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Abstract

Aim: Our aim was to explore the relationship of Low-Density Lipoprotein Cholesterol (LDL-C)
with subclinical cardiovascular disease (CVD) in youth with T1D and T2D. We hypothesized the
association of LDL-C with elevated arterial stiffness (AS) would be partially accounted by the co-
occurrence of other CVD factors.

Method: We included 1376 youth with T1D and 157 with T2D from the SEARCH study. CVD
risk factors including LDL-C, waist to height ratio (WHtR), mean arterial pressure (MAP),
HbAlc, albumin to creatinine ratio (ACR), and insulin sensitivity (IS) score were measured at both
visits. At follow up, elevated carotid-femoral AS was defined as levels above 6.8 m/s.
Multivariable logistic regression evaluated the odds of elevated AS as a function of the average
CVD risk factors.

Results: At follow up, age was 18.0 + 4.1 and 21.6 * 3.5 years and duration of diabetes was 7.8
+19and 7.7 £ 1.9 years in T1D and T2D, respectively. Elevated AS was found in 8.4% of T1D
and 49.0% of T2D participants. Each SD increase in LDL-C was associated with 1.28 increased
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odds (95% CI 1.05-1.54, P=.013) of elevated AS in youth with T1D. The association was similar
but not statistically significant in T2D. WHIR, IS, and MAP were associated with elevated AS in
both groups. Adjustment for WHtR or IS attenuated to non-significance the relationship between
LDL-C and AS in T1D.

Conclusions: Obesity and insulin resistance attenuate the association of high LDL-C with AS
suggesting they partially account for the adverse effects of LDL-C on cardiovascular health in
youth with T1D.
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1| INTRODUCTION

Youth with type 1 diabetes (T1D) and type 2 diabetes (T2D) have increased risk for
cardiovascular disease (CVD). One of the main risk factors for CVD in youth with diabetes
is high LDL-C.1 Prevalence of high LDL-C in youth with diabetes is 15% in T1D and 24%
in T2D.1 In addition to LDL-C, other modifiable cardiovascular risk factors include poor
glycemic control, hypertension, obesity and insulin resistance.r However, lifestyle
modifications in adolescents can be very challenging and the majority do not meet glycemic
and weight target.2-5 It is estimated that only 17% of adolescents with T1D can achieve
optimal glycemic control.12:5 Also, 34% of youth with T1D are obese or overweight while
90% of patients with T2D are overweight or obese.’

It is important to know how the prolonged presence of modifiable CVD risk factors, such as
obesity, hypertension, poor glycemic control, albuminuria, and insulin resistance can affect
the relationship of LDL-C with subclinical CVD in youth with diabetes, so that prospective
studies can further examine whether interventions that target a lower LDL-C (ie, with
aggressive statin use) could be implemented to decrease future CVD complications. Our
objective was to explore the relationship of LDL-C with elevated arterial stiffness (AS), a
surrogate marker of CVD,8 after accounting for modifiable CVD risk factors, in youth with
T1D and T2D participating in the SEARCH for Diabetes in Youth Cohort Study. We
hypothesized the association of LDL-C with elevated arterial stiffness (AS) would be
partially accounted by the co-occurrence of other CVD factors.

2| METHODS
2.1| Study population

The SEARCH for Diabetes in Youth Cohort study is a longitudinal study following newly
diagnosed youth with type 1 or type 2 diabetes in 2002 to 2006 or 2008, who were recruited
in five US sites (South Carolina, Cincinnati, Ohio and surrounding counties, Colorado with
southwestern Native American sites, Seattle, Washington and surrounding counties, and
Kaiser Permanente Southern California members from seven counties).®
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Participants were recruited for a baseline visit shorty after their diagnosis (on average 9.3 £
6.4 months from diagnosis). Participants who had at least 5 years of diabetes duration since
diagnosis were eligible to participate in the follow-up visit between 2012 and 2015 (on
average 7.9 + 1.9 years from diagnosis) in order to evaluate the presence of subclinical
diabetes related complications and comorbidities. 10

The inclusion criteria for this analysis were (1) baseline and follow-up research visits with a
fasting LDL-C, (2) age at least 10 years old at the follow-up visit, and (3) pulse wave
velocity measurement at follow-up visit. Exclusion criteria included: (a) reported use of any
statin or other lipid-lowering medications during the study period (A= 101) and (b) missing
race/ethnicity data (V= 1).

2.2 | Research visits

Local Institutional Review Boards approved the study protocol at each site. Informed
consent was obtained from each participant. Research personnel obtained anthropometric
measurements, fasting blood samples, and collected questionnaires from participants as
previously described.?10 Race/ethnicity was self-reported, and it was categorized as non-
Hispanic white, Hispanic, non-Hispanic black, American Indian, Asian/Pacific Islander, and
other or multiple races/ethnicities. Income and education were self-reported.

The waist was measured at the natural waist location and the waist-to-height ratio was used
as a surrogate measurement of adiposity. Systolic and diastolic blood pressure was measured
three times at 1-min intervals after at least 5 min of rest and the average value was used in
the analysis. Mean Arterial Pressure (MAP) was calculated using the equation MAP =
(Systolic Blood Pressure + 2X Diastolic Blood Pressure)/3. The average value for all CVD
risk factors (from baseline and follow-up visit) was used in the analysis.

2.3| Laboratory measures

All participants had a fasting blood draw done after an 8-h fast at both visits. Medications
were withheld the day of the visit. Research samples were shipped to the study central
laboratory (Northwest Lipid Metabolism and Diabetes Research Laboratories, University of
Washington, Seattle, Washington), where low-density lipoprotein cholesterol (LDL-C),
triglycerides (TG), high-density lipoprotein cholesterol (HDL-C), and HbAlc were
measured as previously described.1! The insulin sensitivity (I1S) score was calculated based
on a previously described equation validated among SEARCH participants using a
euglycemic-hyperinsulinemia clamp?: log IS = 4.64725 — 0.02032 (waist, cm) — 0.09779
(HbAlc, %) — 0.00235 (TG, mg/dL). Lower IS score indicates higher insulin resistance. For
the urinary albumin to creatinine ratio (ACR), a random urine spot was used.

2.4 | Diabetes type

Diabetes type was defined using an etiologic classification as previously described.® Based
on this classification, T1D was defined as the presence of at least one positive antibody or a
negative antibody but IS score > 8.15.910 T2D was defined as the absence of antibodies and
IS score < 8.15. Consequently, there was minimal overlap in IS score ranges between the
two groups.
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25| AS measures

Carotid to femoral AS measurements were taken only at the follow up visit, using the
SphygmoCor Cardiovascular System (AtCor Medical) device, as previously described.11:12
Higher carotid-femoral PWV indicates elevated AS. Three measurements of carotid-femoral
PWYV were taken after the participant had rested for 10 min and the results were averaged for
these analyses. AS was defined as an elevated PWV above the 90th percentile from a healthy
age, sex, and race-ethnicity-matched control group (defined as levels above 6.8 m/s).9:13
This cut-off level is also in close agreement with the cut-off for elevated PWV described by
Elmenhorst et al.14 (6.03 m/s for men and 5.39 m/s for women who are 21 years of age).

2.6| Statistical analyses

Descriptive characteristics were summarized using mean (SD) or median (Q1, Q3) for
continuous or count (%) for categorical variables. The average value of LDL-C, WHIR,
mean arterial pressure, HbAlc, albumin to creatine ratio, and IS from the two visits was
used for analysis.

Multivariable logistic regression was used to calculate the odds ratios (ORs) and 95%
confidence intervals (Cls) of elevated AS as a function of average levels of CVD risk factors,
separately for each diabetes type. Odds ratios were calculated based on a 1-SD increase in
LDL-C cholesterol (22.0 mg/dL for type 1 and 29.8 mg/dL for type 2), on 0.05 increase in
WHTtR, on 5 units increase in MAP, on presence of absence of microalbuminuria defined as
above, and on 1 unit increase in IS score. Base models assessed the relationship between
LDL-C and elevated AS, adjusting for age, sex, race/ethnicity, diabetes duration, and clinical
site (model 1) in all the participants met the eligibility criteria. Sequential models
additionally adjusted for WHtR (model 2), MAP (model 3), HbAlc (model 4), ACR (model
5), and IS (model 6) to explore the effect of adjustment for each of the specific CVD risk
factor on the relationship between LDL-C and elevated AS.

All statistical analyses were conducted using SAS version 9.4 (SAS Institute, Cary, North
Carolina).

3| RESULTS

3.1| Descriptive analysis

We identified 1376 youth with T1D and 157 with T2D who were eligible for inclusion in
this analysis. The demographic characteristics of youth with T1D and T2D are shown on
Table 1. At the follow-up visit, the duration of diabetes was 7.8 £ 1.9 years in T1D youth
and 7.7 = 1.9 years in T2D youth. The average values of cardiovascular risk factors in T1D
and T2D are shown in Table 2. Briefly, the average values in T1D were as follows: LDL-C
93.1 + 2.0 mg/dL, WHtR 0.46 £ 0.05, MAP 78.2 + 7.6 mmHg, HbAlc 67.9 + 14.4
mmol/mol (8.4 + 1.3%), IS 8.8 £ 2.6, and median ACR 7.7 (5.3-13.4). The average values in
T2D were: LDL-C 99.4 £+ 29.8, WHtR 0.60 + 0.09, MAP 87.1 £ 7.3 mmHg, HbAlc 67.6 £
25.4 mmol/mol (8.3 £ 2.3%), IS 4.1 + 1.6, and median ACR 8.9 (5.2, 23.7).

Pediatr Diabetes. Author manuscript; available in PMC 2021 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Gourgari et al. Page 5

3.2| LDL-C and high AS in youth with T1D and T2D

Elevated AS was found in 8.4% of T1D and 49.0% of T2D participants (Table 2). Table 3
includes the results of the multivariable modeling. In youth with T1D, each SD increase in
LDL-C was significantly associated with 1.28 increased odds of elevated AS (95% CI: 1.05-
1.54, P=.0126) after adjusting for age, sex, race/ethnicity, diabetes duration and clinical site
(model 1). In individuals with T2D, each SD increase in LDL-C was associated with 1.16
increased odds of elevated AS (95% CI: 0.82-1.63, A= .4010) after adjusting for age, sex,
race/ethnicity, diabetes duration, and clinical site.

3.3 | Adjusted models for LDL-C and high AS in youth with T1D and T2DM

In the sequential models, we found that WHtR, MAP, and IS were each significantly
associated with elevated AS in both T1D and T2D, independent of LDL-C (Table 3 models
2, 3, and 6). Specifically, every 0.05 increase in WHtR (model 2) was associated with 1.72
increased odds of elevated AS (95% CI 1.44-2.05; £<.001) in T1D and 2.50 increased odds
in T2D (95% CI 1.83-3.41; P<.0001). Also, every 5 mmHg increase in MAP (model 3)
was associated with 1.63 increased odds of elevated AS (95% CI 1.38-1.92; £<.001) in
T1D and 1.50 increased odds in T2D (95% CI 1.16-1.95; £=.0021). Furthermore, every 1
unit increase in 1S score (model 6) was associated with an odds ratio of 0.75 for elevated AS
(95% CI 0.68-0.84; P<.001) in individuals with T1D and 0.43 (95% CI 0.31-0.58; P
<.001) in individuals with T2D. HbAlc and urinary ACR were not found to be associated
with increased odds of elevated AS in T1D or in T2D, independent of LDL-C. In T1D, after
adjustments for either WHtR or IS, the relationship between LDL-C and AS was attenuated
and became non-significant (Table 3, models 2 and 6), while the relationship remained
significant (P=.0219) after adjustment for MAP.

4| DISCUSSION

The novel findings from these analyses are: (2) LDL-C is significantly associated with 6%
higher odds of AS before adjustment for other CVD risk factors in youth with T1D, (b)
Waist to height ratio, insulin sensitivity and mean arterial pressure are each independently
associated with increased odds of elevated AS in both T1D and T2D, and (c) Waist to height
ratio and insulin sensitivity account for the association between LDL-C and AS in youth
with T1D.

High LDL-C is a known risk factor for CVD in patients with diabetes and is associated with
higher CVD mortality.1:15 In a relatively young cohort, like SEARCH, hard outcomes such
as fatal or non-fatal ischemic heart attacks are rare, and therefore, surrogate measurements
of CVD, such as AS, are needed to evaluate CVD burden in youth. Elevated AS has been
associated with increased odds of CVD events and mortality in adults and is therefore a
validated surrogate measurement of CVD.8:16

Elevated AS has been associated with cardiovascular events and mortality in epidemiologic
studies in adults,817 therefore, it has been used as a surrogate measure and important
biomarker of CVD. In the Framingham Heart Study when individuals in the elevated PWV
group were compared to those in the lowest PWV group after adjustment for age, sex, and
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standard risk factors, individuals in the highest quartile had an adjusted HR of 3.4 (95% Cl,
1.4-8.3; P=.008).8 Elevated arterial stiffness indicates that the arterial wall is stiff, which
affects the way blood pressure, blood flow, and arterial diameter change during the cardiac
cycle.18 Furthermore, elevated AS increases the after-load for the left ventricle of the heart,
which can lead to ventricular hypertrophy.® Our group has previously reported that the age
adjusted prevalence of elevated AS is more common in youth with T2D than in T1D.%:20
Youth with T1D have higher carotid-femoral pulse wave velocity compared to healthy
controls.1 Youth with T2D also have higher carotid-artery AS when compared to obese and
lean controls.2! We have previously shown in a cross-sectional study that age, sex, race,
blood pressure, adiposity, and lipid levels are independently associated with AS in T1D.11
Furthermore, we have shown that increases in LDL-C are associated with higher PWV over
time in youth with T1D in the SEARCH-CVD study.22 This present study expands on
previous study in SEARCH by examining the association between LDL-C levels over time
and elevated AS, the role of other CVD risk factors over time, and by including both youth
with T1D and T2D.

In this analysis, we also showed that in model 1 (adjusted for age, gender, race/ethnicity,
DM duration, and clinical site, but none of the other specific CVD risk factors) every 5
mg/dL increase in LDL-C levels over an average period of 7.1 £+ 1.9 years, is associated with
6% higher odds of elevated AS in youth with T1D. This is clinically significant, given that
approximately 45% of youth with T1D have an LDL-C > 100 mg/dL, which is the
recommended LDL-C target for patients with diabetes, and therefore—based on their LDL-
C level—are exposed to higher risk for elevated AS.23 Approximately 12% to 15% of youth
age >10 years with T1D have LDL-C above 130 mg/dL.24 Based on our model, when
examining the impact of a 30 mg/dL change in LDL-C we would estimate that youth with
T1D and LDL-C above 130 mg/dL, would have 39% increased odds of elevated PWV
compared to youth with an LDL-C of 100 mg/dL.

We also showed that (in model 1) every 5 mg/dL increase in average LDL-C levels over an
average period of 6.8 £+ 2.0 years is associated with 2% higher odds of elevated PWV in
youth with T2D. Even though this finding was not statistically significant, likely due, in part,
to our smaller sample size in T2D, we believe this is still clinically important, given that
approximately 57% of youth with T2D in SEARCH have an LDL-C > 100 mg/dL and 24%
have LDL-C above 130 mg/dL.23 Elevated LDL-C ranging from 24% to 46% have been
reported by others in youth with T2D.25 Based on our model, when examining the impact of
a 30 mg/dL change in LDL-C we estimate that youth with T2D and LDL-C above 130
mg/dL, will have a 16% or more increased odds of elevated PWV compared to an LDL-C of
100 mg/dL. Similar to T1D, interventions in T2D youth are also needed in order to minimize
this risk. Use of statin medications has been shown to improve cardiovascular outcomes in
patients with and without diabetes.26 In a meta-analysis of 18 686 patients with diabetes a
9% reduction in all-cause mortality per mmol/L reduction in LDL cholesterol was found in
participants with diabetes, which was similar to a 13% reduction in participants without
diabetes.26 American Diabetes Association (ADA) recommends the use of statin
medications in adults with diabetes aged 40 to 75 years without atherosclerotic disease,
regardless of their LDL-C levels.1® For those who are 20 to 39 years old and have additional
CVD risk factors ADA suggests it may be reasonable to initiate a statin.1®> For children with
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diabetes the use of statins is recommended for those who, despite lifestyle changes, have an
elevated LDL-C > 130 mg/dL and one or more CVD risk factors.2’

We also found a significant association of waist to height ratio, insulin sensitivity and mean
arterial pressure with increased odds of high PWV in both T1D and T2D. Lifestyle and
pharmacologic interventions in youth with diabetes try to target obesity, insulin resistance
and hypertension in order to improve CVD risk.28 One third of T1D and 90% of T2D youth
are overweight or obese. Also, the age adjusted prevalence of hypertension is 10% in youth
with T1D and 21.6% in youth with T2D, and that of albuminuria 5.8% and 19.9%,
respectively.1:9:2% Therefore, youth with diabetes and clinicians should continue focusing on
efforts that reduce these CVD risk factors.

In the present analysis, we showed a significant association of average WHtR and IS levels
measured over approximately 7 years with elevated PWYV, in both T1D and T2D,
independent of LDL-C levels. The odds ratio for the effect of elevated WHtR on PWV was
somewhat higher in T2D than in T1D (odds ratio 2.5 and 1.7, respectively). This could be
explained by the chronic presence of adiposity in youth prior to the diagnosis of T2D which
eventually leads to T2D, compared to obesity in T1D which often occurs or worsens after
the T1D diagnosis, sometimes as a result of intense insulin treatment.3%:31 Similarly, the
protective effect of IS appeared more pronounced in youth with T2D than in youth with T1D
(odds ratio of 0.43 vs 0.75, respectively). These results suggest that interventions that
ameliorate IS might have more robust CVD benefits in T2D than T1D youth, however both
groups could benefit from such interventions. In support of our findings, metformin, which
improves insulin sensitivity, has been shown to improve vascular health in obese youth with
T1D.32:33 To the best of our knowledge, there are no randomized controlled studies of
metformin in youth with T2D that specifically investigated AS as an outcome. Carefully
designed future randomized controlled studies are needed to investigate how interventions
that target IS/WHtR and LDL-C could affect the development of elevated AS over time.

After adjusting for either the WHIR or IS, the association of LDL-C with PWV in T1D was
no longer significant (Table 3). Our results indicate that the adverse effects of high LCL-C
on AS could be partially explained by the co-occurrence of higher WHtR and lower IS levels
suggesting that adverse CVVD outcomes may be improved by interventions that target obesity
and insulin resistance in youth with T1D. Metformin and lifestyle interventions (healthy
diet, better sleep hygiene, exercise) that limit weight gain in T1D might also be beneficial.
Newer medications such as the GLP-1 agonists, have beneficial effects on obesity and
cardiovascular health in adults with T2DM.34 Whether GLP-1 agonists could also be used
for CVD protection in youth with T1D remains to be examined in future studies.

It is also possible that other factors, not tested in our model, which are associated with
obesity and insulin resistance could also be responsible for the attenuation of this
relationship. Such potential factors could be the lack of exercise, poor sleep hygiene, non-
alcoholic fatty liver disease, however our study was not designed to examine these factors.
Furthermore, AS is only one, among others, surrogate marker of CVD. It is possible that the
relationship of LDL-C with other surrogate markers of CVD is different. In fact, Rodriguez
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et al. showed previously that CIMT is indeed independently associated with LDL-C3® in
children with T1D.

We did not find an association of glycemic control with elevated AS, independent of LDL-C
levels. Our group has showed before that AS in youth with T1D and T2D is associated with
central obesity and high blood pressure but not HbA1c.20 Taken together, our current
findings suggest that while glycemic control is very important to decrease diabetic
complications in youth with diabetes in general, obesity, insulin resistance, and high blood
pressure may be more important drivers of elevated AS. Unfortunately, obesity and
hypertension are not adequately controlled from a young age. In the T1D Exchange cohort,
among pediatric patients with T1D and hypertension, only 52% were receiving
antihypertensive medications and of those treated, only 32% achieved goal blood pressure.36
Pediatric diabetes providers often try lifestyle modifications but seldom initiate medications
to address hypertension or high cholesterol, even after lifestyle modifications fail.3” More
efforts are needed to align the management of pediatric diabetes with the recommended
ADA targets for CVD risk factors.

There are several possible mechanisms pertaining to the patho-physiology of elevated AS in
patients with diabetes.38 One mechanism is the decreased activation of the nitric oxide
pathway in the presence of insulin resistance, which may lead to increased vasoconstriction
and elevated AS.39 Another mechanism is the increased production of reactive oxygen
species in the environment of insulin resistance, which may contribute to vascular
dysfunction and AS.%0 Also, diabetic autonomic neuropathy is characterized by increased
sympathetic tone in patients with TLDM which also contributes to elevated arterial tone and
AS.*L Finally, advanced glycation end products can alter the connections of collagen and
fibrin and make the arteries stiffer.#2 Although the focus of this manuscript was not to
explore the mechanisms of increased AS in T1DM our findings of a significant relationship
of insulin sensitivity with elevated AS in youth with diabetes are biologically plausible.

Strengths of our study include a well characterized observational cohort of youth with T1D
and T2D with longitudinal measurements of CVD risk factors over time. A limitation of our
study is that the AS outcomes were only measured at follow up, so we not able to assess
changes in PWV over time. Also, we defined elevated AS based on a cut-off derived from
the 90th percentile from healthy lean control group in a matched cohort. We acknowledge
that there have been currently no longitudinal studies that have validated this or any other
PWV value during childhood with CVD events in adulthood. However, a large systematic
review and meta-analysis examined the predictive value of PWV for cardiovascular events
by looking at 17 longitudinal studies and a total of 15 877 adult subjects who were followed
for an average of 7.7 years.1” Authors found that an increase in PWV by 1 m/s corresponded
to an age-sex-risk factor adjusted risk increase of 14% and 15% in CVD events and
mortality, respectively.1” Our group has published before that the mean carotid-femoral
PWYV in youth with TIDM was 5.3 + 0.8 m/s.13 Data from this large systematic review
indicates that youth with TIDM and an elevated AS above 6.8 m/s have at least 15%
adjusted increased risk of CVD compared to the average youth with TLDM that has a PWV
of 5.3 m/s. Another limitation is the relatively small sample size of youth with T2D, which
may have prevented us to detect a statistically significant association of LDL-C with high
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PWYV that we believe is clinically important. Furthermore, another limitation is that we
excluded participants who were treated with statins (/= 101). However, their LDL-C
cholesterol level might have been within normal limits on treatment with statins and
therefore would be not indicative of the severity of their hyperlipidemia. Finally, we used an
estimated measure of IS instead of the gold standard of insulin clamp. However, our
equation has been previously validated against the insulin clamp.10

5| CONCLUSIONS

LDL-C is significantly associated with elevated AS in youth with T1D, but this association
is not independent of other CVD risk factors. Specifically, obesity and insulin resistance
partially account for the adverse effects of high LDL-C on cardiovascular health in youth
with T1D. Future trials should investigate whether interventions that target obesity and
insulin sensitivity could improve AS in youth with T1D and T2D and therefore
cardiovascular outcomes. Use of statin medications is recommended for patients with
markedly elevated LDL-C. Future studies could examine whether the use of statin
medications could ameliorate the progression of AS in youth with T1D and T2D.
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Demographic characteristics of 1533 adolescents and young adults at follow-up visit by diabetes type: the

SEARCH for Diabetes in Youth study

Mean + SD

Variable T1D (N = 1376) T2D (N = 157)
Age 18.0+4.1 21.6+35
Duration of diabetes (years) 7.8 +1.9 Count (%) 7.7+1.9
Sex

Female 680 (49.4) 102 (65.0)

Male 696 (50.6) 55 (35.0)
Race

Non-Hispanic white 1062 (77.2) 46 (29.3)

Other race/ethnic group 314 (22.8) 111 (70.7)
Income

<$25K 206 (15.0) 61 (39.4)

$25-49K 230 (16.8) 27 (17.4)

$50-74K 214(15.6) 11(7.1)

$75K+ 499 (36.4) 9(5.8)

Do not know/refused 221 (16.1) 47 (30.3)
Insurance

None 52 (3.8) 29 (19.6)

Other 62 (4.5) 13 (8.8)

Medicaid/Medicare 272 (19.9) 55 (37.2)

Private 983 (71.8) 51 (34.5)

Note: Table entries are mean + SD for continuous or count (%) for categorical data.

Abbreviations: T1D, type 1 diabetes; T2D, type 2 diabetes.
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TABLE 2
CVD risk factors in adolescents and young adults with T1D and T2D

Mean + SD
Variable T1D (N=1376) T2D (N =157)
LDL-C (mg/dL) 93.1+22.0 99.4+29.8
WHIR 0.46 +0.05 0.60 +0.09
MAP (mmHg) 782+76 87.1+73
HbALc (%) 84+13 83+23
HbAalc (mmol/mol) 67.9+14.4 67.6 +25.4
ACR (median [Q1,Q3])  7.7(5.3,134)  8.9(5.2, 23.7)
ACR = 30 (count [%]) 140 (10.4) 35 (22.9)
IS score 8.8+2.6 41+16
PWV (mis)? 55+1.0 69+14
Elevated AS” (count [%]) 116 (8.4) 77 (49.0)

Note: Table entries are mean = SD unless otherwise indicated. Data are the mean of baseline and follow-up values except the PWV which was only
measured at the follow up visit.

Abbreviations: T1D, type 1 diabetes; T2D, type 2 diabetes; LDL-C, LDL-cholesterol; WHtR, waist to height ratio; MAP, mean arterial pressure;
ACR, albumin to creatinine ratio; IS score, insulin sensitivity score; PWV, pulse wave velocity.

a . Lo . . .
One high outlier winsorized to the next highest value in the analysis dataset.

bCut point based on 90th percentile from CVD control group (6.8 m/s for PWV).
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