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4. Rationale:

Type 2 diabetes (T2ZDM) is a burgeoning public health problem that continues to impose
considerable morbidity, mortality, and socioeconomic burden despite recent strides in the discovery
of therapeutic options. The search for novel therapies can be accelerated by a better understanding of
the mechanisms underlying the precursors of T2DM: pancreatic beta cell dysfunction and insulin
resistance.

Previously, data from the ARIC cohort demonstrated a positive association between fasting
plasma free fatty acid (FA)! and proportion of plasma saturated FA? with incident diabetes. These
observations ate significant, as lipotoxicity—the elevation of lipids and/or lipid metabolites within
blood or tissues with subsequent metabolic derangement—is a postulated mechanism for
development of beta cell dysfunction’and insulin resistance *

Although plasma fatty acid composition mirrors dietary fatty acid composition 5 6, plasma
fatty acid composition also depends on endogenous synthesis and genetic predisposition. Previously,
analysis of the ARIC cohort showed the strongest correlation between polyunsaturated fatty acid
intake (PUFA) and plasma PUFA composition (r=0.25-0.31) , with significantly weaker correlations
observed for saturated fat intake (SFA) (r=0.15-0.23) and monounsaturated fat intake (MUFA)
(r=0.01-0.05)°.

In particular, there has been much interest in the role of Stearoyl Co-A desaturase (SCD-1) ,
an endoplasmic reticulum membrane protein, in the development of diabetes. This enzyme, a delta9
desaturase, introduces a double bond at the c-9 location, with preferred substrates being palmitoyl
(16:0) and stearoyl CoA (18:0) 7. A whole-body SCD-1 knockout mouse model demonstrated
reduced body adiposity, increased insulin sensitivity and resistance to diet induced weight gain 8. The
mechanism of SCD-1 deficiency improving insulin sensitivity has been attributed to increased lipid
oxidation 8, improved skeletal muscle insulin signaling %and enhanced hepatic AMPK activity 0.
Inhibition of SCD-1 activity has been proposed as a possible mechanism for treating obesity and
diabetes!!

In the fasting state, most of the circulating triglycerides are derived from the liver. Thus, an
approximation of hepatic SCD-1 activity, the “desaturase index,” has been proposed as either the
product/substrate ratio of palmitoleic acid (16:1n7)/palmitic acid (16:0) or oleic acid (18:1n9)/
stearic acid (18:0) 12. Although the plasma ratio of 18:1/18:0 has been validated in a controlled
interventional study '3, many cross-sectional studies have used the 16:1/16:0 ratio because of the
relatively low dietary intake of 16:1 compared with 18:11416, These studies have demonstrated that
higher levels of the SCD-1 activity predicted development of the metabolic syndrome '#insulin
resistance 17 1> and cardiovascular mortality in men!8. However, a prospective cohort study linking
baseline SCD-1 activity and incident diabetes has not yet been published.



There are several features of the ARIC cohort which would make it suitable for answering
this question. First, the ARIC cohort’s food frequency questionnaire (FFQ)’s validity against dietary
intake and plasma fatty acid composition has been previously published ¢. Second, baseline measures
of diet, activity, plasma free FA, and plasma FA composition are already available, with a previously
described positive association between fasting plasma free FA ! and proportion of plasma saturated
FA2. Lastly, the use of an older cohort (age group 45-64 at baseline) with 9 years of follow up ensures
a reasonable event rate of incident diabetes.

Thus, the resources of ARIC are uniquely suited to answer the question to look at the
association between SCD-1 activity and incident diabetes

5. Main Hypothesis/Study Questions:

The goal of this project is to characterize the conventionally accepted measures of SCD-1
activity and establish their predictive value for incident diabetes. We hypothesize that higher levels of
SCD-1 activity will be associated with increased risk for incident diabetes.

Specific Aims:

1) To evaluate the conventionally accepted measures of SCD-1 activity (ie 16:1/16:0 or 18:1/18:0,
measured in either plasma cholesterol esters or plasma phospholipids) in predicting incident diabetes
2) To evaluate the conventionally accepted measutres of SCD-1 activity (ie 16:1/16:0 or 18:1/18:0,
measured in either plasma cholesterol esters or plasma phospholipids) in predicting overall mortality
and cardiovascular mortality

3) To evaluate the association of conventionally accepted measures of SCD-1 activity (ie 16:1/16:0
or 18:1/18:0 with age, gender, and BMI.

6. Design and analysis (study design, inclusion/exclusion, outcome and other variables of
interest with specific reference to the time of their collection, summary

of data analysis, and any anticipated methodologic limitations or challenges if present).
Design and analysis:

The primary outcome will be incident diabetes, overall mortality and cardiovascular
mortality. Given that the plasma fatty acid composition is available only for the Minneapolis center,
we will use a prospective cohort design (Minneapolis center only) to evaluate the effect of baseline
SCD-1 activity on incident diabetes.

Inclusion and exclusion criteria

For analysis of plasma FA composition from phospholipid and cholesterol esters, we will
use data from the ARIC subjects at the Minneapolis field center, which is the only center with such
measures available.

Subjects will be excluded from analysis if they had any of the following at baseline: diabetes,
unknown diabetes status, missing FA measurements, or use of medications that may affect the lipid
profile (oral contraceptives, lipid-lowering medication — ie statins, niacin, fibrates, etc).



Outcomes:
Diabetes

We will define incident diabetes by one of the following: physician diagnosis, fasting blood
glucose greater than 126, use of anti-diabetes medication, random blood glucose greater than 200
during any of the follow up ARIC visits.

Mortality:

The ARIC study ascertained all-cause and CVD mortality after baseline by identifying all
hospitalizations and deaths by measures of abstraction of relevant hospitalizations and linkage with
local and national death certificate registries, and annual telephone followup contact.

Total: We will define total mortality as death of any cause over the course of follow up.
CV mortality
We will define cardiovascular mortality based on the death certificate and included any

underlying cause of death using International Classification of Diseases-9th Revision codes 390 to
459.

Exposures:
Measurements of SCD-1 Activity

SCD-1 activity will be approximated by 4 different measures. These measures will be
examined individually to see if one measure is a better predictor than the other measures for the
aforementioned outcomes.

16:1/16:0 in cholesterol esters

16:1/16:0 in phospholipids

18:1/18:0 in cholesterol esters

18:1/18:0 in phospholipids

Covariates:
Age
Gender
Family history of diabetes
Will be considered positive if either natural mother or natural father had diabetes
Anthropomorphic measures:
Baseline measures of adiposity will be used as continuous variables, including waist
circumference, Waist Hip Ratio, and BMI;
Smoking history (present/absent)
Diet:
Using the baseline food frequency questionnaire
e Energy intake, saturated fat (gm), carbohydrate (gm), fiber intake (gm)
e % energy from saturated fat , carbohydrate
e Refined grain intake
e Whole grain intake
Insulin Resistance:
Insulin resistance will be calculated using baseline values of insulin and glucose in
the homeostatic model assessment (HOMA).
Blood pressure
Obtained at baseline.
Physical Activity:
Physical activity will be calculated using the responses to the Baecke
Questionnaire of Habitual Physical Activity



Data analysis:

After confirming the proportional-hazards assumption, proportional-hazards models will be
constructed to examine the association of SCD-1 activity with incident diabetes; hazard ratios will be
adjusted for covariates of interest. The first model will include percent SCD-1 as the main predictor,
with age, and sex as covariates. A second model will additionally adjust for other T2DM risk factors,
including family history of diabetes, blood pressure, smoking, physical activity, diet and
anthropomorphic measures. A third model will additionally adjust for HOMA. We will repeat this
analysis using total mortality and cardiovascular mortality as the primary outcome. The first model
will include SCD-1 activity as the main predictor, with age, and sex as covariates. A second model
will additionally adjust for diabetes, blood pressure, diet and anthropomorphic measures.
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