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Abstract

Aims/hypothesis—Type 1 diabetes increases CHD risk. We examined the use of the American
Heart Association’s cardiovascular health metrics (blood pressure, total cholesterol, glucose/
HbA1¢, BMI, physical activity, diet, smoking) to predict incidence of CHD among individuals
with type 1 diabetes, with the hypothesis that a better American Heart Association health metric
profile would be associated with lower incident CHD.

Methods—~Prevalence of the seven cardiovascular health metrics was determined using first and
second visits from adult participants (mean age 28.6 years) in the Epidemiology of Diabetes
Complications prospective cohort study of childhood-onset type 1 diabetes. An ideal metric score
(0-7) was defined as the sum of all metrics within the ideal range, and a total metric score (0-14)
was calculated based on poor, intermediate and ideal categories for each metric. Incident CHD
development (medical record-confirmed CHD death, myocardial infarction, revascularisation,
ischaemic electrocardiogram changes or Epidemiology of Diabetes Complications physician-
determined angina) over 25 years of follow-up was examined by metric scores.

Results—Among 435 participants, BMI, blood pressure, total cholesterol and smoking
demonstrated the highest prevalence within the ideal range, while diet and HbA1. demonstrated
the lowest. During 25 years of follow-up, 177 participants developed CHD. In Cox models, each
additional metric within the ideal range was associated with a 19% lower risk (p=0.01), and each
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unit increase in total metric score was associated with a 17% lower risk (p<0.01) of CHD,
adjusting for diabetes duration, estimated glomerular filtration rate, albumin excretion rate,
triacylglycerols, depression and white blood cell count.

Conclusions/interpretation—Among individuals with type 1 diabetes, higher cardiovascular
health metric scores were associated with lower risk of incident CHD. The American Heart
Association-defined cardiovascular health metrics provide straightforward goals for health
promotion that may reduce CHD risk in the type 1 diabetes population.

Graphical Abstract

Keywords

Among adults with Type

‘ j 1 Diabetes

A

-
More Favourable » )

‘Life's Simple 7- : Lower

based metric | risk for
o CHD

Created in Bicrender com

» nere . I
g [ W= 25 years (< T
N

score

&)
Total ’
cholesterol

Cardiac complications; Epidemiology; Exercise; Hypertension; Lipids/lipoproteins; Nutrition and
diet; Weight regulation and obesity

Introduction

Cardiovascular disease is the leading cause of mortality in individuals with type 1 diabetes
[1]. CHD, the most prevalent form of CVD, develops at an earlier age and is
disproportionately burdensome among individuals with type 1 diabetes compared with the
general population [2, 3]. Since the incidence of type 1 diabetes is increasing worldwide [4]
without a known intervention that is effective in preventing it, measures to delay or decrease
diabetes complications are essential. Early prevention of CHD to offset earlier development
and greater prevalence with ageing [5, 6] has therefore become a priority.

In 2010, the American Heart Association (AHA) created a framework for assessing and
promoting cardiovascular health using seven simple metrics, known as Life’s Simple Seven
(LS7). These metrics include four ‘health behaviours’ (smoking, BMI, physical activity and
diet) and three “health factors’ (total cholesterol, blood pressure and glucose) [7]. The AHA
also created ideal, intermediate and poor categories for each metric using criteria in line with
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clinical practice and public health guidelines [7]. Longitudinal studies demonstrated an
inverse linear dose—response relationship between a greater number of metrics within the
ideal range and cardiovascular mortality [8, 9] and CVVD development over time [10, 11].
LS7 is meant to reduce CVD burden by offering a straightforward, simple way to quantify
important health behaviours and health factors to provide clear, actionable change goals.
This framework has potential utility in public health messaging and as an assessment and
goal-setting tool in clinical practice [12].

The composite of modifiable metrics that compose LS7 has not yet been explored in relation
to CHD in the type 1 diabetes population. Traditional risk factors such as blood pressure,
blood lipids, waist-to-hip ratio and smoking have been shown to be related to CHD risk in
type 1 diabetes, while population-specific risk factors such as diabetes duration and overt
nephropathy also influence risk [13-16]. A small body of research examined the prevalence
of ideal cardiovascular health metrics in type 1 diabetes [17, 18] and found an association
between cardiovascular health and development of coronary artery calcium [18], although
the prospective association between the LS7 metrics and CHD development has not yet been
determined.

The Pittsburgh Epidemiology of Diabetes Complications (EDC) study is a prospective study
of individuals with childhood-onset type 1 diabetes with over 25 years of follow-up. The
availability of extensive longitudinal data in this cohort allowed for the opportunity to
describe baseline measures of ideal, intermediate and poor cardiovascular health metrics
based on LS7, and to determine the association between these cardiovascular health metrics
and future CHD. It was hypothesised that a greater number of baseline cardiovascular health
metrics within the ideal range and a higher total cardiovascular health metric score would be
associated with lower CHD incidence.

Study design and participants

EDC study participants were identified based on clinical diagnosis of type 1 diabetes before
the age of 17 between 1950 and 1980 at Children’s Hospital of Pittsburgh [19]. A total of
658 participants were seen at the baseline visit (1986-1988) and have been prospectively
followed through clinic examinations occurring biennially for the first 10 years and at years
18, 25 and 30. In addition, surveys were conducted biennially throughout the study.
Outcome data collected through the 2013-2015 (25 year) visit were used for this analysis.
As separate LS7 cut-points were developed for use in adults (defined as =20 years of age by
the AHA) and children, participants <20 years of age at baseline risk-factor assessment were
excluded (n=111, 12 of whom developed CHD during follow-up), as were those with
prevalent CHD by the second visit (years 1988-1990, n=68). Thus, the total eligible sample
for this analysis was 479 individuals. All participants provided written, informed consent
and all protocols were approved by the Institutional Review Board at the University of
Pittsburgh.
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Cardiovascular health metrics

Components (i.e., health behaviours and health factors) of the cardiovascular health metrics
scores were based on the mean of measures taken at the first and second visits to provide
more robust estimates. If a measure was only available at one visit, then that value was used.
Participants with missing data at both visits for any variable were excluded. Categories of
ideal, intermediate and poor cardiovascular health metrics were defined using AHA criteria
[7], with some necessary modifications as indicated below and shown in Table 1.

Four ‘health behaviours’

1) BMI: BMI (kg/m?) was calculated using height and weight measured at clinic visits.
The ideal BMI range was defined as <25, intermediate as 25-30 and poor as =30 kg/m?.

2) Smoking: Smoking status was self-reported using a demographic/medical history
questionnaire. In this analysis, consistent with the approach taken previously [17], ideal was
defined as ‘never smoker’, intermediate as ‘former smoker’ and poor as ‘current smoker’.
‘Never smokers’” were defined as those who stated at both the first and second visits that they
had never smoked 100 or more cigarettes. ‘Former smokers’ indicated that they were former
smokers at both visits or that they were smokers at the first visit and no longer smoked at the
second visit. ‘Current smokers’ indicated current smoker status at the second visit.

3) Physical activity: Physical activity status was assessed using the Paffenbarger Physical
Activity Questionnaire [20], whose validity in assessing physical activity of moderate or
greater (moderate+) intensity was previously shown [21]. The following question was used
to determine minutes of activity per week: ‘List any sports or recreation you have
participated in during the past week. Please include only the time you were physically
active,” which then included prompts for time and frequency. An added question to the
Paffenbarger Questionnaire asked whether the reported level of activity over the past week
reflected the participant’s usual activity. Activity intensity was determined using metabolic
equivalents of task (METS) according to the 2011 Compendium of Physical Activity [22].
Activities of 3.0 METs were considered moderate+ and counted toward activity time per
week, in line with the AHA criteria for this metric [7]. The ideal range for physical activity
was defined as =150 min per week of activity of moderate+ intensity. Intermediate was
defined as 1-149 min per week of activity of moderate+ intensity and poor as no physical
activity.

4) Nutrition: Diet was assessed using the Harvard/Willet Food Frequency Questionnaire,
which was shown to be a valid method for collecting nutrient intake data [23]. Participants
indicated how frequently 116 food/drink items were consumed on average over the past year.
Questionnaires were optically processed at the Harvard Medical School (Channing
Laboratory, Boston, MA, USA) to produce daily nutrient consumption data. Unfortunately,
food group data were not available. Nutrient components included in determining
cardiovascular health metrics score were chosen from a consensus among the rationale for
the AHA LS7, Dietary Reference Intakes and ADA recommendations for dietary intake for
people with diabetes. Components of the score include: (1) sodium intake of <2300 mg/day;
(2) saturated fat intake of <10% of total calories; and (3) fibre intake of =25 g/day for
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women and 38 g/day for men. The sodium criterion is consistent with the ADA
recommendations for individuals with diabetes and Dietary Reference Intake [24, 25]. The
fibre criteria are intended to reflect ADA and AHA LS7 recommendations for greater intake
of whole grains, fruits and vegetables [7, 24], with sex-specific intake cut-points based on
Dietary Reference Intake values [25]. The saturated fat criterion is explicit in ADA
guidelines for recommended intake for individuals with diabetes, and restricting saturated fat
intake is mentioned in the LS7 strategic plan [7, 24]. Ideal status was defined as meeting all
three criteria, intermediate as meeting two and poor as meeting one or none.

Three ‘health factors’

1) Total cholesterol: Serum total cholesterol was determined enzymatically from blood
drawn after fasting [26]. Per AHA LS7 ranges, ideal total cholesterol was defined as <5.18
mmol/l, intermediate as 5.18-6.21 or treated to ideal range and poor as =6.22 [7]. Lipid
medication use, which was self-reported using a medical history questionnaire, at either first
or second visit was considered when determining categories.

2) Blood pressure: Blood pressure was measured with a random zero
sphygmomanometer; the mean of the last two of three readings taken after a 5 min rest was
used. In accordance with the AHA LS7 status ranges, ideal blood pressure was defined as
systolic blood pressure (SBP) <120 mmHg and diastolic blood pressure (DBP) <80 mmHg,
intermediate as SBP 120-139 or DBP 80-89 or treated to ideal range, and poor as SBP =140
or DBP =90 [7]. Self-reported antihypertensive medication use at either visit was considered
when determining categories.

3) HbA;.: HbA;., a more appropriate indicator of overall glucose management in the type
1 diabetes population, was used instead of the LS7 metric of fasting blood glucose. Stable
HbA1 was measured by ion-exchange chromatography (Isolab, Akron, OH, USA) for the
first 18 months of EDC, and subsequently by automated high-performance liquid
chromatography (Diamat; Bio-Rad, Hercules, CA, USA). The two assays were highly
correlated (r=0.95). HbA1 values were converted to DCCT-aligned HbA values using a
regression equation derived from duplicate assays [DCCT HbA;. =0.14 + 0.83 (EDC
HbA)]. Consistent with the current ADA guidelines for glycaemic targets, the ideal range
for HbA; was <53 mmol/mol (<7%) [27], intermediate was 53—-75 mmol/mol (7-8.9%) and
poor was =75 mmol/mol (=9%).

CHD outcomes

The primary outcome of interest was time to development of CHD, defined as the first
instance of CHD death, myocardial infarction confirmed by Q-waves on electrocardiogram
(Minnesota codes 1.1 or 1.2) or hospital records, angiographic stenosis =50%,
revascularisation, ischaemic electrocardiogram changes (Minnesota codes 1.3, 4.1-4.3, 5.1
5.3, 7.1) or EDC study physician-diagnosed angina. Self-reported CHD events were
confirmed using medical records. CHD as either the primary cause or a contributing cause of
death was determined using death certificates, autopsy reports and coroner reports and was
reviewed in accordance with the Diabetes Epidemiology Research International mortality
protocol [28]. Secondary outcomes of hard CHD (defined as CHD, but excluding angina and
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ischaemia) and major adverse cardiovascular events (MACE, defined as the first instance of
myocardial infarction, stroke or cardiovascular mortality) were also examined.

Other measures of interest

Analysis

Potential confounding variables were considered based on previous research looking at CHD
[13, 14] and cardiovascular health metrics [17, 18] in type 1 diabetes. Duration of diabetes
was determined using date of diagnosis. Sex, race/ethnicity and household income were
specified in a demographic questionnaire administered at first visit. All additional covariates
used the mean of first and second visit measures. The Beck Depression Inventory (BDI)
questionnaire was used to ascertain depressive symptoms [29, 30]. Triacylglycerols were
obtained enzymatically using fasting blood draw [19, 31]. White blood cell count (WBC)
was measured using a Counter model S-plus IV (Coulter Electronics, Hialeah, FL, USA).
Urinary albumin was measured by immunonephelometry in three timed urines [32]. eGFR
was calculated using the Chronic Kidney Disease Epidemiology Collaboration creatinine
equation [33].

Cardiovascular health metrics were quantified as ‘ideal score’, indicating the sum of the
seven metrics within the ideal range (possible range 0-7). In addition, a “total score’ was
determined representing the sum across all seven metrics, where each metric with poor
status was assigned a value of 0, intermediate a value of 1 and ideal a value of 2 (possible
range 0-14). Ideal score and total score were used as continuous predictors of time from
cardiovascular health metric assessment (i.e., starting from the date of the second clinic
visit) to first CHD event using Cox proportional hazard models. Models were adjusted for
potential confounders, including sex, diabetes duration at visit 1 and the mean of visit 1 and
2 triacylglycerols, BDI, WBC, household income, AER and eGFR. AER and
triacylglycerols were log transformed and quartiles of BDI were used to reduce skewness.
Covariates were included based on stepwise selection at the level of p<0.25 for entry and
p<0.15 to retain.

As renal disease is a strong risk factor for CHD in type 1 diabetes, effect modification of the
association between total metric score and CHD by eGFR was assessed by including a
metric scorexeGFR interaction term in Cox models. All Cox models were confirmed to meet
the proportional hazards assumption by assessing that interaction terms between the metric
score variables and time were not statistically significant. Additional analyses evaluated
ideal and total “health behaviour’ and ‘health factor’ scores separately as predictors of CHD,
hard CHD and MACE outcomes. Two sensitivity analyses were conducted: (1) including
repeated assessments of lipid and blood pressure medication use during follow-up in models;
and (2) including only participants who indicated that their reported activity reflected their
usual activity level. Absolute risk was calculated using Kaplan—Meier survival probabilities
for high vs low scores based on the score midpoint (>3 vs <3 ideal and >7 vs <7 total). All
analyses were conducted using SAS version 9.4 (SAS Institute, Cary, NC, USA).

Diabetologia. Author manuscript; available in PMC 2022 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Devaraj et al.

Results

Page 7

Of 479 eligible participants, 43 were excluded due to missing cardiovascular health metric
or covariate data and one had unknown CHD status through 25 years of follow-up, leaving a
final sample of 435 (90.8%). Median participant age at the first visit was 28.6 years, median
diabetes duration was 19.8 years, men and women were evenly represented and the sample
was 97.9% white (Table 2). At baseling, three participants reported taking lipid medications
and 57 reported taking blood pressure medications. During the 25 years of follow-up, 177
participants (40.7%) had an incident CHD event (fatal CHD: 18; non-fatal myocardial
infarction: 48; revascularisation: 36; ischaemic electrocardiogram: 25; angina: 50).

At baseline (Fig. 1), the majority of participants were in the ideal range for total cholesterol

(64.4%), blood pressure (64.4%), BMI (64.6%) and smoking status (58.2%). Only 7.4% had
ideal HbA1. and 1.2% had ideal nutrition component status. The ideal physical activity goal
was met by 39.4% of participants.

The median number of ideal metrics was 3 (IQR: 2—4; minimum: 0, maximum: 6). The
median total metrics score was 8 (IQR: 6-9; minimum: 2, maximum: 13). No participants
achieved ideal status for all seven metrics.

Ideal metric score

Total metric

In unadjusted models, each additional ideal metric was associated with a 38% decreased risk
of CHD (p<0.01) (Table 3). This association was attenuated to 32% (p<0.01) adjusting for
diabetes duration; it was further attenuated to 24% (p<0.01) with additional adjustment for
eGFR and AER; and to 19% (p=0.01) in the final multivariable model adding
triacylglycerols, WBC and depression (no significant eGFR effect modification was found).
Each additional ideal ‘health factor’ metric was associated with a 26% decreased risk
(p<0.01) in final models with adjustment for the same covariates as the full score plus
cardiovascular health behaviours. Risk reduction with each additional ideal health behaviour
was significant in unadjusted models (HR: 0.68, p<0.01) and no longer significant in fully
adjusted models.

score

Each unit increase in total cardiovascular health metric score was associated with a 27%
decreased risk of CHD (p<0.01), which was attenuated to 26% (p<0.01) in models adjusted
for diabetes duration alone; 21% (p<0.01) when adjusting for diabetes duration, eGFR and
AER; and 17% in final models with additional adjustment for triacylglycerols, WBC and
BDI (Table 3). Each unit increase in total ‘health behaviour’ score was associated with a
13% decreased adjusted risk of CHD (p=0.04), and each unit increase in total ‘health factor’
score with a 21% decreased risk (p<0.01).

Similar results were obtained when examining hard CHD (i.e., excluding angina and
ischaemic electrocardiogram, n=475, events=166; Table 3). Results were also similar with
MACE as the outcome of interest (n=477, events=133), with a slightly stronger 26%
decreased risk (p<0.01) associated with each unit increase in ideal metric score in the fully
adjusted model. Sensitivity analysis found no difference in time-to-event models when
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including repeated assessments of medication use, which increased over time (electronic
supplementary material [ESM] Table 1), and, separately, when restricted to those who
reported that their activity level reflected their usual level of activity (n=368). After 25 years,
the absolute risk reduction for total CHD for high vs low ideal scores (>3 vs <3) was 0.498
(95% C1 0.415, 0.581) and for high vs low total metric scores (>7 vs <7) was 0.153 (95% CI
0.122,0.184).

Discussion

A carefully designed longitudinal study of a large cohort of individuals with childhood-onset
type 1 diabetes allowed for the examination of the relationship between measures of a
modified version of the AHA’s cardiovascular health metrics in early adulthood and incident
CHD. Each additional cardiovascular health metric within the ideal range and each unit
increase in total metric score was associated with a lower incidence of CHD (19%, p=0.01
and 17%, p<0.01, respectively) over a 25 year follow-up. These findings support the
hypothesis that a more favourable cardiovascular health metrics profile in early adulthood is
associated with a lower incidence of CHD in type 1 diabetes, showing the potential utility of
the AHA LS7 as a tool to identify and promote improvement in health behaviours and health
factors in this population.

This is the first known report of the association between cardiovascular health metrics and
incident CHD in type 1 diabetes and was done in the EDC study with data on all seven
metrics over 25 years of follow-up. Measures from the first two clinic assessment visits
(young adulthood) were considered for all metrics as the time of exposure of interest due to
risk for earlier development of CHD among individuals with type 1 diabetes. Granted,
physical activity and nutrient intake were self-reported and diet could not be characterised
using the same criteria outlined by LS7 due to the availability of nutrient intake data. Also,
repeated measures of diet data were limited, not allowing the assessment of repeated
measures of the full LS7 profile.

Finally, while the EDC cohort is representative of baseline type 1 diabetes prevalence in the
geographic area at the time [34], the lack of racial/ethnic diversity is a limitation in this
study, especially given an increased incidence among black individuals [35].

The current analysis builds on existing literature exploring the prevalence of cardiovascular
health metrics in individuals with type 1 diabetes. In comparison with the EDC cohort, the
Type 1 Diabetes Exchange clinic registry (years 2010-2012) and the Coronary Artery
Calcification in Type 1 Diabetes (CACTI, years 2000-2002) cohort found that a greater
percentage of their study samples met the HbA; goal, but a lower percentage met the ideal
criteria for blood pressure and BMI [17, 18]. The CACTI study also demonstrated a similar
prevalence of individuals meeting the ideal criteria for diet, total cholesterol and smoking
and a lower prevalence of ideal physical activity when compared with the EDC [17].
Differences in prevalence may be due to an older mean age of 37 years in both the Diabetes
Exchange and CACTI cohorts compared with the EDC cohort, differences in years when
measures were taken (1986-1990 vs 2000-2002 and 2010-2012) [17, 18] and differences in
activity assessment across studies [17]. In addition, EDC participants were not directly
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treated by research staff, while ‘Exchange’ members were seen in the reporting clinics and
about half of the CACTI participants were treated by study personnel. The lack of guidelines
for blood glucose management and dietary intake among the type 1 population in the 1986—
1990 time period may have further contributed to lower prevalence of ideal HbA;; and diet
in the EDC cohort. However, more contemporary estimates in type 1 diabetes youth in the
SEARCH for Diabetes in Youth study [36] and adults in the ‘Exchange’ (years 2016-2018)
[37] have demonstrated similar mean levels of HbA1, compared with similarly aged EDC
participants in the mid/late 1980s. Also, the comparably low prevalence of ideal diet in
CACTI is noteworthy, indicating that perhaps components of the risk profile have remained
somewhat unchanged over time.

There are inconsistencies in studies of cardiovascular health metric prevalence in the general
population compared with those among individuals with type 1 diabetes. The Framingham
Offspring study from a similar time period to EDC demonstrated a comparatively lower
prevalence vs EDC of ideal smoking status, total cholesterol and blood pressure [10].
National Health and Nutrition Examination Survey (NHANES) metric estimates among a
comparable age range to EDC baseline also demonstrated lower prevalence of ideal BMI
[38]. In contrast, the CACT]I study, which compared all seven cardiovascular health metrics
in a type 1 diabetes population with individuals without diabetes, found that blood pressure
was significantly less favourable among the former [17]. In summary, CACTI found less
favourable while EDC found more favourable metrics profiles in their cohorts with type 1
diabetes compared with individuals without diabetes. Possible reasons for these
discrepancies include the fact that the CACTI study was initiated over 15 years after EDC
baseline and involves a control group composed primarily of family and friends of enrolled
individuals with type 1 diabetes.

Longitudinal examination of cardiovascular health metrics and future atherosclerotic
outcomes in type 1 diabetes has only been done previously in the CACTI study, which found
that a higher number of ideal cardiovascular health metrics was associated with decreased
coronary artery calcium progression [17]. The current analysis from the EDC study
demonstrated that each unit increase in ideal and total cardiovascular health metric scores
was associated with a lower risk for CHD and MACE. This EDC study also looked at
‘health behaviours’ and ‘health factors’ as independent predictors of CHD. Ideal health
behaviours were not associated with CHD in fully adjusted models, which may speak to the
influence of depression on health behaviour and the overall health profile of participants in
the ideal range for BMI. Also, it is important to note that adjustment for post-baseline lipid
medication use did not eliminate the value of LS7 as a predictor of CHD in the EDC. This
further underscores the utility of LS7 as a predictor, given that young adults with 20 years of
type 1 diabetes duration commonly reach risk levels meriting statin use under current
guidelines [5].

Our findings in the EDC cohort are in line with findings in the general population
demonstrating a dose—response relationship between the number of ideal cardiovascular
health metrics and CVD risk. In the Framingham Offspring study, for each unit increase in
the ideal cardiovascular health metric score (range 0-7), CVD incidence decreased by 23%
[39]. Similarly, others reported that achieving five or more ideal metrics was associated with
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a significantly lower CVD risk compared with zero or one ideal metric [11, 40]. Achieving
the highest total cardiovascular health metric score, quantified in the same way as in the
EDC study, significantly reduced CVD risk [41, 42]. Finally, in the limited literature looking
at CHD in the general population, self-reported CHD has been shown to be lower among
individuals with more ideal cardiovascular health metrics [43].

The fact that a similar or more favourable cardiovascular health risk profile in type 1
diabetes compared with the general population occurs despite a relatively higher burden of
CHD, as shown in the EDC, warrants further consideration. For example, previous EDC
findings indicate that treatment guidelines may need to consider lower blood pressure goals
in individuals with type 1 diabetes in order to decrease CHD risk [44]. While the current
analysis was intended to evaluate the AHA LS7 criteria with only minimal necessary
changes, future analyses could consider additional modifications to create a more
population-specific LS7.

A potential limitation to the LS7 approach is that it does not provide information on the
relative importance of each component and is not meant to serve as a risk prediction model.
Consistent with other studies [9, 41], the current findings indicate that any improvement in
LS7 metrics scores is associated with decreased CVD risk. Future research can investigate
the utilisation of LS7 in children and further explore the relative importance of CVD risk
factors and resulting LS7 metrics in the type 1 diabetes population [45]. Additional studies
of the impact of interventions designed to improve cardiovascular health on LS7 are also
needed.

In conclusion, cardiovascular health metrics show promise for use in type 1 diabetes as a
clinical and public health promotion tool and provide insight into areas of greatest need of
intervention to improve cardiovascular health in specific type 1 diabetes cohorts. In the EDC
cohort, diet had an ideal prevalence of 1.1%, making it a first line intervention target.
Extending the application of the LS7 approach, which allows for easy assessment and sets
straightforward goals for modifiable risk factors, to the high-risk type 1 diabetes population
has great potential to promote cardiovascular health.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in context
What is already known about this subject?
. Type 1 diabetes is associated with greater CHD risk

. Having a more favourable American Heart Association-defined
cardiovascular bealth metrics profile is associated with lower CVD risk in the
general population

What is the key question?

. What is the association between the American Heart Association
cardiovascular health metrics and CHD development in individuals with type
1 diabetes?

What are the new findings?

. A majority of young adults with type 1 diabetes initially met the ideal criteria
for BMI, smoking, blood pressure and total cholesterol, while a lower
percentage met the ideal criteria for glucose control and diet

. Each additional ideal cardiovascular health metric was associated with a 19%
lower risk, and each unit increase in total cardiovascular health metric score
was associated with a 17% lower risk of CHD development over 25 years of
follow-up, adjusting for kidney disease/function, diabetes duration,
depression, triacylglycerol and white blood cell count

How might this impact on clinical practice in the foreseeable future?

. These findings indicate that small differences in the straightforward American
Heart Association cardiovascular health metrics in early adulthood are
associated with lower risk for CHD among individuals with type 1 diabetes
during 25 years of follow-up, providing a promising framework for future
prevention efforts
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Fig. 1.
Prevalence of cardiovascular health metrics (mean of first visit [1986-1988] and second visit

[1988-1990]; 7=435). Prevalence estimates are the mean of measures taken at the first and
second visits. If a measure was missing at one of the two visits, the measure from the other
visit was used
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Cardiovascular health metrics categories

Table 1

Page 16

Metric

Ideal

Intermediate

Poor

Total cholesterol

<5.18 mmol/l

5.18-6.21 mmol or treated to the ideal range

>6.22 mmol/l

Blood pressure

<120 mmHg systolic, <80 mmHg diastolic

120-139 mmHg systolic or 80-89 mmHg
diastolic or treated to the ideal range

2140 mmHg systolic or
290 mmHg diastolic

HbA¢ <53 mmol/mol (<7%) 53-75 mmol/mol (7.0-8.9%) 275 mmol/mol (>9%)
BMI <25 kg/m? 25-29.9 kg/m? =30 kg/m?

Smoking status Never Former Current

Physical activity | =150 min per week moderate+ 1-149 min per week moderate+ None

Nutrition

3 components:

(1) Fibre intake >25 g women, >38g men
(2) Sodium intake <2300 mg

(3) Percentage of calories from saturated fat
<10%

2 components

0-1 component

Ideal metric scores: sum count for each participant of metrics in the ideal range (possible score 0-7)

Total metric scores: sum of each participant’s metrics across all ranges where ideal=2, intermediated=1, poor=0 (possible score 0-14)
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Participant characteristics (mean of first visit [1986-1988] and second visit [1988-1990]; /7=435)

Table 2

Characteristic

Median (25th and 75th percentiles) or N (%0)

Age (years, at first visit)a

28.6 (24.5,33.3)

Diabetes duration (years, at first visit)a

19.8 (15.2, 26.0)

Sex (male)

217 (49.9%)

Triacylglycerols (mmol/l); n=450

0.99 (0.67, 1.39)

Total cholesterol (mmol/I)

4.78 (4.29, 5.56)

HDL-cholesterol (mmol/l); n=434

1.35 (1.17, 1.57)

LDL-cholesterol (mmol/l); n=428

2.93 (2.46, 3.50)

Race: white

426 (97.9%)

AER (pg/min)

18.3 (8.3, 213.2)

eGFR (ml min"11.73 m™?)

109.5 (91.6, 121.0)

Blood pressure (mm/Hg)

112.5 (105.0, 122.0)/72.5 (66.5, 79.0)

HbA

mmol/mol 67 (62, 81)

% 8.7 (7.8,9.6)
WBC (10%1) 6.4 (5.6, 7.7)
BMI (kg/m?) 23.9 (21.8, 25.8)
Physical activity (min/week moderate+) | 90 (0, 255)

BDI 5.5 (2.5,9.5)

aOnIy baseline data used for age and diabetes duration
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