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Abstract

Objective: To determine the effects of omitting meal time insulin on arterial stiffness in children
with type 1 diabetes.

Research design and methods: In this prospective, randomized, crossover study, radial
artery tonometry and augmentation index adjusted to heart rate 75 (Als) were used to measure
arterial stiffness. Children were randomized to receive or omit premeal insulin and completed the
crossover portion of the study on a subsequent day. Al;s was determined when fasting, 1, and 2 h
postmeal.

Results: When comparing change in Alys from baseline to 1 h and baseline to 2 h, when subjects
received premeal insulin vs. no insulin, Al;s was 4.5 units lower at 1 h (p = 0.011, 95% CI:1.1
lower to 8 lower) and 4.3 units lower at 2 h (p = 0.062, 95% CI: 0.2 higher to 8.9 lower) (n = 40).

Conclusions: Arterial stiffness is decreased by premeal insulin in children with type 1 diabetes.
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Children with type 1 diabetes have increased arterial stiffness when compared with children
without diabetes (1-5). In adolescents without diabetic complications, increased arterial
stiffness and endothelial dysfunction are associated with increased right and left ventricular
diastolic dysfunction (6). Notably, the SEARCH study showed that arterial stiffness was
associated with type 1 diabetes, male sex, and mean arterial pressure but not glycated
hemoglobin (HbA1c) (5). Similarly, our own studies of arterial stiffness have failed to
demonstrate correlations between HbAlc and arterial stiffness (1). While the modern era of
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intensive glycemic control has brought about reductions in microvascular complications,
reductions in macrovascular disease remain elusive (7).

Macrovascular disease in type 1 diabetes is probably mediated by both the independent and
synergistic effects of insulin deficiency and hyperglycemia on vascular function. Vascular
tone is maintained by a delicate balance between vasodilation and vasoconstriction. Insulin
promotes vasodilation by directly stimulating the endothelial nitric oxide (NO) synthase
pathway on endothelial cells (8). In addition, acute hyperglycemia reduces NO availability
through the formation of advanced glycation end-products (8). As such, the combination of
acute hyperglycemia and insulin deficiency frequently experienced by adolescents (and
adults) who forget to provide adequate meal bolus insulin may, in part, explain the increased
rate of macrovascular events noted in the type 1 diabetes population.

Despite the known effects of food intake and insulin exposure on endothelial function in
adults, nearly all previous studies of vascular function in children have been performed in
the fasting state. As such, little is known regarding arterial stiffness in children with type 1
diabetes and the acute effects of meal consumption, insulin administration and postmeal
hyperglycemia. Given the lack of association with arterial stiffness and HbAlc, we
hypothesized that the omission of meal time insulin, a common practice in children with
type 1 diabetes, would result in acute increases in arterial stiffness, while provision of
premeal insulin would result in acute decrements in arterial stiffness.

Research design and methods

A prospective, randomized, crossover design was used. Study subjects were recruited from
the University of Florida diabetes clinic and the Florida Camp for Children and Youth with
Diabetes. Subjects had type 1 diabetes for at least 1 yr, were using a basal-bolus insulin
regimen, and were not taking oral hypoglycemic agents or antihypertensive drugs.

After an overnight fast, height was measured with a stadiometer (Seca 213®, Hamburg,
Germany) weight was measured on an anolog scale (Tanita® HA520, Arlington Heights, IL,
USA) and a digital oscillometric brachial cuff (©Panasonic EW3109, Beijing, China) was
used to assess blood pressure. If fasting glucose was between 65 and 200 mg/dL subjects
were randomized to receive premeal insulin (per their typical carbohydrate ratio) or no
premeal insulin with completion of the opposite randomization on a subsequent day within 3
months. Radial artery tonometry was performed using the SphygmoCor VX version 7.01
(AtCor Medical, Sydney, Australia) to measure augmentation index corrected to a heart rate
of 75 (Alys) as previously described (1). Both Alss and blood glucose (One Touch Mini
Meter, LifeScan® Inc.) were measured while fasting, 1 h, and 2 h after the subject consumed
a meal replacement drink (Boost® High Protein, Nestlé©, 237 mL). The subject’s most
recent HbAlc was recorded and each subject self-reported weekly exercise in minutes. The
study was approved by the Institutional Review Board of the University of Florida.

Statistical methods

The primary comparison utilized the two sample method for crossover studies. For each
order, we computed Y, half the paired differences in changes from period baseline to the end
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of the period, irrespective of ordering. The difference between the sample means of the Y’s
for ordering AB and ordering BA is an unbiased estimate of the arithmetic means of the
treatment effects in periods one and two, regardless of imbalance in randomization, period
effects, or treatment by period interaction. To allow for unequal population variances, we
used the Satterthwaite corrected £test. The sample sizes are sufficient for the central limit
theorem to apply, making this an assumption-free analysis. Correlations were obtained
within the insulin period between the changes in AI75 at both 1 and 2 h with period baseline
variables.

Of the 60 subjects enrolled (32 female), 40 subjects completed the crossover study. A total
of 48 of the enrollees were Caucasian, 8 were Hispanic and 4 were African American. Mean
age was 12.5 yr, length of diagnosis was 5.2 yr, and HbAlc was 7.9% (63 mmol/mol) (Table
1). Fasting glucose average for both periods was 138 mg/dL (7.7 mmol/L). The average
postmeal glucose was lower when insulin was given [226 mg/dL (12.6 mmol/L) at 1 h and
257 mg/dL (14.3 mmol/L) at 2 h] compared with insulin omission [272 mg/dL (15.1
mmol/L) at 1 h and 330 mg/dL (18.3 mmol/L) at 2 h]. The average Als5 was lower when
insulin was given compared with insulin omission (Figs 1 and 2). With the exception of
arriving glucose level (where p = 0.04 (R = 0.33), only at hour 1, a weak association), none
of the baseline covariates had a significant correlation with the change in Als in the insulin
period whether at 1 or 2 h.

When comparing the change of Alss from baseline to 1 h, Al;5 was 4.5 units lower under
the effects of premeal insulin when compared with the same subjects who omitted premeal
insulin [p = 0.011, 95% CI (1.1 to 8 lower)]. Similarly, the mean change of Al;g5 from
baseline to 2 h was 4.3 units lower under the effects of premeal insulin versus no insulin [p =
0.062, 95%CI (0.2 higher to 8.9 lower)] (Table 2).

Conclusions

Our group has repeatedly demonstrated that children and adolescents with type 1 diabetes
have arterial stiffness when compared with controls. This study expands on previous
observations by demonstrating that arterial stiffness, as measured by radial tonometry, is
decreased by premeal insulin in children with type 1 diabetes. Given the observation that
fasting arterial stiffness is consistently higher in children with type 1 diabetes than in
controls, the acute effects of bolus insulin on postmeal arterial function may inform efforts
to modify macrovascular disease risk.

In our study there was no association between glucose and the change in arterial stiffness at
1 or 2 h postmeal, regardless of whether insulin was received or omitted. In addition, there
were no other baseline covariates that impacted change in arterial stiffness. These
observations argue against acute effects of hyperglycemia as an explanation for postmeal
vascular dysfunction and further support the concept that insulin plays the more critical role
in mediating postmeal vascular response.
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Previous studies evaluating arterial stiffness in relation to glycemic control have shown that:
(1) those with recent onset of diabetes do not have increased arterial stiffness; (2) children
with type 1 diabetes for at least 1 yr have stiffer arteries compared to children without
diabetes; and (3) arterial stiffness is not correlated with HbAlc (1, 5, 9). These observations
are consistent with our findings that arterial stiffness may be more related to omission of
meal time insulin rather than the chronic or even acute effects of hyperglycemia.

In terms of mechanistic explanations for our observations, it is well known that the binding
of insulin to its receptor on the endothelium leads to the activation of the eNOS pathway and
vasodilation. As such, insulin omission or deficiency should impair this physiology.
Nevertheless, it remains unclear why children receiving basal insulin have fasting arterial
stiffness despite normal glycemia and conversely why arterial stiffness is reduced following
meal time insulin despite post meal hyperglycemia. That said, hyperglycemia increases the
formation of advanced glycation end products which inhibit NO and impair endothelial
function (8). In addition, oxidative stress because of chronic hyperglycemia has been
implicated in endothelial dysfunction (10). We must also consider that postmeal
hypertriglyceridemia and high free fatty acid levels could affect arterial stiffness. Previous
studies of children with type 1 diabetes have been performed in fasting children. We have
shown that children with type 1 diabetes have a less proatherogenic lipoprotein profile than
controls despite increased arterial stiffness (1, 11). In addition, small studies of young
healthy adult males who received a high-fat meal did show transient impairment of brachial
artery vasodilation (12, 13). Thus, the lack of lipid studies obtained in the postmeal state is a
limitation of our study.

Because the majority of this study was completed in a diabetes camp setting, there are
additional limitations worth noting. Namely, the potential effects of improved insulin
sensitivity on arterial stiffness (given the increased physical activity associated with camp),
the lack of data regarding pubertal staging and family history of cardiovascular disease (14,
15). In addition, we must note the lack of data on changes in arterial stiffness following
meals in children without diabetes. Despite these limitations, the data provides strong
support for larger confirmatory studies designed to account for other co-variates that may or
may not affect arterial function in children with and without diabetes.

In conclusion, our study documents the beneficial effects meal time insulin provides in
reducing arterial stiffness in children with type 1 diabetes. Additional studies of arterial
stiffness in children with type 1 diabetes are warranted. Specifically, efforts to examine the
relationships between insulin dosage, timing of premeal insulin, meal content, and acute
change in arterial stiffness will help to further our understanding of assessing macrovascular
risk in children with type 1 diabetes.
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Fig. 1.
Change in augmentation index adjusted to heart rate 75 (Alys) with and without premeal

insulin. The raw data showing mean Alys for subjects receiving insulin or omitting insulin
are shown over time following a standard mixed meal. Error bars show standard error.
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Characteristics of subjects

Table 1.

N Mean Standard deviation
Age (yr) 60 12.5 213
Duration of diabetes (yr) 59 5.2 341
HbA1c-% (mmol/mol) 51 7.86 (63) 0.96
Baseline Als 52 13.4 10.4
Height - cm (percentile, z-score) 52 154 (53.7, 0.62) 9.67
Weight - kg (percentile, z-score) 52 49.4(60.7, 0.51) 12.6
BMI - kg/m? (percentile, z-score) 52 20.6 (61.2, 0.51) 3.88
Systolic blood pressure (mmHg) 52 114 9.02
Diastolic blood pressure (mmHg) 52 69 9.28
Heart rate (bpm) 51 86 10.5
Weekly exercise (min) 49 380 389

Al75, augmentation index corrected to a heart rate of 75; BMI, body mass index; HbAlc, glycated hemoglobin.
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Table 2.

Difference of mean Alzs with premeal insulin versus no premeal insulin

Timeafter insulin (h)  Difference of mean Alzs 95% ClI p-value
1 -4.5 -11t0-7.97 0.011
2 -4.3 -8.9100.2 0.062

Al75, augmentation index corrected to a heart rate of 75; Cl, confidence intervals.
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