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Abstract

The glycemic and insulin indices assess postprandial glycemic and insulin response to foods
respectively, which may not reflect the long-term effects of diet on insulin response. We developed
and evaluated the validity of four empirical indices to assess the insulinemic potential of usual
diets and lifestyles, using dietary, lifestyle and biomarker data from the Nurses’ Health Study
(NHS, n=5,812 for hyperinsulinemia, n=3,929 for insulin resistance). The four indices were:

the empirical dietary index for hyperinsulinemia (EDIH) and empirical lifestyle index for
hyperinsulinemia (ELIH); empirical dietary index for insulin resistance (EDIR) and empirical
lifestyle index for insulin resistance (ELIR). We entered 39 food frequency questionnaire-derived
food groups in stepwise linear regression models and defined indices as the patterns most
predictive of fasting plasma C-peptide, for the hyperinsulinemia pathway (EDIH and ELIH); and
of the triglyceride/high density lipoprotein-cholesterol (TG/HDL) ratio, for the insulin resistance
pathway (EDIR and ELIR). We evaluated the validity of indices in two independent samples from
NHS-11 and Health Professionals Follow-up Study (HPFS) using multivariable-adjusted linear
regression analyses to calculate relative concentrations of biomarkers. EDIH is comprised of 18
food groups; 13 were positively associated with C-peptide, five inversely. EDIR is comprised of
18 food groups; ten were positively associated with TG/HDL and eight inversely. Lifestyle indices
had fewer dietary components, and included BMI and physical activity as components. In the
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validation samples, all indices significantly predicted biomarker concentrations, e.g., the relative
concentrations (95%CIl) of the corresponding biomarkers comparing extreme index quintiles in
HPFS were: EDIH, 1.29(1.22, 1.37); ELIH, 1.78(1.68, 1.88); EDIR, 1.44(1.34, 1.55); ELIR,
2.03(1.89, 2.19); all P-trend<0.0001. The robust associations of these novel hypothesis-driven
indices with insulin response biomarker concentrations suggests their usefulness in assessing the
ability of whole diets and lifestyles to stimulate and/or sustain insulin secretion.

Keywords

hypothesis-driven; dietary patterns; lifestyle; hyperinsulinemia; insulin resistance; insulin
secretion; C-peptide; triglycerides; high-density lipoprotein cholesterol

INTRODUCTION

Hyperinsulinemia and insulin resistance are considered important underlying mechanisms
linking poor dietary and lifestyle behaviors to the development of multiple chronic diseases
and conditions. For example, studies suggest that hyperinsulinemia is associated with higher
risk of colorectal adenomas() and colorectal cancer independent of adiposity( 3), and
insulin resistance has been consistently linked to obesity, inflammation, heart disease and
type 2 diabetes: 5 6). Although specific dietary factors have been shown to influence
insulin resistance and secretion(7: 8); dietary patterns or indices that include multiple dietary
factors and account for the complex interactions among nutrients and foods may be more
predictive of diet-disease associations (% 10). Other lifestyle factors that have been linked to
hyperinsulinemia and insulin resistance are body weight and physical activity (1 12; 13; 14),
Physical activity plays an important role in the prevention of insulin insensitivity(14),

while increased body weight has a direct association with insulin resistance(!1). Therefore,
combining diet, exercise, and body weight in a lifestyle index would likely be more
predictive of hyperinsulinemia and insulin resistance than each of these factors considered
separately.

Currently, the most common dietary index used to assess the ability of diets to stimulate
insulin secretion is the glycemic index (GI1). The Gl classifies carbohydrate-containing foods
by their ability to raise the postprandial blood glucose concentration relative to glucose

or white bread (13 and therefore indirectly assesses immediate insulin responses to food
intake. However, it neglects dietary factors such as proteins and fats that are also important
in insulin secretion. Moreover the GI does not quantify the long-term effects of diet on
glycemia. As an improvement on the GI, our group previously developed a food insulin
index to directly quantify the postprandial insulin response(16). However this index was not
predictive of C-peptide concentrations(16). The lack of predictive ability may be because the
insulin index, similar to the glycemic index, assesses postprandial insulin response to the
intake of specific foods and therefore is limited to quantifying short-term insulin response
rather than the long-term effects of whole diets on insulinemia. Hence we developed dietary
and lifestyle patterns that assess the insulinemic potential of usual diets and lifestyles to
reflect long term insulin exposure and overall insulin resistance, the more relevant exposure
for chronic disease prevention.
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Previously, our group derived a dietary pattern associated with hyperinsulinemia and
found this pattern to be significantly associated with colorectal cancer risk(7). However,
the sample size used to derive this pattern was small (n=833) and the pattern was

applied in the same cohort. Our objectives in the current study were three-fold: first, we
updated the previously developed dietary pattern using the currently available larger sample
of women and additionally developed separate dietary and lifestyle patterns predictive

of hyperinsulinemia, as well as insulin resistance. Second, in validation studies, we
evaluated how well these patterns predicted concentrations of insulin response biomarkers
in independent samples of men and women; and third, we examined the joint influence of
diet, body weight and physical activity on clinically relevant hyperinsulinemia and insulin
resistance.

METHODS

Study populations

The Nurses’ Health Study (NHS), Nurses’ Health Study-11 (NHS-11) and Health
Professionals Follow-up Study (HPFS) are ongoing prospective cohorts established in 1976,
1989 and 1986 respectively. The NHS (n=121,701) enrolled female registered nurses aged
30-55 years, while the NHS-11 (n=116,430) enrolled younger female registered nurses 25
to 42 years(8). The HPFS (n=51,529) enrolled male health professionals aged 40-75 years.
Blood samples were collected from subpopulations of the NHS (n=32,826) in 1989-1990,
NHS-11 (n=29,611) between 1996 and 1999 and HPFS (n=18,225) from 1993 to 1994(19),
Blood collection was conducted using similar protocols for all cohorts. The procedures,
including collection, handling and storage, have been previously summarized (29). In the
current study, we used data from previous matched case-control studies nested within each
of the three cohorts that measured fasting concentrations of plasma C-peptide, triglycerides
(TG) and high density lipoprotein cholesterol (HDL). In the NHS, 5,812 women with C-
peptide data and 3,929 women with data on TG and HDL were included in the development
of the dietary and lifestyle indices. For the validation studies, there were 4,002 men with
C-peptide data and 3,559 men with TG and HDL data in the HPFS cohort; and 1,717
women with C-peptide data and 1,008 women with TG, HDL data in the NHS-11 cohort. The
Institutional Review Boards at Brigham and Women’s Hospital and at Harvard T.H. Chan
School of Public Health approved this study.

Biomarker assessment

For the current analysis, we utilized fasting plasma C-peptide concentrations to assess
hyperinsulinemia. Compared to insulin, C-peptide has proven to be a better measure of
beta-cell secretory activity as it is not extracted by the liver, has a slower metabolic clearance
rate, and does not cross-react with antibodies to insulin®1). To assess insulin resistance,

we utilized the ratio of fasting triglyceride to fasting high-density lipoprotein-cholesterol
(TG/HDL) which has been shown to be significantly correlated with insulin resistance (22),
TG/HDL is also a simple and clinically useful way to identify apparently healthy individuals
who are insulin resistant (23: 24 25),
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Procedures for the measurement of fasting plasma insulinemic markers (C-peptide, TG
and HDL) in the NHS, NHS-I1, and HPFS have been described (26: 27). C-peptide was
measured by ELISA (Diagnostic Systems Laboratories/Beckman Coulter, Webster, TX).
HDL cholesterol and TG were measured by standard methods with reagents from Roche
Diagnostics (Indianapolis, IN) and Genzyme (Cambridge, MA) (26:27)_ The intra-assay
coefficient of variation from blinded quality control samples were <12% for C-peptide and
<1.8% for TG and HDL across batches.

In the nested case-control studies in which these biomarkers were measured, samples from
cases and their matched controls were analyzed in the same batch. Quality control samples
were randomly interspersed among the case-control samples, and laboratory personnel were
blinded to quality control and case-control status for all assays. Biomarkers were measured
in multiple batches over several years. There may be differences in mean biomarker levels
by batch due to different reagents, technicians, or laboratories, but also due to differences
in the participants in each batch. We therefore used a 3-step method previously described
by Rosner et al.(28), to recalibrate biomarker concentrations across several batches to the
value of an "average batch" accounting for true variability across batches due to different
distributions of predictors of the biomarker across batches: i) we constructed a linear
regression model with biomarker levels as the dependent variable and batch indicators

as well as variables that may vary by biomarker levels and by batch (regular aspirin/
NSAIDs use, age at blood draw, physical activity, smoking status, diabetes, other chronic
diseases/conditions, case-control status, and menopausal status, postmenopausal hormone
use in women) as the independent variables, ii) next we calculated the average batch

beta coefficient () by summing the batch indicator Bs and dividing by the total number

of batches, iii) lastly we calculated the difference between each batch p and average B

and recalibrated biomarker concentrations by subtracting this difference from the original
biomarker concentration. The recalibrated biomarkers were then used in analyses. The
correlations between the recalibrated and uncalibrated TG/HDL was 0.96, and 0.85 for
C-peptide in the NHS, therefore we used the uncalibrated TG/HDL and calibrated C-peptide
in the primary analyses and conducted sensitivity analyses with the recalibrated TG/HDL
and uncalibrated C-peptide.

Assessment of dietary and non-dietary data

Dietary data are updated every four years in the NHS (since 1980), NHS-11 (since 1991) and
in the HPFS (since 1986) with a validated semi quantitative food frequency questionnaire
(FFQ) that assessed diet intake in the previous one year (29 30: 31) \We used dietary data
from the questionnaires closest to the blood draw. That is, the 1990 FFQ for the NHS, 1999
FFQ for NHS-11, and the 1994 FFQ for HPFS. Participants with excessive missing items
(=70) on the FFQs or implausibly low or high energy intake (<600 or >3500 kcal/d for
women and <800 or >4,200 kcal/d for men) were excluded(32),

All three cohorts collected nondietary data (e.g., medical history and health practices)

and updated the data through biennial self-administered questionnaires. We calculated
participants’ body mass index (BMI -kg/m2) using height (meters) reported at baseline
for each cohort, and weight (kg) reported on the questionnaire closest to blood draw.
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Participants reported smoking status (never, former, current), and we calculated physical
activity, expressed in metabolic equivalent (MET)-hours per week by summing the average
MET-hours/week for the following activities: tennis/squash/racquetball, rowing, calisthenics,
walking, jogging, running, bicycling, and swimming. The reproducibility and validity of

the physical activity questionnaire have been evaluated.(33: 34) Regular use of aspirin or
other non-steroidal anti-inflammatory drugs (NSAID) was defined as use of >2 standard
tablets (325-mg) of aspirin or =2 tablets of NSAIDs per week. We derived a chronic

disease comorbidity score by summing the presence=1/absence=0 of the following chronic
diseases/conditions: hypercholesterolemia, cancer, high blood pressure, heart disease, and
rheumatoid/other arthritis).

Development of the indices of lifestyle and dietary insulinemic potential

We developed four indices to assess the insulinemic potential of whole diets and lifestyles:
the empirical dietary index for hyperinsulinemia (EDIH) and empirical lifestyle index for
hyperinsulinemia (ELIH) that also includes BMI and physical activity as components;
the empirical dietary index for insulin resistance (EDIR) and empirical lifestyle index for
insulin resistance (ELIR) that also includes BMI and physical activity as components.

Of the three cohorts, the NHS had the largest sample of participants with biomarker data,
therefore we used dietary, lifestyle and biomarker data (C-peptide, TG and HDL) in the
NHS to develop the indices, and based the scores on food groups rather than nutrients, to
approximate how people perceive dietary intake. We first calculated daily intakes per 1000
kcal of 39 previously defined food groups(32) from the 1990 FFQ. The grouping scheme
was based on the similarity of the nutrient profiles or culinary usage among the foods.(32)
We then used four separate stepwise multivariable-adjusted linear regression analyses to
identify the most important component food groups and lifestyle factors contributing to
hyperinsulinemia (with C-peptide concentrations as the dependent variable) and to insulin
resistance (with TG/HDL as the dependent variable), with the 39 food groups as independent
variables, and a significance level of P=0.1 for entry into, and retention in the model. BMI
and physical activity were added to the list of the 39 food group predictors in models to
develop the lifestyle indices. Intakes of the food groups identified in the stepwise linear
regression analyses were weighted by the regression coefficients derived from the final
stepwise linear regression model, and then summed to constitute the indices. All four
index scores assess the insulinemic potential of diet on a continuum from maximally low
insulinemic potential to maximally high insulinemic potential, with higher (more positive)
scores indicating more highly insulinemic diets or lifestyles (hyperinsulinemia or insulin
resistance) while lower (more negative) scores indicate low insulinemic or insulin sensitive
diets or lifestyles.

Sensitivity analyses

In sensitivity analyses, we created three potential alternative versions of both the EDIH and
EDIR by: i) using uncalibrated C-peptide and calibrated TG/HDL,; ii) using unweighted
components, thus assuming that all components contribute equally to the total score; iii)
constructing the indices among only control subjects of the nested case-control studies
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(although all the nested case-control studies that generated the data for the current study
used prediagnostic blood samples from chronic disease-free participants).

Additionally, we compared the predictive ability of the previously developed C-peptide
dietary pattern. This pattern was high in red meat, high energy beverages, fish and creamy
soup intake, and low in coffee, high-fat dairy and whole grains intake. Lastly, we compared
the predictive ability of EDIH and EDIR with that of the previously developed insulin index.
The insulin index has been described; its values compare the postprandial plasma insulin
response of a specific food relative to a reference food(16),

Statistical analysis

Where it is not explicitly stated, the analyses described for EDIH and EDIR were also
applied to their respective lifestyle versions. We described participants’ characteristics using
means (standard deviations) for continuous variables or geometric means (coefficient of
variation) for log transformed variables, and frequencies (%) for categorical variables.
Concentrations of all biomarkers were back transformed to their original units (eX where x
is the transformed biomarker value) because biomarkers were log transformed using natural
logarithms prior to analyses.

In NHS, we calculated correlation coefficients between the EDIH or EDIR, their alternative
versions and the insulinemic markers. We also assessed the distribution of the absolute
average concentrations of C-peptide across quintiles of EDIH, and TG/HDL across quintiles
of EDIR, stratified by joint categories of BMI and physical activity (PA) as follows: lean
and active (BMI <25kg/m? and PA >median PA), lean and sedentary (BMI <25kg/m?

and PA <median PA), overweight/obese and active (BMI =25kg/m? and PA >median

PA) and overweight/obese and sedentary (BMI =25kg/m? and PA <median PA). The
multivariable models were adjusted for the following covariates: age at blood draw (years,
continuous), physical activity (MET-hours/week, continuous), smoking status (never, former,
current), regular aspirin/NSAIDs use (yes/no), case-control status, history of diabetes
(yes/no), chronic disease comorbidity score and additionally for menopausal status and
postmenopausal hormone use. BMI was not controlled for in the multivariable models
because it has been shown to mediate(3: 36) and/or modify(1”) the association between diet
and insulin markers, thus controlling for BMI could result in attenuation of true associations
or loss of statistical power to detect true associations.

In the validation studies in which we evaluated how well the indices predicted
concentrations of the insulin response biomarkers in the HPFS and NHS-I1 samples,

we calculated scores for the EDIH and EDIR and their potential alternative versions,

and estimated correlations among the index scores and biomarkers (C-peptide for
hypersinsulinemia) and (TG/HDL for insulin resistance). Also, we assessed the distribution
of the absolute average concentrations of C-peptide across quintiles of EDIH, and TG/HDL
across quintiles of EDIR, stratified by joint categories of BMI,PA described above. To
determine if there were clinically relevant differences in the insulinemic potential of

diet between these categories, we used clinically relevant cut points; 1.8ng/mL for C-
peptide(7: 38) and 3 for TG/HDL(25: 39) (values considered to be the upper limit of normal)
to dichotomize the biomarkers. Participants with values >1.8ng/mL were classified as having
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high C-peptide concentrations while those with TG/HDL >3 had high TG/HDL ratio. We
then calculated proportions of participants with clinically high levels of biomarkers across
dietary index quintiles in each category of BMI,PA.

The associations between EDIH or EDIR and their respective outcome biomarkers was
assessed in multivariable-adjusted linear regression models using relative concentrations
of the biomarkers predicted in higher EDIH or EDIR quintiles, with the lowest quintile
as reference (e.g., concentration in quintile 5 / concentration in quintile 1). We used

the continuous index adjusted for multiple covariates to assess the trend of biomarker
concentrations across quintiles of the categorized index. All multivariable models were
adjusted for the previously described potential confounding variables.

In sensitivity analyses, we applied each of the three alternative versions of the EDIH

or EDIR (scores developed using uncalibrated C-peptide and calibrated TG/HDL, scores
developed using unweighted components, scores developed in control subjects only) in
multivariable-adjusted linear regression models to predict relative concentrations of the
biomarkers. In addition, we compared the predictive ability of the previously developed
C-peptide dietary pattern and the insulin index with that of the EDIH and EDIR. Though
participants were free from diabetes at blood collection, we excluded participants identified
to have diabetes during the nested case-control studies, and compared findings with those
from all participants.

All analyses were conducted using SAS version 9.3 for UNIX. All tests were 2-sided and
95% confidence intervals not including 1 were considered to indicate statistically significant
results.

Of the 39 food groups examined, 18 were identified as significant contributors to the

EDIH, with 13 of them positively associated and five inversely associated with C-peptide
concentrations (Table 1). ELIH had 14 components; seven components including BMI

were positively associated with C-peptide while the remaining seven components including
physical activity were inversely associated with C-peptide concentrations. Common to

both the dietary and lifestyle hyperinsulinemia indices were red meat, margarine, creamy
soups, butter (positive associations); high fat dairy, wine, coffee and whole fruit (inverse
associations). The EDIR had 18 components; ten were positively associated while eight
were inversely associated with TG/HDL. ELIR had 17 components: 11 including BMI,

were positively associated with TG/HDL, while the remaining six including physical activity
were inversely associated with TG/HDL. Common to both the dietary and lifestyle insulin
resistance indices were margarine, red meat, refined grains, processed meat, tomatoes, other
vegetables, low energy beverages (positive associations); coffee, wine, high fat dairy, liquor
and green leafy vegetables (inverse associations) (Table 1). The potential alternative versions
were similar and mainly differed from EDIH and EDIR in the number of components
(Supplemental Table 1).
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In the NHS, the proportion of overweight women in the highest quintile of both the EDIH
and EDIR was ~2 times higher than the proportion in the lowest quintile. Similarly, the
proportion of lean and active participants was highest in quintile 1 and lowest in quintile
5. The proportion of participants with =3 chronic diseases/conditions in the highest quintile
was >2 times higher than in the lowest quintile (Table 2). Both dietary indices showed
moderate correlations with biomarkers. For example, the Spearman correlation coefficient
was 0.21 for EDIH and C-peptide and 0.32 for EDIR and TG/HDL. The correlations were
stronger for the two lifestyle indices, with correlations coefficients of 0.47 between ELIH
and C-peptide and 0.46 between ELIR TG/HDL (Table 3). Also, the EDIH and EDIR
were highly correlated with their potential alternative versions but correlations with the
insulin index were low, e.g., while the EDIH had a correlation coefficient of 0.90 with the
version developed in control subjects, its correlations with the insulin index was —0.07.
Corresponding correlations for the EDIR were 0.89 and 0.14 respectively (Supplemental
Table 2).

In multivariable-adjusted models in the NHS, the EDIH and EDIR were significantly
associated with C-peptide and TG/HDL. The C-peptide concentration of women in the
highest quintile of the EDIH was 40% (95%Cl; 34%, 46%; P-trend<0.0001) higher than
that of women in the lowest quintile. Similarly, women in the highest quintile of the

EDIR had a 67% (95%Cl; 55%, 80%; P-trend<0.0001) higher concentration of TG/HDL
than women in the lowest quintile. The corresponding contrasts for the ELIH and ELIR
were 97% (95%CI; 89%, 106%) and 127% (95%Cl; 111%, 145%), respectively (Table

4). Multivariable-adjusted analyses excluding women with diabetes were not materially
different (Supplemental Table 3). In stratified analyses, there were large differences in
C-peptide concentrations in EDIH quintiles across combinations of BMI,PA. Women in the
overweight/obese and sedentary category had the highest concentrations of C-peptide while
those in the lean, active category had the lowest concentrations. Also, there were significant
trends of increasing TG/HDL concentrations within joint strata of BMI and physical activity
(Figure 1).

In the validation studies using HPFS and NHS-I1 data, we observed similar trends in
participant characteristics as in the NHS. Concentrations of C-peptide and TG/HDL
increased monotonically across quintiles of their respective dietary and lifestyle indices.
For example, between extreme index quintiles in the HPFS, there was a 25 and 82 percent
increase in C-peptide for EDIH and ELIH respectively, and a 60 and 132 percent increase
in TG/HDL for EDIR and ELIR respectively (Supplemental Table 4 for EDIH and EDIR
and Supplemental Table 5 for ELIH and ELIR). Also, we found similar correlation patterns
for the indices and biomarkers in the HPFS and NHS-11 samples as in the NHS. That is,
moderate correlations between dietary indices and biomarkers, stronger correlations between
lifestyle indices and biomarkers (Table 3), and very strong correlations between dietary
indices and potential alternative versions but low to moderate correlations with the insulin
index and previously developed C-peptide dietary pattern (Supplemental Table 2). The
insulin index was inversely correlated with C-peptide and with EDIH. In the HPFS the
correlation between the EDIH and EDIR was 0.63.
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All four indices were significantly associated with their respective biomarkers in HPFS

and NHS-II, with stronger associations observed for the two lifestyle indices than their
diet-only counterparts (Table 4). For example, in HPFS, the relative concentration of
C-peptide was 29% (95%ClI; 22%, 27%; P-trend<0.0001) higher in the highest quintile

of EDIH compared to the lowest quintile; while the concentration of TG/HDL was 44%
(95%Cl; 34%, 55%; P-trend<0.0001 higher in quintile 5 of EDIR compared to quintile

1. Corresponding associations for the lifestyle indices were: 78% (95%Cl; 68%, 88%; F-
trend<0.0001 for ELIH and 103% (95%ClI; 89%, 119%; P-trend<0.0001 for ELIR (Table 4).
Excluding participants with diabetes did not materially change these findings (Supplemental
Table 3). In HPFS, there were differences in concentrations of C-peptide and TG/HDL
across index quintiles and in categories of BMI,PA, with overweight/obese and sedentary
men having the highest biomarker levels compared with overweight/obese and active men
or to lean, active or sedentary men (Figure 2). The proportion of participants with clinically
high C-peptide concentrations across each EDIH quintile was 1.5 to 2 times higher among
overweight/obese and sedentary men than among lean and active men, while the proportion
with high TG/HDL levels was 2 to 3 times higher with EDIR quintile among overweight/
obese and sedentary men than among lean and active men. Among men classified as lean
and active, a higher proportion of those consuming diets with high insulinemic potential had
clinically high biomarker levels than those consuming insulin sensitive diets (Figure 3).

Results from the sensitivity analyses in both men and women showed that associations
between the dietary patterns developed only in control subjects and those with uncalibrated
C-peptide and uncalibrated TG/HDL with biomarkers were reasonably similar to the
associations obtained with the EDIH or EDIR. However, associations for the unweighted
versions and the previously developed C-peptide pattern were smaller in magnitude. In
contrast, the insulin index was not predictive of C-peptide concentrations in both men and
women. Relative concentrations were: 0.94 (95%Cl; 0.89, 1.00; ~trend=0.03) for men and
0.99 (95%Cl; 0.91, 1.09; P-trend<0.90) for women, comparing extreme index quintiles,
though there was a trend towards an inverse association in men. The insulin index however
had a direct (but smaller compared to EDIR) association with TG/HDL in men 1.20 (95%Cl;
1.11, 1.29; P-trend<0.0001) but not in women 1.12 (95%CIl; 0.99, 1.26; P-trend=0.06). The
previously developed C-peptide dietary pattern also had direct associations (though smaller
in magnitude) with C-peptide concentrations in both men and women (Supplemental Table
6).

DISCUSSION

We developed two dietary and two lifestyle indices in a large cohort of women and evaluated
their validity in two large independent cohorts of men and women. In all cohorts, the indices
were predictive of both the absolute and relative concentrations of the insulin response
biomarkers though the lifestyle indices were more predictive than the dietary indices. When
we applied cut points that have been shown to discriminate between clinically high and low
biomarker concentrations in adults, we found a consistently higher proportion of participants
with high biomarker concentrations across index quintiles within subgroups defined by

joint categories of BMI,PA, and across BMI,PA categories within index quintiles. These
dietary indices assess the long term insulinemic potential of whole diets, which is in contrast
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to the assessment of the acute postprandial glycemic or insulinemic potential of specific
foods as has been done previously. In addition, the use of the TG/HDL ratio to derive

the insulin resistance dietary pattern is novel. While our group previously used C-peptide
concentrations to derive a hyperinsulinemia dietary pattern(!?), in the current study, we
updated and strengthened this pattern by validating it in two independent cohorts of men and
women. Several sensitivity analyses supported the robustness of the EDIH and EDIR.

The dietary patterns though empirical, align well with current knowledge. In concordance
with the inverse associations found for whole fruits, green leafy vegetables, and coffee
with hyperinsulinemia, other studies have shown that higher coffee intake as well as a
plant-based diet that is high in fiber, fruit and whole grains is associated with lower
concentrations of C-peptide (7:40) (&), The dietary pattern predictive of insulin resistance

is simultaneously influenced by factors that affect both triglycerides and high-density
lipoprotein cholesterol. We found margarine, refined grains, processed meats, creamy soups
and fruit juice to be positively associated with insulin resistance while nuts, alcohol, and
green leafy vegetables to be inversely associated. Similarly, in previous studies, diets
consisting of refined carbohydrates, and sweeteners, large amounts of saturated fats and
trans fats (as in many cream-based sauces) have been associated with higher triglycerides
concentrations, while higher intake of omega-3-fats such as in nuts and the moderate use of
alcohol have been linked to higher levels of HDL cholesterol(7: 41),

We found clinically relevant differences in biomarker concentrations both across dietary
index quintiles and across BMI,PA categories. For example 73% of overweight/obese and
sedentary men consuming the most pro-insulinemic diets had high C-peptide concentrations
(=1.8ng/mL) compared to only 37% of lean and active men consuming the least pro-
insulinemic diets. Also, 72% of overweight/obese and sedentary men consuming the most
insulin resistant diets had high TG/HDL levels (>3) compared to only 19% of lean and
active men consuming the most insulin sensitive diets. These differences further strengthen
the idea that these dietary indices can be useful in identifying populations at risk of
hyperinsulinemia or insulin resistance. Our approach to create lifestyle indices (ELIH and
ELIR) is complementary to the stratification of the diet-only indices (EDIH and EDIR)

by BMI,PA combinations. Lifestyle indices assess the joint influence of diet, body weight
and physical activity on hyperinsulinemia and insulin resistance, which is important for
public health interventions. The indices assess the insulinemic potential of diet/lifestyle on
a continuum from maximally low insulinemic to maximally high insulinemic potential with
no optimal cut point for classifying individuals as absolutely high or low. Stratifying the
diet-only indices by BMI,PA combinations accordingly to established clinically relevant
biomarker cut points provides further insight on subgroups to target with specific dietary and
or lifestyle interventions to reduce hyperinsulinemia and/or insulin resistance.

The differences between participants with clinically high and low biomarker levels within
quintiles of the dietary indices were observed despite the low to moderate correlations
between the indices and biomarkers. In previous studies, hypothesis-driven dietary patterns
have shown low to moderate correlations with the biomarkers used to derive the patterns,
yet these dietary patterns have shown robust associations with disease risk in independent
populations(42 43). For example, Fung et al. reported a correlation coefficient of 0.23
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between the dietary pattern predictive of C-peptide and C-peptide concentrations in NHS,
though the pattern showed a significant positive association with colon cancer risk(17). Also,
a dietary inflammatory index showed low correlations with inflammatory markers yet strong
associations with chronic diseases including cancer (44 45:46)_ This suggests that correlations
with biomarkers may not be a direct assessment of the performance of the dietary pattern

in disease prediction or clinical significance. For example, among lean and active men,
comparing the highest quintile of EDIR to the lowest, the prevalence of clinically high
TG/HDL levels can potentially be reduced by >50% through diet interventions even though
the EDIR had a low correlation (+=0.15) with TG/HDL. A low/moderate correlation may
also be due to the dietary patterns not capturing other lifestyle behaviors that are associated
with the biomarker. Interestingly, when lifestyle factors such as BMI and physical activity
were included, the correlations between the lifestyle indices and biomarkers were >2 higher
than that between the diet-only indices and biomarkers.

Our group previously created the dietary insulin index to quantify the short term
(postprandial) insulin-secreting ability of specific foods(16). This index was associated

with higher triglycerides and lower HDL levels, with an indicative inverse association

with C-peptide concentrations(®). In the current study we compared the predictive ability
of the four indices with the insulin index in sensitivity analyses. The insulin index was
directly associated with TG/HDL, which is expected in the context of prevalent insulin
resistance, but the correlation was much lower than that of our empirical indices with TG/
HDL. Moreover, the index also showed an inverse trend of association with C-peptide
concentrations, which at first seemed counterintuitive but may be understood in the

context of our cross-sectional study design using fasting plasma samples. For example, in
participants who may usually be consuming a high EDIH/high Gl diet; such a diet will elicit
higher insulin secretion to reduce the acute postprandial glycemia. The lowered glucose
level will down-regulate further insulin secretion?), and blood drawn a couple of hours
into the fasting period will therefore show an inverse association (temporarily) between

the insulin index (postprandial insulinemia) and insulin secretion (C-peptide concentration)
which may not persist longitudinally.

Our study is not without limitations. We only had one measurement of the insulin markers,
which may underestimate validity assessed by correlation coefficients.(48) Given that food
intake was self-reported, some measurement error is inevitable, though the validation data
showed reasonably good correlations between FFQ and diet records suggesting that dietary
intake is generally well measured in our cohorts(2%: 30:31)_ The composition of food groups
may not be uniform across studies, which would limit the ability to apply the indices across
studies in a standardized manner, though investigators may be able to create unified food
groups in pooled analyses of primary data or in multi-center studies and thus enhance the
usefulness of these hypothesis-driven dietary patterns in large scale epidemiologic research.
Study participants in all three cohorts are mostly Caucasian health professionals, but the
distributions of most participant characteristics in the three cohorts are generally similar

to that of the larger US multi-racial/ethnic population. It is important however to further
apply the indices in multi-racial/ethnic populations. Other lifestyle factors include smoking
and exogenous hormone use but we focused mainly on BMI and PA in the lifestyle

indices because these have been shown to be strongly associated with circulating insulin

Br J Nutr. Author manuscript; available in PMC 2018 May 08.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Tabung et al.

Page 12

markers(LL: 12:13;14) \\e adjusted for a large number of potential confounding variables
including a history of diabetes and other chronic diseases/conditions, but these variables
were self-reported, thus allowing the possibility of residual confounding. However, results
from the age-adjusted and multivariable-adjusted models were very similar in all cohorts,
suggesting that any confounding would have been very minimal.

CONCLUSION

These novel hypothesis-driven empirically derived dietary and lifestyle indices assess
dietary and lifestyle quality based on insulinemic potential. Their robust associations with
the insulin response biomarkers in independent samples suggest their usefulness in assessing
the ability of whole diets and lifestyles to stimulate and/or sustain insulin secretion. The
indices can be useful in identifying populations at high risk for hyperinsulinemia or insulin
resistance. Additionally, the indices may be calculated in a standardized and reproducible
manner across different populations thus circumventing a major limitation of dietary
patterns derived in the same study in which they are applied. Moreover, studies without
insulin markers data may calculate the index scores to investigate associations between
dietary and lifestyle insulinemic potential and disease outcomes.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Multivariable-adjusted biomarker concentrations across quintiles of the (A) empirical dietary
index for hyperinsulinemia (EDIH) and (B) empirical dietary index for insulin resistance
(EDIR), stratified by joint categories of body mass index (BMI) and physical activity (PA)

in the Nurses’ Health Study (NHS), 1990. Values are back transformed (¢* , where X is

the transformed biomarker value) predicted mean fasting plasma biomarker concentrations,
obtained from linear regression models, adjusted for regular aspirin/NSAIDs use, age,
smoking status, physical activity, menopausal status, postmenopausal hormone use, diabetes,
other chronic diseases/conditions, case-control status. The P-value for trend was the P-value
of the dietary index as a continuous index variable adjusted for all covariates. Categories

of BMI and PA combinations were created as follows: lean and active (lean,act; BMI
<25kg/m? and PA >median PA), lean and sedentary (lean,sed; BMI <25kg/m?2 and PA
<median PA), overweight/obese and active (owt/ob,sed; BMI >25kg/m? and PA =median
PA) and overweight/obese and sedentary (owt/ob/act; BMI >25kg/m? and PA <median PA).
Median PA=10.2 MET-hrs/week for women with C-peptide data, and 9.10 MET-hrs/week
for those with TG/HDL data.
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Figure 2.
Multivariable-adjusted biomarker concentrations across quintiles of the (A) empirical dietary

index for hyperinsulinemia (EDIH) and (B) empirical dietary index for insulin resistance
(EDIR), stratified by joint categories of body mass index (BMI) and physical activity (PA)
in the Health Professional Follow-up Study (HPFS), 1994. Values are back transformed

(¢*, where x is the transformed biomarker value) predicted mean fasting plasma biomarker
concentrations, obtained from linear regression models, adjusted for regular aspirin/NSAIDs
use, age, smoking status, physical activity, diabetes, other chronic diseases/conditions, case-
control status. The P-value for trend was the P-value of the dietary index as a continuous
index variable adjusted for all covariates. Categories of BMI and PA combinations were
created as follows: lean and active (lean,act; BMI <25kg/m? and PA =median PA), lean

and sedentary (lean,sed; BMI <25kg/m? and PA <median PA), overweight/obese and active
(owt/ob,act; BMI >25kg/m? and PA =median PA) and overweight/obese and sedentary (owt/
ob,sed; BMI =25kg/m? and PA <median PA). Median PA=28.1 MET-hrs/week for men with
C-peptide data, and 24.8 MET-hrs/week for men with TG/HDL data.
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Figure 3.
Distribution of participants (%) with clinically high levels of biomarkers in quintiles

(Q) of dietary indices and in joint categories of body mass index/physical activity (PA)
combinations, Health Professionals Follow-up Study (HPFS), 1994. Categories of BMI

and PA combinations were created as follows: lean and active (lean,act; BMI <25kg/m?

and PA >median PA), lean and sedentary (lean,sed; BMI <25kg/m? and PA <median

PA), overweight/obese and active (owt/ob,act; BMI =25kg/m? and PA >median PA) and
overweight/obese and sedentary (owt/ob,sed; BMI =25kg/m? and PA <median PA). Median
PA=28.1 MET-hrs/week for men with C-peptide data, and 24.8 MET-hrs/week for men with
TG/HDL data.

Br J Nutr. Author manuscript; available in PMC 2018 May 08.




Page 19

10 Buinuas T ‘eised dnd T ‘991 a1ym dnd T “UNISIQ 40 uignw T ‘1o Jo [abeq T ‘suignw ysibu3g T ‘peaiq auym ad1|s T) suread paunal (Buissalp pejes sebaula pue [10 sq1 T ) Buissaap pejes (918 uib ‘Aaxsiym 1oys T 1o quup T) Jonbij {(321nf unuy Jayio ‘sainl unuyadelb ‘aoinl abuelo
‘19p19 10 92In[ ajdde jo sse|b [jews T) 821Nl N4y ¢ faamng Jed T :(s19x9e49 T ‘uloadod Jo sdiyd ulod ‘sdiyd ojerod zo T Jo Beq |jews T) syoeus :( ‘(saorerod 19ams dnd 24 ‘swiek dnd z4 ‘ysenbs (Jauim) mojjaA dnd z4 ‘sjoared dnd g/T) sajgeraban mojjaA daep {(swnd Jo syooude pauued
74 10 ysaly T ‘sayoead pauued 24 1o ysaly T ‘saliagan|q dnd z4 ‘satiagments dna 24 ‘uniyadelh ¢4 ‘sebuelo T ‘pauued dnd z; Jo Jead Jo ajdde ysaiy T ‘UojawIBIeM 3011 T'adnojeIued UoJaW 74 ‘Seueueq T ‘OpedoAe T ‘sadelb g/T ‘suistel yoed |jews 10 zoT) 1INJy ajoym :(sonns) Jes| Jo
aurewol Jo Buinles ‘8anns| peay Jo B1agadl Jo Buiniss ‘yoeuids dnd g/T) sajgershion Ayes| usaab {(asaayd Jayio 8d1|s T 40 0 T ‘95882 Weald z0o T ‘weald 391 dnd 74 ‘Weald Jnos sqi T ‘weald “Yjiw ajoym sselb zo g) syonpoad Airep 1ej-ybiy (933409 dna T ‘(suim ayym ‘auim pal Jo
sse|b zo {) auim (Ineuydanes ‘suaaib paeyd pue ‘preisnu ‘afey| ‘sinoids sjassniq Lamopdines ‘abeqaed paxood ‘abeqged pax00dun pue Mejsajod ‘1109201q Jo dnd z/T) sajgershan snoaayionuad (66a T {(sones oyewo) Jo dnd 2 ‘a21In[ 01ewo) Jo sseyd |[ews T ‘0rew o) ysaiy T) Sa01ewoy
{(unBoA dna T ‘j1w 891 10 18qJays dna z4 ‘M[1W 1e}-Mmoj 10 wis sse|b zog) syonpoad Aarep 1ej-moj :(ysiy Tea diep Ueyl Jaylo poojeas Jayio pue ysiy ‘sdojjeas 481sqo] ‘dwiiys ‘eun) pauued zo G—¢) Yskk 48Y1o sald) Yyoualdy zo ¢ L191ang Jed T (syuiip yound 3niy ‘rebns yum
sabelanag pareuoqted Jayio ‘4ebns yiim ejod Jo ued T 4o 3jnoq T ‘sse|b 1) sabeansq ABaaua ybiy (Uys oYM 1o Yum Asxini 1o uaydIyd zo 9—y) Auynod ‘auraebaew red T ‘(dnos weald 1o Japmoyd dna T) sdnos weatd (sabesanaq pareuogsed ABIsus-moy Jaylo ‘ejod ABIaus-mo|
JO ued T 4o 31noq T ‘sse|f T) sabeasnaq ABasus moj ‘(Bop 1oy T ‘U0deq Sadl|S g ‘syesw passadoud ad1|s T 10 a2a1d T) yeaw passadoud :(1abinquiey Aned T ‘quue] zo 9— Yod z0 9— ‘}93Q Z0 9—p) S¥eal Pad SMO||0) Se Paulyap a1am pautelal (p/sbuiales) sdnolb pooy ay L

7000 8L0°0- SINN 7000 GG0'0-  sa|geaben Ajes| usalo
7000 ¥90°0- sa|qejafian Ageal usalo 1000 €0T'0-  sd|qeabian mojjah xieq 1000 9v0'0- Aurep yey ybiIH
1000 T000-  (Iwsiy-LIN) Ananoe [eaisAud 1000 990'0- AKurep yey ybiH €000 620°0- SHNJY 8j0YM
1000 790°0- Aarep 1ey ybiH 7000 9/00-  sa|qeIsbon Ajes| usaio 5000 G€0'0- 391400
2000 2T o- Jonbr 2000 0120~ 10g 7000 650°0- Buissaip pefes 6000 S9T°0- UM
7000 TLT0- UM 9000 7020~ Jonby 7000 200- $YoeuS SLOI3BI00SSE 9SINU[
2000 Tv0°0- 89400 1100 192°0- BUIM 7000 ¥50°0- Areip 1ey ybiH 1000 veT0 sb63
SUOHEI20SSE dsIoNU/ 8100 0L0°0- 394400 7000 T000-  (IWSIU-LIIN) AnAnoe [e1sAud 1000 G200 Alrep 1oy Mo
1000 1200 T SUOI1BI00SSE 9SINU[ 2000 TL00- BUIN 7000 G600 saojewol
1000 0L00 sa|qelabon JaLpo 1000 6150 sdnos Aweaid 2000 620°0- uny 3joyMm 1000 v0T'0  sabesanaq ABious ybiH
1000 veT0 Je3W Passa001d 1000 2500 aaInfynig 2000 020°0- 394400 1000 2T usl JaLpo
1000 09T°0 $90y810d 1000 GST0 ISTRENe] SUOI3BI00SSE 9SINU[ 7000 7850 $314} Youaid
1000 890°0 ol yuniy 7000 9210 sa|qereban JaLpo 1000 zr00 oIl unu4 1000 760°0 Janng
2000 1500 safesonag ABaus moT 2000 SYT0 S307eWO. 7000 6800 Jesw pay 2000 €8T°0 Angnod
2000 GET'0 $80JeWO L 7000 1280 syesW passa00id 7000 8500 Jepng 2000 7500 auebren
€000 6600 aurebie 9000 2010 suresb pauey 1000 9€5°0 sdnos weai) 2000 6610 Jeal Passad0ld
€000 18T°0 Jeaw pay 6000 82€'0 Jesw pay 7000 2L00 Jonbr €000 1810 sdnos weai)
€000 900 suresb pauey €100 1210 auebreN 7000 1700 aunebie 7000 €500  sabeianag ABlsus moT
16T°0 Ly0°0 (zw/B) xaput ssew Apog ¥10°0 911’0 salelansq AB1aus Mo 18T°0 1500 (zw/B) xapul ssew Apog 8000 0520 yesw pay
SUOIBII0SS? NSO SUOIIBII0SSE SAINISOL SUORBII0SSE NSO SUOIBIZ0SSE NSO
Hwhm:_um.m t:m_w\s *Q:ohm pooH Hmhmzcm.w_ tcm_m\s *a:ohm poo4 Hwk_mzcm.w_ +H:m_w>> *%P_m poo4 ngmzcm.m t:m_w>> *Q:Em poo+

available in PMC 2018 May 08.

1

Br J Nutr. Author manuscript

Tabung et al.

Author Manuscript

(41713) souelsisal
ulnsul 1oy xapul ajA1sayl] [earaidwg

(41@3) soueisisal
urnsut 104 xapul Aseysip [eaundw3

(H1713) erwsulnsuriadAy
10} xapul ajA1sa41| [earsidwig

(H1@3) erwsutnsutadAy
10} Xapui Agelaip [eouidwg

Author Manuscript

066T ‘ApMmS YljesH ,sasinN ‘8]A1sa)1| pue 191p 10 [enualod dIWauINSUI U1 SSasse 0] $adIpul ay) 4o sluauodwo)

T alqeL

Author Manuscript

Author Manuscript



Page 20

Tabung et al.

uauodwiod xapul ayy Aq paure|dxa siaxewolq ul aduelteA Jo uoniodoud ay sjuasaidas atenbs-y [ensed w;._.u

‘21008 Xapul pa1yBiam [e101 8y} 03 suodwod xapui Buipuodssei100 sy} JO UOINGLIU0D By} SJussaidal 1yBlam yoeT ‘sjapow UoIssalBal eaul] 8simdals ay JO dals Ul 8U) LWOLY PAALIBP SIUBIOLYB0D UoIssaibal ae mEm_m_>>4N

*(wuab yeayM sq1 T ‘po0J 01 pappe uelq sqi T ‘surelBb Jayio dna T ‘8011 umoiq dna T ‘pealq dJep 891s T ‘[eaad 1sepfealq paxo09 Jayio dno T ‘[ealwieo paxood dno T) sureaf sjoym :(1aquuinand 4 ‘synoids eyfeje 24 ‘1ulyoonz dna z; ‘yue|dbbs ‘sajqelsban paxiw
dno 24 ‘U109 pauued 10 Uszoly dnd z4 Jo Jea T ‘Jaddad usalb 24 ‘WOOIYSNW PaUULD JO PaY00d ‘ysaly T ‘AIBJ90 XINs Yyaul i) sajqershian Jaylo ! (paysew dnd T ‘pajioq 10 paxeq T) S201e10d (8l [egJay jou) Bal dna T ‘984402 dno T ‘(ued T 1o ajnoq T ‘sse|b T) 493q ‘(sajyem Jo sayeoued

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

; available in PMC 2018 May 08.

Br J Nutr. Author manuscript



Page 21

Tabung et al.

0€e 65  L€T 80T 6'G o 0C € g1 1T S0 9 (seA) sereqela
LLT  6€T 68 0L 99 s 29 2L TL 28 (34 9y SUOLHIPUOD/SBSEASIP IUOIYD £
eve 16T 02 €T 8T 9T  TZT 66T  8GT €8T 8'aT 8T SUOLHPUOJ/SBSEASIP IUOIYD ¢
€0 8€C  TEE  09C €ee 192 7€ wle  vee  9lE L€ STy UOIIPUOI/3SESSIP JIUOIYD T
Llz 8l 09 €82 'Sy 98¢ Sy 1S 8¥F TS Sy 11§ UOIIPUOI/3SE3SIP D1U0IYD OU
§91008 AIpIgIOWo9 SUOIIPUOD/asesasIp 1U0IYD
vvr v S92 80T SvT vIT YOy 69y LSz 86C 6€T 291 Aseyuopss pue 8sago/yBIomIan0
T6 622 6 88T 0712 9T €2 65 veT ez z81 12 3AIJO® pue 853¢0/BIBMIBAO
€T 90T  vve 26T 182 Sz 66T 1€ CIC 8¢ L9z (1)£3 Arejuapas pue uea
0€T 20T ¢Sc 86T 8'Ge 182 ST €0 L8C  ¥EE 1Y 6Ly 3AIJOE pue Uea]
#SuoleUIgUIod Ainnoe feaisAyd-jNg
8oy  T2€ 89 682 €Ge Lz LTy ¥8y  GlE  9EY 8'ee €6¢ $13sn sQIVSN/uLIdse JejnBay
L'ST €T 0Tz S9T STE Wz 97T 9T 00T 9T 80T TAN SIBOWS JUBLIND
G€L 8/  ¥0S  96F §'Ge 6,2 .79 8ZL Ter 0.8 TZ€E €lg (zw/BxGg=) 9seqoyBramisn0
% u % u % u % u % u % u
09 €62 TG €9 6'¢ eve 98 L2 ey L'Se 9€ (1474 2W/Bx ‘(INg) xaput ssew Apog
€0 TO G0 €0 e TT L0 €0 L0 70 0T L0 4 PrsBuiniss “joyodyy
'8l  GE€T L6l  gST L8l vIT  vTz 620 S0€ ST L8l 981 AMAU-LIN ‘Aiande [eatshud
L9 885 €9 9'65 79 765 VL 795 69 2'8s g9 €65 sieak ‘aby
Tv 62 €7  vep €9 v'or €y 8Tr  8¥ o'er 8'g Sz Xapui uljnsu
TT  6TE 0T 622 0T 29T VYN YN  WN WN VN VN , 1aH/91 Bunsey
VN VYN VYN YN YN YN 60 92 60 ZZ 60 81 , Jw/bu “spndad-9 Bunsey
as uesy Qs ueaN  dS  uBdN  dS  UeeN QS UBsN @S uesiy
(GzTo16E0) (820>016T0) (90°0>031GT'T-)  (52°00382°0)  (T2'0>019T°0)  (60°0>0}/G0-)
(98=u) 5O (982=u) €O (58.=u) TO (coTT=U) GO  (2911=U) €O (e9TT=U) TO
(626'c=U) (z18'5=U)

H1Q3-souelsisai uinsui 10} xapui Aresip feoridwy

HIa3-etwsauijnsuiiadAy 10y xapul Aelaip [earidwg

Author Manuscript

066T ApniS yeaH ,sesInpN ‘sulaned Asejaip uljnsui ayl Jo (O) sepnuinb ul saonsuaoeeyd uedionled

¢ 9lqeL

Author Manuscript

Author Manuscript Author Manuscript

Br J Nutr. Author manuscript; available in PMC 2018 May 08.



Page 22

Tabung et al.

‘a1qearjdde 10u=yN

‘SILIYLIE J3Y10/PI01BWINAY pUe ‘asessip Leay ‘ainssaid poojq yBiy ‘saleqelp “4soued ‘e1lws|0.alsa|oydladAy alam a10ds ay) Ul Papnjoul SUOINPU0D/Saseasip o_co:_u,m

‘e1ep TAH/OL YHM 350U} 10J X99MysIy-1 3N 0T'6 pue ‘erep
apndad-O YIm UBWOM J0) 33aM/SIL-LIN Z'0T=Vd UeIPIN "(Vd UeIpaLL> d Pue ,Ww/B352= [ING) Arejuapas pue asago/yB1amiano pue (vd UeIpSLIZ d PUE ,W/B3G2= |ING) dI9. pue asaqo/yBIamiano

‘(Vd uelpsw> d pue NE\mmev 1Ng) Areuapas pue ues| ‘(Vd Uelpswz \d pue NE\mv_va 11\G) 9A19B pUE UBs| :SMO||04 Se Paleald 81am suolreuliquiod (d) AnAnoe [eaisAyd pue |INg JO mm:omﬂmou

‘axejul (Joys 4o uup T) Jonbi| pue (sse|b 1o ued ‘8|noq T) 4eaq ‘(sse|b zo ) suIM JO WINS BU) Sem _osou_d\aN

'SAD B1eINOJed 0} Pasn Sem () - \._uﬁln_mmvu>o
‘e|nwuoy Bueyz-uend) ayl ‘sasAjeue 0] Jorid pawiojsuel) Boj alam siaxsewolq |[e asnedaq (sajdwes ewseld Buisey) siexlewolq ay) Joy pajuasald ate (AD ‘UOITRLIEA JO JUSIDILB0D) SUBAW I11}aL0IS)
¥

6'€S vey 6'LS §Sy ¥'29 06v 09r GES S'vS €9 ¥'8S 6.9 Jasn suowioy [esnedousulsod
1’88 169 8'06 47 §'26 9¢L §9L 688 8'¢8 v.6 188 ¥e0T uawiom [esnedouawsod

as uesin as uesin as uesin as uesin as uesin as Uesin

(GzTtoree0)  (820>016T°0) (900>0GTT-) (5200820) (120>019T0)  (60°0>01.50-)
(982=u) SO (982=u) €O (g82=u) TO (z91T=U) GO (z911=U) €O (z911=U) TO

(626'c=U) (z18'5=U)
H1@3-90uelsisad uljnsul 10} xapul Aueaip [eouidws  Hg3-elwauinsutiadAy oy xapul Auelaip jesusidwg

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Br J Nutr. Author manuscript; available in PMC 2018 May 08.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Tabung et al.

Table 3

Page 23

Spearman correlations coefficients among the insulinemic dietary and lifestyle patterns and fasting plasma
biomarker concentrations in the three cohorts

Empirical dietary indices for

hyperinsulinemia C-peptide

NHS NHS-II  HPFS
C-peptide 1 1 1
EDIH 0.21 0.20 0.14
ELIH 0.47 0.43 0.36
Unweighted EDIH 0.16 0.16 0.09
Unweighted ELIH 0.28 0.24 0.19
EDIH in controls 0.20 0.19 0.14
EDIH with unadjusted C-peptide 0.20 0.21 0.13
Previously developed C-peptide dietary pattern ~ 0.11 0.12 0.09
Insulin index -003 _gop3* -0.06
Empirical dietary indices for insulin resistance TG/HDL

NHS  NHS-II  HPFS
TG/HDL 1 1 1
EDIR 0.32 0.16 0.21
ELIR 0.46 0.35 0.39
Unweighted EDIR 0.28 0.10 0.19
Unweighted ELIR 0.27 0.24 0.16
EDIR in controls 0.28 0.16 0.18
EDIR with adjusted TG, HDL 0.31 0.18 0.21
Insulin index 0.06 0.07 0.05

NHS, Nurses' Health Study, 1990; NHS-11, Nurses' Health Study-11, 1999; HPFS, Health Professional Follow-up Study, 1994; EDIH, empirical
dietary index for hyperinsulinemia; ELIH, empirical lifestyle index for hyperinsulinemia; EDIR, empirical dietary index for insulin resistance;

ELIR, empirical lifestyle index for insulin resistance; TG, triglyceride, HDL, high density lipoprotein cholesterol;

*
P>0.05
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