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ABSTRACT

Background: The influence of long-term dietary patterns on weight gain and the underlying potential biological
mechanisms are not fully understood.

Objective: \We prospectively examined the association of changes in 2 empirical hypothesis-oriented dietary patterns
(insulinemic and inflammatory) and weight gain over 24 y at 4-y intervals.

Methods: \We followed 54,397 women in the Nurses’ Health Study and 33,043 men in the Health Professionals
Follow-Up Study (1986-2010), and computed the empirical dietary index for hyperinsulinemia (EDIH) and empirical
dietary inflammatory pattern (EDIP) scores from food frequency questionnaires administered every 4 y. Both scores
are weighted sums of 18 food groups, which characterize dietary insulinemic or inflammatory potential based on plasma
levels of insulin response or inflammatory biomarkers. We used multivariable-adjusted linear regression to examine 4-y
changes in the dietary scores and weight change within the same period.

Results: The mean baseline body mass index (BMI, in kg/m?2) was 25.4. Compared with participants who made
minimal dietary changes (quintile 3) over 6 4-y periods; participants who changed their diets toward lower insulinemic
or inflammatory potential (quintile 1) gained significantly less weight (in kilograms per 4 y) independent of total energy
intake, BMI, physical activity, and smoking status: EDIH: —0.65 (95% CI: —0.73, —0.57), EDIP: —0.29 (-0.37 —0.21)
among women; and EDIH: —0.60 (—0.71, —0.49), EDIP: —0.19 (—0.27 —0.07) among men. In contrast, those who
changed their diets toward higher insulinemic or inflammatory potential (quintile 5) gained significantly more weight:
EDIH: 0.43 (0.36, 0.51), EDIP: 0.15 (0.07 0.23) among women; and EDIH: 0.49 (0.38, 0.59), EDIP: 0.22 (0.11, 0.33)
among men (P-trend < 0.0001 for all comparisons). Associations were stronger among individuals who were overweight
or obese, younger, less physically active, and had never smoked.

Conclusions: High dietary insulinemic and inflammatory potential is associated with substantial long-term weight gain
in adult men and women independent of total energy intake. Dietary patterns with low insulinemic and inflammatory
potential may aid in weight gain prevention. J Nutr2019;149:804-815.
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Introduction

Illnesses associated with overweight and obesity are major
contributors to global morbidity and mortality (1), posing an
immense and growing public health challenge. Few studies have
examined the influence of long-term dietary patterns on weight
gain (2-4), and the potential biological mechanisms underlying
the influence of long-term dietary changes on weight gain are
not fully understood. Some studies have provided support for
the carbohydrate-insulin model of obesity (35, 6); however, the
insulinemic potential of whole diets may be more important
for weight gain than specific nutrients or foods (7-9). Given

the links between inflammatory and metabolic processes in
obesity (10), the inflammatory potential of whole diets may
also be important in overweight and obesity. Examining overall
dietary patterns rather than specific foods or nutrients enables
the observation of the combined effect of multiple foods and
nutrients on weight change.

Dietary insulinemic and inflammatory potential may be
associated with body weight independent of total energy
intake, which has been suggested as an important mediator of
weight change (11). This would be consistent with previous
findings that high insulinemia and high levels of systemic
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inflammation are associated with risk of weight gain (12-14).
We previously developed 2 dietary indices: the empirical dietary
index for hyperinsulinemia score (15), to assess the insulinemic
potential of whole diets; and the empirical dietary inflammatory
pattern score, to assess dietary inflammatory potential (16).
In the current study, we investigated the associations of
4-y changes in these dietary scores with weight change over
the same period, spanning a total of 24 y of follow-up in
2 cohorts of adult women and men. Given that several factors
may modify the association of dietary patterns and weight
change, we also conducted an in-depth analysis to identify
population subgroups that may be most affected by changes
in the insulinemic or inflammatory potential of the diet. We
examined associations within strata of the following potential
effect modifiers: body weight (2), physical activity (17), age (18),
smoking status (19), menopausal status, and postmenopausal
hormone use (20). Also, dietary changes during follow-up may
be sensitive to the baseline dietary pattern.

Methods
Study population

We used data from 2 ongoing prospective cohort studies of women and
men in the United States: the Nurses’ Health Study (NHS), initiated
in 1976 with 121,701 female registered nurses, aged 30-55 y at
enrollment; and the Health Professionals Follow-Up Study (HPFS),
initiated in 1986 with 51,529 male health professionals, aged 40—
75 y at enrollment. The baseline for the current study was 1986 for
both cohorts—the follow-up cycle when detailed information on diet,
weight, and key covariates were first available.

We excluded participants with cancer (except nonmelanoma skin
cancer), respiratory diseases, self-reported diabetes, cardiovascular
diseases, neurodegenerative disorders, gastric conditions, chronic
kidney disease, or systemic lupus erythematosus at baseline. We
made additional baseline exclusions for participants who reported
implausible energy intake (<600 or >3500 kcal/d for women and <800
or >4200 kcal/d for men), or who had missing data on weight change
or diet change. Weight loss at older ages may reflect loss of lean mass;
therefore, we also excluded participants >65 y at baseline. During
follow-up, we censored participants 6 y prior to diagnoses of any of
the diseases listed. We also censored individuals when they reached
65 vy, or had missing data on weight change or diet change over the
follow-up period. After baseline (1986) exclusions, there were 54,397
women in the NHS and 33,043 men in the HPFS (Supplemental Figure
1). This study was approved by the institutional review boards of the
Harvard T.H. Chan School of Public Health and Brigham and Women’s
Hospital.

Diet assessment and calculation of the dietary scores
Dietary data were collected every 4 y using a semi-quantitative food
frequency questionnaire (FFQ), in which participants reported how
often, on average, they had consumed defined portions of ~130 food
items over the previous year (21, 22). We calculated the dietary change
scores, based on data from the FFQs, as the difference between the score
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at the beginning of the 4-y interval and the score at the end of the same
4-y interval.

The empirical dietary index for hyperinsulinemia (EDIH) score,
described in detail elsewhere (15, 23, 24), was developed in a sample
of 5812 women in the NHS to empirically create a score to measure the
insulinemic potential of whole diets defined using food groups. Thirty-
nine predefined food groups (servings per day) (25) were entered into
stepwise linear regression analyses to identify the dietary pattern most
predictive of plasma C-peptide levels as a surrogate marker for insulin
secretion (26). The empirical dietary inflammatory pattern (EDIP) score
was developed in a sample of 5230 women in the NHS (16). The goal
was to empirically create a score for overall inflammatory potential
of whole diets defined using food groups. The 39 food groups (25)
were entered into reduced rank regression models to simultaneously
predict levels of C-reactive protein, IL-6, and TNFa receptor 2. This was
followed by stepwise linear regression analyses to identify the dietary
pattern most predictive of the 3 plasma inflammation markers (16).

The EDIH is the weighted sum of food groups (n = 18 food groups)
that remained statistically significant predictors from the initial 39 food
groups; likewise, EDIP scores are weighted sums of the significant
predictors for inflammation (z = 18 food groups). The EDIH and
EDIP assess the insulinemic or inflammatory potential of a diet on
a continuum from maximally low insulinemic or anti-inflammatory
to maximally hyperinsulinemic or proinflammatory, respectively. That
is, lower (more negative) scores indicate low insulinemic or anti-
inflammatory diets and higher (more positive) scores indicate high
insulinemic or proinflammatory diets. Both scores were evaluated for
validity in independent samples of men and women using dietary and
biomarker data from several cohorts (15, 16, 24, 27). The component
foods, including serving sizes, for both scores are listed in Supplemental
Table 1 and as a footnote in Table 1.

Weight change assessment

Participants reported their height in inches and weight in pounds at
baseline, and provided updated information on weight in the biennial
questionnaires. These self-reported weight data have been previously
validated in these cohorts, with a Spearman correlation coefficient of
0.96 with measured weight (28). Weight change was calculated by
subtracting the weight at the start of each 4-y interval from the weight
at the end of the 4-y interval.

Assessment of covariates

The biennial questionnaires update information on disease diagnoses,
medication use, and several lifestyle factors, including smoking, physical
activity, sleep duration, and hours of sitting and TV watching in
both cohorts, as previously described (25, 29). Among the women,
updated information is also assessed on parity, menopausal status, and
postmenopausal hormone use.

Statistical analysis
We adjusted the dietary scores for total energy intake using the residual
method (30). The dietary scores are interval variables (i.e., without
a true zero), and include both positive and negative score values.
Therefore, to conduct diet change analyses, we first converted the
dietary indices to nonnegative scores by ranking participants from 1 to 7
(n = 54,397 for NHS and 33,043 for HPFS), based on the actual intake
scores. The nonnegative ranked scores then became the new scores
for analyses. The exposure was 4-y changes in dietary scores (EDIH
and EDIP) analyzed as a continuous variable (1 SD increment) and as
quintiles. The quintiles of the score changes were qualitatively labelled
as: quintile 1 = high improvement in diet quality; quintile 2 = moderate
improvement; quintile 3 = relatively stable diet; quintile 4 = moderate
worsening; and quintile 5 = high worsening of diet quality. We expected
participants classified in quintile 3 of the change score to have the least
change in their dietary scores compared with the other quintiles; we
therefore used quintile 3 as the reference quintile. The outcome was
absolute weight change over the same 4-y period.

We used multivariable-adjusted generalized linear regression models
with robust variance and an unstructured correlation matrix to examine
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TABLE 1 Participant lifestyle and dietary characteristics’

Nurses’ Health Study (n = 54,397)

Health Professionals Follow-up Study (n = 33,043)

Change within each 4-y
period (5th, 95th percentile)

Characteristic Baseline (1986)

Change within each 4-y

Baseline (1986) period (5th, 95th percentile)

Age,y 571 £73
Alcohol, servings/d? 05+ 09
Energy intake, kcal/d 1760 + 530
Physical activity, MET/wk 143 £219
Sitting and watching TV, h/wk 142 + 129
Sleep, h/d 70 £ 1.1
Smoking, %
Never 442
Past 34.1
Current 216
Dietary variables, servings/wk
Vegetables 185 + 129
Fruits 133 + 94
Wholegrains 89 + 82
Refined grains 83 +70
Red meat 39 + 26
Processed meat 20 £ 21
Outcome-related variables
Weight, kg 68.0 + 13.2
BMI, kg/m? 254 + 47
BMI category (kg/m?), %
156-<25 55.7
>25-<30 30.1
>30-50 14.2

— 547 £+ 8.1 —

—0.001 (—0.58, 0.64) 10+£12 0.04(—0.98,1.14)
—3.2(—707,699) 1999 + 606 19(—762, 814)
0.25(-30, 31) 205 + 283 2.7(—46, 57)
— 116 £ 86 —

— 71 £09 —

— 452 —

— 440 —

— 10.8 —

0.04(—2.07, 2.16) 193 £ 138 0.46 (—2.64, 4.00)
0.004 (—1.51,1.51) 113 £90 0.11(—1.46,1.82)
—0.004 (—1.86, 1.78) 101 £ 94 0.04(—2.00, 2.28)
—0.04(—1.78,1.58) 85 £75 —0.05(—1.70, 1.48)
—0.06 (—0.57, 0.36) 44 £+ 32 —0.02(—0.64, 0.57)
—0.02(—0.43,0.29) 2.7 £ 31 —0.03(—0.49,0.37)
0.99(—6.8,9.1) 81.2 + 11.8 0.82(—5.4,6.8)
0.37(—2.57,3.29) 255 4+ 32 0.25(—-17,22)
— 45.9 —
— 45.2 —
— 8.9 —

"Data are means (or mean changes) & SDs for continuous variables, and percentages for categorical variables. The 4-y change data were averaged over the entire follow-up
period. The food groups contributing to higher EDIH scores are: red meat, low-energy sugar-sweetened beverages (low-energy cola and other low-energy carbonated beverages),
cream soups, processed meat, margarine, poultry, French fries, nondark fish, high-energy sugar-sweetened beverages (cola and other carbonated beverages with sugar, fruit
drinks), tomatoes, low-fat dairy, and eggs; the food groups contributing to lower EDIH scores are: intakes of wine, coffee, whole fruit, high-fat dairy products, and green leafy
vegetables; EDIP: processed meat, red meat, organ meat, nondark fish, other vegetables (i.e., vegetables other than green leafy vegetables and dark yellow vegetables), refined
grains, high-energy beverages (cola and other carbonated beverages with sugar, fruit drinks), low-energy sugar-sweetened beverages (low-energy cola and other low-energy
carbonated beverages), and tomatoes were positively related to concentrations of the inflammatory markers. Intakes of beer, wine, tea, coffee, dark-yellow vegetables, green
leafy vegetables, snacks, fruit juice, and pizza were inversely related to concentrations of the inflammatory markers. EDIH, empirical dietary index for hyperinsulinemia score;

EDIP, empirical dietary inflammatory pattern score; MET, metabolic equivalent task.

2Alcohol servings were defined as 1 bottle, 1 glass, or 1 can of beer, or a 4-0z (113 g) glass red or white wine, and are summed for each individual.

the associations of 4-y changes in EDIH and EDIP scores with
concomitant 4-y weight changes. We had 6 4-y intervals for NHS and
HPFS (1986-2010). In each 4-y interval, we constructed 3 statistical
models as follows: 1) a minimally adjusted model; 2) a multivariable
model with the covariates age, questionnaire cycle, baseline total energy
intake, changes in total energy intake, baseline dietary insulinemic or
inflammatory potential at the beginning of each 4-y period, basline
BMI, baseline physical activity, changes in physical activity, baseline
hours of sleep per day, hours of sitting and watching TV per week
[baseline only in NHS; and also 4-y change in HPFS], 4-y change in
alcohol consumption, 4-y change in smoking status, and among women
only: baseline parity, menopausal status, and postmenopausal hormone
use ; and 3) in the third model, we used the dietary score that was
not adjusted for energy intake and did not include change in energy
intake.

To identify which population subgroups may be most affected by
changes in the insulinemic and inflammatory potential of the diet in
relation to weight change, we examined potential effect modification by
BMI (<25 kg/m?, >30 kg/m?), physical activity [metabolic equivalent
hours per week (MET-h/wk): at or above the cohort-specific median,
below the cohort-specific median], age (<55 y, >55 vy), smoking
status (ever smoker, never smoker), and baseline EDIH and EDIP
scores (at or above the cohort-specific median, below the cohort-
specific median). Among the women, we conducted additional stratified
analyses by postmenopausal hormone use (ever, never) in categories of
menopausal status (pre-, postmenopausal). All analyses were carried out
separately for each cohort. We used Wald P values of the interaction
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terms to assess interaction of the dietary indices and potential effect
modifier. Models were adjusted for all covariates in the primary
analyses. When stratifying by BMI, physical activity, age, and baseline
dietary insulinemic or inflammatory potential, we adjusted for the
continuous variable within strata of the potential effect modifier, e.g.,
adjusting for continuous BMI among normal weight participants.
Analyses were performed using SAS version 9.4 for Unix (SAS
Institute Inc.), and statistical significance was set at a 2-tailed P value
of <0.05.

Results

Table 1 shows the characteristics of the study population. The
mean baseline age for the women was 57.1 y, with 54.7 y for
the men. The mean BMI was 25.4 in the women and 25.5
in the men, and the mean physical activity level was 14.3
MET-h/wk among the women and 20.5 MET-h/wk among
the men. The proportion of current smokers at baseline was
2 times higher in the women (21.6%) than in the men (10.8%).
The mean weight change over each 4-y follow-up cycle was
slightly lower among the men (0.82 kg) than among the women
(0.99 kg) (Table 1). Supplemental Table 1 shows the constituent
foods and serving sizes for the food groups in each dietary score.
The EDIH and EDIP scores were moderately correlated, with
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a Spearman correlation coefficient ranging from 0.65 (men) to
0.71 (women).

Table 2 shows the mean changes in weekly intakes per
4-y cycles over the 24 y of follow-up. Participants who changed
to dietary patterns with the lowest insulinemic or inflammatory
potential had, on average, lower intakes of red meat, processed
meat, sugar-sweetened beverages, and refined grains, and
higher intakes of green leafy vegetables, whole grains, whole
fruit, wine, coffee, and high-fat dairy. This translated to an
average change in macronutrient profile, with higher intake of
carbohydrates and fiber and lower intakes of protein (including
branched-chain amino acids) and total fat, especially saturated
fat. Whereas most of these changes were several times larger for
EDIH than for EDIP, some of the changes were more apparent in
one index than in the other. For example, although wholegrain
is not a component of any of the indices, EDIH seemed to
capture the changes in wholegrain intake better than EDIP. In
contrast, EDIP captured changes in refined grain intake (an
EDIP component) better than EDIH. These differences in grain
intake were also reflected in the changes in carbohydrate intake,
with higher intake changes for EDIH and little or no change for
EDIP.

Table 3 presents results on the association between changes
in the dietary scores and weight change over each 4-y
period. Participants who changed their diets toward lower
insulinemic or anti-inflammatory dietary patterns experienced
less weight gain, whereas those who changed their diets
toward hyperinsulinemic or proinflammatory dietary patterns
gained more weight, compared with those who made minimal
changes to their diets. For example, for the EDIH score, the
multivariable-adjusted analyses that also adjusted for energy
intake and changes in energy intake showed that women whose
dietary changes had the lowest insulinemic potential (classified
in quintile 1 of the EDIH change score) gained less weight
(—0.65 kg; 95% CI: —0.73, —0.57 kg), whereas women whose
dietary changes had the highest insulinemic potential (classified
in quintile 5 of the EDIH change score) gained more weight
(0.43 kg; 95% CI: 0.36, 0.51 kg; P-trend < 0.0001), than
women who had minimal changes to their diets over the
4-y periods (quintile 3). Weight changes associated with dietary
inflammatory potential were smaller in magnitude; however, the
pattern of results was similar (Table 3). When we compared
these results with the weight change estimates not adjusted for
total energy intake, the weight change values were similar to, or
slightly higher than, the estimates independent of energy intake
(Table 3).

The associations of EDIH and EDIP scores with 4-y
weight change were stronger among the women (Figure 1 and
Supplemental Table 2) and men (Figure 2 and Supplemental
Table 3) who were overweight or obese, younger, less physically
active, and never smokers, and among premenopausal women.
Among the postmenopausal women, there did not appear to be
much difference in weight change by hormone use status (ever
versus never). Interestingly, when we stratified by baseline status
of dietary insulinemic or inflammatory potential, we found that
men and women who were consuming a low insulinemic or anti-
inflammatory diet (below the median EDIH or EDIP) at baseline
(ie, higher dietary quality) and then changed to diets with
greater insulinemic or inflammatory potential gained the largest
amount of weight. Similarly, participants who were above the
median score at baseline (ie, lower dietary quality) and changed
to low insulinemic or anti-inflammatory dietary patterns gained
the least amount of weight (Supplemental Tables 2 and 3).

Discussion

In this large study of men and women who were followed
for up to 24 y and had updated weight and dietary data,
we investigated the association of changes in the insulinemic
and inflammatory potential of the diet and weight change
during 4-y periods. Our major findings were the following: first,
the men and women who changed and improved their diets
the most toward lower insulinemic or inflammatory potential
experienced the least long-term weight gain, whereas those who
changed toward hyperinsulinemic or proinflammatory dietary
patterns experienced the most long-term weight gain. Second,
these weight changes remained significant even after accounting
for total energy intake, changes in total energy intake, and
other energy balance-related variables, including BMI, age, and
physical activity. This suggests that diet may influence weight
change through mechanisms involving inflammation and insulin
response independent of energy intake. Third, the associations
of changes in the insulinemic or inflammatory potential of the
diet and weight change were stronger among men and women
who were overweight or obese, younger, physically less active,
and never smokers, and among premenopausal women.

Although the absolute weight change over each 4-y interval
may appear small, it is important to note that these are
population means, which have been shown to be very linear
over 6 4-y intervals (24 y). For example, the pooled estimates of
weight gain among men and women who changed to consuming
a low insulinemic dietary pattern were 0.60 and 1.35 kg,
respectively, among those who changed to consuming the most
hyperinsulinemic dietary patterns. This translates to 3.6 and
8.1 kg, respectively, when considered over the entire study
period of 24 y. Therefore, changing from consuming the most
hyperinsulinemic dietary patterns to the lowest insulinemic
patterns could potentially reduce weight gain by more than half
(from 8.1 to 3.6 kg). This is important considering that, within
a population, some people will gain more and some less weight
than the average for the same dietary change. For example,
improvement in diet among participants with a poor dietary
pattern at baseline, nonsmokers, or those who were overweight
or obese was associated with significantly less weight gain
compared with some other subgroups.

The 2 indices of dietary insulinemic (EDIH) and inflamma-
tory (EDIP) potential emphasize the benefits of a lower intake
of red meat, processed meat, sugar-sweetened beverages, and
refined grains, and a higher intake of green leafy vegetables,
whole grains, whole fruit, wine, coffee, and high-fat dairy.
However, findings for the EDIH were more robust than for
the EDIP, which could be related to the fact that, although all
the changes in food intake were in the same direction for both
indices, the changes were several times larger for the EDIH than
for the EDIP. For example, among those who changed toward a
low insulinemic or inflammatory dietary pattern, the changes in
food intake led to an increase in total dietary fiber intake that
was 3 times higher, lower total protein intake that was 2 times
higher, or lower total fat intake that was 68 times higher for the
EDIH than the EDIP. These differences may be partly explained
by differences in some foods that are specific to each index. For
example, cream soup, margarine, and butter, which increased
insulin levels, and whole fruit and high-fat dairy, which reduced
insulin secretion, are specific to EDIH, whereas refined grain
is specific to EDIP. Some of these specificities may widen the
differences between macronutrient profiles, making the EDIH
more potent for weight loss than the EDIP.

Empirical hypothesis-oriented diets and weight gain 809
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FIGURE 1 Multivariable-adjusted weight change (kilograms per
4 y) in women for each 1 SD increment in the change in dietary
insulinemic (EDIH) and inflammatory (EDIP) potential, stratified by
selected characteristics. Values are mean (95% Cl) weight change
in each 4-y interval. Analyses were adjusted for age, questionnaire
cycle, baseline total energy intake, changes in total energy intake,
baseline dietary insulinemic or inflammatory potential at the beginning
of each 4-y period, baseline BMI, baseline physical activity, changes
in physical activity, baseline hours of sleep per day, hours of sitting
and watching TV per week (baseline only in NHS), 4-y change
in alcohol consumption, 4-y change in smoking status, baseline
parity, menopausal status, and postmenopausal hormone use. When
stratifying by BMI, physical activity, age, and baseline dietary
insulinemic or inflammatory potential, we adjusted for the continuous
variable within strata of the potential effect modifier, e.g., adjusting
for continuous BMI among normal weight women. The sample sizes
in the strata of the potential effect modifiers (listed in order of the 4-y
intervals: 1986-90, 1990-94, 1994-98, 1998-2002, 2002-06, 2006—
10) were as follows: normal weight (BMI <25 kg/mz): 32,072, 22,343,
14,714, 9804, 5571, 3136; overweight or obese (BMI >25): 21,993,
18,195, 16,181, 12,615, 7853, 4460; high physical activity (at or above
median, 20.8 MET-h/wk): 27774, 20,289, 15,895, 11,979, 7791, 4599;
low physical activity (below median) 26,291, 21,761, 15,694, 10,934,
6990, 3570; age >55y: 20,927, 20,521, 19,147, 18,412, 14,781, 8169;
age <bb y: 33,138, 21,629, 12,442, 4501, no woman was <bb y
after 2002; ever smokers: 29,355, 22,631, 16,859, 12,065, 7621, 4143;
never smokers: 24,610, 19,280, 14,601, 10,774, 7096, 4005; baseline
EDIH score below median score: 27028, 20,744, 15,400, 11,081,
7140, 4088; baseline EDIH score above or equal to median score:
27037 21,306, 16,189, 11,832, 7641, 4081; baseline EDIP score below
median score: 27060, 21,343, 16,155, 11,923, 7902, 4549; baseline
EDIP score above or equal to median score: 27,005, 20,707, 15,434,
10,990, 6879, 3602; premenopausal women: 24,686, 15,388, 7706,
2502, 251, 202; postmenopausal and postmenopausal hormone use
never: 14,192, 10,625, 7425, 4532, 2746, 1455; postmenopausal and
postmenopausal hormone use ever: 13,887 14,806, 15,764, 15,363,
11,349, 6112. EDIH, empirical dietary index for hyperinsulinemia
score; EDIR empirical dietary inflammatory pattern score; MET-h/wk,
metabolic equivalent hours per week.

The EDIH and EDIP scores assess dietary quality based
on the insulinemic or inflammatory potential of the diet,
respectively. Previous studies have found that higher dietary
quality assessed using conventional diet quality indices such
as the Dietary Approaches to Stop Hypertension (DASH)
index, the Alternative Healthy Eating Index (AHEI-2010), or
the Mediterranean Dietary Pattern Score (MED) is associated
with less weight gain (2, 17, 31-33). The influence of dietary
quality on weight change has, however, been explained mainly
on the basis of satiety and imbalances in energy intake and
expenditure, and some of these previous studies have therefore
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FIGURE 2 Multivariable-adjusted weight change (kilograms per
4 y) in men for each 1 SD increment in the change in dietary
insulinemic (EDIH) and inflammatory (EDIP) potential, stratified by
selected characteristics. Values are mean (95% Cl) weight change
in each 4-y interval. Analyses were adjusted for age, questionnaire
cycle, baseline total energy intake, changes in total energy intake,
baseline dietary insulinemic or inflammatory potential at the beginning
of each 4-y period, baseline BMI, baseline physical activity, changes in
physical activity, baseline hours of sleep per day, hours of sitting and
watching TV per week (baseline only in NHS), 4-y change in alcohol
consumption, and 4-y change in smoking status. When stratifying
by BMI, physical activity, age, and baseline dietary insulinemic or
inflammatory potential, we adjusted for the continuous variable within
strata of the potential effect modifier, e.g., adjusting for continuous
physical activity among men with physical activity below the median.
The sample sizes in the strata of the potential effect modifiers (listed
in order of the 4-y intervals: 1986-90, 1990-94, 1994-98, 1998-2002,
2002-06, 2006-10) were as follows: normal weight (BMI <25 kg/m?):
9855, 5955, 3396, 2251, 1404, 933; overweight or obese (BMI >25):
10,603, 6819, 4890, 3517, 2368, 1522; high physical activity (above or
equal to median, 20.8 MET-h/wk): 10,240, 6468, 4209, 2926, 1969,
1262; low physical activity (below median): 10,218, 6306, 4077, 2842,
1808, 1163; age >bb y: 6734, 4949, 3766, 3571, 3773, 2455; age
<55y 113,724, 7825, 4520, 2156, no man was <55 y after 2002;
ever smokers: 9735, 5788, 3599, 2406, 1471, 933; never smokers:
10,000, 6967 4651, 3343, 2292, 1511; baseline EDIH score below
median score: 10,312, 6386, 4146, 3025, 1997 1238; baseline EDIH
score above or equal to median score: 10,146, 6388, 4140, 2743,
1776, 1217; baseline EDIP score below median score: 10,400, 6584,
4328, 3071, 2077, 1367, baseline EDIP score above or equal to median
score: 10,058, 6190, 3958, 2697, 1696, 1088. EDIH, empirical dietary
index for hyperinsulinemia score; EDIR empirical dietary inflammatory
pattern score; MET-h/wk, metabolic equivalent hours per week.

not adjusted for energy intake or changes in energy intake
(2, 17). Although satiety and energy intake may play a role,
our findings demonstrate that the potential of whole diets to
contribute to long-term insulin exposure or to chronic systemic
inflammation may also be important in weight change.
Divergent relationships between different foods and weight
change also highlight the importance of examining overall
eating patterns and the gaps in our understanding of the
mechanisms of how specific dietary factors may influence
weight change. For example, earlier studies of specific dietary
factors that found inverse associations between dairy products
(e.g., yogurt) and weight gain suggested potential confounding
as a possible explanation of the apparently controversial
findings (17). However, data have accumulated to support the



inverse association of dairy products (including high-fat dairy
products) with weight gain or overall health (34, 35). Our
2 hypothesis-oriented indices were created in a completely
empirical manner and were based on biomarkers of specific
biological pathways. They therefore suggest insulinemia and
inflammation as potential underlying pathways that may partly
account for why dietary patterns influence weight change.
In addition, the empirical hypothesis-oriented dietary patterns
have unique features not included in the conventional diets;
for example, coffee, tomato sauce, and high-fat dairy are
all beneficial factors. Also, in our previous studies in which
we applied the empirical hypothesis-oriented scores and the
commonly used scores in the same study populations using
the same methods, we found the empirical hypothesis-oriented
dietary scores to be more robustly associated with risk of
developing colorectal cancer in both women and men (23, 36,
37).

There is debate about whether hyperinsulinemia precedes
obesity (11). Our subgroup analyses among normal weight and
overweight or obese men and women showed stronger associ-
ations among those who were overweight or obese. However,
the significant associations among normal weight participants,
although smaller in magnitude, support the hypothesis that high
insulin secretion may be the main initiator of insulin-related
weight gain (11). In response to a hyperinsulinemic or proin-
flammatory diet, glucose is preferentially metabolized as fuel
and fat is stored (38), contributing to hyperlipidemia, insulin
resistance, and weight gain (11). Dietary improvement among
overweight or obese individuals may therefore be associated
with greater weight loss than among normal weight individuals.
Also, the change in dietary pattern may be dependent on,
or sensitive to, the baseline dietary pattern, e.g., those who
begin with poor dietary quality and change to a higher dietary
quality may experience the least weight gain. Physiological
changes associated with aging, such as changes in body com-
position, decreased physical fitness, and changes in hormones,
may contribute to the impairment of insulin secretion and
action (18). However, our findings showed that older adults
(>55 y) who improved their diets gained significantly less
weight (although smaller in magnitude compared with younger
adults). Smoking has also been implicated in weight change.
Though smoking cessation has been associated with weight
gain (39), cigarette smoking is also associated with insulin
resistance, poor pancreatic 8 cell function and higher risk
of type 2 diabetes (40). In the current study, ever smokers
who improved their dietary patterns gained significantly less
weight.

In the current study, we analyzed the long-term periodic
data collected on weight, diet, and other lifestyle factors from
2 prospective cohorts to understand how changes in dietary
insulinemic and inflammatory potential relate to weight change
at 4-y intervals spanning 24 y. Another strength of our study is
that we created empirical hypothesis-oriented dietary patterns
based on unbiased associations of foods with biomarkers of
insulin response and inflammation, and conducted analyses
accounting for total energy intake, to provide insights on
potential mechanisms of the associations of whole diets and
weight change. In addition, the EDIH directly assesses long-term
insulin exposure and may therefore be a more valid instrument
than the glycemic index to assess the long-term insulinemic
potential of a diet and its consequences on disease outcomes
(24). Moreover, research has been inconclusive on the ability of
the glycemic index to modify adiposity and body weight (41—
43).

Some degree of error in assessment is inevitable in our
self-reported data. In particular, even though we adjusted
for baseline total energy intake and changes in total energy
intake during follow-up, energy intake is not reliably measured
through self-reported questionnaires and may therefore not
accurately reflect energy balance (44, 45). However, weight
change is the best population energy balance metric and
partly captures energy intake. In addition, we adjusted for
major determinants of energy balance, including age, BMI, and
physical activity. Future well-controlled feeding studies may
be needed to more accurately determine the role of energy
balance. However, isocaloric diets of varying composition
produce markedly different metabolic outcomes, indicating that
changes in diet composition (or quality) based on the diet’s
inflammatory or insulinemic potential may influence weight
change independent of total energy intake, i.e., the source of
the calories matters as well as the amount. In addition, the
dietary assessment method used (the FFQ) cannot measure
which foods are consumed together, and this may be important
in the insulinemic or inflammatory response. For example,
if simple carbohydrates are consumed together with high
fiber, the insulinemic response may be different than if the
simple carbohydrates are consumed in isolation. Residual or
unmeasured confounding cannot be completely ruled out in our
study; however, we were able to control for several potential
confounding factors, including changes in lifestyle factors. It is
also possible that the associations reflect reverse causation, but
our primary analytic approach excluded participants 6 y prior
to the diagnoses of several major chronic diseases.

In summary, our findings support that diet quality may
influence weight change in adult men and women through
mechanisms involving insulin and inflammatory signaling
pathways. Therefore, preventing high insulin secretion and
chronic systemic inflammation via nutritional interventions may
be a means to reduce overweight and obesity, and dietary
patterns with low insulinemic and low inflammatory potential
emphasize lower intake of red meat, processed meat, sugar-
sweetened beverages, and refined grains, and higher intake of
green leafy vegetables, whole grains, whole fruit, wine, coffee,
and high-fat dairy.
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