-1455.

Esposito K, Marfella R, Ciotola M, et al. (2004) Effect of a
Mediterranean-style diet on endothelial dysfunction and
markers of vascular inflammation in the metabolic syndrome:
a randomized trial. JAMA 292, 1440-1446.

Willett W (1998) Nutritional Epidemiology, vol. 2. New York:
Oxford University Press.

Kipnis V, Subar AF, Midthune D, et al. (2003) Structure of
dietary measurement error: results of the OPEN biomarker
study. Am J Epidemiol 158, 14-21 (discussion 22-26).
Olendzki BC, Ma Y, Hebert JR, et al. (2008) Underreporting of
energy intake and associated factors in a Latino population at risk
of developing type 2 diabetes. J Am Diet Assoc 108, 1003-1008.
Olendzki BC, Procter-Gray E, Wedick NM, et al. (2015) Dis-
parities in access to healthy and unhealthy foods in central
Massachusetts: implications for public health policy. J Am Coll
Nutr 34, 150-158.

Schatzkin A, Kipnis V, Carroll R, et al. (2003) A comparison of
a food frequency questionnaire with a 24-hour recall for use in
an epidemiological cohort study: results from the biomarker-
based Observing Protein and Energy Nutrition (OPEN) study.
Int ] Epidemiol 32, 1054-1062.

Wedick NM, Ma Y, Olendzki BC, et al. (2015) Access to
healthy food stores modifies effect of a dietary intervention.
Am J Prev Med 48, 309-317.

Galea S & Tracy M (2007) Participation rates in epidemiologic
studies. Ann Epidemiol 17, 643-653.

Estruch R, Ros E, Salas-Salvado J, et al. (2013) Primary pre-
vention of cardiovascular disease with a Mediterranean diet.
N Engl ] Med 368, 1279-1290.

ssaud Aisianun abplquied Aq auluo paysliand 998700815t L L£000S/210L°0L/B10"10p//:sdny


https://doi.org/10.1017/S0007114518002866

	Adherence to Mediterranean-style diet and risk of sepsis in the REasons for�Geographic and Racial Differences in Stroke (REGARDS) cohort
	Methods
	Study design and participants
	Measures
	Primary exposure
	Primary outcome
	Secondary outcome
	Demographic and lifestyle factors

	Statistical analysis

	Results
	Fig. 1Participant selection. REGARDS, REasons for Geographic and Racial Differences in Stroke
	Table 1Description of baseline characteristics across tertiles of Mediterranean-style diet (Med-style diet) scores for included study participants&#x002A; (Numbers and percentages; medians and interquartile ranges�(IQR))
	Table 2Sepsis according to tertiles of Mediterranean-style diet (MeD) score&#x002A; (Hazard ratios (HR) and 95&znbsp;&#x0025; confidence intervals)
	Discussion
	Acknowledgements
	ACKNOWLEDGEMENTS
	Supplementary material
	References


