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Abstract

BACKGROUND/OBJECTIVES—Youth with type 1 diabetes (T1DM) are at substantially
increased risk for adverse vascular outcomes, but little is known about the influence of dietary
behavior on cardiovascular disease (CVD) risk profile. We aimed to identify dietary intake
patterns associated with CVD risk factors and evaluate their impact on arterial stiffness (AS)
measures collected thereafter in a cohort of youth with TLDM.

SUBJECTS/METHODS—Baseline diet data from a food frequency questionnaire and CVD risk
factors (triglycerides, LDL-cholesterol, systolic BP, HbAlc, C-reactive protein and waist
circumference) were available for 1,153 youth aged =10 years with TLDM from the SEARCH for
Diabetes in Youth Study. A dietary intake pattern was identified using 33 food-groups as
predictors and six CVD risk factors as responses in reduced rank regression (RRR) analysis.
Associations of this RRR-derived dietary pattern with AS measures [augmentation index(AlIx75),
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n=229; pulse wave velocity(PWV), n=237; and brachial distensibility(BrachD), n=228] were then
assessed using linear regression.

RESULTS—The RRR-derived pattern was characterized by high intakes of sugar-sweetened
beverages (SSB) and diet soda, eggs, potatoes and high-fat meats, and low intakes of sweets/
desserts and low-fat dairy; major contributors were SSB and diet soda. This pattern captured the
largest variability in adverse CVD risk profile and was subsequently associated with AIX75
(B=0.47; p<0.01). The mean difference in Alx75 concentration between the highest and the lowest
dietary pattern quartiles was 4.3% in fully adjusted model.

CONCLUSIONS—Intervention strategies to reduce consumption of unhealthful foods and
beverages among youth with TIDM may significantly improve CVD risk profile and ultimately
reduce the risk for AS.
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INTRODUCTION

Type 1 diabetes (T1DM) is one of the leading chronic diseases in childhood. According to
the SEARCH for Diabetes in Youth Study, approximately 15,000 cases of TLDM are newly
diagnosed each year in the United States. Individuals with TIDM are at increased risk for
cardiovascular disease (CVD) morbidity and mortality. High blood pressure, dyslipidemia,
poor glycemic control, abdominal obesity, and markers of inflammation, have been
associated with an increased risk for CVD morbidity and mortality among individuals with
T1DM?27, Longitudinal studies have shown that childhood measures of these CVD risk
factors predict coronary artery disease (CAD) development during young adulthood.38 The
largest population based study from the United States has recently documented adverse
CVD risk profiles and various early-life CVD complications among youth with
diabetes.8:9-11 Particularly among youth with T1DM, the atherogenic process start early in
life and proceeds at a rapid rate thus leading to early CAD.2 Hence, it is critically important
to identify modifiable risk factors such as dietary intake that can contribute to, and be used
to ameliorate, an already adverse CVD risk profile.

Studies on dietary intake and CVD risk outcomes among youth with TIDM have suggested
negative health influence of poor dietary behaviors.12 Adherence to the Dietary Approaches
to Stop Hypertension (DASH) dietary pattern was inversely associated with blood
pressure,12 low density lipoprotein to high density lipoprotein (LDL/HDL) cholesterol
ratio,13 and haemoglobin Alc (HbA1c)!® among youth with TLDM. Similarly, percent
energy from complex carbohydrates was inversely associated with HDL-C and positively
associated with triglyceride (TG) concentrations among youth with TIDM.14 These studies,
however, are limited due to their focus on the associations of specific nutrients or derived
diet scores with health outcomes without considering the types of food consumed in the
population of interest. Furthermore, reported studies considered only one risk factor at a
time rather than multiple outcomes that may jointly capture future risk for CVD.
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Recently, reduced rank regression (RRR) has been employed in nutritional epidemiology to
identify dietary pattern/s by including multiple intermediate variables simultaneously, which
have known associations with outcome(s) of interest.15-17 Given the important role of CVD
risk factors in the natural history of CAD development, our primary objective was to
identify dietary patterns that explained the maximum possible variation in CVD risk profile
of youth with TA1DM, and subsequently evaluate the associations of the identified baseline
dietary pattern/s with markers of arterial stiffness (AS): augumentation index (AlXx), pulse
wave velocity (PWV) and brachial distensibility (Brach D) measured thereafter in a subset
of cohort of youth with TLDM.

MATERIALS AND METHODS

Study procedures were reviewed and approved by the institutional review boards of the
participating institutions, including compliance with the Health Insurance Portability and
Accountability Act (HIPAA).

Study sample

The SEARCH for Diabetes in Youth Study is a multi-center observational study that began
conducting population-based ascertainment of non-gestational cases of diabetes in youth
<20 years of age in 2001 and is continuing through the present. Details of the SEARCH
study design have been published.® All eligible cases of diabetes are ascertained based on
networks of pediatric and adult endocrinologists, existing pediatric diabetes databases,
hospitals, databases of health plans, and other health care providers. Data were collected
during the initial patient survey and in-person clinic visits.

For this study, we obtained data on 1,347 T1DM individuals aged = 10 years who had
diabetes duration =3 months, were positive for = 1 diabetes autoantibody, and had baseline
FFQ data. Of these individuals, 194 had missing baseline information on some CVD risk
factors selected for dietary pattern analysis and were excluded. Hence, the dietary pattern
analysis using RRR included a total of 1,153 individuals with TLDM. Data on AS measures
was available only on the subset of the study participants from the SEARCH CVD pilot
study. Hence, the final sample to explore the associations of dietary pattern/s with the AS
measures included: 229 (for AIx75 measure), 237 (for PWV measure) and 228 (for BrachD
measure) in the multivariate models.

Dietary intake assessment

Centrally trained interviewers assessed usual dietary intake in SEARCH participants aged
10-19 years during the baseline study visit, using a modified version of the Block Kid’s
Food Frequency Questionnaire (FFQ).1® The FFQ included approximately 85 food items for
which information on consumption in the past week (“yes”/“no”) was collected. For
participants responding “yes”, further information on number of days consumed along with
the typical portion size was collected. The nutrient and portion-size databases were modified
from the respective Diabetes Prevention Program databases, using the Nutrition Data
System for Research (database 3 version 4.05/33, 2002, Nutrition Coordinating Center,
University of Minnesota, Minneapolis) and industry sources. Of 85 line items on the FFQ,
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we created a total of 33 food groups (Supplementary Table 1) on the basis of similarities in
food and nutrition composition.

Socio-demographic, behavioral and clinical characteristics of cases

Self-reported variables included age at diabetes diagnosis, gender, race/ethnicity, parental
education, smoking, physical activity, television viewing, insulin regimen, and insulin dose.
Race/ethnicity was categorized as Non-Hispanic White, African American or others.
Parental education (parent with the highest education) was categorized as less than high
school or high school education or more. Smoking status was classified as current, former or
never smoked. Participants were classified as physically active 0-2 days per week or
physically active 3-7 days per week based on number of days they participated in activity
that made them breathe hard or sweat for at least 20 minutes in a typical week. Television
viewing was categorized as 0-2 hours per day or 2 or more hours per day.

A physical examination included measurement of height, weight, waist circumference (WC),
and systolic and diastolic blood pressure (SBP and DBP). WC was measured using the
National Health and Nutrition Examination Survey protocol.2 Weight and height
information were used to calculate normalized BMI z-scores based on CDC growth chart.2

Blood drawn after an overnight fast among the participants with no episode of diabetic
ketoacidosis in the past month was used to measure diabetes autoantibodies (GADG65 and
IA-2), lipids [total cholesterol (TC), HDL-C, LDL-C and TG], HbAlc and C-reactive
protein (CRP). The assessments were performed at the Central laboratory (Northwest Lipid
Metabolism and Diabetes Research Laboratories, University of Washington, Seattle, WA)
using standard lab methods which have been described previously.%22

Measures of arterial stiffness

Measures of AS included Alx, PWV and BrachD. These were collected only in a subset of
participants from two of the SEARCH clinical sites (Colorado and Ohio) as a part of the
SEARCH CVD pilot study 2005/2006. Eligibility criteria for CVD pilot study included age
at study visit = 10 years and diabetes duration > 9 months. The CVD visit took place on
average 18.9 + 7.1 months after the baseline SEARCH diet assessment visit.

Measures of AS were performed after 5 minutes of resting and the details have been
published.811 Alx, a composite measure of systemic AS and wave reflections, and PWV, a
measure of pulse propagation representing central AS, were assessed using a SphygmoCor
Vx System (AtCor Medical, Sydney, Australia). A higher Alx and PWYV indicate increased
AS. Since Alx is affected by heart rate, values were adjusted to a standard heart rate of 75
beats/min (Alx75).8:11 BrachD, a measure of vascular function of a peripheral muscular
artery representing peripheral AS, was assessed using a DynaPulse Pathway instrument
(Pulse Metric, San Diego, CA). Lower BrachD indicates increased AS.

Statistical analysis

Dietary intake pattern analysis—For the present analysis, we used RRR approach?3 to
derive dietary pattern/s that maximized the explained variation in a set of CVD risk factors
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known to be associated with CVD. The RRR model was constructed using the SAS Partial
Least Squares (PLS) procedure with six response variables: TG, LDL-C, SBP, HbAlc, CRP
and WC, and intake of 33 food groups as predictor variables which were adjusted for energy
intake using the residual method.24

Several prospective studies have shown that higher LDL-C,” TG,*7 SBP,* HbA1c level,?
central adiposity.® and CRP® are significant risk factors for vascular disease among
individuals with TLDM. We thus chose the set of six response variables for RRR analysis in
order to capture different physiological domains including lipid, blood pressure, glycemic
control, central adiposity and inflammation, similar to a study of Canadian children.2

By virtue of the RRR method, we identified six dietary patterns, equal to the number of
CVD risk factors included as response variables. Because the first dietary pattern explained
the highest proportion of variation in the set of CVD risk factors (4.3%; as compared to
0.68%, 0.53%, 0.39%, 0.35% and 0.24% of total variation in the set of CVD risk factors by
five remaining dietary patterns), we focused our analyses primarily on the effects of the first
dietary pattern. Using the approach suggested in few previous studies,17+23:26 we calculated
a simplified score by summing the energy-adjusted intake of the eight food groups (each
standardized to have mean=0 and SD=1) with modest to high factor loadings (= 0.20)1’
while retaining the direction of the factor loading.17:23.26 The simplified score was then used
to examine the associations of dietary intake pattern with markers of AS.

Association of dietary intake pattern and arterial stiffness—We ran generalized
linear regression models to assess the relationships of the simplified baseline dietary pattern
score with subsequent markers of AS: AIx75, PWV and BrachD measured on average after
18.9£7.1 months from baseline diet assessment.

Potential confounders such as age at diagnosis of diabetes, duration of diabetes at CVD pilot
study visit, gender, race/ethnicity, parental education, duration between baseline diet
assessment and subsequent AS assessment, insulin dose and regimen, HLA risk type,
smoking status, physical activity, television viewing, and study sites were evaluated
sequentially in models assessing the relationship of the dietary pattern with the three
markers of AS. We also tested for an interaction between simplified dietary pattern score,
and duration between diet and AS assessments. Covariates that were non-significant or did
not change the point estimate by =10% were excluded in order to derive the most
parsimonious model for each outcome. Since the interaction term was non-significant, we
removed this from our final model but retained the main effects in the model. Variables such
as duration of diabetes, and duration between diet and AS assessments were retained in final
parsimonious models despite being non-significant to improve the interpretation of the
associations of outcomes with other covariates. Thus, the final model for Alx75 included
covariates such as age at diagnosis of diabetes, gender, duration of diabetes, duration
between diet and AS assessments, and television viewing. The final models for PWV and
BrachD included: age at diagnosis of diabetes, duration of diabetes, duration between diet
and AS assessments, insulin dose, and study site. All analyses were conducted in SAS
(version 9.3; SAS Institute, Cary, NC).
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Dietary intake pattern analysis

Association

The first RRR-derived dietary pattern explained 5.4% of TG, 1.6% of LDL-C, 3.0% of SBP,
3.4% of HbA1c, 4.2% of CRP, 8.3% of WC variation, and 4.3% of the total variation of all
six metabolic markers.

Table 1 illustrates the characteristics of the eight food groups which were the major
contributors (factor loadings = 0.20) to the first RRR-derived dietary pattern. Intake of eggs,
sweetened coffee and tea, sweetened soda/fruit-flavored drinks, diet soda, potatoes, and
high-fat meats were positively associated with the overall score shown by positive score
parameters and positive correlations; whereas, intake of sweets/desserts, and low-fat dairy
were inversely associated with the score with negative score parameters and negative
correlations. Diet soda, and sweetened soda/fruit-flavored drink explained the largest
variation in the pattern score. In total, the eight food groups explained 79.0% of the dietary
pattern score variation. Details about the food items included in eight food groups and factor
loadings of 33 food groups for the first dietary pattern can be found in Supplementary Table
1.

In our study population, the mean of the simplified diet pattern score was 0 (due to the
standardization of the food groups) and the SD was 3.63 (min=-12.38 and max= 24.90).
Table 2 shows that the mean intake of the eight most important contributing food groups
varied significantly across the quartiles of the simplified diet pattern score (P<0.0001).
Intakes of diet soda, sweetened soda/fruit-flavored drink, sweetened coffee and tea, eggs,
potatoes and high-fat meats increased with increasing diet pattern score. Whereas, intakes of
sweets/desserts and low-fat dairy decreased with increasing diet pattern score. For instance,
individuals in the highest quartile of the simplified score consumed 1.25 more servings of
diet soda and 1.61 fewer servings of low-fat dairy when compared to individuals in the
lowest quartile. Similarly concentrations of all six CVD risk factors (TG, LDL-C, SBP,
HbA1c, CRP and WC) were largest at the highest quartiles of the simplified dietary pattern
score (P<0.01; Table 2).

Participants who were older when diagnosed with diabetes, were Non-Hispanic black or
other race, were current or former smokers, had diabetes for longer durations, had higher
BMI z-score, watched TV for 2 or more hours per day, and required higher doses of insulin
were more likely to be in the highest compared to the lowest quartile of the simplified
dietary pattern score (all p-value <0.05; Table 3). No significant differences were observed
for physical activity and insulin regimen by dietary intake quartiles (Table 3).

of dietary intake pattern and arterial stiffness

The average values of AIx75, PWV and BrachD in our study population were 1.20+9.57,
5.39+0.84 and 5.96+1.23, respectively (data not shown).

Pearson correlation analysis showed significant positive associations of the simplified
dietary pattern score with Alx75 and PWV, and significant negative associations with
BrachD (all p-value <0.05, data not shown).
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Unadjusted simplified dietary pattern score was significantly associated with all three
measures of AS (Table 4). For every 1-unit increase in dietary score, the AIX75 increased by
0.42% and the PWYV increased by 0.05 m/sec, while the BrachD decreased by 0.05% per
mm Hg. However, after adjustment for confounding variables in the final models, the
dietary pattern score only remained significantly positively associated with AIx75 (a mixed
measure representing systemic AS and wave reflection; Table 4). Associations of the dietary
pattern with the other two measures of AS, PWV (representing central AS) and BrachD
(representing peripheral stiffness), were attenuated and became non-significant after
adjustment for confounders.

Figure 1 shows the mean levels of Alx75 by quartiles of the simplified dietary pattern score.
When compared to the lowest quartile of the simplified dietary pattern score, individuals in

the highest quartiles had higher concentration of AIx75 both in unadjusted (Figure 1 A) and
adjusted (Figure 1 B) models. Once adjusted for potential confounders, the mean difference
in AIx75 between the highest and lowest quartiles was 4.30%.

DISCUSSION

We found that a specific dietary pattern representing a combination of foods and beverages
was associated with increased AS among youth with TLDM. Recent findings from the
SEARCH study have also suggested that factors such as HbAlc, WC, cholesterol and blood
pressure are among the major risk factors for AS among youth with TLDM.611 Our study
thus expands and strengthens our knowledge of the relationship between diet and vascular
dysfunction by identifying a major dietary pattern that captured the maximum possible
variability in the set of CVD risk factors in our study population and was ultimately
associated with AS.

The pattern we identified was somewhat different than patterns reported in previous studies
exploring the associations between dietary intake and cardiometabolic risk factors or sub-
clinical CVD outcomes.15:16:27.28 Thjs difference can be attributed to the different diet
analysis methods,27-29 or different biomarkers used to derive these dietary patterns.1516
Given the actual reported dietary intake in the study population, our goal was to find the
dietary pattern that captured the greatest possible variation in the set of CVD risk factors in
this study population. This pattern could then potentially provide insight regarding variation
in diet that is important for the development of sub-clinical vascular disease among youth
with TIDM. We were not interested in deriving dietary pattern that represented just the
combination of foods and drinks that were commonly eaten together by T1DM youth, and
may not necessarily predict sub-clinical CVD outcomes. To our knowledge, our study is the
first one to focus on children and youth population with diabetes, hence different dietary
patterns can be expected as compared to previous studies conducted in adult populations.

Confirming the health-relevance of this dietary pattern, we found a significant positive
association of the baseline dietary pattern with the Alx outcome measured afterwards, even
after adjustment for the confounders. SSBs and diet soda together contributed to about half
of the variability of the dietary pattern. The positive relationship of SSBs with obesity, type
2 diabetes and cardiometabolic dysfunction is well known.39:31 Recently, several studies
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have also suggested adverse metabolic effects of diet soda.2930:32 Furthermore, positive
associations of SSBs and diet beverages with CVD risk factors have been reported among
T1DM youth participating in the SEARCH study;33 thus the negative impact on AS we
observed is plausible.

Intake of eggs, high-fat meats, and potatoes was also positively associated with the dietary
pattern identified in this analysis. The scientific evidence linking eggs to CVD risk is
equivocal. A strong positive association between egg consumption and CVVD morbidity and
mortality was observed among individuals with diabetes3*, potentially due to the adverse
effect of egg consumption on lipoprotein profile and glycemic control3®. However, only a
modest or no association was observed for CVD morbidity and mortality among individuals
without diabetes34. In three prospective cohort studies in the US, red meat consumption was
associated with weight gain and risk for type 2 diabetes (T2DM) over time36. A positive
association of red meat consumption and cardio-metabolic risk factors has also been
reported among individuals with diabetes3’. Potato contains rapidly absorbable starch and
may increase the risk for insulin resistance and T2DM38,

Consistent with our finding regarding the beneficial effect of low-fat dairy products, several
studies have shown an inverse relationship between dairy products and blood-pressure/
hypertension3940. Further evaluation of the relationship between dairy products and holistic
markers of CVD including AS has been recommended3®. The adverse effect of added sugar
on lipoproteins and CVD is well established*l. However, participants scoring high on the
RRR-derived dietary pattern had lower intakes of sweets and desserts. When considered in
the context of this sample population, this result may suggest that youth with TIDM are
balancing their sugar intake from SSBs by reducing intake of sweets and desserts.

Alx measured using pulse wave analysis (PWA) techniques in our study provides a
composite measure of systemic AS and wave reflections.#243 Furthermore, decline in
endothelial function has been suggested to lead to enhanced wave reflections and rise in
Alx.*2, Hence, one possible mechanism for the observed positive associations of the dietary
pattern with Alx can be through endothelial dysfunction. The mean differences in AIx75
concentration between the highest and the lowest dietary pattern quartiles from our fully
adjusted model was 4.3% and are likely to be clinically significant. In a recent meta-
analysis, it was estimated that, for every 10% increase in central Alx, there were age- and
risk-factor-adjusted increases of total CVD events by 31.8% and all-cause mortality by
38.4%.4

Our study like others has several limitations. One major limitation of our study is the use of
dietary data from a self-reported instrument, the FFQ, hence the possibility for measurement
error. Another limitation was small sample size to explore the associations of RRR-derived
dietary pattern with AS measures. This may have provided us less power to assess the
influence of the dietary pattern on the markers of AS particularly PWV and BrachD, which
had less variability in the data. Comparison of PWV and BrachD between T1DM and non-
diabetic control youth in our study population have shown significant differences, however,
the magnitude of the differences were small.#° It is possible that these measures were
unaffected by diet early in the course of TIDM. Data collection on AS measures is currently
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ongoing as part of the SEARCH Cohort Study and will be available in approximately 3,000
T1DM youth. Hence, we will be able to explore the associations of dietary pattern with AS
measures using a larger sample size followed for longer period of time in the future. Finally,
it is possible that other pathways are involved in diet-AS association that were not captured
by the metabolic markers included in our study, and this may help explain the low
biomarker variability captured by the first RRR-derived dietary pattern in this analysis.

This study has a number of strengths. To our knowledge, this is the first study to use RRR, a
novel and powerful method, to derive a specific dietary pattern associated with various
markers of AS among youth with TLDM. Given the high prevalence of adverse CVD risk
profile and various early-life CVD complications in this population, the finding is extremely
useful for the development of dietary recommendations. The dietary pattern identified in our
study is robust since we were able to draw upon dietary intake data for larger samples of
youth with TADM. Furthermore, given the RRR-derived dietary patterns were highly driven
by underlying CVD risk factors, the dietary pattern identified and found to be significantly
associated with AS in this study can provide directions for future dietary interventions that
can substantially reverse the adverse CVD risk profile and further interrupt the pathogenesis
of vascular complications in this population.

In conclusion, we identified that a specific dietary pattern characterized by high intakes of
SSBs and diet soda, and also including high intakes of eggs, potatoes and high-fat meats,
and low intakes of sweets/deserts and low-fat dairy, captured the largest possible variability
in adverse CVD risk profile among a sample of youth with TLDM and was subsequently
associated with higher Alx. Future studies with larger TLDM samples are needed to explore
the associations of the derived dietary pattern with other measures of AS (PWV and
BrachD), which can provide further insights into possible pathways linking diet to AS in this
high risk population. Nonetheless, the results from our study provide support for potential
dietary intervention strategies to reduce consumption of unhealthful foods and beverages
among youth with TIDM that may significantly improve CVD risk profile and ultimately
reduce the risk for AS and prevent premature vascular events.

Supplementary Material

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

Mean distribution of Augumentation Index (Alx75 %) by quartiles of simplified dietary
pattern score (A) mean values from unadjusted model (B) mean values from adjusted model
(adjusted for age at diagnosis of diabetes, gender, duration of diabetes, duration between
assessment of diet and arterial stiffness, and television viewing).
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Table 1

Food groups strongly associated with the first dietary pattern identified by reduced rank regression among
youth with type 1 diabetes participating in the SEARCH for Diabetes in Youth Study (n=1,153)

Food groups2 Factor loading  Standard score parameter®  Pearson’s correlationd ~ Explained variation
in score®

Diet soda 0.51 0.58 0.62 36.30
Sweetened soda and fruit-flavored 0.40 0.30 0.48 14.26
drink

Sweets and desserts -0.29 -0.29 -0.36 10.48
Low-fat dairy -0.29 -0.18 -0.35 6.33
Sweetened coffee and tea 0.23 0.15 0.27 417
Eggs 0.20 0.15 0.24 3.65
Potatoes 0.21 0.10 0.25 2.65
High-fat meat (other than processed) 0.24 0.04 0.30 1.18

Abbreviation: RRR, reduced rank regression.

a\Ne included a total of 33 food groups adjusted for total energy intake in our analysis. Only eight food groups which loaded highly (factor
loadings = 0.20) and strongly contributed to the first RRR-derived dietary pattern are presented here (The factor loadings for all food groups are
presented in Supplementary Table 1).

bFactor loadings are directly obtained from RRR analysis.

CStandard score parameters are obtained from multiple linear regression of food groups on original dietary pattern score.

Pearson’s correlation coefficient obtained from correlating individual food groups with the dietary pattern score.

e . T A . . . .
Explained variation is calculated by multiplying standardized parameters with the Pearson’s correlation coefficient x100.
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Table 4

Associations of simplified dietary pattern score with arterial stiffness measures among youth with type 1
diabetes participating in SEARCH CVD Pilot Study

Models Alx-752 (higher=stiffer) n=229  PWVP (higher=stiffer) n=237  BrachDC (lower=stiffer) n=228
Beta (SE) Beta (SE) Beta (SE)

Unadjusted model 0.42 (0.17)f 0.05 (0.01)® -0.05 (0.02)f

Adjusted modeld 0.47 (0.18)® 0.01(0.01) -0.001 (0.02)

Abbreviations: Alx, augmentation index; BrachD, brachial distensibility; CVD, cardiovascular disease; PWV, pulse wave velocity; SE, standard
error.

aNormalized to heart rate of 75 beats/minute (%).

bCaro'{id-femoral (m/sec).

CPercent change per mm Hg.

dFor AlX:Model with age at diagnosis of diabetes, gender, duration of diabetes, duration between assessment of diet (SEARCH initial visit) and
arterial stiffness (CVD pilot study visit), and television viewing. For PWV and BrachD: Model with age at diagnosis of diabetes, duration of
diabetes, duration between assessment of diet (SEARCH initial visit) and arterial stiffness (CVD pilot study visit), insulin dose, and study site.

Cp<0.01,

fp<0.05.
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