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Abstract

Background/Objectives—Previous studies consistently report that diet quality is inversely 

associated with risk of cardiovascular disease (CVD) and type 2 diabetes. However, few studies 

have assessed the association of diet quality with serum lipoproteins, an intermediate-marker of 

cardio-metabolic health, or assessed whether type 2 diabetes modifies these associations. This 

study assessed associations of diet quality (evaluated using the Alternative Healthy Eating Index 

(AHEI)), and the interaction of diet quality with diabetes, on total cholesterol (TC), triglycerides 

(TG), low density lipoprotein (LDL-C), high density lipoprotein (HDL-C), apolipoprotein A 

(apoA1) and apolipoprotein B (apoB) among American Indians (AIs).

Subjects/Methods—Participants comprised AIs who participated in the Strong Heart Family 

Study (SHFS)--a study of CVD and its risk factors in 12 AI communities. Generalized estimated 

equations (GEE) were used to examine the: (1) cross-sectional associations of diet quality (as 

determined by AHEI) with serum lipoproteins (n=2 200); and (2) the prospective associations of 

the AHEI measured at baseline with serum lipoproteins (n=1 899).
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Results—The association of AHEI with TC, LDL-C, and ApoB differed according to diabetes 

status. In prospective analysis, AHEI was associated with more favorable levels of TC (p=0.029) 

and LDL-C (p=0.008) among participants with diabetes independent of other demographic, 

behavioral, and health factors. The association of diet quality with TC, LDL-C, and ApoB were 

much weaker among participants without diabetes. There was no association of diet quality with 

TG, HDL-C, or ApoA.

Conclusions—The associations of diet quality with TC, LDL-C, and ApoB differ according to 

diabetes status.

Introduction

Previous studies have demonstrated the importance of diet quality with health outcomes, and 

a healthy diet has consistently been shown to be associated with a lower risk of obesity, type 

2 diabetes, and cardiovascular disease (CVD) (1–3). One of the mechanisms by which diet 

may impact cardio-metabolic diseases is by influencing lipoprotein levels. Although few 

studies have assessed the prospective associations of dietary patterns with lipoprotein levels, 

studies in American Indian populations show diets low in saturated fat have been shown to 

have a beneficial effect on high density lipoprotein (HDL-C) and triglycerides (TG) (4–7), 

while diets high in saturated fat have been shown to increase low-density lipoprotein (LDL-

C), TG, and apolipoprotein B (ApoB)—major contributors to atherosclerosis (4–7). Further, 

both dietary patterns and dyslipidemia have been shown to influence insulin-mediated 

glucose management and disposal—implicating the importance of considering diabetes in an 

evaluation of diet quality and lipoproteins (8).

Using data available from the Strong Heart Family Study (SHFS), a cohort study of cardio-

metabolic diseases and their risk factors among American Indians (AIs), we investigated the 

interplay of diet quality (using the Alternative Healthy Eating Index (AHEI)) and diabetes 

with total cholesterol (TC), TG, LDL-C, HDL-C, and apolipoprotein A (apoA1) and ApoB 

among 2200 AIs 14 years of age or older. Though diabetes and CVD are major health 

concerns that influence all Americans, the burden of these diseases among AIs is particularly 

high. AIs are 2.3 times more likely to have diagnosed diabetes than non-Hispanic whites of 

the same age (9–11), and are 20% more likely to die of CVD (12). As such, a better 

understanding of the relationship between diet quality, diabetes, and lipoproteins is 

warranted.

Materials/Subjects & Methods

Setting & Study Population

The SHFS is a family-based cohort study of risk factors for CVD among AIs from 12 

communities in Arizona, North Dakota, South Dakota, and Oklahoma. The study comprised 

two examinations—a baseline examination in 2001–2003 and a follow-up examination in 

2007–2009. Specifics of study design have been previously described (13, 14). In total, 2 

780 participants from 91 large families participated in the baseline examination and 91% of 

participants then went on to participate in the follow-up examination. Both examinations 

included a personal interview, laboratory work-up, physical assessment, and medication 

Kauffman et al. Page 2

Eur J Clin Nutr. Author manuscript; available in PMC 2020 July 10.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



review. Written informed consent was obtained from all participants at each examination. 

The institutional review boards from each Indian Health Service region for the 12 

participating communities approved the study.

This investigation included all SHFS participants with available measures related to diet, 

lipoproteins, and diabetes. Participants with missing diet (n=194), lipoproteins (n=41), or 

diabetes (n=1) data were excluded. Additionally, participants who skipped more than 10% of 

questions on the food frequency questionnaire (FFQ) (n=39) or with caloric intakes less than 

600 kilocalories for women and men (n=49), or greater than 6,000 kilocalories for women 

(n=56) or 8,000 kilocalories for men (n=34) were excluded. The exclusion cut-points for low 

or high estimated daily caloric intake were determined by nutritionists who work in 

American Indian communities, and these criteria have been used consistently across all 

SHFS publications that involve diet measures (15–18). Finally, participants missing key 

covariates of interest (<1% of study participants for most covariates) were excluded. The 

final sample size included 2 200 participants for the cross-sectional analyses (i.e., 411 

participants with prevalent diabetes; 1789 participants without prevalent diabetes) and 1 899 

participants for the prospective analyses (i.e., 344 participants with prevalent diabetes; 1555 

participants without prevalent diabetes).

Data Collection

Information on participants’ demographics and medical history were collected at the 

personal interview at baseline. Anthropometric measures were obtained with the participant 

wearing lightweight clothing and no shoes. Body weight was measured using a Tanita 

BWB-800 5 Adult Digital Scale, and height was measured using a vertical mounted ruler. 

Body mass index (BMI) was calculated as body weight divided by height-squared (kg/m2). 

Prevalent CVD was defined as self-reported history of myocardial infarction, stroke, heart 

failure, or angioplasty (13, 14).

Blood samples were collected after a 12-hour overnight fast and were stored at −70 degrees 

Celsius. Plasma glucose were measured using enzymatic methods (19), and prevalent 

diabetes was assessed using the American Diabetes Association criteria, including use of 

insulin or oral anti-diabetes medication or fasting plasma glucose level greater than or equal 

to 126 mg/dL (20).

Assessment of Dietary Quality

A Block 119-item FFQ was administered at the baseline examination to estimate usual 

dietary intake during the previous year. The Block FFQ is a well-established and widely 

used FFQ, demonstrating both reliability and validity in previous studies (21, 22). In 

addition to food items on the standard Block FFQ, participants were asked additional 

supplemental questions about intake of common AI foods, such as menudo, pozole, guysava, 

red or green chili, Indian taco, fry bread, corn tortilla, flour tortilla, and spam. For certain 

ethnic groups, the inclusion of an ethnic foods section on the FFQ contributes considerably 

to group mean nutrient estimates (23). In the SHFS, it was hypothesized that these foods 

may represent commonly consumed foods in these AI communities, and including them in 

the dietary assessment may have produced more accurate nutrient estimates. For each food 
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item listed on the FFQ or supplement, participants were asked on average how often a 

specific food item was consumed during the year prior. Frequency was assessed using 

measures of regularity—i.e. seasonally, never, a few times per year, once per month, 2–3 

times per month, once per week, twice per week, 2–3 times per week, 5–6 times per week, 

or daily—and quantity was measured via portion size as small, medium, or large. Average 

daily energy and macronutrient intakes were calculated for each study participant using the 

Block database (Block Dietary Systems, Berkley, CA) by multiplying the frequency 

response for each food on the FFQ and AI supplemental foods questionnaire by the nutrient 

content of the documented portion size of the food, then summed for all foods (24).

For the present analysis, the primary exposure of interest was diet quality. This was assessed 

using the AHEI. Details of the AHEI have been described previously (3). In brief, the AHEI 

is an eating index designed to estimate dietary patterns associated with risk of chronic 

diseases, including diabetes, cardiovascular disease, and cancer (25–33). It is based on 11 

foods and nutrients: vegetables, fruit, whole grains, nuts and legumes, long chain omega-3 

fatty acids, polyunsaturated fatty acids, alcohol, sugar sweetened beverages (SSBs) and fruit 

juice, red and processed meat, trans fat, and sodium. Each of these dietary factors has the 

potential to contribute zero (least healthy) to 10 (most healthy) points to the AHEI, with total 

score ranging from zero (unhealthiest diet) to 110 (healthiest diet) (34, 35) (Supplementary 

Table 1).

Measurement of lipoproteins

The procedures and assays for measuring lipoproteins were identical at each SHFS 

examination. TC, TG, LDL-C, HDL-C, ApoA, and Apo B were isolated and measured by 

ultracentrifugation at baseline, as described previously (19). At the follow-up exam, ApoA 

and ApoB were unavailable, so outcomes for the prospective analyses include TC, TG, 

LDL-C, and HDL-C only.

Statistical Analysis

For this report, we were most interested in the association of diet quality and lipoprotein 

levels among participants with and without diabetes. Generalized estimated equations (GEE) 

with an independence working correlation and robust standard errors were used to estimate 

the: (1) cross-sectional associations of diet quality (as determined by AHEI) with TC, TG, 

LDL-C, HDL-C, ApoA, and ApoB status using data from the baseline examination (primary 

analyses); and (2) the prospective association of diet quality measured at baseline with TC, 

TG, LDL-C, and HDL-C measured 4–8 years later at the follow-up examination (secondary 

analyses). As 91 families comprised the analytic sample, GEE was used to address potential 

familial correlation within the data. Measures of diet quality were assessed continuously. 

Lipoprotein levels were also assessed continuously, with log transformations to account for 

skew, as appropriate. Covariates were selected a priori based on their potential association 

with diet quality and lipoproteins. All analyses were performed using STATA version 13.1 

(Stata Corp, College Station, Texas).

Two models were fit to examine the association of diet quality and each lipoprotein--a model 

that included potential confounders, including age, sex, site, education (years), smoking 
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(never, former, current), physical activity (steps per day), total caloric intake, lipid-lowering 

drug use (yes/no), and prevalent diabetes (yes/no), as well as a multiplicative interaction 

term for the potential interaction of diet quality with diabetes (product of AHEI*diabetes), 

and a second model that additionally adjusted for BMI. As preliminary analyses indicated 

that the relationship of diet quality with some lipoprotein levels may differ according to 

diabetes status (based on Wald test p<0.05 for the multiplicative interaction term), all 

analyses were presented stratified by diabetes status.

For primary analyses, a Bonferroni correction was used to adjust for multiple comparisons; 

the significance threshold used for the current analysis was p=0.008 (based on 6 outcomes of 

interest). We also examined the potential interaction of diet quality (AHEI) with age, sex, 

and BMI to investigate whether these factors modify the association of diet quality with 

lipoprotein levels among participants with and without diabetes using Wald tests.

Results

Of the 2 200 SHFS participants who comprised the analytic cohort, 60% were women, and 

the mean (SD) age at baseline was 40.8 (16.8) years. Mean (SD) BMI was 31.3 (7.4) kg/m2, 

and 18.7% (n=162) of participants had diabetes at the baseline examination. Mean (SD) diet 

scores were 44.7 (9.1) for the AHEI. Baseline characteristics of study participants stratified 

by diabetes status are shown in Table 1. Participants with diabetes were older, more likely to 

be female, less likely to smoke, and accumulated fewer steps per day than participants 

without diabetes. Additionally, participants with diabetes had higher systolic blood pressure, 

fibrinogen, TC, TG, ApoB, BMI, and waist circumference, and lower HDL-C than 

participants without diabetes. Participants with diabetes also reported slightly better diet 

quality than participants without diabetes. Among participants with diabetes, median 

duration of diabetes was 5 years (interquartile range: 1, 14 years) for participants in the 

cross-sectional analyses (n=411) and 5 years (interquartile range: 1, 13 years) for 

participants in the prospective analysis (n=344).

Cross-sectional associations of diet quality with TC, TG, LDL-C, HDL-C, ApoA, and ApoB 

are presented in Table 2. For TC, we observed a strong association of diet quality with TC 

among those with diabetes, while there was no statistically significant association of diet 

quality with TC among participants without diabetes (p-interaction<0.0001). For participants 

with diabetes, TC was 10.6 mg/dL lower among those who reported consuming a healthy 

diet (90th percentile of AHEI) when compared to participants who reported consuming an 

unhealthy diet (10th percentile of AHEI) after adjustment for age, sex, site, education, 

smoking, physical activity, total caloric intake, lipid-lowering drug use, prevalent diabetes 

and BMI (beta coefficient (95% CI): −10.6 (−20.4, −0.7)). Similarly, although we found that 

higher diet quality was associated with more favorable levels of LDL-C and ApoB among all 

study participants, the magnitude of the associations was much greater for participants with 

diabetes compared to those without diabetes (p-interaction=0.005 for LDL-C; p-interaction 

for ApoB=0.002). We observed no association of AHEI with triglycerides, HDL-C 

cholesterol, or ApoA.
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The prospective associations of diet quality (measured at baseline) with TC, TG, LDL-C, 

and HDL-C measured an average of 5.4 years later (range of time between baseline and 

follow-up exams: 2.8–8.5 years) are presented in Table 3. Similar to the results for the cross-

sectional analyses, diet quality was associated with more favorable levels of TC (p-

interaction: 0.029) and LDL-C (p-interaction: 0.008) among participants with diabetes, but 

not among participants without diabetes. However, only LDL-C met the significance 

threshold after consideration of multiple testing. For LDL-C, after adjustment for potential 

confounders, AHEI score in the 90th percentile was associated with 0.1 mg/dL lower LDL-C 

(95% CI, −0.2, −0.1) among those with diabetes when compared to those with an AHEI 

score in the 10th percentile. We observed no association of diet quality with LDL-C among 

those without diabetes. Similar to cross-sectional analyses, in prospective analyses, diet 

quality was not associated with TG or HDL-C. There was no statistically significant 

interaction between AHEI and age, sex, or BMI among participants with or without 

diabetes. Rerunning analyses using more conservative exclusion criteria cut-points for low 

or high estimated daily caloric intake (i.e., exclude <500 kcal or >5000 kcal per day for both 

men and women) did not materially change reported results.

Discussion

In this large study of AIs, healthy diet quality was associated with favorable levels of TC, 

LDL-C, and ApoB among participants with diabetes independent of other demographic, 

behavioral, and health factors. Further, findings were similar in both cross-sectional and 

prospective analyses. The consistency of results across time highlights the importance of 

targeting diet for lipid management among individuals with diabetes.

This is the first large study that examined the prospective associations of diet quality with 

lipoprotein levels in a multi-tribal cohort of AIs. A small feeding study that evaluated the 

effect a healthy diet on lipoproteins among AIs from the southwest (n=14) indicated that a 

diet high in complex carbohydrates and low in saturated fat (i.e., diet comprised of 

vegetables, legumes, and cereals) reduced LDL-C, but had no impact on TG (36). The 

findings reported herein extend previous findings, indicating the importance of diet on 

lipoproteins among AIs in a non-experimental/population-based setting.

In non-AI populations, results of studies that have examined the associations of diet quality 

with lipoproteins are mixed—with most published studies using a cross-sectional design 

(37–39). In one cross-sectional study that assessed the relationship of the AHEI with HDL-C 

among participants without diabetes, higher levels of the AHEI were associated with higher 

HDL-C among women, but not men (no other lipids assessed) (37). On the other hand, in a 

cross-sectional study comprised of nurses, AHEI was not associated with TC, HDL-C, or 

TG (n=475); in that study, the prevalence of diabetes was low (~5%) and the authors were 

unable to assess if the association of diet quality with lipoproteins varied according to 

diabetes status (38).

Few prospective studies have assessed the association of diet quality with lipoproteins. 

Moreover, most prospective studies have only involved participants free of diabetes or the 

metabolic syndrome (38, 40), and little is known about the association of diet quality with 
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lipoprotein levels in individuals with diabetes. Results from a study comprised of individuals 

without diabetes suggested that higher diet quality (as assessed using an index comprised of 

saturated fat, polyunsaturated fat, sucrose, fiber, fruits and vegetables, and fish) is associated 

with lower risk of developing high LDL-C or TG during a 16-year follow-up—although the 

magnitude of the associations were small (2). Similarly. in the Framingham Offspring Study, 

a Mediterranean-style diet was associated with lower TG and higher HDL-C among 

participants without diabetes (40).

In general, SHFS participants had lower mean AHEI than participants in other large cohort 

studies, such as the Nurses’ Health Study (mean AHEI=47.6±10.8) (3), the Health 

Professionals Follow-Up Study (mean AHEI=52.4±11.5) (3), or the Multiethnic Cohort 

Study (mean AHEI=64.5±9.2) (37). However, the demographic characteristics of those 

cohorts are very different than the SHFS. For instance, the Nurses’ Health Study, the Health 

Professionals Follow-Up Study, and the Multiethnic Cohort Study largely comprise 

participants with high levels of education who reside in urban or suburban communities. 

Moreover, AIs have experienced major changes in lifestyle over the past 50 years—

including the adoption of largely Western diets comprised of processed foods high in 

saturated fat (15). The findings described in this report complement previous research in the 

SHFS that indicated that the majority of AIs who participated in the SHFS reported diets 

that are not optimal for the prevention of cardio-metabolic diseases (16).

In this analysis, SHFS participants with diabetes reported consuming diets of higher quality 

than those without diabetes. Given Indian Health Services standardization of diabetes care, it 

is likely that participants with diabetes received nutrition education as part of their care, and 

participants with diabetes may consume healthier diets as part of diabetes management (41, 

42). On the other hand, it is possible that differences in reported diet according to diabetes 

status may be due to social desirability bias. Nevertheless, the reported difference in diet 

quality between participants with diabetes and those without diabetes (<3 points for AHEI) 

is likely too small to have a large impact on blood lipid level outcomes when comparing 

participants with diabetes to those without diabetes.

This study has several strengths, including the availability of a large, family-based sample, 

prospective design, validated dietary instruments, and standardized indices for assessing diet 

quality. This study also has limitations. First, the dietary assessment was based on a FFQ 

that ascertained information on usual diet over the past year, and some participants might not 

have accurately recalled dietary information such as specific foods consumed, frequency, or 

portion sizes, thereby limiting our ability to obtain accurate risk estimates. Although it is 

possible that diet quality changed during the 4–8 year follow-up, reported dietary intakes of 

study participants were markedly similar at both the baseline and follow-up exams. This is 

an observational analysis, and residual confounding by unknown factors is possible. 

However, results were robust to adjustment for multiple cardio-metabolic risk factors. We 

utilized a Bonferroni correction to address multiple comparisons; as the lipoproteins of 

interest are correlated, and a Bonferroni correction is likely conservative. Finally, the cohort 

comprised AIs from 12 communities, and it is unknown if the findings may be generalizable 

to other populations.
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In summary, this study suggests that diet quality is associated with favorable levels of TC, 

LDL-C, and ApoB among AIs, particularly in the presence of diabetes. Although it is 

heartening that individuals with diabetes reported higher diet quality (albeit slight), than 

those without diabetes, promotion of and opportunity for access to healthy diet may 

positively influence blood lipoprotein levels among AIs with diabetes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1:

Baseline characteristics of SHFS participants according to diabetes status

No Diabetes (N = 1 789) Diabetes (N = 411)

Age (years)
a 38.1 (16.2) 52.4 (14.1)

% Female 59.0% 63.0%

Years of Education 12.3 (2.3) 12.3 (2.4)

Smoking
b

 Never 41.0% 35.0%

 Former 22.0% 35.0%

 Current 38.0% 30.0%

Waist Circumference (cm)
a 99.5 (17.0) 113.5 (17.6)

BMI (kg/m2)
a 30.5 (7.1) 34.9 (7.7)

Systolic BP (mmHg)
a 121.4 (15.6) 129.3 (18.4)

Fasting Glucose (mg/dL)
a 93.9 (10.3) 175.7 (72.1)

Total Cholesterol (mg/dL)
b 181.8 (35.9) 187.8 (35.8)

HDL-C (mg/dL)
a 52.7 (14.8) 48.0 (12.4)

LDL-C (mg/dL) 100.2 (30.2) 99.0 (30.6)

Triglycerides (mg/dL)
a 147.0 (88.9) 214.5 (131.7)

ApoA1 (mg/dL) 138.9 (26.4) 138.6 (25.2)

ApoB (mg/dL)
a 93.0 (24.0) 102.2 (23.5)

Fibrinogen (mg/dL)
a 368.0 (82.1) 427.0 (93.6)

% use lipid-lowering medication
a 2.7% 14.6%

Physical Activity (steps/day)
a 6231.0 (3965.5) 4044.1 (3132.1)

Total Caloric Intake (calories/day)
b 2472.9 (1358.6) 2246.7 (1252.2)

AHEI
a 44.2 (9.1) 47.0 (8.6)

DDI
a 13.2 (3.8) 15.3 (3.5)

Abbreviations: SHFS, Strong Heart Family Study; BMI, body mass index; HDL-C, high density lipoprotein; LDL-C, low density lipoprotein; Apo, 
apolipoprotein; BP, blood pressure; AHEI, alternative healthy eating index; DDI, diabetes dietary index

a
p-trend<0.001

b
p-trend<0.05
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Table 2.

Beta (95% CI) for cross-sectional association of AHEI with lipoprotein levels among SHFS participants with 

(n=411) and without diabetes (n=1789) in 2001-2003
a

Diabetes No Diabetes P-interaction

Total Cholesterol

 Model 1
b

−10.0 (−20.0, 0.0) −1.1 (−4.8, 2.7) <0.0001

 Model 2
c

−10.6 (−20.4, −0.7) −1.2 (−4.9, 2.6) <0.0001

Triglycerides

 Model 1
b

0.1 (−0.1, 0.2) 0.0 (0.0, 0.1) 0.081

 Model 2
c

0.0 (−0.1, 0.2) 0.0 (0.0, 0.1) 0.233

HDL-C cholesterol

 Model 1
b

0.0 (−0.1, 0.1) 0.0 (0.0, 0.0) 0.433

 Model 2
c

0.0 (−0.1, 0.1) 0.0 (0.0, 0.1) 0.127

LDL-C cholesterol

 Model 1
b

−10.4 (−18.6, −2.3) −3.5 (−6.6, −0.5) 0.003

 Model 2
c

−10.2 (−18.2, −2.3) −3.7 (−6.7, −0.6) 0.005

Apo A

 Model 1
b

1.6 (−4.9, 8.1) 2.0 (−1.0, 4.9) 0.745

 Model 2
c

0.9 (−5.5, 7.3) 2.2 (−0.8, 5.2) 0.385

Apo B

 Model 1
b

−4.5 (−10.4, 1.4) −1.0 (−3.3, 1.4) 0.001

 Model 2
c

−4.9 (−10.7, 1.0) −1.1 (−3.4, 1.1) 0.002

a
Beta (95% CI) compares the difference in each lipid associated with a 23 point difference in AHEI (i.e., difference between the 10th & 90th 

percentiles)

b
Model 1 adjusts for age, sex, site, education (years), smoking (never, former, current), physical activity (steps per day), total caloric intake, lipid-

lowering drug use, and prevalent diabetes (yes/no)

c
Model 2 adjusted for all model 1 covariates and BMI. Abbreviations: SHFS, Strong Heart Family Study; AHEI, alternative healthy eating index; 

HDL-C, high density lipoprotein; LDL-C, low density lipoprotein; Apo A, apolipoprotein

Eur J Clin Nutr. Author manuscript; available in PMC 2020 July 10.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Kauffman et al. Page 14

Table 3.

Beta (95% CI) for prospective associations of AHEI with lipoprotein levels among SHFS participants with 

prevalent diabetes (n=344) and without prevalent diabetes (n=1555)
a

Diabetes No Diabetes P-interaction

Total Cholesterol

Model 1
b

−3.9 (−14.0, 6.1) 4.5 (1.3, 7.7) 0.074

Model 2
c

−5.3 (−15.7, 5.0) 4.7 (1.4, 7.9) 0.029

Triglycerides

Model 1
b

0.1 (0.0, 0.2) 0.00 (−0.1, 0.1) 0.439

Model 2
c

0.1 (0.0, 0.2) 0.00 (−0.1, 0.1) 0.414

HDL-C cholesterol

Model 1
b

0.0 (0.0, 0.1) 0.0 (0.0, 0.1) 0.245

Model 2
c

0.0 (−0.1, 0.1) 0.0 (0.0, 0.1) 0.087

LDL-C cholesterol

Model 1
b

−0.1 (−0.2, 0.0) 0.0 (0.0, 0.1) 0.014

Model 2
c

−0.1 (−0.2, −0.1) 0.0 (0.0, 0.1) 0.008

a
Beta (95% CI) compares the difference in each lipid associated with a 23 point difference in AHEI (i.e., difference between the 10th & 90th 

percentiles)

b
bModel 1 adjusts for age, sex, site, education (years), smoking (never, former, current), physical activity (steps per day), total caloric intake, lipid-

lowering drug use, and prevalent diabetes (yes/no)

c
Model 2 adjusted for all model 1 covariates and BMI. Abbreviations: SHFS, Strong Heart Family Study; AHEI, alternative healthy eating index; 

HDL-C, high density lipoprotein; LDL-C, low density lipoprotein.
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