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Abstract

Background/objective—The dietary inflammatory index (DI1) measured at one time point is
associated with risk of several chronic diseases but disease risk may change with longitudinal
changes in DIl scores. Data are lacking regarding changes in DIl scores over time, therefore we
assessed changes in the DIl in the Women's Health Initiative (WHI).

Methods—DII scores were calculated using data from repeated food frequency questionnaires in
the WHI Observational Study (OS; n=76,671) at baseline and Year 3, and the WHI Dietary
Modification trial (DM; n=48,482) at three time points. Lower DIl scores represent more anti-
inflammatory diets. We used generalized estimating equations to compare mean changes in DIl
over time, adjusting for multiple comparisons; and multivariable linear regression to determine
predictors of DIl change.

Results—In the OS, mean DIl decreased modestly from —1.14 at baseline to —1.50 at Year 3. In
the DM, DIl was —1.32 in Year 1, —=1.60 in Year 3, and —1.48 in Year 6 in the intervention arm, and
was —0.65 in Year 1, —0.94 in Year 3 and —0.96 in Year 6 in the control arm. These changes were
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modified by BMI, education, and race/ethnicity. A prediction model explained 22% of the variance
in the change in DIl scores in the OS.

Conclusion—In this prospective investigation of postmenopausal women, reported dietary
inflammatory potential decreased modestly over time. Largest reductions were observed in normal
weight, highly educated women. Future research is warranted to examine whether reductions in
DIl are associated with decreased chronic disease risk.

Keywords

dietary inflammatory index; changes over time; Women's Health Initiative; prediction; longitudinal
trends

Introduction

Dietary index or pattern analysis can produce more intuitively appealing results that may
improve prediction of disease risk as compared to examining individual foods or nutrients
separately.1-4 Despite the growing use of dietary index or pattern analysis,>’ relatively few
studies have investigated the stability of dietary indices or patterns over time,8-14 or the
factors influencing stability.15-17 To the best of our knowledge, this evaluation has not been
conducted in relation to the inflammatory potential of diet.

Dietary behaviours are subject to change over time,11: 12 and they may influence chronic
disease risk when they persist over time.8 Knowledge of the longitudinal stability of dietary
patterns could aid researchers in planning follow-up measurements or, as Weismayer et al.
indicated,1! the cost of maintaining such cohorts could be reduced if diet is proven to be
stable over time (e.g., by reducing the necessity for frequent data collection).

The dietary inflammatory index (DI1) was developed!® and construct validated®: 20 pased
on the evidence that many dietary factors have anti- or pro-inflammatory properties and the
idea that no nutrient or food is consumed alone, but rather in conjunction with other
nutrients. In the current study, we calculated the DIl based on the food frequency
questionnaire (FFQ) data collected in the Women's Health Initiative (WHI) Observational
Study (OS) and WHI Dietary Modification trial (DM).21 Our goal was to examine the
stability of the inflammatory potential of diet, and the predictors of change in DIl scores
over time.

Methods

Participants

The WHI was designed to address the major causes of morbidity and mortality among
postmenopausal women. The design of the WHI has been described.22 Briefly, WHI
investigators enrolled 161,808 postmenopausal women 50 to 79 years old with a predicted
>3-year survival, in 40 sites in the United States between 1993 and 1998. Subjects were
enrolled into the OS (n= 93,676) or one or more of four Clinical Trial (CT) groups
(n=68,132) that included the DM (n=48,835). Women were excluded from the DM if their
self-reported diets by FFQ at baseline were assessed to have <32% energy from fat.2! The

Eur J Clin Nutr. Author manuscript; available in PMC 2017 January 06.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Tabung et al. Page 3

WHI protocol was approved by the institutional review boards at the Clinical Coordinating
Center (CCC) at the Fred Hutchinson Cancer Research Center (Seattle, WA) and at each of
the 40 Clinical Centers.22

Dietary Assessment

During screening, all participants completed a standardized self-administered 122-item FFQ
developed for the WHI to estimate average daily nutrient intake over the previous three-
month period, which served as the baseline measure. Figure 1 describes the administration
of the WHI FFQ in the OS and DM. Follow-up measures included: an FFQ completed by all
DM participants in Year 1; an FFQ completed annually from Year 2 until study end
(approximately ten years) in a random third of DM participants; and an FFQ completed at
Year 3 for *90% of OS participants. There was an average of two FFQs per participant in
the OS and three FFQs per participant in the DM. In the DM, we created composite FFQs
for Year 3 (by averaging the FFQs in Years 2, 3 and 4) and composite Year 6 (by averaging
the FFQs administered in Years 5, 6 and 7). We excluded FFQs for Years 8, 9 and 10 due to
small sample sizes after Year 7. We did not include baseline FFQ data from DM participants
in the analyses due to the upwardly biased baseline mean percent energy from fat as a result
of the >32% energy-from-fat eligibility criterion.23-25 FFQ data were considered complete if
all adjustment questions, all summary questions, 90% of the foods, and at least one-half of
every food group section was completed.?2: 26 The nutrient database, linked to the University
of Minnesota Nutrition Data System for Research (NDSR®),27 is based on the US
Department of Agriculture Standard Reference Releases and manufacturer information. The
WHI FFQ has produced results comparable to those obtained from four 24-hour dietary
recall interviews and four days of food diaries recorded within the WHI.21

Description of the DIl

The main outcome of interest is longitudinal change in DIl scores. Details of the
development!8 and construct validationl® 20 of the DII have been described. Briefly, an
extensive literature search was performed to identify articles published in peer-reviewed
journals reporting on the association between specific foods and nutrients (components of
the DII) and six inflammatory markers [interleukin (I1L)-1p, I1L-4, IL-6, IL-10, tumor
necrosis factor alpha (TNFa), and C-reactive protein (CRP)]. A total of 1,943 eligible
articles published through 2010 identified 45 food parameters (including whole foods,
nutrients, and other constituents). All 1943 articles were indexed and scored to derive
component-specific inflammatory effect scores.

Actual dietary intake data derived from baseline WHI FFQ were standardized to a
representative global diet database constructed based on 11 datasets from diverse
populations in different parts of the world. The standardized dietary intake data were then
multiplied by the literature-derived inflammatory effect scores for each DIl component, and
summed across all components, to obtain the overall DI1.28 A higher DII score indicates a
more pro-inflammatory diet and a lower (i.e., more negative) DIl score indicates a more
anti-inflammatory diet. In the WHI FFQ, 32 of the 45 original DIl components were
available for inclusion in the overall DII. See Table 1 for the list of the 32 DIl components
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included in the DII calculation. The DIl has been construct validated in the WHI and found
to significantly predict concentrations of IL-6 and TNFaR2.20

Statistical analysis

Results

We excluded participants with reported total energy intake judged to be implausible
(<600kcal/d or >5000kcal/d) or with extreme body mass index (BMI) (<15kg/m? or
>50kg/m?) as well as those with <1 FFQ, leaving 76,671 in the OS and 46,482 in the DM for
the final analyses (Figure 1). We computed mean DIl scores at baseline and Year 3 in the OS
and at three different time points in the DM (Year 1, composite Years 3 and 6); and used
these measures to describe changes over time in the OS, and plotted DIl scores on graphs for
a visual appraisal of the longitudinal trend, separately for the intervention and control arms
of the DM. Analyses were stratified by BMI, education, and race/ethnicity. To determine if
there were significant differences between mean DII scores calculated at different time
points, we constructed marginal linear regression models using generalized estimating
equations (GEE) that adjusted for within-subject correlation in the DIl measurements in
order to calculate and compare all pair-wise contrast estimates between mean DII scores.
The GEE was fit as a univariate model with time-from-baseline as the only independent
variable and changes in the DIl over time as the dependent variable. Adjustment for multiple
comparisons was made using the Bonferroni approach. Within the DM, results were
stratified by intervention arm.

Next, we utilized stepwise linear regression to construct the most parsimonious predictive
multivariable model for change in DIl from baseline to Year 3 in the OS. A previous WHI
study investigated predictors of dietary change and maintenance in the DM and included
intrapersonal, interpersonal, intervention characteristics and clinical center characteristics as
predictors.1®> The DM intervention moved participants toward an anti-inflammatory diet;
therefore, predictors of dietary change investigated by Tinker et al. are likely to predict DIl
change in the DM. We therefore focused mainly on the potential predictors of DIl change in
the OS. We used a p-value of 0.10 for entry into and retention in the model. The stepwise
approach identified variables that were included in a multivariable linear regression model to
calculate beta (B) coefficients, corresponding p-values, and the R2 for the model's overall
predictive ability. Participants with missing data in the predictors (n=3,438) were further
excluded, leaving a final sample of 73,233 OS participants for the prediction model.

Analyses were conducted using SAS® version 9.3 (SAS Institute). All tests were 2-sided and
p<0.05 was used as the cutpoint to signify statistical significance of parameter estimates.

Participant characteristics were similar between OS and DM for race/ethnicity, educational
level and smoking status. More OS (23.8%) than DM (16.7%) participants were =70 years; a
higher proportion of participants in the DM (38.4%) than OS (25.4%) were obese (Table 1).
In the total study population, the mean (£SD) DIl at Year 3 was —1.32 (+2.71), and ranged
from —7.30 to 5.78. In the OS, the mean overall DIl decreased from —1.14 (+2.58) at
baseline to —1.50 (+2.60) at Year 3. Figure 2 presents the overall mean DIl scores over time
in the DM. In the intervention arm, scores decreased from —-1.32 (+2.63) at Year 1 to -1.60
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(£2.59) at Year 3, then slightly increased to —1.48 (+2.63) at Year 6. In the control arm, the
trend of DIl decrease over time was similar to that observed in the intervention arm. Table 2
presents the means from multiple comparisons of DIl scores across years of follow-up.
While mean DIl estimates were statistically significantly different across time in both
intervention and control arms, except for Years 3 and 6 in the intervention arm, the average
change in DII score was never greater than - 0.33, which represents a small fraction (*2%)
of the overall range in DIl change in the DM (=9.14 to +8.83).

There was evidence for interaction between DIl change and BMI, education, and race/
ethnicity; analyses were further stratified by these variables. In the OS, normal-weight
women experienced the largest decrease in DIl between baseline and Year 3 [-1.39 (£2.55)
to —1.81 (+2.54)] compared to obese women [-0.78 (+2.61) to —1.04 (+2.67)]; while women
with 24y of college education showed the greatest change in DIl [-1.39 (¥2.51) to —-1.77
(x2.52)] compared to women with less than a high school education, whose DII scores were
more pro-inflammatory [0.26 (£2.71) to 0.06 (x2.71)]. Asians/Pacific Islanders experienced
the largest change in DIl [-1.76 (£2.53) to —2.04 (+2.51)], followed by European Americans
[-1.25 (£2.52) to -1.63 (+2.53)].

Figures 3, 4 and 5 present the corresponding longitudinal trends in the DM intervention and
control arms, which paralleled those in the OS upon stratification by BMI, education, and
race/ethnicity. Normal-weight women consistently experienced the largest decrease in DI
scores over time, followed by overweight women, while obese women showed the smallest
decrease in DIl scores over time (Figure 3). Highly educated women experienced the most
anti-inflammatory changes over time (Figure 4). Asians/Pacific Islanders showed the largest
DIl decreases consistent with a more anti-inflammatory diet over time, while African
Americans and Hispanics showed the smallest changes, over time (Figure 5).

The final predictive ability of the model presented in Table 3 explained 22% of the variance
in DII changes between baseline and Year 3 in the OS. Decreases in DIl over time were
predicted by baseline DIl (having a higher baseline DIl predicted a larger decrease in DII),
being Asians/Pacific Islanders or European American, having BMI<25kg/m2, being more
highly educated, being a nonsmoker, and meeting public health recommendations for
physical activity.

Discussion

Using data from both the WHI OS and DM, we described changes over time in the
inflammatory potential of diet using DIl scores. The DIl score in the OS decreased modestly
from baseline to Year 3, with an average change of —0.36 + 2.35, representing about 2% of
the full range of change in DIl scores in the OS (-9.52 to 10.71). In women randomized to
the DM intervention who had already made changes in diet from baseline to Year 1, DII
scores remained relatively stable across the rest of the intervention from Year 1 to Years 3
and 6, and were similarly uniform in the control arm. In both the OS and DM, participants
who reported the largest DIl decrease (representing a transition toward an anti-inflammatory
diet) had a normal BMI, a high educational level, and were more likely to be Asian/Pacific
Islanders or European Americans. Those who reported the smallest decrease were obese,
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had less than high school education, and were more likely to be Hispanic or African
Americans.

Highly educated women could be more exposed to information about healthier food choices
and have better financial access to a wider variety of healthier food choices than women
with lower educational levels. In a study on the longitudinal trends in diet over a 20-year
period, diet quality improved with higher educational attainment.28 Chaix et al. observed
that poorly educated participants shopping in supermarkets whose catchment areas included
more poorly educated residents had higher BMIs or waist circumferences.2? Additionally,
Drewnowski et al. found lower levels of education and incomes, among other factors, to be
associated with higher obesity risk.3? These findings could partially explain our result
showing that obese and less-educated participants experienced the smallest decreases in DII.
The low DII scores in Asian/Pacific Islanders and European Americans compared to other
race/ethnic groups may be due to different dietary patterns inherent in the cultures of racial/
ethnic groups. For example, diets of most Asian populations contain numerous anti-
inflammatory constituents and lack many of the pro-inflammatory substances in Western
diets.31: 32 In the WHI, European American women have higher educational attainment33
and may be more willing to change their diets in keeping with recommendations.3°

While the modest decrease in the dietary inflammatory potential from baseline to Year 3 in
participants in the OS provided insights into changes in dietary behavior over time, the
follow-up period was insufficient to draw conclusions regarding long-term changes in
dietary behavior in an observational setting. Participants in the control arm of the DM were
not asked to make dietary changes and were observed throughout the follow-up period;
however, the trend in dietary behavior change over time in this group was similar, though
smaller, to that observed in the intervention arm. Participants randomized to the control arm
may have been motivated to change their diets prior to joining the study, and thus made
personal efforts to improve their diets over time.

Some studies have examined the stability of dietary patterns over time;8-14 however, this is
the first to study the stability of a dietary index describing the inflammatory potential over
time. Previous studies reported inconsistent results on the stability of dietary behaviors over
time, with some indicating stable behaviors after a short follow-up period of about 2 to 4
years,10. 14 and others reporting significant changes only after a moderately long follow up
(e.g., =7 years).11: 13 Changes in diet over time may be due, in part, to the response to
frequent updates to dietary guidelines, changes over time in the availability of different
foods in some communities, and disease diagnosis that may alter dietary intake (e.g.,
diabetes or hypertension). Methodologic differences between studies would include
differences in duration of follow-up, frequency and method of dietary assessment, and
sample composition and size.

This study has several strengths including the relatively large population-based sample in the
OS and DM, good regional and racial/ethnic representation, and inclusion of a large number
of potential predictors of DIl change. The DM had a relatively long follow-up duration with

diet assessed annually on random subsamples of the study population.
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Our study also had some limitations: FFQ data were not available in the OS after Year 3;
thus we were not able to compare changes in dietary behaviour between the OS and DM
beyond the first three years of follow up. The decrease in dietary inflammatory potential in
the first three years may have been due to survey learning effects, in part attributed to social
desirability bias, rather than a real improvement in diet quality. This limitation might have
been mitigated had social desirability, an established source of bias of dietary self-report
data, been measured in the WHI.34 35 In our DM sample, not every participant had FFQ data
at all three time points, which could have reduced the effect of survey learning as
participants did not complete the FFQ every year. Although WHI enrolled only
postmenopausal women, 23: 24 average DII scores in the WHI were comparable to other US
populations that have been examined.19: 36

All of the 13 unavailable DIl components are anti-inflammatory. Though we showed
previously that reasonable predictive ability was retained when replacing 24-hour recall-
derived DII scores with those derived from a structured questionnaire,1® there still may be a
reduction in predictive ability in a population that was actively trying to change to a more
healthful diet and therefore might be more likely to begin consuming these food items that
are not on the FFQ list. Despite this limitation, in the construct validation of the DIl in the
WHI, the DIl computed based on the 32 components available in the FFQ significantly
predicted concentrations of inflammatory markers.20 Also, there was no reduction in the
ability of the DII to predict interval changes in CRP levels in SEASONS study participants
when using the 44 DIl components available from up to fifteen 24-hour recall interviews to
the 28 components available from five administrations of the 7DDR, a structured dietary
assessment instrument.1® The DII score calculated from the 32 available components in the
WHI validation study ranged from —7.30 to +5.78, which is higher than the range of -5.4 to
+5.8 obtained in the SEASONS study using 44 of the 45 DIl components,1? indicating that
the range of DIl may be more dependent on the amount of foods actually consumed rather
than on the number of components available for scoring.

After including a comprehensive list of demographic, lifestyle and health-related factors, our
final prediction model explained 22% of the variation in DIl change in the OS. This
represents reasonable explanatory ability when one considers that a change score is
accompanied by large overall variance owing to the fact that the variance of a difference is
the sum of the variance of the individual components3’ (while the absolute difference can
often be quite small). Other potential predictors of DIl change that are outside the scope of
the current study may include behavioural factors, such as those investigated by Tinker et al.
in the prediction of dietary change and maintenance in the DM.15

In this population of postmenopausal women, the average DIl decreased modestly over time
in both the OS and in the DM (intervention and control group) participants from Year 1 to
composite Year 6. In all three study groups, the extent of decrease was modified by BMI,
education, and race/ethnicity. Baseline DIl and several demographic, lifestyle and clinical
factors significantly predicted changes in the inflammatory potential of diet in the first three
years of follow up in an observational setting. Future research is warranted to examine
whether reductions in DIl scores over time are associated with decreased chronic disease
risk.
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142,511 participants recruited into the WHI OS and DM
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implausible total energy
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1,340 due to extreme BMI
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46,482 included in analyses (after excluding 11 due to implausible total energy values,
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Participant flow in the administration of food frequency questionnaires in the Women's
Health Initiative (WHI) Observational Study (OS) and Dietary Modification trial (DM)
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Figure 2.
Average dietary inflammatory index (DII) scores across years of follow-up in the Women's

Health Initiative Dietary Modification trial, by study arm. The P-value for the difference in
DIl scores between intervention and control was <0.0001 at each time point. Numbers of
participants were as follows: intervention: 17383, 11,895, and 14,399; control: 25749,
17,974, and 22,302; for Year 1, composite Year 3, and composite Year 6 respectively.
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Figure 3.

Average dietary inflammatory index scores over time by body mass index category and
Dietary Madification trial arm in the Women's Health Initiative.
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Figure 4.

Average dietary inflammatory index (DII) over time by educational level and Dietary
Modification trial arm in the Women's Health Initiative. <HS= High school graduate/some

college or associate degree, HS/Assc= High school graduate/some col
degree, =4Coll = =4 years of college.
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Figure 5.

Average dietary inflammatory index (DII) over time by race/ethnicity and Dietary
Modification trial arm in the Women's Health Initiative. A/PI=Asian/Pacific Islander,
AA=African American, HP=Hispanic, EA=European American
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Table 1

Characteristics of study participants, Women's Health Initiative

Page 16

Characteristic — N (%) for Categorical Variables Observational Study (n=76,671) Dietary Dietary
Modification Trial Modification Trial
intervention arm control arm
(n=18,604) (n=27,878)
Age groups (years)
<50-59 24144 (31.5) 6832 (36.7) 10203 (36.6)
60-69 34293 (44.7) 8681 (46.7) 13033 (46.7)
70-79 18234 (23.8) 3091 (16.6) 4642 (16.7)
Body mass index (kg/m?)
Normal ( <25) 30577 (39.9) 5230 (28.1) 6820 (24.5)
Overweight (25.0 - <30) 26605 (34.7) 6534 (35.1) 9940 (35.7)
Obese (=30) 19489 (25.4) 6840 (36.8) 11118 (39.9)
Race/ethnicity
Asian or Pacific Islander 2102 (2.7) 421 (2.3) 645 (2.3)
African American 4697 (6.1) 1932 (10.4) 2836 (10.2)
Hispanic/Latino 2253 (3.0) 661 (3.6) 999 (3.6)
European American 66331 (86.8) 15263 (82.2) 22916 (82.3)
Other 1078 (1.4) 286 (1.5) 430 (1.6)
Educational level
Some high school or lower educational level 814 (1.1) 186 (1.0) 332(1.2)
High school graduate/some college or associate 21209 (27.9) 5703 (30.8) 8609 (31.1)
degree
24 years of college 54067 (71.0) 12604 (68.2) 18761 (67.7)
Smoking status
Never 38661 (50.1) 9502 (51.7) 14386 (52.1)
Former 32813 (43.3) 7715 (50.0) 11370 (41.2)
Current 4242 (5.6) 1169 (6.3) 1842 (6.7)
Physical activity (PA), minutes/week
Not meeting PA recommendations 39636 (52.2) 10860 (65.2) 16421 (65.7)
Meeting PA recommendations 36254 (47.8) 5797 (34.8) 8567 (34.3)
NSAIDs use
No 36819 (48.0) 6687 (35.9) 9732 (34.9)
Yes 39852 (52.0) 11917 (64.1) 18146 (65.1)
-1.14 (2.58) -1.32 (2.63) -0.65 (2.64)

DII* (baseline in OS, Year 1 in DM) - Average (SD)

NSAIDs=Non-steroidal Anti-inflammatory Drugs

*

DIl components available in the WHI FFQ were: alcohol, beta carotene, caffeine, carbohydrates cholesterol, total energy, total fat, saturated fat,
fiber, folic acid, iron, magnesium, niacin, riboflavin, thiamin, zinc, monounsaturated fatty acid(fa) polyunsaturated fa, omega 3 fa, omega 6 fa, trans
fat, protein, selenium, vitamins B12, B6, A, C, D, E, onion, green/black tea, isoflavones; while the following components were not available in the
WHI FFQ: ginger, turmeric, garlic, oregano, pepper, rosemary, eugenol, saffron, flavan-3-ol, flavones, flavonols, flavonones, anthocyanidins
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Table 2

Pair-wise comparisons of the DIl means across years of follow-up in the Dietary Modification Trial; Women's
Health Initiative

Visityear Visityear LS mean estimate (SE) p-value Bonferroni-adjusted p-value

Intervention arm

1 3 -0.22 (0.020) <0.0001 <0.0001

1 6 -0.17 (0.020) <0.0001 <0.0001

3 6 0.049 (0.021) 0.0208 0.12
Control arm

1 3 -0.22 (0.016) <0.0001 <0.0001

1 6 -0.33(0.016) <0.0001 <0.0001

3 6 -0.11 (0.017) <0.0001 <0.0001

NB: 1=year 1, 3=composite year 3, 6=composite year 6;
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