Can Clinical Factors Estimate Insulin Resistance In

Type 1 Diabetes?
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An insulin resistance syndrome (IRS) score was devel-
oped based on clinical risk factors in adults with child-
hood-onset type 1 diabetes in the Epidemiology of Dia-
betes Complications (EDC) Study and was validated
using euglycemic-hyperinsulinemic clamp studies.
Hypertension, waist-to-hip ratio (WHR), triglyceride
and HDL cholesterol levels, family history of type 2
diabetes, and glycemic control were risk factors used to
define the score. A score of 1 (lowest likelihood IRS) to
3 (highest likelihood IRS) was assigned for each risk
factor. Eligible subjects (n = 24) were recruited from
the EDC cohort based on tertile of IRS score. Subjects
received an overnight insulin infusion to normalize glu-
cose levels, then underwent a 3-h euglycemic-hyperin-
sulinemic (60 mU - m™2 - min™) clamp. Glucose disposal
rate (GDR) was determined during the last 30 min of the
clamp. The GDR differed significantly by IRS group
(9.65 + 2.99, 8.02 + 1.39, and 5.68 + 2.16 mg - kg™ -
min~, P <0.01). The GDR was inversely correlated with
the IRS score (r =-0.64, P < 0.01). Using linear regres-
sion, the combination of risk factors that yielded the
highest adjusted r? value (0.57, P < 0.001) were WHR,
hypertension, and HbA,. This study found that clinical
risk factors can be used to identify subjects with type 1
diabetes who are insulin resistant, and it provides val-
idation of a score based on clinical factors to determine
the extent of insulin resistance in type 1 diabetes. This
score will be applied to the entire EDC population in
future studies to determine the effect of insulin resis-
tance on complications. Diabetes 49:626-632, 2000

oronary artery disease (CAD) is a leading cause
of mortality in type 1 diabetes. In nondiabetic
subjects, several large prospective studies have
suggested that hyperinsulinemia, a marker of
insulin resistance, is associated with an increased risk of
cardiovascular disease (1-4). Insulin resistance has been
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documented in type 1 diabetes (5-10) and may contribute to
the high risk for cardiovascular disease in this population
(5-7). However, the study of the relationship between CAD
and insulin resistance in type 1 diabetes is limited by the dif-
ficulty encountered with relatively simple determinants of
insulin resistance, such as either insulin levels alone or glu-
cose and insulin levels using the homeostasis model assess-
ment (11). Rather, more invasive and costly techniques that
are not typically suitable for large-scale population studies,
such as the euglycemic-hyperinsulinemic clamp, must be
used. It is not known if clinical factors that are more readily
obtainable can identify patients with type 1 diabetes who
are likely to have insulin resistance.

The insulin resistance syndrome (IRS) is characterized by
the clinical characteristics of hypertension, abdominal obe-
sity, high triglycerides, and low HDL levels (1,2). Family his-
tory of type 2 diabetes is another clinical factor that may
also increase the risk for insulin resistance (12-14). The pres-
ence of several clinical factors associated with insulin resis-
tance or the IRS ina given patient may further compound the
likelihood of insulin resistance. Identification of clinical com-
ponents of the IRS that are associated with insulin resistance
in type 1 diabetes could have applications both in epidemio-
logical studies, to assess associations between risk factors and
outcomes, and in clinical practice, to identify subjects who
would benefit from interventions that are known to improve
insulin sensitivity. Although several studies to date have
examined the pattern and mechanisms of insulin resistance
in type 1 diabetes (8,15-17), no studies could be identified that
examined the ability of clinical components of the IRS to
predict the presence of insulin resistance in this population.

The Pittsburgh Epidemiology of Diabetes Complications
(EDC) Study is a prospective study of a representative
cohort of subjects with childhood-onset type 1 diabetes, and
it offers an opportunity to examine the clinical factors asso-
ciated with insulin resistance in this population. In a prior
study of the EDC population, an elevated waist-to-hip ratio
(WHR), a marker of insulin resistance, was positively cor-
related with triglycerides and systolic and diastolic blood
pressure and negatively correlated with HDL cholesterol
(18), all of which are characteristics of IRS. In this same pop-
ulation, an elevated WHR was also found to be related to
complications of type 1 diabetes (19). In addition, a family
history of type 2 diabetes was found to be a risk factor for
CAD in the EDC population (20). The purpose of this study
was to determine if such clinical data could characterize
the likelihood of having insulin resistance as determined by
the euglycemic-hyperinsulinemic clamp. Based on the clin-
ical characteristics of hypertension, WHR, triglyceride and
HDL cholesterol levels, family history of type 2 diabetes,
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and glycemic control, an IRS score was developed and val-
idated using the euglycemic-hyperinsulinemic clamp in a
subset (n = 24) of the EDC population.

RESEARCH DESIGN AND METHODS

EDC population. The Pittsburgh EDC Study is a 10-year prospective study of a
well-defined cohort of childhood-onset (<17 years) type 1 diabetic subjects. Sub-
jects (n =325 women, 333 men) diagnosed between 1 January 1950 and 30 May
1980 were first seen at the baseline examination (1986-1988) and then biennially
for a maximum, in this analysis, of 8 years (maximum of five visits, fifth visit
1994-1996). The design and methods of the study have been previously described
(21,22). From this population, subjects (12 men, 12 women) were selected based
on their likelihood of manifesting insulin resistance (low, moderate, or high)
based on a six-component IRS score determined from clinical factors and
described below.

Eligibility criteria. Eligibility criteria for participation in the current study
included age >18 years, HbA, <11.4% (HbA, approximately <9.4%) during the most
recent EDC visit and the clamp visit, serum creatinine <1.5 mg/dl, and a normal
hemoglobin and hematocrit. The cutoff level of 11.4% for HbA, was chosen to min-
imize the likelihood of excessive hepatic production due to poor glycemic con-
trol (17). Subjects were also ineligible if they used insulin-sensitizing agents (met-
formin or troglitazone) within 3 months of examination, had a myocardial infarc-
tion within the past 6 months, had a stroke within the past year, or had greater
than digital amputations. All women were studied during the follicular phase of
their menstrual cycle.

Insulin resistance score. The IRS score was based on variables in five major
clinical categories of IRS risk factors: hypertension, WHR, triglyceride and HDL
cholesterol levels, and family history of type 2 diabetes. Because poor glycemic
control has also been shown to increase insulin resistance in type 1 diabetes
(17,23,24), HbA, level was also incorporated into the score. Each individual in the
EDC population was categorized into age- and sex-tertile distributions for each
of the risk factors based on low, moderate, or high likelihood for insulin resistance
as described below. Subjects received a score for each risk factor category (1 =
low, 2 = moderate, 3 = high). The score for each of the risk factors was summed
and then divided by the total number of risk factors for which data were available
to determine the IRS score. For example, a subject in the highest age- and sex-
specific tertiles for WHR, triglycerides, and HbA, level; in the lowest age- and sex-
specific tertiles for HDL cholesterol; with a history of hypertension; and with a
family history of type 2 diabetes would score a 3.00 for each of these six categories,
resulting in a mean score of 3.00.

The categorization of continuous variables for likelihood of the IRS was based
on a pooled analysis of all EDC data (baseline through visit 5) as shown in
Table 1. The pooled analysis included tertile analysis for sex- and age-specific
(third, fourth, and fifth decades) groupings for WHR, triglycerides, HDL choles-
terol, and HbA,. Each individual provided one value for each age-group, repre-
senting the mean of that variable for the individual in the applicable cycles. For
example, a male in his twenties during the first three examinations provided one
data point (for each risk factor) to the pooled distribution based on the mean of
three exams. The remaining two cycles were averaged for inclusion into the dis-
tribution of males in their thirties. Due to limited numbers of subjects in the

TABLE 1

extremes of age categories, those aged 18 or 19 were scored according to the 20-
to 29-year-old group and those over 50 years of age were scored according to the
40- to 49-year-old group.

For the hypertension component of the score, a two-step process was used.

First, subjects were considered to have a high likelihood of demonstrating
insulin resistance and placed in the top tertile (score = 3) if their blood pres-
sure was >140 mmHg systolic or >90 mmHg diastolic or if they were receiving
antihypertensive medication. Then, of the remaining subjects, those in the
lowest tertile for either systolic or diastolic blood pressure in age- and sex-spe-
cific groups were considered to have low likelihood for insulin resistance
(score =1); all others were considered to have moderate likelihood (score = 2).
Family history information was ascertained on the general medical history ques-
tionnaire. A family history of presumed type 2 diabetes (defined as diabetes diag-
nosed after 30 years of age in a first-degree relative) was further evaluated to
validate the diagnosis and type of diabetes as detailed previously (20). Family
history of type 2 diabetes in first-degree relatives was scored as a dichotomous
variable. Individuals with a positive family history of type 2 diabetes were
considered to have the highest likelihood of insulin resistance (score = 3),
whereas individuals without a family history were considered at lowest risk
(score = 1).
Recruitment. To recruit an evenly distributed range of subjects with respect to
anticipated glucose disposal rate (GDR), an IRS score for all EDC subjects was
determined from data collected at the most recent EDC clinic visit. Subjects
were categorized as having a low, moderate, or high risk for IRS, according to the
score tertiles for the entire population. Eligible subjects were then invited to par-
ticipate in this study. Based on the IRS score obtained the day of the euglycemic-
hyperinsulinemic clamp study, subjects were assigned to a low-, moderate-, or high-
risk group for likelihood of insulin resistance. As soon as each group was fully
recruited (n =8 per group), all other subjects with similar IRS scores became inel-
igible (i.e., quota sampling was used).

The day before the clamp study, subjects completed an informed consent, and

a medical history and physical examination was performed. Subjects were admit-
ted to the General Clinical Research Center (GCRC) to stabilize blood glucose lev-
els. Blood pressure, HbA,, height, weight, and WHR were performed on the
evening of admission, and a fasting lipid profile was obtained immediately before
the initiation of the clamp study.
Euglycemic-hyperinsulinemic clamp. At approximately 9:00 p.m. the day
before the clamp study, two intravenous catheters were inserted. One catheter was
placed in a vein in the antecubital region for administration of insulin and glucose,
and the second was placed into a vein on the contralateral hand for blood sam-
pling. The blood glucose was monitored hourly, unless otherwise needed, and
insulin infusion was regulated according to a standardized protocol to stabilize
the blood glucose at 5.6-7.8 mmol/I.

The euglycemic-hyperinsulinemic clamp was started at 8:00 A.m. and was com-
pleted at 11:00 A.m., with a continuous infusion of regular insulin at a constant rate
of 60 mU - m™ - min™ to obtain plasma free insulin levels of ~700 pmol/l. The hand
with the intravenous catheter was placed into a warmer pad to arterialize the
venous blood (25). During the clamp, the plasma glucose was maintained at
5.4-5.8 mmol/l by concomitant intravenous infusion of 20% glucose, on the basis
of plasma glucose determinations every 5 min at the bedside. Blood was sampled
for determination of plasma free insulin every 15 min for the last 60 min of the

Age- and sex-specific cut points used for the components of the IRS score

20-29 Years age-group

30-39 Years age-group 40-49 Years age-group

Moderate Moderate Moderate
Low risk risk High risk  Low risk risk Highrisk Low risk risk High risk

Triglycerides (mmol/l)

Men <1.78 1.78-2.55 >2.55 <1.97 1.97-3.31 >3.31 <2.35 2.35-3.72 >3.72

Women <1.71 1.71-2.58 >2.58 <1.64 1.64-2.67 >2.67 <1.73 1.73-2.91 >2.91
HDL cholesterol (mmol/l)

Men >1.37 1.37-1.19 <1.19 >1.29 1.29-1.13 <1.13 >1.34 1.34-1.11 <1.11

Women >1.60 1.60-1.32 <1.32 >1.63 1.63-1.34 <1.34 >1.66 1.66-1.40 <1.40
WHR

Men <0.84 0.84-0.87 >0.87 <0.86 0.86-0.89 >0.89 <0.87 0.87-0.92 >0.92

Women <0.74 0.74-0.79 >0.79 <0.75 0.75-0.80 >0.80 <0.75 0.75-0.80 >0.80
HbA, (%)

Men <9.8 9.8-11.4 >11.4 <9.6 9.6-11.0 >11.0 <10.0 10-11.1 >11.1

Women <9.7 9.7-11.11 >11.1 <9.5 9.5-10.9 >10.9 <9.7 9.7-11.1 >11.1
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TABLE 2

Characteristics of the study participants by IRS risk category

IRS risk category

Low Moderate High
n (M/F) 5/3 3/4 4/5
IRS concurrent score 1.48 = 0.27 1.93+0.09 245+ 0.278
Factors in score
WHR 0.83+0.09 0.84 +0.07 0.90 + 0.09*
Triglycerides (mmol/l) 1.98 + 0.57 3.38+1.60 3.71 £ 1.55¢
HDL cholesterol (mmol/l) 1.27+0.17 1.03+0.17 1.04 £ 0.27*
Hypertension (n) 0 0 5%
Family history of diabetes (n) 0 0 78
HbA, (%) 86x11 95+11 10.3+ 1.1t
Factors not in score
Age (years) 36.6 £ 5.1 33.4+£10.6 37.2+6.7
Systolic blood pressure (mmHg) 120+ 12 110+ 10 126 + 16*
Diastolic blood pressure (mmHg) 76+ 8 70+£2 77+3
Insulin injections/day 28+138 3.7+£24 24+05
Insulin dose (U - kg™t - day™®) 0.57 +0.14 0.71+0.27 0.82 + 0.25*
Activity
Past year (kcal - kg™ - week™) 63.9+57.3 60.8 + 34.1 43.3+19.6
Past week (kcal - kg™ - week™) 57.0 + 59.1 45.0 + 27.6 34.7+16.0
BMI (kg/m?) 253+ 35 25.3+3.6 29.1 + 3.5*
Weight (kg) 74.6 + 13.5 76.2+11.3 81.8+ 8.8
Waist (cm) 87.1+125 88.5+ 10.5 99.4 + 12.4*
Cholesterol (mmol/l) 4,12 £ 0.65 457+0.72 4.48 £0.93
LDL cholesterol (mmol/l) 2.45+ 0.57 2.86 +0.57 2.68+0.85
Serum creatinine (mmol/I) 70+£9 80+9 70+£9

Data are means + SD or n. *P < 0.10, TP < 0.05, TP < 0.01, 8P < 0.001 by risk groups.

clamp. The GDR, in milligrams per kilogram per minute, was computed over the
last 30 min of each clamp.

Clinical and laboratory measures. Details regarding the clinical and metabolic
evaluation for the EDC Study have been previously reported (21,22). Weight was
measured using a balance-beam scale, and height was measured using a wall-
mounted stadiometer with subjects in hospital gowns and without shoes. Blood
pressure readings were measured by a random-zero sphygmomanometer accord-
ing to the Hypertension Detection Follow-up Protocol (26) after a 5-min rest
period. Fasting blood samples were obtained for the measurement of lipids,
lipoproteins, and HbA, as previously reported (21,22). During the clamp study,
plasma glucose was determined using the glucose oxidase method on a YSI glu-
cose analyzer (Yellow Springs Instruments, Yellow Springs, OH). Plasma free
insulin levels, after immediate precipitation with polyethylene glycol at the bed-
side, were measured using the method of Nakagawa et al. (27).

Data analysis. Validation of the IRS score was based on analysis of variance (for
comparisons of the GDR between groups) and Pearson correlations (to deter-
mine the association between GDR and the IRS score across groups). Two meth-
ods were used to optimize the IRS score. The first method determined the influ-
ence of each component of the IRS score (ranging from 1 to 3) onthe GDR. Cor-
relations between the GDR and the IRS score, based on all possible
combinations of a range of three to six components of the score, were examined.
The second method used the actual clinical parameters (rather than the IRS score
per se) to determine an estimated GDR. This approach involved using multiple
linear regression using the six principal IRS risk factors as independent variables
to estimate GDR. Initially, each individual IRS risk factor, after adjustment for
age and sex, was correlated with GDR. The risk factors with the strongest asso-
ciation with GDR were then combined in a forced model, which was considered
the estimate of glucose disposal. Variables that were not normally distributed were
log-transformed. Data analysis was performed using the Statistical Package for
the Social Sciences.

Twenty of the subjects were fully examined in accordance with the protocol.
Four subjects (two men and two women) had protocol violations. Two had dif-
ficulty with their intravenous catheters, resulting in elevated glucose levels
(>7.8 mmol/l) at the initiation of the hyperinsulinemic infusion, and two had
HbA, levels >11.4% obtained the day before the clamp procedure but had HbA,
levels <11.4% at their prior EDC examination. Because similar results were
obtained when analyses were performed both with and without these four sub-
jects, data are presented for the entire sample (n = 24).

628

RESULTS

Subjects. The selected sample of subjects had diabetes for
26.4 + 6.4 years (mean + SD) and were 35.5 £ 7.5 years of age.
No differences in the demographic, anthropometric, or com-
plication characteristics of the clamp participants and the
remainder of the EDC cohort were noted. In comparison
with the remainder of the EDC cohort, subjects participating
in this study had slightly better glycemic control (HbA,: 9.9 +
1.8 vs. 10.8 + 1.8%, P = 0.055), reflecting the inclusion criteria.
Men and women did not differ in demographic or diabetes
characteristics.

Validation of the IRS score. Subject characteristics based
on the IRS score are shown in Table 2. Each of the risk groups
differed in factors included in the IRS score. No sex differences
in the factors included in the IRS score were observed, in
concordance with the selection criteria used to balance sex
characteristics between the three groups. Among the char-
acteristics not directly accounted for in the score, differences
of borderline significance (P < 0.10) across groups in systolic
blood pressure, insulin dose, and BMI were noted. Although
systolic blood pressure is not directly accounted for in the
score, it was used in defining hypertension.

The three risk groups attained comparable steady-state
free insulin levels during the clamp study (low: 618 + 132,
moderate: 624 + 139, high: 624 £ 154 pmol/l, P = 0.99). Serum
glucose concentrations at baseline and during the clamp
were comparable between the three groups (Fig. 1). The
GDR ranged from 3.8 through 13.4 mg - kg™ - min™t. The mean
GDR determined from the clamp study differed significantly
by IRS risk group (P < 0.01, Fig. 2). Similar results were
obtained when the GDR was calculated using body surface
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FIG. 1. Glucose levels during euglycemic-hyper-
insulinemic clamp plotted by IRS risk group.

area. Adjustment for glycemic control (HbA,) did not influ-
ence the mean GDR by sex or risk groups.

The IRS score had a significant inverse correlation with the
GDR (r =-0.64, P <0.01, Fig. 3). The strongest individual cor-
relates of the GDR were inverse and comprised HbA, (r =
-0.57, P <0.01), WHR (r =-0.57, P < 0.05), waist circumfer-
ence (r =-0.50, P < 0.05), and triglycerides (r =-0.51, P <
0.01). The association between HDL cholesterol and GDR did
not reach statistical significance (r = 0.13). Strong correlations
were also observed for GDR and both BMI (r =-0.48, P < 0.05)
and insulin dose (U - kg™ - day?, r = -0.48, P < 0.05). Con-
trolling for BMI attenuated the association between the GDR
and both WHR (r =-0.26, P = 0.23) and waist circumference
(r=-0.27,P=0.22).

Optimization of the IRS score. Subsequent analyses were
performed to refine the IRS score to determine if a particu-
lar combination of risk factors more optimally defined the
score. To determine the relationship between GDR and the six
individual components of the IRS score, correlations for mul-

Time, minutes

tiple combinations of the score components were analyzed.
Initially, one component was removed in each of the combi-
nations. Only the removal of triglycerides (r = -0.67, P <
0.01) and HDL cholesterol (r = -0.71, P < 0.0l) resulted in
improved correlations. Additional combinations were ana-
lyzed, using four and then three components per score. The
two best combinations of the score components incorpo-
rated history of hypertension, family history of type 2 diabetes,
and WHR, with or without HbA, level (r =-0.74, P <0.01 both
with and without inclusion of HbA, level). These combina-
tions were then examined using linear regression analysis
(Table 3). As in the correlation analysis, the most explanatory
set of predictors comprised history of hypertension, family
history of type 2 diabetes, WHR, and HbA, level (r>=0.56, P <
0.001) and was considered the optimized IRS score. Using the
Fischer's Z test for comparing two correlation coefficients,
correlations between GDR and the five- and six-component
scores (r =-0.74 and -0.64, respectively) were not significantly
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FIG. 2. Glucose disposal by IRS risk group. The mean glucose disposal
differed significantly by IRS risk group (P < 0.01).
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TABLE 3
Linear regression analysis for the optimization of the IRS score
Adjusted

Model R? R? P
IRS concurrent score (6 factors) 0.43 0.34 0.009
Score 2: WHR, FH, HTN, HDL, TG 0.38 0.29 0.020
Score 3: A, FH, HTN, HDL, TG 0.38 0.29 0.020
Score 4: A;, WHR, HTN, HDL, TG 0.36 0.27 0.027
Score 5: A;, WHR, FH, HDL, TG 0.33 0.23 0.044
Score 6: A;, WHR, FH, HTN, TG 0.51 0.43 0.002
Score 7: A;, WHR, FH, HTN, HDL 0.47 0.39 0.005
Score 12: A;, WHR, FH, HTN 0.56 0.49 <0.001
Score 22: WHR, FH, HTN 0.55 0.49 <0.001

The six-factor score includes HbA, (A,) level, WHR, family history
of type 2 diabetes (FH), hypertension (HTN), HDL cholesterol
level, and triglycerides (TG). Score number represents the
sequence in which the scores were analyzed, initially using five of
the six risk factors (scores 2-7), then four of the six risk factors
(scores 8-21), then three of the six risk factors (scores 22-30).

different, suggesting that the inclusion or exclusion of HDL
levels and triglycerides added little to the overall IRS score
as it related to GDR.

Estimation of GDR. Although the IRS score has an inverse
relationship with insulin sensitivity, an estimate of GDR using
the score may have more clinical relevance and thus may be
easier to interpret. Using multivariate linear regression analy-

sis, the individual and multiple determinants of GDR were
examined. Table 4 shows multivariate regression analysis for
the estimate of GDR. Model 1 is the best forward stepwise
regression of the dependent variable, GDR, allowing any of the
components of the insulin resistance syndrome to enter the
model, i.e., triglycerides, HDL, hypertension, family history of
type 2 diabetes, WHR, HbA,, sex, and age. As shown, Model 1
includes only WHR and hypertension, where increasing WHR
and presence of hypertension result in decreased glucose dis-
posal. The adjusted R? for this model is 0.54.

To determine which individual factors were associated
with glucose disposal, separate models were examined. Age
and sex made no contribution to any of the models shown in
Table 4. Where one of the IRS risk factors was forced into the
model, for example, only HDL cholesterol did not have even
a borderline association with GDR. This is consistent with the
data presented in the validation of the IRS score. Using the
remaining factors in a forced entry (model 8) combined for
an r?value of 0.63 (P < 0.001). This particular model will be
used as the estimate of glucose disposal in future analysis.
Based on this model, the estimated GDR, inmg - kg™ - min™,
can be calculated as follows:

24.31 - 12.22(WHR) - 3.29(HTN) - 0.57(HbA,)

where WHR is waist-to-hip ratio, HTN represents history of
hypertension (0 = no, 1 = yes), and HbA, level is in %. When
waist circumference was used in place of WHR, a similar
pattern of results was obtained.

TABLE 4
Linear regression analysis for the estimation of glucose disposal
B R? R? adjusted R? change P
Model 1 (forward stepwise)
Hypertension -3.961 0.375 0.006
WHR -14.661 0.203 0.001
Constant 21.174 0.578 0.535 <0.001
Model 2
Hypertension -4.078 0.002
Constant 8.536 0.368 0.339 <0.001
Model 3
Family history of type 2 diabetes -3.150 0.009
Constant 8.605 0.275 0.242 <0.001
Model 4
WHR -15.246 0.019
Constant —-20.760 0.226 0.191 0.001
Model 5
HbA, -1.244 0.004
Constant 19.482 0.326 0.294 <0.001
Model 6
Triglycerides -0.0248 0.010
Constant 10.604 0.263 0.230 <0.001
Model 7
HDL cholesterol 0.0349 0.599
Constant 6.175 0.013 -0.032 0.044
Model 8 (forced entry)
Hypertension -3.289 0.375 0.005
WHR -12.223 0.203 0.020
HbA, -0.568 0.051 0.120
Constant 24.312 0.629 0.571 <0.001

Age, sex, triglycerides, HDL cholesterol, hypertension, family history of type 2 diabetes, and WHR were available for model 1.

630
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DISCUSSION

Several clinical components have been used to define the IRS,
which can manifest clinically as hyperinsulinemia, glucose
intolerance, increased triglycerides, decreased HDL choles-
terol, increased blood pressure, increased WHR, increased
small, dense LDL cholesterol, and increased plasminogen
activator inhibitor-1 activity (1-4). These factors, alone or in
combination, can also increase the risk for coronary heart dis-
ease (1-4). Insulin resistance has long been recognized in
type 1 diabetes (5-10), but few studies have examined the
association between the components of IRS and insulin resis-
tance in this population. To our knowledge, this is the first
study to show that cardiovascular risk factors associated
with IRS are strongly associated with insulin resistance in
type 1 diabetes. The best clinical predictors of insulin resis-
tance in type 1 diabetes were an elevated WHR, the presence
of hypertension, a family medical history of type 2 diabetes,
and HbA, level.

In this study, WHR was the component of the IRS score that
was the strongest predictor of insulin resistance. Because
prior studies have shown WHR to be a stronger predictor than
overall adiposity of hyperinsulinemia and CAD (28-30), as
well as cardiovascular risk factors and complications in
type 1 diabetes (18,19), WHR was chosen as a component of
the IRS score for this study. BMI and waist circumference had
comparable associations with insulin resistance, confirming
the relationship between greater and overall adiposity and
insulin resistance. These findings support the adverse effects
of obesity in type 1 diabetes (31) and raise the possibility that
therapies to reduce overall and regional adiposity, such as
weight loss and exercise, may be beneficial.

Hypertension has long been recognized as a component of
IRS. While essential hypertension is a known risk factor for
heart disease, the presence of elevated blood pressure in
type 1 diabetes is frequently evidence of underlying nephro-
pathy (32). Although inclusion of all hypertensive subjects
poses the problem of identifying subjects at increased risk for
insulin resistance for two separate reasons (nephropathy
and/or essential hypertension), either condition could increase
the risk for insulin resistance, because insulin resistance has
been observed in nephropathy in type 1 diabetes (9). In this
study, absolute blood pressure levels did not differ dramati-
cally between IRS risk groups, and four of the five subjects
with hypertension were identified based on their use of anti-
hypertensive medications. In all cases, the antihypertensive
medication was an ACE inhibitor, which may have attenuated
the association between hypertension and insulin resistance
via the potential of these medications to reduce insulin resis-
tance (33,34).

Several prior studies have identified a family history of
type 2 diabetes as a risk factor for insulin resistance (12-14).
This is one of the first studies to our knowledge to identify
family history of type 2 diabetes as a risk factor for insulin
resistance in type 1 diabetes. In type 1 diabetes, a family his-
tory of type 2 diabetes has also been shown to increase the
risk for cardiovascular complications (20), raising the possi-
bility that this increase in complications may be mediated via
insulin resistance. Future studies will explore the relationship
between insulin resistance in type 1 diabetes and cardiovas-
cular complications.

Several factors have been shown to contribute to insulin
resistance in type 1 diabetes, including reduced skeletal mus-
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cle glucose transport (15), reduced skeletal muscle blood
flow (16), and excessive hepatic glucose production (8,17).
Poor glycemic control also contributes to insulin resistance
in type 1 diabetes via impaired suppression of hepatic glucose
production (17), and improvement in glycemic control can
improve insulin resistance (24). When other IRS risk factors
were considered in this study, HbA, level had a minor effect
on the level of insulin resistance. However, subjects with
poor glycemic control (HbA, >11.4%) were excluded from this
study and would probably be even more insulin resistant.
Thus, the importance of HbA, in the score may tend to be
underestimated. In light of the known impact of improved
glycemic control on the microvascular complications of
type 1 diabetes, optimizing glycemic control remains a key
clinical priority.

Interestingly, HDL cholesterol and triglyceride levels,
which are core components of IRS in subjects without type 1
diabetes, did not significantly contribute to the level of
insulin resistance in this study. The implications of these
findings may be that in the absence of hyperinsulinemia per
se, these components are not related to insulin resistance.
Another possibility is that compared to the other compo-
nents used in the score (WHR, history of hypertension, fam-
ily history of type 2 diabetes), these variables are more
dynamic and susceptible to variability in measurement. Total
daily insulin dose correlated with insulin resistance but was
not included in the IRS score because of the differences in
types of insulin used, administration patterns, and clinical
practice patterns. The dose of insulin is also likely to be a con-
founding factor for glycemic control, as insulin dose
(U -kg™- day™) was positively correlated with HbA, level (r =
0.51, P <0.05).

Although this study has shown an association between
clinical factors and insulin resistance in type 1 diabetes,
because the clamp is a costly and invasive procedure, sam-
ple size was limited. Therefore, the results from the regres-
sion analysis should be carefully interpreted. However, the
results from the IRS score and estimated GDR are remarkably
consistent. Alternatively, the frequently sampled intravenous
glucose tolerance test could have been used to assess insulin
resistance (35). In type 1 diabetes, this testing would have also
required an overnight hospital admission for discontinua-
tion of long-acting insulin and stabilization of glucose levels,
a practice that could also limit sample size.

An advantage of the IRS score is that it allows identifica-
tion of a subgroup of subjects at risk for insulin resistance.
Identification of these subjects would allow assessment of the
effects of the composite score on outcomes and help to tar-
get a group that may benefit from therapies to improve
insulin sensitivity. Limitations of this index, if used to predict
clinical outcomes, are that the effects of insulin resistance
independent of the risk factors used to define the score can-
not be discerned and that the components of the score could
possibly be caused by factors other than insulin resistance.

In summary, this study showed that clinical factors are
strongly associated with insulin resistance in type 1 diabetes.
Although the association between these clinical factors and
insulin resistance has been well documented in normo-
glycemic subjects, the finding that these risk factors are also
associated with insulin resistance in type 1 diabetes is rela-
tively novel. The clinical implications of these findings are that
subjects may be identified by these factors, and interven-
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tions such as exercise, weight loss, improved glycemic con-
trol, and potentially insulin-sensitizing medications can be
considered to improve insulin resistance. Future studies will
assess the ability of the IRS score to determine micro- and
macrovascular complications in the EDC population.

ACKNOWLEDGMENTS

This study was supported by National Institutes of Health
Research Training in Diabetes and Endocrinology Grant
#2T32DK07052-22 (K.V.W.) and General Clinical Research
Center (GCRC) Grant #5M01-RRR00084 (J.R.E.).

We gratefully acknowledge the support of the GCRC nurs-
ing staff at the Children’s Hospital of Pittsburgh; Janet Bell,
RN; and Amy Gilliland, RN, BSN.

REFERENCES

1. DeFronzo RA, Ferrannini E: Insulin resistance: a multifaceted syndrome
responsible for NIDDM, obesity, dyslipidemia, and atherosclerotic cardio-
vascular disease. Diabetes Care 14:173-194, 1991

2. Reaven GM: The role of insulin resistance and hyperinsulinemia in coronary
heart disease. Metabolism 41:16-19, 1992

3. Depres J, Lamarche B, Mauriege P, Cantin B, Dagenais GR, Moorjani S, Lupien
PJ: Hyperinsulinemia as an independent risk factor for ischemic heart disease.
N Engl J Med 334:952-957, 1996

4.Reaven GM: Insulin resistance and its consequences: non-insulin-dependent
diabetes mellitus and coronary heart disease. In Diabetes Mellitus: A Fun -
damental and Clinical Text. LeRoith D, Taylor SI, Olefsky JM, Eds. Philadel-
phia, Lippincott-Raven, 1996, p. 509-518

5. Martin FIR, Stocks AE: Insulin sensitivity and vascular disease in insulin-depen-
dent diabetes. Br Med J 2:81-82, 1968

6. Martin FIR, Warne GL: Factors influencing the prognosis of vascular disease

in insulin-deficient diabetics of long duration: a seven-year follow-up. Metab -

olism 24:1-9, 1975

. Martin FIR, Hopper JL: The relationship of acute insulin sensitivity to the pro-

gression of vascular disease in long-term type 1 (insulin-dependent) diabetes

mellitus. Diabetologia 30:149-153, 1987

DeFronzo RA, Simson D, Ferrannini E: Hepatic and peripheral insulin resis-

tance: a common feature of type 2 (non-insulin-dependent) and type 1

(insulin-dependent) diabetes mellitus. Diabetologia 23:313-319, 1982

.Yip J, Mattock MB, Morocultti A, Sethi M, Trevisan R, Viberti GC: Insulin resis-

tance in insulin-dependent diabetic patients with microalbuminuria. Lancet

342:883-887, 1993

DeFronzo RA, Hendler R, Simonson D: Insulin resistance is a prominent fea-

ture of insulin-dependent diabetes. Diabetes 31:795-801, 1982

Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC:

Homeostasis model assessment: insulin resistance and beta-cell function

from fasting plasma glucose and insulin concentrations in man. Diabetologia

28:412-419, 1985

12. Haffner SM, Stern MP, Hazuda HP, Mitchell BD, Patterson JK, Ferrannini E:

Parental history of diabetes is associated with increased cardiovascular risk

factors. Arteriosclerosis 9:928-933, 1989

. Ishikawa M, Pruneda ML, Adams-Huet B, Raskin P: Obesity-independent

hyperinsulinemia in nondiabetic first-degree relatives of individuals with

type 2 diabetes. Diabetes 47:788-792, 1998

Wingard DL, Barrett-Connor E: Family history of diabetes and cardiovascu-

lar risk factors and mortality among euglycemic, borderline hyperglycemic,

and diabetic adults. Am J Epidemiol 125:948-958, 1987

15. Yki-Jarvinen H, Sahlin K, Ren JM, Koivisto VA: Localization of rate-limiting

defect for glucose disposal in skeletal muscle of insulin-resistant type 1 dia-
betic patients. Diabetes 39:157-167, 1990

~

o

©

1

=

1

=

1

w

1

>

632

16. Baron AD, Laakso M, Brechtel G, Edelman SV: Mechanism of insulin resistance
ininsulin-dependent diabetes mellitus: a major role for reduced skeletal mus-
cle blood flow. J Clin Endocrinol Metab 73:637-643, 1991
. Arslanian S, Heil BV, Kalhan SC: Hepatic insulin action in adolescents with
insulin-dependent diabetes mellitus: relationship with long-term glycemic
control. Metabolism 42:283-290, 1993
18. Stuhldreher WL, Orchard TJ, Ellis D: The association of waist-hip ratio and
risk factors for development of IDDM complications in an IDDM adult pop-
ulation. Diabetes Res Clin Prac 17:99-109, 1992

19. Stuhldreher WL, Becker DJ, Drash AL, Ellis D, Kuller LH, Wolfson SK,
Orchard TJ: The association of waist/hip ratio with diabetes complications in
an adult IDDM population. J Clin Epidemiol 47:447-456, 1994
20. Erbey JR, Becker DJ, Kuller LH, Orchard TJ: The association between a fam-
ily history of type 2 diabetes and coronary artery disease in a type 1 diabetes
population. Diabetes Care 21:610-614, 1998
. Orchard TJ, Dorman JS, Maser RE, Becker DJ, Drash AL, Ellis D, LaPorte RE,
Kuller LH: Prevalence of complications in IDDM by sex and duration: Pitts-
burgh Epidemiology of Diabetes Complications Study II. Diabetes 39:1116—
1124, 1990
22. Orchard TJ, Dorman JS, Maser RE, Becker DJ, Ellis D, LaPorte RE, Kuller LH,
Wolfson SK Jr, Drash AL: Factors associated with avoidance of severe com-
plications after 25 yr of IDDM: Pittsburgh Epidemiology of Diabetes Compli-
cations Study I. Diabetes Care 13:741-747, 1990

23. Arslanian S, Nixon PA, Becker D, Drash AL: Impact of physical fitness and
glycemic control on in vivo insulin action in adolescents with IDDM. Diabetes
Care 13:9-15, 1990

24, Yki-Jarvinen H, Koivisto VA: Natural course of insulin resistance in type 1 dia-
betes. N Engl J Med 315:224-230, 1986
25. McGuire EAH, Helderman JH, Tobin JD, Andres R, Berman M: Effects of
arterial versus venous sampling on analysis of glucose kinetics in man. J Appl
Physiol 41:565-573, 1976
. Borhani NO, Kass EH, Langford HG, Payne GH, Reminton RD, Stamler J: The
hypertension detection and follow-up program. Prev Med 5:207-215, 1976
27. Nakagawa S, Nakayama H, Sasaki T, Yoshino K, Yu YY: A simple method for
the determination of serum free insulin levels in insulin-treated patients. Dia -
betes 22:590-600, 1973

28. Lapidus L, Bengtsson C, Larsson B, Pennart K, Rybo E, Sjorstrom L: Distri-
bution of adipose tissue and risk of cardiovascular disease and death: a
12-year follow-up of participants in the population study of women in Gothen-
burg, Sweden. Br Med J 289:1257-1261, 1984
29. Larsson BK, Svardsudd L, Welin L, Wilhelmsen L, Bjorntorp PG: Abdominal
adipose tissue distribution, obesity, and risk of cardiovascular disease and
death: 13-year follow-up of participants in the study of men bornin 1913. Br
Med J 288:1401-1404, 1984
. Kissebah AH, Vydelingum N, Murray R, Evans DJ, Hartz AJ, Kalkhoff RK: Rela-
tion of body fat distribution to metabolic complications of obesity. J Clin
Endocrinol Metab 54:254-260, 1982
. Purnell JQ, Hokanson JE, Marcovina SM, Steffes MW, Cleary PA, Brunzell JD:
Effect of excessive weight gain with intensive therapy of type 1 diabetes on lipid
levels and blood pressure: results from the DCCT. JAMA 280:140-146, 1998
Trevisan R, Viberti G: Pathophysiology of diabetic nephropathy. In Diabetes
Mellitus: A Fundamental and Clinical Text. LeRoith D, Taylor SI, Olefsky JM,
Eds. Philadelphia, Lippincott-Raven, 1996, p. 727-736
33. Torlone E, Britta M, Rambotti AM, Perriello G, Santeusanio F, Brunetti P,
Bolli GB: Improved glycemic control after long-term antiogensin-converting
enzyme inhibition in subjects with arterial hypertension and type |1 diabetes.
Diabetes Care 16:1347-1352, 1993

34.Pollare T, Lithell H, Berne CA: A comparison of the effects of hydro-
chlolorothiazide and captopril on glucose and lipid metabolism in patients with
hypertension. N Engl J Med 321:866-872, 1989

35. Finegood DT, Hramiak IM, Dupre J: A modified protocol for estimation of
insulin sensitivity with the minimal model of glucose kinetics in patients with
insulin-dependent diabetes. J Clin Endocrinol Metab 70:1538-1549, 1990

1

-

2

=

2

(2]

3

o

3

e

3

N

DIABETES, VOL. 49, APRIL 2000



