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Abstract

Inflammation is a key contributor to the development or recurrence of circulatory disorders. Diet
is a strong modifier of inflammation. It was hypothesized that more pro-inflammatory diets, as
indicated by higher Dietary Inflammatory Index (DII) scores, would be associated with self-
reported previously diagnosed circulatory disorders using National Health and Nutrition
Examination Survey (NHANES) data. This analysis included NHANES respondents from 2005—
2010 (n=15,693). The DIl was calculated from micro and macronutrients derived from a single
24-hour recall. Logistic regression, stratified by sex and adjusted for important covariates, was
used to determine the odds of previous circulatory disorder diagnoses by quartile of DIl scores.
Excluding hypertension, which had a prevalence of 30%, the prevalence of any circulatory
disorder was 8%. Those in DII quartile 4 were 1.30 (95%CI=1.06-1.58) times more likely to have
a previous circulatory disorder (excluding hypertension) compared to those in DIl quartile 1.
Similar findings were observed for specific CVDs including congestive heart failure, stroke, and
heart attack. Participants in DIl quartile 4 were more likely to have a diagnosis of hypertension
compared to those in DIl quartile 1 (prevalence odds ratio=1.19, 95%CI=1.05-1.34). Results
tended to be stronger among females. Individuals with a previous circulatory disorder diagnosis
from NHANES appear to have more pro-inflammatory diets compared to those without a previous
diagnosis. Because inflammation is an important factor related to recurrence of circulatory
disorders, the DIl could be used in treatment programs to monitor dietary modulators of
inflammation among individuals with these conditions.
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1. Introduction

Inflammation is a normal biologic process needed for competent immune, vascular, and
endothelial response [1]. However, chronic inflammation can result from repeated injuries,
including tobacco use, chronic infection, obesity, and others [1]. Chronic inflammation is an
underlying pathophysiological process associated with numerous chronic conditions
including cancer, diabetes, circulatory disease (e.g., cardiovascular [CVD] or
cerebrovascular disease), metabolic syndrome (MetSyn), and both disease-specific and
overall mortality [1]. Inflammation is a key component throughout the atherosclerotic
process [2], as well as in the triggering of events such as stroke or myocardial infarction [3,
4]. Dietary patterns consistently have been shown to be strong moderators of systemic
inflammation [5]. Western-style diets have been associated with increased chronic, systemic
inflammation, whereas Mediterranean diets have been associated with lower levels of
inflammation [5].

Numerous studies have shown that healthier diets are associated with reduced risk of
circulatory disease or CVD risk factors (e.g., body mass index [BMI=kg/m?], cholesterol,
blood pressure) [6, 7]. Additionally, reports indicate that poor dietary habits after diagnosis
of circulatory disease are associated with increased risk of recurrence of circulatory events
[8, 9]. This is disconcerting considering that some studies have indicated that individuals
who had a circulatory disease event continue to eat poorly [10-12].

Dietary indices are typically based on a priori approaches using dietary guidelines or a
description of a culinary tradition (e.g., the Mediterranean Diet) or a posteriori approaches
(e.g., factor analysis) [6, 13]. The Dietary Inflammatory Index (DII) was developed to
characterize an individual’s diet on a continuum from maximally anti- to pro-inflammatory.
The DIl is grounded in peer-reviewed literature focusing on a specific health outcome (i.e.,
inflammation) and is standardized to the distribution of dietary intake based on numerous
populations from around the world which helps to overcome shortcomings of previous
dietary indices [14]. Previously, the DIl has predicted C-reactive protein and interleukin-6
levels using 24-hour dietary recalls (24HR) and 7-day recalls, as well as a food frequency
questionnaire (FFQ) [15-17]. The DIl also has been shown to be associated with the glucose
intolerance component of MetSyn, increased odds of asthma, anthropometric measurements,
and several cancers [16-25]. It also has been shown that shiftworkers from the National
Health and Nutrition Examination Study (NHANES) had statistically significant greater DII
values (i.e., more pro-inflammatory) compared to day workers [26].

The DII has yet to be examined among those diagnosed with a circulatory disorder. Ideally,
those with a previous circulatory disorder would have, as part of their rehabilitation,
received at least some information or nutrition counseling to improve their diet to lower risk
of potential future recurrences [27]. However, in actuality, this may not be the case and
those with a previous circulatory disorder may continue to expose themselves to unhealthy
diets [10-12]. Using NHANES data, this exploratory analysis sought to provide descriptive
statistics on mean DIl values among those living with a diagnosis of a circulatory condition.
Additionally, we hypothesized that those with more pro-inflammatory diets would be more
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likely to have a previous diagnosis of a circulatory using the cross-sectional design of
NHANES.

2. Methods and materials

2.1 Study Population

Data from NHANES (2005-2010) were utilized in this analysis. NHANES collects
information from United States adults and children in two-year cycles using a complex,
multistage, probability design to ensure selection of various geographical regions and
minority populations. All participants were interviewed in their homes where questionnaire
data was obtained for demographic, socioeconomic, diet, medical history, and lifestyle and
behavior habits, among others. Participants were invited to a mobile examination center
where data from clinical tests, and biological samples were collected. More detailed
descriptions of the NHANES methods and protocols have been described and can be found
elsewhere (http://www.cdc.gov/nchs/nhanes.htm) [28]. The NHANES population for 2005—
2010 was 31,034. This study excluded those <20 years of age (n=13,902), those without
dietary information (n=1,431) or any self-report circulatory disorder information (n=2), and
those with a total calorie intake of <100 kilocalories, as this may represent some form of
reporting bias (n=6). The final sample size for analysis was 15,693. Informed consent was
obtained from all participants and data collection is continually reviewed by the National
Center for Health Statistics Research and Ethics Review Board.

2.2 Outcome Assessment

Primary outcomes included self-reported diagnoses of several circulatory disorders
including congestive heart failure, coronary heart disease [CHD]), angina, heart attack,
stroke, and high blood pressure. Excluding high blood pressure, these self-reported
diagnoses were combined to create a ‘combined circulatory disorders’ outcome measure.
Hypertension was not included in the ‘combined circulatory disorders’ measure because the
high (i.e., 30%) prevalence of hypertension may wash-out the effect of the DIl on more
severe previously diagnosed conditions, as hypertension is not an event or necessarily a
severe circulatory diagnosis. For each circulatory disorder participants were asked ‘has a
doctor or other health professional ever told you that you had X condition’.

2.3 The Dietary Inflammatory Index and Potential Covariates

NHANES dietary assessments included 24HRs. The macro- and micronutrients (known as
food parameters) used to calculate the DIl included; carbohydrates; protein; fat; grams of
alcohol; fiber; cholesterol; saturated, monounsaturated, and polyunsaturated fatty acids;
omega3 and omega6 polyunsaturated fatty acids; niacin; vitamins A, B1, B2, B6, B12, C, D,
E; iron; magnesium; zinc; selenium; folic acid; beta carotene; and caffeine. Development of
the DIl is based on findings from 1,943 articles focusing on the effects of dietary
components on inflammation, which produced an “article score’ for each food parameter
[14]. DIl calculation is linked to a regionally representative world database, which included
food consumption from 11 populations around the world. This database provided a ‘standard
mean’ for each food parameter. A z-score is created by subtracting the ‘standard mean’ from
the individual’s estimate of intake, then dividing this by its standard deviation, which is
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converted to a percentile and centered by doubling the value and subtracting 1. The product
of the converted z-score and adjusted article score for each food parameter was summed
across all food parameters to create the overall DIl score; higher DIl scores are more pro-
inflammatory and more negative values are more anti-inflammatory [14]. To control for the
effect of total energy intake, the DIl was calculated per 1,000 calories of food consumed.

Self-reported factors that are potential confounders included age, race, education, marital
status, perceived health, health insurance, income, alcohol consumption, tobacco use, clinic-
measured BMI, and minutes of moderate-to-vigorous physical activity (MVPA), among
others. As a standard procedure, NHANES truncated age to 80 years for the 2007-2008 and
2009-2010 cycles and 85 years for the 2005-2006 cycle. To maintain consistency, age was
truncated to 80 years for all cycles by the investigators.

2.4 Statistical Analyses

All analyses were performed using survey design procedures in SAS® (version 9.3, Cary,
NC), which control for stratification and clustering effects inherent in NHANES sampling
procedures. Six-year sampling weights were calculated by multiplying each of the two-year
sampling weights by one-third [28]. Chi-square tests and t-tests were used to compare
population characteristics between those with a circulatory condition and those without.
Variables selected as potential confounders were identified through a series of bi-variable
analyses (i.e., the DIl + covariate). If a covariate had a p-value of <0.20, it was added to the
full model. A backward confounder selection process was then used to develop the final
models which included all covariates, that when removed, led to a 10% change in the OR of
the DII; statistically significant (p<0.05) covariates also were included in the final model.
Logistic regression was used to estimate crude and adjusted prevalence odds ratios (PORS)
and 95% confidence intervals (95%CIs) for each circulatory disorder and all circulatory
disorders combined (minus high blood pressure). The primary comparisons of interest were
between DII quartiles 1 and 4. In additional models, the DIl was analyzed as a continuous
predictor. All analyses were stratified by sex.

3. Results

Those who self-reported a circulatory disorder diagnosis compared to those who did not
were more likely to be male (55% vs. 48%, p<0.01), non-Hispanic White (77% vs. 70%,
p<0.01), have served in the military (29% vs. 10%, p<0.01), have less than a high school
education (29% vs. 18%, p<0.01), be unmarried (40% vs. 35%, p<0.01), have an income <
$35,000 (US dollars: 53% vs. 34%, p<0.01), live in a household with a smoker (22% vs.
17%, p<0.01), be a current or former cigarette smoker (62% vs. 45%, p<0.01), have health
insurance (91% vs. 80%, p<0.01), have a family history of heart attack (25% vs. 13%,
p<0.01) and were more likely to be older, have a higher BMI, and spend less time
participating in MVVPA (Table 1).

The prevalences of each circulatory disorder diagnosis were as follows: 30% with high
blood pressure, 2% heart failure, 3% CHD, 2% angina, 3% heart attack, and 3% stroke.
Compared to those with no circulatory disorder diagnosis (excluding hypertension) (mean
DI1=0.75, 95%CI=0.66-0.84), those reporting a diagnosis of any circulatory disorder (mean
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D11=0.86, 95%CI=0.73-0.98, p=0.05) or, specifically, stroke (mean D11=1.07,
95%CI1=0.90-1.23, p<0.01) had a significantly higher mean DIl after adjustment for family
history of heart attack, exposure to second-hand smoke, smoking status, sex, age, and BMI.
Additionally, those who reported a diagnosis of hypertension (mean DI1=0.84,
95%CI1=0.75-0.93, p<0.01) had greater DIl values compared to those who did not (mean
D11=0.71, 95%CI=0.62-0.80). It should be noted that those reporting a diagnosis of
coronary artery disease (mean DI1=0.63, 95%C1=0.43-0.82, p=0.13) or angina (mean
D11=0.54, 95%CI=0.30-0.78, p=0.05) had lower DIl scores compared to those with no
previous circulatory diagnosis (data not tabulated).

When circulatory disorders were combined, the odds of a diagnosis among those in DII
quartile 4 was 1.30 (95%CI1=1.06-1.58) times greater than those in DII quartile 1. When
comparing quartile 4 to quartile 1, the odds of congestive heart failure (POR=1.38,
95%CI=1.09-1.74), heart attack (POR=1.48, 95%CI=1.12-1.97), stroke (POR=1.56,
95%CI1=1.21-2.01) and high blood pressure (POR=1.19, 95%CI=1.05-1.34) were all
elevated. No statistically significant findings were observed for CHD or angina (Table 2).
When analyzing the DII continuously, a one-unit increase (corresponding to ~7% of its
global range) in the DIl led to statistically significantly greater PORs for combined
circulatory disorders (POR=1.05, 95%CI=1.01-1.08), heart failure (POR=1.06,
95%CI=1.02-1.10), heart attack (POR=1.06, 95%CI=1.01-1.12), stroke (POR=1.09,
95%CI=1.04-1.15), and high blood pressure (POR=1.04, 95%CI=1.01-1.06; data not
tabulated).

Sex modified the relationship between the DII and circulatory disorder diagnoses
(interaction term: p<0.01). Although several elevated PORs were observed among males,
there were no statistically significant associations between any of the reported circulatory
conditions and the DII. Among women, statistically significant PORs for combined
circulatory disorders, congestive heart failure, heart attack, stroke, and high BP were
observed among quartile 4 (Table 3). Post-hoc analyses additionally adjusted for presence of
any self-reported sleep disorder diagnoses and results remained unchanged (data not shown).

4. Discussion

The hypothesis was accepted in that those with more pro-inflammatory diets (i.e., DII
quartile 4) were more likely to have a previous circulatory disorder diagnosis (including
congestive heart failure, heart attack, and stroke, as well as hypertension diagnoses)
compared to those with more anti-inflammatory diets (i.e., DIl quartile 1). However, these
results tended to only apply to women, not men. The DIl incorporates numerous micro and
macronutrients which has several advantages over analyzing individual dietary components.
Dietary patterns take into account the fact that foods are eaten in combination. It may be
difficult to separate the effects of individual nutrients. The effect of any single nutrient may
be too small to detect or a large number of individual micro- or macronutrients may lead to
chance findings. The effect of a single nutrient may be confounded by dietary habits and
patterns [13, 29].
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Other dietary patterns or foods have been associated with previous diagnoses of circulatory
disorders or acute circulatory events [10-12, 30, 31]. Many of these papers have focused
primarily or exclusively on hypertension [30, 31]. Understanding current dietary patterns
among those diagnosed with a circulatory disorder is important considering that diet is a
strong predictor of primary circulatory disease, as well as recurrence [32]. For example, the
Mediterranean diet has repeatedly been shown to be protective against CVD recurrence [9,
27, 33, 34].

It was not possible to determine the extent of recurrence using NHANES data. However, the
DIl is a tool that measures the inflammatory potential of diet. Inflammation is a substrate for
a number of primary mechanisms through which circulatory disorders develop and progress
[1-3]. Additionally, the DIl has been associated with ‘less healthy’ (e.g., Western) diets in
previous simulation analyses [35]. These, ‘less healthy’ diets, in turn, have been associated
with increased circulatory disease risk and recurrence, as well as elevated levels of
triglycerides and cholesterol [7, 27, 33], which are strong contributors to circulatory disease.
Although more research is needed investigating the relationship between circulatory
disorders and the DI, if individuals with a previously diagnosed circulatory disease have
less healthy, more pro-inflammatory diets, they could be putting themselves at increased risk
for recurrence. Additionally, it is not clear why results were stronger among females than
males. It is possible that education and treatment after diagnosis differs between males and
females.

The primary strength of this analysis was the use of the novel DIl to examine the
relationship between self-reported history of circulatory disorders and dietary inflammatory
potential. The scientific rigor through which the DIl was developed offers advantages over
other dietary indices [14, 15]. Also, the use of NHANES data allows for generalization to
the US public due to the complex sampling design. Limitations include the cross-sectional
nature of NHANES and therefore this study cannot infer causation. Previously, the DIl was
associated with increased risk of CVD in the Prevencion con Dieta Mediterranea
(PREDIMED) study (hazard ratio for DIl quartile 4 compared to 1 = 1.73, 95%CIl= 1.15-
2.60) [36]. However, showing that individuals with a previous diagnosis of a circulatory
condition have pro-inflammatory diets still has public health significance from a recurrence
standpoint. Use of self-report diagnoses does not allow for confirmation through medical
records or time between circulatory disorder diagnoses and participation in NHANES. Only
one 24HR was utilized to calculate the DII. Estimates of dietary intake are subject to day-to-
day variability and dietary information on a single day may provide imprecise estimates of
usual dietary intake [37]. Lastly, there were large age differences between those reporting a
diagnosis and those not; however, all models were adjusted for age.

After experiencing a major circulatory event, one would expect there to be no, or a weaker,
association between the DIl and previous circulatory disorders due to changes in diet that
are a part of secondary prevention protocols [38]. It should be noted that those with a
previous diagnosis of angina or coronary artery disease had lower mean DII scores
compared to those with no prior diagnosis. However, it was not possible using NHANES
data to determine whether these values were lower due to changes in dietary patterns after
diagnosis, some other unexplained reason, or chance. Changing diet after a circulatory
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disorder diagnosis or event can lead to a lower risk of recurrence. For example, adherence to
the Mediterranean diet has been shown to improve lipid profiles, arrhythmias, blood
pressure, obesity, and inflammation [39]. Previously, we showed, in a diet-modification
randomized control trial, that a switch from a more western diet to vegan or vegetarian diets
lowers the DII [40]. It would be interesting to determine if diet modification among those
previously diagnosed with a circulatory condition lowers the DIl and, in turn, risk of
recurrence.

In conclusion, this study indicated that women with a previous diagnosis of a circulatory
disorder have more pro-inflammatory diets than those without a previous circulatory
diagnosis. Recently, the Nutrition Society has urged the use of dietary pattern analyses for
CVD risk and recurrence [29]. The rationale for their statements includes the fact that
circulatory disorder progression entails multi-factorial processes that involve complex
relationships between many components of dietary intake, not just a single nutrient [29].
They further urge researchers to create studies involving whole-diet interventions. However,
to most effectively examine whole-diet changes, dietary tools need to be created to measure
these changes. The DIl was designed specifically to measure the inflammatory potential of
diet. Considering inflammation is involved in the development of various circulatory
conditions, the DIl may serve as an excellent dietary index for monitoring dietary changes
after diagnoses of circulatory conditions to reduce the risk of recurrence.
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Table 1

Population Characteristics by Circulatory Disorder Status

Nutr Res. Author manuscript; available in PMC 2017 March 01.

Characteristic Presentl (n=1,734) Absent (n=13,879) p-value
Sex

Male 1,002 (55%) 6,564 (48%)

Female 732 (45%) 7315 (52%)  <0.01
Race

Non-Hispanic White 1,030 (77%) 6,539 (70%)

Non-Hispanic Black 373 (12%) 2,790 (11%)

Mexican American 184 (4%) 2,696 (9%)

Other 147 (1%) 1,854 (11%)  <0.01
Military

Yes 521 (29%) 1,541 (10%)

No 1,213 (71%) 12,337 (90%)  <0.01
Education

<High School 646 (29%) 3,846 (18%)

Completed High School 432 (27%) 3,293 (24%)

Some College 417 (27%) 3,879 (31%)

>College Degree 237 (17%) 2,844 (27%) <0.01
Marital Status

Married/Living with Partner 949 (60%) 8,537 (65%)

Widowed/Divorced/Separated 665 (34%) 2,861 (17%)

Never Married 120 (6%) 2,475 (18%) <0.01
Health Insurance

Yes 1,568 (91%) 10,313 (80%)

No 164 (9%) 3,558 (20%)  <0.01
Income

<$20,000 597 (28%) 3,247 (17%)

$20,000 — $34,999 421 (25%) 2,811 (17%)

$35,000 — $64,999 362 (24%) 3,351 (26%)

>$65,000 277 (23%) 3,942 (41%)  <0.01
Smoking Family Member

Yes 370 (22%) 2,421 (17%)

No 1,353 (78%) 11,377 (83%)  <0.01
Smoking Status

Current 349 (21%) 3,052 (22%)

Former 730 (41%) 3,178 (23%)

Never 655 (38%) 7,646 (55%)  <0.01
Family History of Heart Attack

Yes 368 (25%) 1,612 (13%)

No 1,276 (75%) 11,928 (87%)  <0.01
Age 64.4 +0.46 45.1+0.31 <0.01
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Characteristic Presentl (n=1,734) Absent (n=13,879) p-value
Sleep Duration (Hours) 6.9 +0.05 6.9+6.9 0.54
Body Mass Index 30.2+0.17 28.4+0.11 <0.01
Drinks per Week 0.16 £ 0.02 0.24 £0.02 0.01
Moderate-Vigorous PA Minutes® 107.7+£7.9 165.5+4.8 <0.01

Column percentages may not equal 100% due to rounding. Stratum numbers may not equal column totals due to missing data. All categorical
variable p-values based on chi-square tests and all continuous p-values based on t-tests.

Present was defined as self-reported diagnosis of congestive heart failure, coronary artery disease, angina pectoris, heart attack, or stroke.

2 .
Represents minutes per week.
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Circulatory Disorder Prevalence by Quartiles of the DI

Table 2

DIl Quartile Present Absent  Crude POR (95%Cl) Adjusted POR (95%CI)
Combined Circulatory Disorders
1 505 (28%) 3,393 (24%) 1.00 (referent) 1.00 (referent)
2 460 (26%) 3,451 (24%) 0.92 (0.80-1.06) 1.16 (1.00-1.36)
3 396 (22%) 3,504 (25%) 0.76 (0.67-0.87) 1.08 (0.93-1.25)
4 373(23%) 3,531 (27%) 0.74 (0.62-0.87) 1.30 (1.06-1.58)
Congestive Heart Failure
1 142 (26%) 3,762 (24%) 1.00 (referent) 1.00 (referent)
2 130 (27%) 3,784 (24%) 1.07 (0.80-1.42) 1.36 (1.02-1.82)
3 122 (25%) 3,791 (25%) 0.96 (0.72-1.28) 1.33 (1.00-1.77)
4 107 (22%) 3,804 (26%) 0.78 (0.61-1.00) 1.38 (1.09-1.74)
Coronary Heart Disease
1 199 (30%) 3,700 (24%) 1.00 (referent) 1.00 (referent)
2 180 (29%) 3,735 (24%) 0.96 (0.75-1.22) 1.21 (0.92-1.59)
3 140 (22%) 3,759 (25%) 0.72 (0.55-0.95) 1.07 (0.82-1.40)
4 115 (18%) 3,795 (26%) 0.55 (0.43-0.70) 0.96 (0.72-1.28)
Angina Pectoris
1 128 (30%) 3,783 (24%) 1.00 (referent) 1.00 (referent)
2 128 (33%) 3,787 (24%) 1.12 (0.79-1.59) 1.29 (0.90-1.85)
3 83 (19%) 3,828 (25%) 0.61 (0.41-0.89) 0.75 (0.50-1.12)
4 84 (18%) 3,822 (26%) 0.55 (0.36-0.85) 0.83 (0.54-1.28)
Heart Attack
1 183 (25%) 3,731 (24%) 1.00 (referent) 1.00 (referent)
2 178 (26%) 3,747 (24%) 1.02 (0.81-1.29) 1.25 (0.96-1.63)
3 154 (24%) 3,759 (25%) 0.91 (0.72-1.15) 1.23 (0.99-1.55)
4 170 (25%) 3,742 (26%) 0.92 (0.70-1.21) 1.48 (1.12-1.97)
1 169 (28%) 3,742 (24%) 1.00 (referent) 1.00 (referent)
2 149 (24%) 3,774 (25%) 0.84 (0.66-1.08) 1.05 (0.81-1.35)
3 137 (20%) 3,779 (25%) 0.68 (0.48-0.97) 0.87 (0.60-1.24)
4 149 (29%) 3,767 (26%) 0.98 (0.77-1.26) 1.56 (1.21-2.01)
High Blood Pressure
1 1578 (27%) 2,334 (23%) 1.00 (referent) 1.00 (referent)
2 1339 (24%) 2,582 (25%) 0.83 (0.74-0.93) 0.94 (0.82-1.07)
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DIl Quartile Present Absent  Crude POR (95%Cl1) Adjusted POR (95%CI)
3 1281 (24%) 2,637 (25%) 0.80 (0.71-0.90) 1.04 (0.92-1.18)
4 1210 (25%) 2,705 (27%) 0.78 (0.69-0.88) 1.19 (1.05-1.34)

Column percentages may not equal 100% due to rounding. Column percentages based on weighted frequencies. PORs represent the odds or a
diagnosis among DII quartiles 2—4 compared to quartile 1. DIl Quartile Ranges: 1 = -5.81 to —0.81; 2 =-0.82t0 0.70; 3=0.71t0 1.93; 4 = 1.94 to
4.83. Combined Circulatory Disorders includes congestive heart failure, coronary artery disease, angina pectoris, heart attack, and stroke.
Adjustments: All models adjusted for family member smoking status, personal smoking status, age, and body mass index. Abbreviations: DIl =
Dietary Inflammatory Index; POR = prevalence odds ratio; 95%CI = 95% confidence interval.
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