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Abstract

Objective—To test the hypothesis that multitissue deficits in insulin sensitivity are greater among
women than men with type 1 diabetes compared to respective controls.

Research Design and Methods—Three-stage hyperinsulinemic-euglycemic clamps (4, 8,
40mU/m2/min) were performed on 41 people with type 1 diabetes and 47 adults without diabetes
(mean%SD age 46x8). Infusions of [1-13C]palmitate, [1,1,2,3,3-2H,]glycerol, and
[6,6-2H,]glucose isotope tracers were used to determine free fatty acid (FFA), glycerol, and
glucose kinetics in 52 of these participants (25 M and 27 W).

Results—There was no difference in age or BMI by type 1 diabetes status in either sex. Free
fatty acid rate of appearance (FFA Ra) was higher in both sexes with type 1 diabetes compared to
those without diabetes during stages 1 and 2. The same was seen with glycerol for stages 1 and 2.
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During stage 3 glucose rate of disappearance (Rd) was lower in those with type 1 diabetes among
both sexes. All had sex by type 1 diabetes interactions with greater deficits in insulin sensitivity in
women. While there was no sex by diabetes interaction in regards to glucose rate of appearance
(Ra), those with type 1 diabetes had a higher glucose Ra than those without diabetes.

Conclusions—We found that type 1 diabetes affected adipose and skeletal muscle insulin
sensitivity to a greater extent in women than in men, perhaps contributing to the greater relative
increase in cardiovascular risk in women with type 1 diabetes.
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1.1 Introduction

The incidence of atherosclerotic disease in the general population is low in premenopausal
women when compared to men of the same age, and rises abruptly after menopause. [1] In
people with and without diabetes, men have higher cardiovascular disease (CVD) risk and
mortality than women. [2] In the presence of type 1 diabetes the risk of developing and
dying from coronary artery disease (CAD) is increased in both sexes, but the relative
increase in risk is at least twice as high in women compared to men. [3]-[5] This loss of CV
protection is particularly pronounced in young women, and some studies have reported equal
risk of ischemic heart disease deaths in men and women in the presence of insulin dependent
diabetes. [4] Thus, the CV protection of the premenopausal state seems to be lost when type
1 diabetes is present. [4] However, the mechanism for the loss of cardiovascular protection
in women with diabetes remains poorly understood.

Evidence suggests that insulin resistance plays a role in CAD in type 1 diabetes. In the
Coronary Artery Calcification in Type 1 Diabetes (CACT]I) study cohort, insulin resistance
was associated with higher levels of coronary artery calcification (CAC), [6] independent of
other CVD risk factors (age, gender, LDL-C, HDL-C, smoking, and diabetes duration). In
fact, study participants without diabetes had worse CVD risk profiles (higher LDL-C and
triglycerides and lower HDL-C) yet had less CAC and higher estimated and measured
insulin sensitivity than participants with diabetes. [6], [7] CAC has a high correlation with
coronary atherosclerotic plaque burden, [8] and is often used as a surrogate measure of
atherosclerosis. Among adults without diabetes, men had higher CAC scores than women;
however, in the presence of type 1 diabetes this sex difference was mostly lost. [8]-[12] It is
unknown why the sex difference in CAC scores is altered in the presence of type 1 diabetes.

Given that CAD risk is increased to a greater extent in women with type 1 diabetes than in
men with type 1 diabetes and that insulin resistance correlates with CAC, we hypothesized
that insulin sensitivity is reduced to a greater degree in women with type 1 diabetes than in
men with type 1 diabetes. Thus, insulin resistance could account, at least partially, for the
greater CAD risk in women with type 1 diabetes. We have previously reported results of
skeletal muscle, adipose tissue, and liver insulin sensitivity by three-stage hyperinsulinemic
euglycemic clamp study with tracers, performed in a subset of participants with and without
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type 1 diabetes from the CACTI cohort. [13] Here we report an analysis of sex-based
differences in these parameters.

2.1 Research Design and Methods

The CACTI study enrolled 1416 adults between 19 and 56 years of age, 652 with type 1
diabetes and 764 without type 1 diabetes and completed a fasting examination including
blood levels of lipid parameters, glucose, hemoglobin Alc, blood pressure, weight, height
and waist/hip circumference as previously described. [7] All participants were invited to
return at 3 and 6 year follow up points and the above measurements were repeated at each
visit. All study participants had CAC measured by electron beam computed tomography at
baseline, 3, and 6 year follow-ups. Inclusion criteria for initial enrollment of type 1 diabetes
participants were: 19-56 years of age, no history of cardiovascular disease (CVD), on
insulin therapy within 1 year of diagnosis of diabetes and current insulin therapy, diagnosed
with diabetes before age 30 years, and/or with positive antibodies, and diabetes duration of
at least 10 years. All participants provided informed consent, and the study was approved by
the Colorado Combined Institutional Review Board.

For the hyperinsulinemic euglycemic clamp substudy, participants were recruited from the
CACTI cohort at the time of their 6-year follow-up visit. [6] Inclusion criteria included
HbA1c < 9.5% (80 mmol/mol), albumin excretion rate < 200 pug/min, triglycerides < 400
mg/dL, blood pressure < 160/100 mmHg, and a CAC measurement present from the 6 year
follow-up. A total of 41 subjects with type 1 diabetes (21 women and 20 men) and 47
subjects without diabetes (27 women and 20 men) were recruited. For the isotope tracer
analysis 50 participants from the insulin clamp substudy were randomly selected (26 with
and 26 without type 1 diabetes including 25 males and 27 females). Subjects underwent a
standardized macronutrient composition diet (50% carbohydrate, 20% protein, 30% fat) and
were asked to refrain from intense physical activity, smoking, and alcohol use for 3 days
before the clamp study day. Daily energy requirements for diet design were estimated based
on dual energy x-ray absorptiometry measurement of fat free mass using the equation: daily
energy intake = 1.4 kcal/day x [372 + (23.9 x fat free mass)] premenopausal women were
scheduled for their study visit during the follicular phase of their menstrual cycle (day 2—
10).

Participants were admitted to the Clinical Translational Research Center inpatient unit the
night before the clamp. Those with diabetes were asked to bolus their long acting insulin
>12 hours before admission. Dinner was provided and subjects then fasted overnight and
throughout the clamp protocol. Subjects with type 1 diabetes bolused for their dinner per
their usual regimen. At 2200, insulin pumps were removed, if applicable, and all participants
with type 1 diabetes were maintained overnight on intravenous (1V) regular insulin with
adjustments to achieve and maintain euglycemia. The morning of the clamp study two
antecubital catheters were placed in one arm for infusions of stable isotopes, insulin,
potassium and dextrose as needed. A retrograde hand IV was placed in the contralateral
hand for arterialized blood draws during the clamp using the heated hand vein technique. At
0800 hour, a primed, continuous infusion of [1,1,2,3,3-2H,]glycerol and [6,6-2H;]glucose
were initiated at 0.011 umol/kg/min and 0.04 mg/kg/min, respectively, and a continuous
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infusion of [1-13C]palmitate was initiated with no prime at 0.04 umol/kg/min and continued
throughout a 2-h basal lead-in period and throughout the insulin clamp. For individuals with
type 1 diabetes, the overnight insulin infusion was continued through the basal period until
the initiation of the insulin clamp at 1000 hour. Resting metabolic rate measurement and
blood samples for determination of baseline hormones and substrates were performed over
the final 30 minutes before the clamp. At 1000 h, a three-stage hyperinsulinemic euglycemic
clamp was initiated and continued for the next 4.5 hour using the method of DeFronzo et al.
[14]. Briefly, a primed continuous infusion of insulin was administered at 4 mU/m? - min for
1.5 h (stage 1), 8 mU/mZ/min for 1.5 hours (stage 2), and then 40 mU/m? - min for the final
1.5 h (stage 3). A variable infusion of [6,6-2H,]glucose spiked 20% dextrose was
administered to maintain blood glucose at approximately 90 mg/dL. Arterialized blood was
sampled every 5 minutes for bedside determination of glucose concentration (Analox
Instruments USA, Inc., Lunenburg, MA), and the dextrose infusion was adjusted as
necessary.

Glycerol, glucose, and palmitate isotope enrichment were measured by gas chromatography/
mass spectrometry as previously described [13], [15] (GC model 6890 and MS model
5973A; Hewlett-Packard, Pal Alt, CA).

The isotope tracer data was used to determine glucose rate of appearance (glucose Ra),
glucose rate of disappearance (glucose Rd), rates of appearance for free fatty acids (FFA Ra)
and glycerol (glycerol Ra) and insulin concentration required to suppress glucose and
glycerol Ra by 50% (IC50). The Steele equations for trace appearance rates were used to
account for small changes in enrichment and concentration. Volumes of distribution used in
the calculations were 180ml/kg for glycerol and 40ml/kg for palmitate. The FFA Ra was
derived by dividing palmitate Ra by the percentage of total FFA accounted for by palmitate.

Least squares means (LSM) and 95% Cls for each outcome variable and insulin were
calculated for each clamp stage, by sex and diabetes status. Mixed effects models with stage
treated as a categorical variable (i.e., no assumptions about the trajectory by stage) were
used to compare overall trajectories of each outcome variable by sex and diabetes, and to
compare the least-squares means at each stage. The mixed effects models were adjusted for
measured insulin at each stage. A p-value < 0.05 was considered statistically significant.

3.1 RESULTS

Characteristics of study participants by diabetes status and sex are shown in Table 1. There
were no differences in age, blood pressure, BMI, total body fat percentage, or trunk fat
percentage by diabetes status in either men or women. As expected, participants with
diabetes had a higher HbA1c than those without. Levels of total and LDL-C and
triglycerides were lower in participants with type 1 diabetes in both men and women
including after accounting for statin use. Adiponectin was higher in men, but not women,
with type 1 diabetes. There were no significant differences in HDL-C by type 1 diabetes
status in women, though men with type 1 diabetes had a higher HDL-C than men without
diabetes (p=0.03).
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3.1.1 Skeletal muscle insulin sensitivity

M-value—M-values during the final 30 minutes of stage 3 of the clamp are shown in Figure
A.1. Participants without diabetes had higher M-values than those with diabetes among both
men (7.52+4.14 vs. 4.14+2.24; p=0.006 non-diabetes vs. type 1 diabetes) and women
(10.2+3.26 vs 4.14+2.96; p<0.001 non-diabetes vs. type 1 diabetes). A sex by diabetes
interaction was tested and found (p=0.0141). Women without diabetes had a higher M-value
than men without diabetes (p=0.022), whereas there was no difference by sex in M-value
among participants with type 1 diabetes (p=0.998) indicating a greater deficit in whole body
insulin sensitivity in women than in men with type 1 diabetes.

Glucose rate of disappearance (Rd)—Glucose Rd, a measure of glucose uptake
largely explained by skeletal muscle, was compared across clamp stages in regards to sex
and diabetes status. There was a sex by diabetes by stage interaction (p<0.0001). There were
no differences in glucose Rd by diabetes status in either sex at baseline (women p=0.1413
and men p=0.1758) or during stage 1 (women p=0.26 and men p=0.24). However, during
stage 2 there was a difference in glucose Rd by diabetes status only among women (LSM
difference for women with type 1 diabetes compared to controls was —0.85 + 0.37, p=0.03).
During stage 3 of the clamp, people with diabetes in both sexes had a decreased glucose Rd
(Figure A.2), but the difference between women with versus without type 1 diabetes (LSM
difference —6.59 +1.00; p<0.0001) was greater than that between men with versus without
type 1 diabetes (LSM difference —3.56 +1.03; p=0.001).

3.1.2 Adipose tissue insulin sensitivity

Free Fatty Acid (FFA) concentration—FFA concentration was compared across clamp
stages by sex and diabetes status as shown in Figure B.1. There was a sex by diabetes by
stage interaction (p<0.0001). At baseline, there was no difference in FFA concentration by
diabetes status in either sex (women p=0.32 and men p=0.46). During stages 1 and 2 of the
clamp, FFA concentrations were higher in people with type 1 diabetes than controls among
both men (LSM stage 1: 357.20+53.97 p<0.0001; LSM stage 2: 112.71+54.073, p=0.04) and
women (LSM stage 1: 496.15+49.47, p<0.0001; LSM stage 2: 289.83+49.55 p<0.0001), but
the difference in FFA concentrations by type 1 diabetes status was greater in women than in
men during both stages (Figure B.1). There were no differences in FFA concentrations by
type 1 diabetes status during stage 3 of the clamp in either sex (women p=0.40 and men
p=0.86).

Free Fatty Acid rate of appearance (Ra)—FFA Ra, a marker of adipose tissue
lipolysis, was compared across clamp stages by sex and diabetes status as shown in Figure
B.2. During the clamp there was a sex by diabetes by stage interaction (p<0.0001). At
baseline, there was no difference in FFA Ra by type 1 diabetes status in either sex (women
p=0.73 and men p=0.82). During stages 1 and 2 of the clamp, FFA Ra was higher in people
with type 1 diabetes than controls among both men and women, but the difference in FFA
Ra was greater in women (LSM stage 1: 3.11+0.75 p=0.0002; LSM stage 2: 2.37+£0.56
p=0.0001) than in men (LSM stage 1: 2.19+0.82 p=0.011; LSM stage 2: 1.41+0.61 p=0.03)
during both stages. There were no differences in FFA Ra by type 1 diabetes status seen
during stage 3 of the clamp in either sex (women p=0.10 and men p=0.88).
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Glycerol Concentration—Glycerol concentration, as reflected in the FFA concentrations,
was compared across clamp stages and by sex and diabetes status as seen in figure B.3.
There was a sex by diabetes interaction present (p<0.0001). At baseline there was no
difference in glycerol concentration in either sex based on diabetes status (men: p=0.62 and
women: p=0.91). During stage 1 of the clamp those with diabetes were found to have higher
glycerol concentrations than those without (Men: with type 1 diabetes: 85.16+6.87 vs
without diabetes: 58.06+6.84; p=0.004; Women: with type 1 diabetes: 100.84+6.37 vs
without diabetes: 51.81+6.00; p<0.0001). The same was seen during stage 2 of the insulin
clamp (Men: with type 1 diabetes: 86.11+6.68 vs without diabetes: 58.70+6.66; p=0.003 and
Women: with type 1 diabetes: 101.70+6.28 vs without diabetes: 52.57+5.76; p<0.0001).
There was no difference seen in men (p=0.57) or women (p=0.45) in regards to diabetes
status during stage 3 of the clamp.

Glycerol rate of appearance (Ra)—Glycerol Ra, a measure of adipose tissue lipolysis,
was compared across clamp stages by sex and diabetes status as shown in Figure B.4. Across
clamp stages, there was a sex by diabetes by stage interaction (p=0.05). At baseline, there
was no significant difference in glycerol Ra by type 1 diabetes status in either sex (women
p=0.41 and men p=0.68). During stage 1 of the clamp, men with type 1 diabetes had a
greater glycerol Ra than men without type 1 diabetes (5.80+0.86 vs 2.88+0.99; p=0.03), but
there was no significant difference in glycerol Ra among women with versus without type 1
diabetes (p=0.1). During stage 2 of the clamp women with type 1 diabetes had a higher
glycerol Ra than women without type 1 diabetes (3.57+0.56 vs 1.89+0.48; p=0.03), but there
was no significant difference in glycerol Ra by type 1 diabetes status among men (p=0.87).
During stage 3 of the clamp there was no significant difference in glycerol Ra by type 1
diabetes status in either sex (women p=0.57 and men p=0.58). We also assessed glycerol IC
50 data. Men with type 1 diabetes were found to have a higher IC 50 of glycerol than men
without diabetes (32.9+11.42 vs 15.8+8.86; p<0.001) however no difference was seen
among women (p=0.12).

3.1.3 Hepatic insulin sensitivity

Glucose rate of appearance (Ra)—Glucose Ra, a measure of hepatic glucose
production, was compared across clamp stages by sex and diabetes as shown in Figure C.
There was no interaction of sex by diabetes (p=0.49) overall or by stage (p=0.23). Glucose
Ra was not different by type 1 diabetes status in either men or women at baseline, but was
higher in participants with type 1 diabetes during the first stage in both men (LSM
0.49+0.19; p=0.01) and women (LSM 0.62+0.19; p=0.002). During stages 2 and 3 of the
clamp, glucose Ra was higher in women with type 1 diabetes than women without type 1
diabetes (LSM stage 2: 0.62+0.22, p=0.008; LSM stage 3: 0.88+0.29 p=0.004), but there
was no difference between men with vs without type 1 diabetes (stage 2: p=0.15; stage 3:
p=0.13). IC 50 for glucose was also assessed and while there were significant differences
between men with and without type 1 diabetes (52.5+25.39 vs 32.8+17.89, p=0.045) and
women with and without type 1 diabetes (69.0+46.02 vs 27.8+10.51, p=0.014), there was no
sex by diabetes interaction (p=0.19).
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4.1 DISCUSSION

Previously adults with type 1 diabetes were shown to have increased whole body and
adipocyte insulin resistance compared to non-diabetic controls matched for BMI and age,
and similar in terms of habitual physical activity. [6], [15] In light of the known correlation
of insulin resistance with CAD in other populations, our demonstration of a correlation with
CAC in type 1 diabetes, and the loss of premenopausal protection from CAD in women with
type 1 diabetes, we looked more closely at sex differences in insulin resistance in various
tissues (skeletal muscle, adipose, and liver) among people with type 1 diabetes compared to
controls without diabetes. Our data show that in the presence of type 1 diabetes women have
a greater loss of skeletal muscle and adipose tissue insulin sensitivity compared to controls
than men. While prior studies have reported on similar sex differences in cardiovascular risk
and coronary artery calcification in people with type 1 diabetes, to our knowledge we are the
first to present this novel look at insulin resistance differences by sex within type 1 diabetes.

First, we found a significant sex difference in skeletal muscle insulin resistance by diabetes
status, such that the presence of type 1 diabetes impaired skeletal muscle insulin sensitivity
in women to a greater extent than men. In fact, loss of skeletal muscle uptake of glucose in
response to hyperinsulinemic conditions among adults with type 1 diabetes was twice as
high in women as in men, such that the greater skeletal muscle insulin sensitivity in women
without diabetes when compared to men is completely lost in the setting of type 1 diabetes.
Adipose tissue insulin sensitivity is similarly decreased in type 1 diabetes as demonstrated
when examining FFA suppression, FFA Ra, glycerol suppression, glycerol Ra, and glycerol
IC50. Again, the decrement in adipose tissue insulin sensitivity in type 1 diabetes is
markedly greater in women than in men. Of note, while glycerol concentrations do not
follow the pattern of glycerol Ra exactly, they are overall consistent with the trends in FFA
data. In contrast, while hepatic insulin sensitivity as measured by suppression of glucose Ra
is also impaired in type 1 diabetes relative to subjects without diabetes, we find no clear sex-
specific difference for this marker of hepatic insulin sensitivity. Both men and women with
type 1 diabetes are roughly equally defective in hepatic insulin sensitivity when compared to
same sex controls without diabetes. It is possible that one contributor to the insulin
resistance in type 1 diabetes is the peripheral nature of insulin administration, which results
in peripheral hyperinsulinemia but relative hepatic hypoinsulinemia, in contrast to the
normal portal delivery of insulin. [16] However, it remains unclear why this would
differentially affect adipose and skeletal muscle, but not hepatic, insulin sensitivity in
women versus men.

Cardiovascular risk is increased in both sexes in the presence of type 1 diabetes but the
relative increase in risk is greater in women than men. We have found that the decrease in
adipose and skeletal muscle insulin sensitivity associated with type 1 diabetes follows the
same pattern. Insulin resistance is a risk factor for cardiovascular disease in type 2 diabetes,
[17] and we have previously reported that insulin resistance based on a surrogate measure of
insulin sensitivity may explain the sex difference in cardiovascular risk in type 1 diabetes.
[7] Here we support this hypothesis with direct gold-standard measurement of insulin
sensitivity in a smaller subcohort of the CACTI cohort. The mechanisms responsible for
these observed sex differences in both cardiovascular risk and insulin sensitivity among
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people with type 1 diabetes remain unclear. However, a possible mechanism is suggested by
the apparent role of estrogen in both premenopausal cardiovascular protection and enhanced
insulin sensitivity. Following menopause, women’s cardiovascular protection decreases and
insulin resistance increases. [1], [18] Animal models have shown that estrogen deficiency is
associated with insulin resistance. [19] With replacement of estrogen, insulin sensitivity
improves in post-menopausal women. [20], [21] Martinez and colleagues found that type 1
diabetes was a significant factor that influenced estradiol activity in adolescents. They found
lower levels of estradiol and estrogenic activity in women with type 1 diabetes than controls.
[22] In women with type 1 diabetes and amenorrhea there is a picture of hypothalamic
hypogonadism with low FSH, LH, and estradiol [23], [24] and in our cohort of
premenopausal women with type 1 diabetes, we previously reported a high prevalence of
irregular menses correlating to higher CAC levels. [8], [25] Some animal models have
shown estrogen to protect against hyperglycemia via decreasing HGP and increasing skeletal
muscle uptake of glucose. [11] From this evidence it seems reasonable to speculate that
dysregulation of the hypothalamic-pituitary-gonadal (HPG) axis is partially responsible for
the elevated insulin resistance seen in type 1 diabetes women compared to men.

One possible mechanism for this sex-specific effect of HPG axis changes can be found in
known effects of HPG dysregulation and menopause on adipose tissue distribution.
Following menopause, visceral adipose tissue (VAT), known to be associated with insulin
resistance [26], increases. [27] In addition, pericardial adipose tissue (PAT) increases
following menopause. [28], [29] PAT also correlates with CAC and is associated with CAD.
[29] Within the CACTI clamp subcohort, pericardial to subcutaneous adipose tissue ratios
were lower in men with type 1 diabetes and higher in women with type 1 diabetes than
controls [30] and a higher ratio of PAT to SAT adipose tissue volume correlated with
decreased insulin sensitivity. Unfortunately, in this study we were not able to examine
subgroups by menopausal status, as there were only 6 postmenopausal women in this study.
Thus, adipose tissue changes due to HPG axis disruption may partially explain differential
insulin sensitivity changes seen between men and women with type 1 diabetes.

With estrogen replacement, insulin sensitivity improves even in those with diabetes. A meta
analysis of 107 trials revealed a decrease in HOMA-IR by 35.8% with hormone replacement
therapy (HRT) in those with diabetes compared to placebo/no treatment. This decrease in
HOMA-IR was greater in women with diabetes than in women without diabetes. [31] The
Heart and Estrogen/Progestin Replacement Study (HERS) revealed that hormone
replacement did decrease type 2 diabetes risk in women with cardiovascular disease. The
failure of HRT to decrease cardiovascular outcomes in the HERS study likely reflects
differences in the mechanisms involved in secondary event prevention versus primary
prevention of cardiovascular disease. [32], [33] It is also important to note that these studies
were not in women with type 1 diabetes mellitus and that data in this area is very limited.

In summary, our present findings demonstrate that type 1 diabetes increases insulin
resistance in skeletal muscle and adipose tissue, but not liver, to a greater extent in women
than in men. These changes in skeletal muscle and adipose tissue insulin resistance may
relate to disruptions of the HPG axis in type 1 diabetes and may explain why women with
type 1 diabetes lose cardiovascular protection to a greater extent than men with type 1
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diabetes. While abnormal menses seem to be common among women with type 1 diabetes,
there is currently no data to suggest replacement of estrogen or regulation of the menstrual
cycle with oral contraceptives would resolve the insulin resistance disparity between sexes
with type 1 diabetes. A better understanding of the mechanism of altered insulin sensitivity
is needed in order to evaluate potential interventions that could improve both insulin
sensitivity and cardiovascular risk among women with type 1 diabetes.
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Figure A.1. Skeletal Muscle I nsulin Sensitivity
(A.1) M-value by sex and diabetes status, (A.2)) Glucose rate of disappearance. Results are

shown by sexes based on diabetes status and expressed by least significant means (LSM).
*: P<0.05 men with type 1 diabetes vs men without type 1 diabetes
t: P=0.0001 men with type 1 diabetes vs men without type 1 diabetes

**: P<0.05 women with type 1 diabetes vs women without type 1 diabetes
t1: P<0.0001 women with type 1 diabetes vs women without type 1 diabetes

J Diabetes Complications. Author manuscript; available in PMC 2019 April 01.

Page 11



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Millstein et al. Page 12
FREE FATTY ACIDS FREE FATTY ACID RA
=== ETAR S AR == \en T1D =& VenNonDM
ee@® = Women T1D «=@==\\/omen NonDM
ee®ee \Vomen T1D === \\/omen NonDM
1000 12 -
10
— 800 =z
> s 8
S 600 B g
< <
@ 400 S 4
— =
2
200 2
0 0
Stage 0 Stage 1 Stage 2 Stage 3 Stage O Stage 1 Stage 2 Stage 3
INSULIN CLAMP Bl INSULIN CLAMP
GLYCEROL GLYCEROL RA
== @= \en T1D =& Men NonDM - @= |\cn T1D =& Men NonDM
ee®=* \\Vomen T1D «=@=—=\\/omen NonDM oot \Women T1D @ \\/omen NonDM
* *
120 tF ++ -
100 .......i........i:. 6
80 = n e Ss
£
2 60 gt
<3
40 s
2
20 =
1
0 0
Stage 0 Stage 1 Stage 2 Stage 3 B.3 Stage 0 Stage 1 Stage 2 Stage 3
INSULIN CLAMP INSULIN CLAMP

Figure B. Adipose Tissue I nsulin Sensitivity
(B.1) Non Esterified Fatty Acid levels by time and diabetes status, (B.2) Free Fatty Acid rate

of appearance, (B.3) Glycerol by time and diabetes status, (B.4) Glycerol rate of appearance.
Results are shown by sexes based on diabetes status. Results are expressed by least
significant means (LSM).

*: P<0.05 Men with type 1 diabetes vs men without type 1 diabetes

t: P=0.0001 Men with type 1 diabetes vs men without type 1 diabetes

**: P<0.05 Women with type 1 diabetes vs women without type 1 diabetes

t1: P=0.0001 Women with type 1 diabetes vs women without type 1 diabetes
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Figure C.1. Hepatic Insulin Sensitivity
(C) Glucose rate of appearance between sexes based on diabetes status. Results are

expressed as least significant means (LSM).

*: P<0.05 men with type 1 diabetes vs men without type 1 diabetes

t: P=0.0001 men with type 1 diabetes vs men without type 1 diabetes

**: P< 0.05 women with type 1 diabetes vs women without type 1 diabetes
t1: P=0.0001 women with type 1 diabetes vs women without type 1 diabetes
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Table A

Baseline characteristics by type 1 diabetes status and sex

Men Women

Type 1 Diabetes | Non-diabetes | Type 1 Diabetes | Non-diabetes
Age (years) 47 (10) 47 (6) 44 (9) 45 (8)
Diabetes duration (years) 29.2 (7.71) - 27.9 (8.32) -
Alc (%) [mmol/mol] 75(0.8) [58) ** | 54(03)[36] | 75(0.9)[58** | 55(03)[37]
BMI 28.3 (4.26) 27.2 (3.58) 25.8 (4.30) 25.5 (4.26)
Total body Fat (%) 24.4 (6.07) 24.2 (3.25) 32.4 (6.72) 33.6 (6.57)
Trunk Fat (%) 25.9 (7.28) 27.4(4.36) 30.4 (8.60) 31.2 (7.57)
Adiponectin 115 (5.45) 7.30 (4.35) 13.0 (6.13) 11.3 (5.76)
Cholesterol (mg/dL) 145 (32.10)* 171 (25.35) 135 (32.73) e 171 (31.66)
Triglycerides (mg/dL) 63 (11) * 126 (73) 69 (42) * 94 (38)
LDL 75 (30)* 101 (25) 66 (25)* 93 (27)
HDL (mg/dL) 60.8 (29.73) 445 (9.34) 55.5 (13.13) 59.9 (15.08)
SBP (mmHg) 117 (11.93) 118 (8.36) 111 (8.99) 109 (9.60)
DBP (mmHg) 75.0 (6.74) 80.4 (8.31) 71.5 (7.30) 72.8 (6.21)

*p< 0.05,

Hok

p<0.001: for comparison by diabetes status within sex; Mean + SD
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