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Abstract
Aims—Insulin resistance and dyslipidaemia both increase cardiovascular risk in Type 1 diabetes.
However, little data exist on the associations of insulin resistance to lipids in Type 1 diabetes. Our
objective was to explore the associations between insulin resistance (assessed by glucose infusion
rate) and lipids in people with Type 1 diabetes and determine whether adiposity and/or average
glycaemia influence these associations.

Methods—Hyperinsulinaemic–euglycaemic clamp studies were performed in 60 subjects with
Type 1 diabetes aged 12–19 years (age 15 ± 2 years, 57% female, duration of diabetes 6.3 ± 3.8
years, HbA1c 8.6 ± 1.5%) and 40 subjects with Type 1 diabetes aged 27–61 years (age 45 ± 9
years, 53% female, duration of diabetes 23 ± 8 years, HbA1c 7.5 ± 0.9%). Multiple linear
regression models were fit to examine the association between glucose infusion rate and fasting
lipid levels with adjustment for possible confounders.

Results—Lower glucose infusion rate was significantly associated with lower levels of HDL
cholesterol in youths with Type 1 diabetes and with higher levels of triglycerides and higher
triglyceride/HDL ratio in both youths and adults. The magnitude of the associations between
glucose infusion rate and lipid levels translate into interquartile differences of 0.098 mmol/l for
HDL cholesterol, 0.17 mmol/l for triglycerides and 1.06 for triglycerides/HDL in the adolescents
and 0.20 mmol/l for triglycerides and 1.01 for triglycerides/HDL in the adults. The associations
were attenuated and no longer statistically significant by adjustment for adiposity among adults,
while adjustment for HbA1c had a small effect in youths and adults.

Conclusions—Lower insulin sensitivity is associated with a more atherogenic lipid profile in
both youths and adults with Type 1 diabetes.
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Introduction
Type 1 diabetes is increasing in youths and presenting at younger ages [1], which implies a
longer burden of disease and possibly an earlier onset of vascular complications. Although
intensive glycaemic control can decrease vascular complications [2], cardiovascular disease
remains the leading cause of death in Type 1 diabetes [3]. Dyslipidaemia is an important
cardiovascular disease risk factor, in addition to glycaemic control, hypertension and
others[3,4]. One such additional cardiovascular disease risk factor is insulin resistance [5].
However, direct measurement of insulin sensitivity in insulin-deficient patients with Type 1
diabetes is difficult and requires the hyperinsulinaemic–euglycaemic insulin clamp approach
[6].

Studies using the hyperinsulinaemic–euglycaemic clamp have demonstrated decreased
insulin sensitivity in patients with Type 1 diabetes when compared with people without
diabetes [7,8]. Insulin resistance is associated with a more atherogenic lipid profile in non-
diabetic subjects and people with Type 2 diabetes [9]. In the non-diabetic population, insulin
resistance is an important component of accelerated atherosclerosis [10]. It is plausible that
cardiovascular disease develops earlier in people with Type 1 diabetes with insulin
resistance [11,12] and that one pathway by which insulin resistance increases cardiovascular
disease is via a more atherogenic lipid profile. However, because of the challenges of
measuring insulin sensitivity in people with Type 1 diabetes, little data exist on the
association of insulin resistance to lipids in people with Type 1 diabetes.

The aim of this paper is to determine the associations between insulin resistance (as
measured by lower glucose infusion rate in a hyperinsulinaemic–euglcyaemic clamp) and a
standard fasting lipid profile in youths and adults with Type 1 diabetes who participated in
clamp sub-studies of the SEARCH for Diabetes in Youths (SEARCH) Study [13] and the
Coronary Artery Calcification in Type 1 Diabetes (CACTI) Study [12]. We hypothesized
that insulin resistance would be associated with a more atherogenic lipid profile (higher total
cholesterol, triglycerides, LDL cholesterol and triglyceride/HDL ratio and lower HDL
cholesterol) and that adiposity and hyperglycaemia (HbA1c) would attenuate this
association.

Patients and methods
Study populations

Both the CACTI and SEARCH studies performed hyperinsulinaemic–euglycaemic clamps
in a subset of subjects with Type 1 diabetes residing in Colorado, who were recruited from
the larger study cohorts [12,13]. In the SEARCH study, 60 youths with Type 1 diabetes aged
12–19 years completed a clamp study, whereas in the CACTI study the 40 subjects with
Type 1 diabetes were aged 27–61 years. All subjects with Type 1 diabetes in the clamp
studies with complete data were included in the analysis. All clamp studies were performed
in either the Pediatric or Adult Clinical Translational Research Centers at the University of
Colorado Denver. All participants (or guardians) provided informed consent (and assent for
subjects < 18 years) and the study was approved by the Colorado Multiple Institutional
Review Board.
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SEARCH clamp cohort
Screening included a history, physical examination, Tanner staging and fasting laboratory
testing. Type 1 diabetes was defined by American Diabetes Association (ADA) criteria, plus
the presence of glutamic acid decarboxylase (GAD), islet cell autoantibodies (ICA-2) or
insulin autoantibodies (IAA), as well as insulin requirement. Inclusion criteria included
Tanner stage > 1 and sedentary status (< 3 h of regular exercise/week) to minimize pubertal
and training effects. Exclusions included resting blood pressure > 140/90 mmHg,
haemoglobin < 9 mg/dl, serum creatinine > 1.5 mg/dl, HbA1c > 12%, smoking, medications
affecting insulin resistance (oral or inhaled steroids, metformin, thiazolidinediones, atypical
antipsychotics), anti-hypertensive medications, statins, pregnancy, breastfeeding, plans to
alter exercise or diet during the study. The study day was preceded by 3 days of restricted
physical activity and a fixed-macronutrient, weight-maintenance diet (55% carbohydrates,
30% fat, 15% protein). A 3-h hyperinsulinaemic–euglycaemic clamp (80 mU m−2 min−1 of
insulin) was performed fasting from 09.00 to 12.00 h to estimate insulin sensitivity as
previously described [8]. Body composition by dual energy X-ray absorptiometry was
performed by standard methods as previously described [8].

CACTI cohort clamp
Inclusion criteria for the clamp sub-study included BMI between 18–40 kg/m2, blood
pressure < 160/100 mmHg, HbA1c ≤ 9.5%, albumin excretion rate < 200 µg/min,
triglycerides < 4.52 mmol/l and no proliferative retinopathy. Type 1 diabetes was defined as
insulin therapy within 1 year of diagnosis and current insulin therapy, diagnosed before age
30 years, and/or with positive antibodies or a provider diagnosis of Type 1 diabetes, and
diabetes duration ≥ 10 years [12]. Subjects were maintained on a provided diet with
standardized macronutrient composition (50% carbohydrate, 30% fat, 20% protein) for 3
days prior to their study day. Body composition measures were performed by dual energy X-
ray absorptiometry. A three-stage hyperinsulinaemic–euglycaemic clamp was then initiated
and continued for the next 4.5 h using the method of DeFronzo et al. [6]. Briefly, a primed
continuous infusion of insulin was administered at 4 mU m−2 min−1 for 1.5 h, 8 mU m−2

min−1 for 1.5 h and then 40 mU m−2 min−1 for the final 1.5 h. A variable infusion of 20%
dextrose was infused to maintain blood glucose at ~90 mg/dl.

Comparison of clamp protocols
Subjects were instructed to take their last long-acting insulin injections at least 12 h prior to
admission between 16.00 and 18.00 h, and subcutaneous insulin was discontinued at dinner
and subjects were maintained overnight on intravenous regular insulin with adjustments by a
standard protocol to maintain near euglycaemia until starting the clamp in the morning.
Fasting blood was collected for laboratory analyses at the University of Colorado Denver
Clinical—Translational Research Center Laboratory.

Differences existed in the clamp protocols for these two groups. For example, while the
overnight glycaemic goals and study protocols to achieve near euglycaemia were similar,
during the SEARCH clamp a higher insulin infusion rate of 80 mU m−2 min−1 was used
because of highly insulin-resistant pubertal subjects secondary to the physiologic insulin
resistance of puberty [8], whereas the highest dose in the CACTI study was 40 mU m−2

min−1. Additionally, the CACTI study included two stages with lower dose insulin infusions
(4 and 8 mU m−2 min−1 for 90 min each). Both protocols achieved a hyperinsulinaemic–
euglycaemic steady-state in the final 30 min of the clamp and glucose infusion rate (mg/kg
of fat-free mass/min) was measured. Although this difference in insulin infusion rates may
have resulted in differences in absolute levels of glucose infusion rate between the studies,
they should not have influenced the strength of the association of glucose infusion rate to
lipids within or between studies. SIclamp was defined as glucose infusion rate (mg/kg fat-
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free mass/min)/[delta insulin from baseline to end of clamp (µU/ml)] × [mean glucose
concentration in final 30 min of clamp (mg/dl)] [14].

Measurement of lipid profiles
Fasting plasma samples were obtained prior to initiation of the clamp for measurement of
total cholesterol, HDL cholesterol and triglycerides in the same core laboratory for both
groups. Measurements of total cholesterol, HDL cholesterol and triglycerides were
performed enzymatically on a Hitachi 917 autoanalyser (Boehringer Mannheim Diagnostics,
Indianapolis, IN, USA). LDL cholesterol levels were calculated by the Friedewald equation
for individuals with triglyceride levels less than 4.52 mmol/l [15] and by Lipid Research
Clinics Beta Quantification [16] for those with triglycerides ≥ 4.52 mmol/l.

Other variables
Weight and height were measured using standard methods and BMI, defined as weight (kg)
divided by height (m2) was calculated. Minimal waist circumference was measured. HbA1c
levels were measured by (Diabetes Control and Complications Trial calibrated) ion-
exchange high-performance liquid chromatography (Bio-Rad Laboratories, Hercules, CA,
USA).

Statistical methods
Analyses were stratified according to study group (SEARCH and CACTI). Separate
multiple linear regression models were developed for each lipid outcome (total cholesterol,
HDL cholesterol, triglycerides, LDL cholesterol and triglyderide/HDL ratio). To investigate
the associations of glucose infusion rate to lipids while adjusting for potential confounders,
the following strategy was used: (Basic Model 1) adjustment for demographic factors of age,
sex, race/ethnicity. A separate model included diabetes duration instead of age. Adjustment
for Tanner stage (SEARCH only) was also explored. Next (Model 2a), we adjusted for
adiposity (waist circumference), in addition to demographic factors. Next, (Model 2b) we
adjusted for glycaemia (HbA1c), in addition to demographic factors. In CACTI, we adjusted
for statin use (Model 2c), in addition to demographic factors. Finally, we adjusted for both
adiposity and glycaemia (Model 3, waist circumference and A1c), in addition to
demographic factors. The role of confounding by adiposity or hyperglycaemia was
evaluated by removing waist circumference and HbA1c individually from Model 3 and
determining the % change in the β-coefficient for the relationship between glucose infusion
rate and each lipid outcome.

For statistical analyses, SAS 9.2 (SAS Institute, Cary, NC, USA) was used. P-values < 0.05
were considered statistically significant and, a priori, no corrections were made for multiple
comparisons.

Results
Characteristics of the study subjects are shown in Table 1, stratified by study group. The
mean age of subjects in the SEARCH group was 15 ± 2 years and, for subjects in the CACTI
group, was 45 ± 9 years, with subjects in the SEARCH group having a shorter diabetes
duration. In SEARCH, 50% of subjects reported using insulin pumps, whereas in CACTI
pump use was reported in 38% of subjects. The steady-state glucose infusion rate was higher
in the SEARCH than the CACTI group. Lipid measures were similar in the two cohorts and,
on average, at American Diabetes Association goals, although none of the youths were on
lipid-lowering medications and 60% of the adults were on statins (no fibrate use reported).
As expected (and attributable to different inclusion criteria), the adolescent cohort had a
higher mean HbA1c than the adults (8.6 ± 1.5 vs. 7.5 ± 0.9%). In SEARCH, 28% of subjects
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had a BMI > 85%th percentile (BMI z-score 0.49 ± 0.91) and, in CACTI, 28% of the
subjects had a BMI > 30 kg/m2. Mean overnight glucose concentrations were similar in the
two groups (8.00 ± 2.67 mmol/l in SEARCH and 6.94 ± 2.61 mmol/l in CACTI). SIclamp
was 17.4 ± 12.9 dl/(min × kg fat-free mass)/µU/ml in SEARCH and 7.6 ± 4.2 dl/(min × kg
fat-free mass)/µU/ml in SEARCH. The unadjusted association of glucose infusion rate to
HDL and triglycerides were similar in SEARCH (r = 0.24, P = 0.06 for HDL and r = −0.31,
P = 0.02 for triglycerides) and CACTI (r = 0.24, P = 0.13 for HDL and r = −0.36, P = 0.02
for triglycerides) and are shown in Figs 1a–d. The partial coefficients for the association of
glucose infusion rate to HDL and triglycerides were similar when adjusted for change in
insulin concentration or for mean glucose concentration in the final 30 min (data not shown).

Associations between glucose infusion rate and lipid levels in youths with Type 1 diabetes
(Table 2)

Lower glucose infusion rate (more insulin resistance) was associated with lower HDL
cholesterol after adjustment for age, sex and race/ethnicity (Model 1). A similar association
was seen with adjustment for diabetes duration and Tanner stage, each individually in place
of age (data not shown). (Note: in forward selection models, age, diabetes duration and
Tanner stage all had P > 0.2). Glucose infusion rate was associated with HDL cholesterol
after additional adjustment for HbA1c (Model 2b) and with adjustment for both adiposity
and glycaemia measures (Model 3). There was a similar, but not statistically significant
association between glucose infusion rate and HDL cholesterol after adjustment for waist
circumference (Model 2a).

Lower glucose infusion rate was associated with higher triglyceride levels after adjustment
for age, sex and race/ethnicity (Model 1), as well as when diabetes duration and Tanner
stage each individually replaced age (data not shown for diabetes duration and Tanner stage
adjustments). After additional adjustment for waist circumference (Model 2a), glucose
infusion rate remained significantly associated with trigylcerides. Once glycaemia (Model
2b) or both glycaemia and adiposity measures were included (Model 3), the association was
no longer statistically significant.

Glucose infusion rate was inversely associated with triglycerides/HDL after adjustment for
age, sex and race/ethnicity (Model 1), as well as when diabetes duration and Tanner stage
each individually replaced age (data not shown). The association remained significant after
additional adjustment for waist circumference (Model 2a), glycaemia (Model 2b) and when
both glycaemia and adiposity measures were added to Model 1 (Model 3). No association
between glucose infusion rate and total cholesterol or LDL cholesterol in youths with Type
1 diabetes was observed in multiple linear regression analysis (P > 0.39).

In all of the models, waist circumference and HbA1c were not significantly associated with
HDL cholesterol, triglycerides or triglycerides/HDL. Removal of waist circumference from
Model 3 resulted in a < 3% change in the magnitude of the β-coefficient for the association
of glucose infusion rate to HDL cholesterol, trigylcerides and triglycerides/HDL and
removal of HbA1c from Model 3 resulted in 10, 14 and 5% changes in the β-coefficient for
the association of glucose infusion rate to HDL cholesterol, triglycerides and triglyceride/
HDL, respectively. Based on Model 1, the difference between the 25th and 75th percentiles
of glucose infusion rate would result in a predicted difference of 0.098 mmol/l in HDL
cholesterol, 0.17 mmol/l in triglycerides and 1.06 mmol/l in triglyceride/HDL ratio.
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Associations between glucose infusion rate and lipid levels in adults with Type 1 Diabetes
(Table 3)

In contrast to the SEARCH cohort, in the CACTI cohort glucose infusion rate was not
significantly associated with HDL cholesterolyouths. In CACTI, there was no observed
association between glucose infusion rate and total cholesterol or LDL cholesterol (P >
0.55), consistent with the findings in SEARCH youths (data not shown). An additional
analysis performed to examine the association of glucose infusion rate to LDL cholesterol
when subjects were stratified by dyslipidaemia status (defined either as on a statin or with
LDL cholesterol ≥ 2.59 mmol/l) showed no association between LDL cholesterol and
glucose infusion rate in either of the lipid groups.

Glucose infusion rate was inversely associated with triglycerides after adjustment for age,
sex and race/ethnicity (Model 1) [as well as when diabetes duration replaced age (data not
shown)]. The association of glucose infusion rate with triglycerides lost statistical
significance after additional adjustment for waist circumference (Model 2a) or statin use
(Model 2c). Glycaemia did not attenuate the association between glucose infusion rate and
triglyceride levels (Model 2b); however, the association was attenuated when both
glycaemia and adiposity measures were added to Model 1 (Model 3). Waist circumference
was statistically significantly associated with triglycerides in Model 2a (P = 0.048), but not
quite in Model 3 (P = 0.052). Removal of waist circumference from Model 3 resulted in a
40% increase in the magnitude of the β-coefficient for glucose infusion rate’s association to
triglycerides, whereas removal of HbA1c resulted in a 12% decrease.

Similarly, glucose infusion rate was inversely associated with triglyceride/HDL ratio when
adjusted for age, sex and race/ethnicity (Model 1) or HbA1c (Model 2b). The addition of
waist circumference (Model 2a), statin use (Model 2c), or when both glycaemia and
adiposity measures were added (Model 3), attenuated this association. Waist circumference
was statistically significantly associated with triglycerides/HDL in Models 2a and 3 (P =
0.03 and P = 0.04, respectively). Removal of waist circumference from Model 3 resulted in a
43% increase in the magnitude of the β-coefficient for the association of glucose infusion
rate to triglycerides/HDL, whereas removal of HbA1c resulted in a 13% decrease.

Based on Model 1, the difference between the 25th and 75th percentiles of glucose infusion
rate would result in a predicted difference of 0.16 mmol/l in HDL cholesterol, 0.20 mmol/l
in triglycerides and 1.01 in triglyceride/HDL ratio.

Discussion
We found that glucose infusion rate is inversely associated with triglycerides and
triglyceride/HDL ratio in both youths and adults with Type 1 diabetes and glucose infusion
rate is also positively associated with HDL cholesterol in youths. Although we were unable
to detect a statistically significant association between glucose infusion rate and HDL
cholesterol in adults, the direction and magnitude of the association in adults was similar to
the association in youths. The magnitude of the association between glucose infusion rate
and lipid levels translate into predicted interquartile differences of 0.098 mmol/l for HDL
cholesterol, 0.17 mmol/l for triglycerides and 1.06 for triglycerides/HDL in the adolescents
and 0.20 mmol/l for triglycerides and 1.01 for triglycerides/HDL in adults. Therefore,
interventions to improve insulin sensitivity in people with Type 1 diabetes could translate
into a less atherogenic lipid profile with expected improvement in cardiovascular health.

We also hypothesized that the association between glucose infusion rate and a more
atherogenic lipid profile would be attenuated by adjustment for hyperglycaemia and
adiposity. Waist circumference was significantly associated with triglyerides and borderline
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with triglycerides/HDL in adults and significantly influenced the association of glucose
infusion rate to HDL cholesterol, triglycerides and triglycerides/HDL. Waist circumference
was not significantly associated with lipid levels in youths in multiple linear regression and
therefore the effect of adjustment for waist circumference on the association of glucose
infusion rate to HDL cholesterol, triglycerides or triglycerides/HDL was more modest in
youths than in adults. Glycaemia was not significantly associated with HDL cholesterol,
triglycerides or triglycerides/HDL in either youths or adults and had a modest effect on the
association of glucose infusion rate to HDL cholesterol and triglycerides in youths and to
triglycerides and triglycerides/HDL in adults. In these groups, youths had greater variability
in glycaemia than adults, while adults had greater variability in waist circumference than
youths. No differences existed in lipids based on statin status in the CACTI clamp group, as
previously reported [17]. One explanation is that subjects receiving statin treatment were
being treated because of previous lipid abnormalities.

In general, the associations of glucose infusion rate to lipids were consistent between
adolescents and adults with Type 1 diabetes. The interquartile differences in glucose
infusion rate had a relatively greater effect on HDL cholesterol, triglycerides and the
triglyceride/HDL ratio in adults as compared with adolescents. Although glucose infusion
rate was not significantly associated with HDL cholesterol in adults, the β-coefficient was
larger than in youths and the larger variance in HDL cholesterol in adults suggests that this
lack of statistical significance could be related to insufficient power. One possible
interpretation is that insulin resistance has a larger contribution to lipids in adults than in
adolescents with Type 1 diabetes.

The effects of glycaemia and adiposity on the associations between glucose infusion rate and
lipid levels were somewhat different in youths and adults. One explanation of these
differences is that the youths, as compared with the adults, had worse glycaemic control.
This was in part attributable to different HbA1c inclusion criteria, but it is also consistent
with the literature in which adolescents generally have a higher mean HbA1c than adults
[18,19]. Conversely, while adults have better glycaemic control, they are more likely to be
obese.

Historically, obesity was uncommon in Type 1 diabetes, but autoimmune diabetes does not
confer protection from the recent obesigenic milieu. Rates of obesity at presentation with
Type 1 diabetes have been increasing in children similar to non-diabetic youths [20]. For
example, in the full SEARCH study, 37% of females and 32% of males with Type 1
diabetes were either overweight or obese [20]. Obesity has a well-established link to insulin
resistance in general [5,10] and this is also the case in people with Type 1 diabetes [21–23].
Furthermore, obesity has been associated consistently with a more atherogenic lipid profile
in people with Type 1 diabetes [4]. Our data suggest that, as in non-diabetic individuals,
insulin resistance is a mechanism by which abdominal adiposity could lead to a more
atherogenic lipid profile in people with Type 1 diabetes. Interestingly, we also explored BMI
(and BMI z-score in the adolescents) in place of waist circumference, but it was less
strongly associated with glucose infusion rate and lipids (data not shown).

Previous clamp studies in Type 1 diabetes have reported a positive association between
glycaemia and insulin resistance [21–23]; however, many of these studies were performed
before currently available treatment options, including basal–bolus insulin and continuous
subcutaneous insulin infusion. The association between glycaemia and insulin resistance
could be different in Type 1 diabetes subjects with relatively improved glycaemic control.
Previous studies in Type 1 diabetes consistently report a correlation between HbA1c and a
more atherogenic lipid profile [4]. For example, the Diabetes Control and Complications
Trial reported that total cholesterol, LDL cholesterol and triglycerides increased with
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elevated HbA1c, but HDL cholesterol was not correlated [24]. Also, a recent publication of
longitudinal lipid data from adolescents in the UK reported a significant positive association
of glycaemia to total cholesterol, triglycerides, LDL and non-HDL [25]. Insulin resistance is
one possible mechanism by which hyperglycaemia could lead to a more atherogenic lipid
profile in people with Type 1 diabetes.

While both hyperglycaemia and adiposity contribute to dyslipidaemia in Type 1 diabetes,
intensification of glycaemic control may also have an adverse effect on adiposity and the
lipid profile. Specifically, the Diabetes Control and Complications Trial study reported that
an increase in BMI was associated with a worsening in lipids (and blood pressure) in the
intensive vs. the conventionally treated groups [26]. Furthermore, among Diabetes Control
and Complications Trial subjects who were intensively treated, those with a family history
of Type 2 diabetes had greater central weight gain and dyslipidaemia [27]. Our data expand
on the previous literature by investigating the association between directly measured glucose
infusion rate and fasting lipid profile in 100 subjects with Type 1 diabetes from 12–19 and
27–61 years of age and whether glycaemia and adiposity attenuate this association. In
addition to glycaemia and adiposity, factors such as diet, exercise (both controlled for in
these studies over the short term) and genetic factors undoubtedly play a role in both insulin
resistance and dyslipidaemia. Also, these data are cross-sectional and cause and effect
cannot be firmly established; for instance, obesity and hyperglycaemia may be
independently associated with dyslipidaemia.

Our data have limitations that must be considered. First, these were convenience samples
and therefore the generalizability of these findings to other populations is uncertain;
however, it is unlikely that this has influenced the associations between glucose infusion rate
and lipid levels observed in our study. Also, a larger sample might have detected a
statistically significant smaller association; however, our study had 80% power to determine
whether 7–10% of the variance in HDL cholesterol is attributable to glucose infusion rate in
analysis adjusted for five variables; it is unlikely that an amount smaller than this is
clinically relevant. Additionally, we did not correct for multiple comparisons and, although
many of the reported associations were of borderline significance, they were in the same
direction. Finally, extrapolation of the data to more physically active youths is uncertain.

In conclusion, we found that glucose infusion rate is inversely associated with triglycerides
and triglycerides/HDL across the lifespan and positively associated with HDL cholesterol in
youths with Type 1 diabetes. The associations were attenuated by adjustment for adiposity
among adults, while adjustment for HbA1c had a modest effect in youths and adults. Further
investigation of insulin resistance, its determinants, its relationship to cardiovascular disease
risk (specifically a more atherogenic lipid profile) and its potential as a therapeutic target is
of importance to the care of adolescents and adults with Type 1 diabetes.
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Figure 1.
Unadjusted association of glucose infusion rate (mg/kg fat-free mass/min) to (a) HDL,
SEARCH for Diabetes in Youths (SEARCH), (b) triglycerides, SEARCH, (c) HDL,
Coronary Artery Calcification in Type 1 Diabetes (CACTI) and (d) triglycerides, CACTI.
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Table 1

Characteristics of study subjects

SEARCH
n = 60

CACTI
n = 40

Age, years* 15 ± 2 (12–19) 45 ± 9 (27–61)

Sex, % female 57% 53%

Menopause (%) NA 19%

Race/ethnicity, % NHW 85% 95%

Type 1 diabetes duration, years 6.3 ± 3.8 23 ± 8

Tanner Stage, n (%)
  2
  3
  4
  5

3 (5%)
9 (15%)
16 (27%)
32 (53%)

NA

GIR, mg/kg FFM/min† 11.5 (8.7–14.7) 4.8 (3.0–8.2)

SIclamp, dl/(min × kg FFM)/µU/ml 17.4 ± 12.9 7.6 ± 4.2

Body fat, % 17.6 ± 12.1 28.6 ± 7.5

BMI, kg/m2* 22.6 ± 4.7 (17–36) 27.0 ± 4.4 (19–36)

BMI z-score 0.49 ± 0.91 NA

Waist, cm 76 ± 12 88 ± 12

Total cholesterol, mmol/l* 3.82 ± 0.81 (2.62–7.07) 3.61 ± 0.84 (2.10–5.80)

HDL cholesterol, mmol/l* 1.20 ± 0.25 (1.14–4.84) 1.50 ± 0.58 (0.83–3.96)

Triglycerides, mmol/l* 0.98 ± 0.43 (0.40–2.35) 0.79 ± 0.38 (0.35–2.16)

LDL cholesterol, mmol/l* 2.17 ± 0.67 (1.14–4.84) 1.75 ± 0.64 (0.74–3.08)

Triglycerides/HDL* 4.54 ± 2.41 (1.48–11.54) 3.11 ± 2.03 (0.78–10.37)

HbA1c, %* 8.6 ± 1.5 (5.9–11.9) 7.5 ± 0.9 (5.9–9.1)

Fasting glucose, mmol/l 7.71 ± 2.50 6.44 ± 2.19

Fasting insulin, µU/ml 30 ± 22 32 ± 28

FFA, µmol/l 502 ± 292 531 ± 218

On statins, % 0% 60%

Means ± SD or count and frequency. No P-values are shown as no hypotheses were tested for between-group differences for these variables.

*
Ranges shown.

†
Median and IQ range.

CACTI, Coronary Artery Calcification in Type 1 Diabetes; FFM, fat-free mass; GIR, glucose infusion rate; NA, not available; NHW, non-Hispanic
White; SEARCH, SEARCH for Diabetes in Youths
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Table 2

Association of glucose infusion rate (GIR) to lipids (HDL cholesterol, triglycerides and triglycerides/HDL) in
the SEARCH for Diabetes in Youths (SEARCH) group

HDL cholesterol Triglycerides Triglycerides/HDL

Model 1: GIR plus age, sex, race/ethnicity 0.016 ± 0.008*

0.037†
−0.028 ± 0.013

0.039
−0.177 ± 0.073

0.019

Model 2a: Model 1 plus waist circumference 0.016 ± 0.008
0.059

−0.028 ± 0.014
0.046

−0.178 ± 0.078
0.03

Model 2b: Model 1 plus HbA1c 0.018 ± 0.008
0.03

−0.024 ± 0.013
0.08

−0.169 ± 0.075
0.03

Model 3: Model 1 plus waist, HbA1c 0.017 ± 0.008
0.046

−0.025 ± 0.014
0.09

−0.168 ± 0.081
0.041

*
β-coefficient ± SE

†
P-value.
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Table 3

Association of glucose infusion rate (GIR) to lipids (HDL, triglycerides and triglycerides/HDL) in the
Coronary Artery Calcification in Type 1 Diabetes (CACTI) group

HDL Triglycerides Triglycerides/HDL

Model 1: GIR plus age, sex, race/ethnicity 0.030 ± 0.026*

0.25†
−0.038 ± 0.017

0.037
−0.194 ± 0.091

0.04

Model 2a: Model 1 plus waist circumference 0.023 ± 0.029
0.42

−0.021 ± 0.018
0.25

−0.103 ± 0.096
0.29

Model 2b: Model 2 plus HbA1c 0.031 ± 0.026
0.24

−0.040 ± 0.017
0.026

−0.206 ± 0.090
0.028

Model 2c: Model 1 plus statin use 0.024 ± 0.029
0.40

−0.034 ± 0.020
0.09

−0.176 ± 0.102
0.09

Model 3: Model 1 plus waist, HbA1c 0.025 ± 0.029
0.40

−0.024 ± 0.018
0.20

−0.117 ± 0.094
0.23

*
β-coefficient ± SE.

†
P-value.
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