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ABSTRACT OF THE THESIS

Evaluating Cardiometabolic Risk Management in Multiethnic Adult Diabetic Patients in the UCI
Health System

by
Hridhay Sai Karthikeyan
Master of Science in Biomedical and Translational Science
University of California, Irvine

Professor Nathan D. Wong, Chair

Atherosclerotic Cardiovascular Disease (ASCVD) remains the leading cause of death in
diabetes mellitus (DM) adult patients. | investigated the current status of ASCVD and DM risk
factor control for DM adult patients in the UCI health system, stratified by sex, race/ethnicity,
and ASCVD status, A total of 34,207 DM adult patients were identified in the UCI electronic
health records (EHR) through ICD-10 code during the timeframe of January 1%, 2022 — June
30", 2023. Of these patients, within a year after their last DM diagnosis, while 91.3% received a
blood pressure (BP) measurement, only 55.3% received a hemoglobin Alc (HbAlc)
measurement and less than 50% received any kind of lipid profile measurement (total
cholesterol, HDL-C, LDL-C, and triglycerides). Only 56.5% of patients were on any kind of DM
drugs, with just 34.1% on metformin, even lower (29.6%) for patients with ASCVD. Only
15.6 % and 10.7% were on newer DM therapies of SGLT2i and GLP1-RA drugs, respectively.
Only 46.6% were on statins, and non-statin use was infrequent (<3%). Statin usage was much
higher in DM patients with ASCVD (72.5%) than those without (38.7%). 84.6% of DM patients
reached control for BP. 94.0% of DM patients with ASCVD reached target control for BP, which
was significantly higher compared to 81.6% for DM patients without ASCVD (p<0.00001).
However, only 48.9% were at target control for HbAlc, 23.0% for LDL-C and 10.1% for

composite control (HbAlc + BP + LDL-C). Some of these findings differed by race/ethnicity,

vii



such as only 36.4% of Hispanic patients being at target control for HbAlc, compared to 48.9%
for the overall sample. A substantial number of DM patients in the UCI EHR are not receiving
recommended risk factor measurements and treatment. Improving the frequency of yearly testing

and drug therapies in these patients could prove invaluable in optimizing care in DM patients.
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CHAPTER 1: INTRODUCTION

Atherosclerotic Cardiovascular disease (ASCVD) events, including myocardial
infarction, stroke, peripheral arterial disease, and heart failure, remain the leading causes of death
in adult diabetes mellitus (DM) patients.! While glycemic control is frequently the key target of
treatment for many with DM, other cardiometabolic risk factors, including lipid levels such as
LDL-C and blood pressure (BP) frequently go inadequately addressed. Controlling these
additional factors together with hyperglycemia can have a significant impact on improving
cardiovascular outcomes.

In addition, the proportion of individuals receiving yearly testing of DM and ASCVD risk
factors, such as BP, hemoglobin Alc (HbA1c), and LDL-C, must be increased.? Moreover, use
of newer DM therapies including SGLT-2 inhibitors (SGLT2i) and GLP-1 receptor agonists
(GLP1-RA), which have been shown to improve cardiovascular outcomes more than the
common DM therapy metformin, remain highly underutilized.® Many patients are not at target
recommended levels for BP, LDL-C, and HbA1c as well.*

There also remain significant disparities, particularly across race/ethnicity in composite
cardiovascular risk factor control and use of newer therapies for DM management. Asian, Black,
and Hispanic patients tend to differ substantially from White patients in both DM and ASCVD
prevalence.® The goal of this project is to examine the frequency of regular testing, drug
therapies, and target control for ASCVD and DM risk factors within the UCI Health system.
Furthermore, all these findings will be stratified by ASCVD status to examine any disparities.
The target control findings will further be stratified by sex and race/ethnicity. This study can
identify the current areas of improvement in DM treatment, and if addressed over the coming

years, can significantly reduce ASCVD mortality in DM patients.



Specific Aim #1: Determine the proportion of adult DM patients who have received key
ASCVD and DM risk factor measurements within a year after their last DM diagnosis and

stratify by ASCVD status in the UCI Health system.

Hypothesis #1: A significant proportion of adult DM patients will not have received ASCVD
and DM risk factor measurements within a year after their last DM diagnosis. There will be

significant differences between patients with and without ASCVD.

Specific Aim #2: Quantify the prevalence of use of lipid-lowering drug and DM drug therapy in

the sample of adult DM patients and stratify by ASCVD status in the UCI Health system.

Hypothesis #2: Many patients will not be on guideline-recommended statin therapy or newer
DM therapeutic options (SGLT2-1 or GLP1-RA). There will be significant differences between

patients with and without ASCVD in the UCI Health system.

Specific Aim #3: Determine how many DM patients are at recommended LDL-C levels (<70
mg/dl, for without ASCVD or <55 mg/dl with), BP levels (<130/80 mmHg), and HbAlc targets

(<7%) and stratify by ASCVD status in the UCI Health system.

Hypothesis #3: There will be suboptimal control of LDL-C, BP, and HbA1c individually.
Furthermore, few patients will be at recommended levels for LDL-C, BP, and HbAlc
simultaneously, known as target control. There will be significant differences between patients

with and without ASCVD.

Specific Aim #4: Further stratify the target control findings by sex and race/ethnicity among DM

patients in the UCI Health system.

Hypothesis #4: There will be significant sex/race/ethnicity disparities in the control outcomes.



CHAPTER 2: BACKGROUND

Diabetes mellitus (DM) is a metabolic condition that plagues more than 1 in 10 of the
population worldwide. By 2045, it is projected to affect 1 in 8 people.® DM manifests in two
types. Type 1 DM, which accounts for only about 6% of DM cases, involves an autoimmune
reaction where the body destroys its own beta cells, the cells responsible for making insulin.
Insulin is a vital hormone that helps control blood sugar. TIDM is often attributed to genetic or
viral causes.” Type 2 DM, which accounts for the rest of DM cases, is characterized by insulin
resistance, where the body requires higher than average levels of insulin to produce normal blood
sugar control. Insulin resistance often develops due to high amounts of blood sugar entering the
body over a long period of time, caused by poor eating habits or a lack of physical activity. As
such, unlike TIDM, T2DM is largely preventable, and a healthy diet and proper exercise can

help prevent the onset of insulin resistance.®

Patients with DM will tend to have excessive amounts of glucose in the bloodstream,
known as hyperglycemia. This hyperglycemia weakens the body as whole and can lead to heart
conditions. Atherosclerotic Cardiovascular disease (ASCVD), specifically myocardial infarction
(M), is the leading cause of death in DM patients.! An electronic health records (EHR) study
conducted examined DM mortality over the last 11 years and found that 30.5% of the deaths
were attributed to ASCVD, which was the highest of any individual cause.® Furthermore, an
EHR study in the US found that DM patients have a 53% higher risk of M1 compared to the non-
DM population.!® As such, proper treatment of DM may also involve the proper treatment of

ASCVD as well.

ASCVD risk, which tends to increase with the onset of DM, is primarily associated with

a high concentration of lipids in the bloodstream, namely low-density lipoprotein cholesterol



(LDL-C). An excess of lipids in the body is known as dyslipidemia. Chronic dyslipidemia can
lead to the buildup of plaque in blood vessels. A completely blocked blood vessel can cut off
blood flow to the heart, causing MI, also known as a heart attack.'* A 2023 EHR study
conducted in the US found that only 50.6% of DM patients had their LDL-C at recommended
levels, and 55.2% of DM patients had LDL-C above the non-DM population.? In a similar study
conducted by the Diabetes Collaborative Registry, only 48.6% of patients reached recommended
LDL-C values.™ This draws attention to the importance of evaluating ASCVD risk factors like
LDL-C in DM patients. An EHR study conducted in the US Veterans Affairs Healthcare System
found that ASCVD mortality was significantly higher in DM patients with hemoglobin Alc
(HbA1c) that exceeded 7%.%* As such, to effectively manage ASCVD-related mortality in DM

patients, their cholesterol and glucose should both be effectively controlled.

To help control LDL-C and HbA1c levels in DM patients, drug therapy usage needs to be
optimized. Statins are commonly prescribed cholesterol-lowering drugs that can reduce LDL-C
levels in the bloodstream by more than 50%.° However, an EHR study of 2011-18 US patients
found that only 51.1% of eligible patients were on any kind of statin therapy.*® In terms of DM
therapies, metformin is a common and effective therapy, prescribed to over 150 million patients
worldwide. However, adherence to metformin is suboptimal, as a meta-analysis study examining
1.6 million DM patients found that it had the lowest adherence of any of several DM drug classes
examined, including SGLT2i and GLP1-RA drugs, both of which are newer therapies. Lack of
adherence in metformin was typically associated with side effects, notably diarrhea and

flatulence.t’

A meta-analysis among T2DM patients found that SGLT2i decreased fasting plasma

glucose more significantly than metformin showed similar benefits for other DM criteria like



HbA1c. Furthermore, SGLT2i significantly reduced some ASCVD criteria like weight and blood
pressure more than metformin. It was also shown to not cause the same kind of gastrointestinal
side effects that metformin did.*® Another meta-analysis was conducted in DM patients
comparing GLP1-RA drugs to metformin, and the former was shown to significantly improve
insulin sensitivity and lower BMI compared to the latter, while matching it in all other criteria.®
Recent studies conducted at UCI can attest to the effectiveness of GLP1-RA drugs in not just
DM factors, but also ASCVD risk. Our recent NHANES study examining patients from 2015-18
found that Semaglutide 2.4 mg weekly can prevent over 1.5 million ASCVD events across the
US.?° SGLT2i and GLP1-RA drugs, with their similar, if not superior benefits compared to
metformin, also do not possess the same side effects, potentially leading to improved retention
when prescribed. Despite this shining evidence however, SGLT2i and GLP1-RA use is only
5.8% and 4.4% in T2DM patients, respectively.?! Increasing this prevalence could reduce

ASCVD risk in DM patients as well as adherence to drug therapies.

In addition to the prescription of drug therapies, regular testing of DM and ASCVD risk
factors is invaluable in effectively tracking changes in health over time. DM patients are
recommended to obtain HbAlc measurements twice a year. However, the prevalence of DM
patients who undergo HbA1c testing even once a year is only 64.6%.2? Furthermore, DM
patients who are at risk or have been diagnosed with ASCVD often do not undergo regular LDL-
C testing. Cholesterol treatment guidelines recommend a regular lipid measurement at least
yearly for those at high risk of ASCVD or with existing ASCVD. An EHR study conducted in
the US examining DM patients from 2008-19 found that only around 52% of patients received
any kind of LDL-C testing within a year of their latest DM diagnosis.?® Blood pressure (BP)

testing at least once a year is also essential, as 73.6% of DM patients are reported to have



hypertension (BP > 130/80 mmHg).?* Testing of BP, HbAlc, and LDL-C at least once a year

could ensure proper tracking of DM and ASCVD risk factors over time.

There exist large discrepancies in drug usage between DM patients who have ASCVD
and those who do not. Roughly 70% of DM patients with ASCVD are on statins compared to
only 37% of DM patients without ASCVD3. Comparing these two groups for numerous DM and
ASCVD drug types could provide insight on the potential gaps in drug usage. Furthermore, more
insight is required into the differences in yearly risk factor screening and target control between

DM patients with ASCVD and those without.

Sex and race/ethnic disparities also exist among DM patients. Roughly 18 million more
males have DM compared to females, but an EHR study conducted in the US in 2023 showed
that female DM patients have a higher relative risk of ASCVD and ASCVD mortality compared
to male DM patients.?® Racial disparities are even more apparent. The prevalence of T2DM in
Asian, Black, and Hispanic patients is 9.0%, 13.2%, and 12.8% respectively, all of which are
higher than the non-Hispanic White prevalence of 7.6%. In certain Native American groups, DM
prevalence can be as high as 24.1%.% In addition to the higher prevalence of T2DM in non-
White racial groups, what makes these facts more concerning is data showing that very few
studies exist that examine T2DM in these populations, with <20% having separately stratified
data for Asian, Black, and Hispanic patients.?” Due to variations in DM prevalence, it is essential
to ensure that all studies investigating DM in diverse populations should be stratified by different

racial groups.

Overall, the enhanced risk of ASCVD, the low use of drug therapies, the lack of regular

testing, and sex/racial/ethnic disparities among DM patients must be addressed.



CHAPTER 3: METHODS

This project first identified the number of adult patients from the UCI electronic health
records (EHR) with an ICD-10 code for DM in the time frame of January 1%, 2022 — June 30",
2023. The sample was then stratified by patients who have ASCVD and those who do not. Thus,
three groups were created: the overall sample, patients with ASCVD, and patients without
ASCVD. Descriptive statistics were gathered for each of these groups, such as age, sex, and
race/ethnicity, as well as the proportion of the comorbidities heart failure (HF) and chronic
kidney disease (CKD).

This study looked exclusively at adult DM patients, within the timeframe of January 1%,
2022 — June 30", 2023. Exclusion criteria were simply UCI EHR patients out of the timeframe,
those who did not have DM, or those who were below 18 years of age. Analysis was performed
using SQL programming, using the vocabulary SNOMED, following the guidelines of UCI
OMORP. Specific concept codes were identified for various laboratory procedures, HbAlc
measurement for example, and patients were identified who had a record of said concept codes.

We examined the proportion of patients who received blood pressure [including systolic
(SBP) and diastolic (DBP)], serum glucose, serum creatinine, HbAlc, microalbumin, or lipid
profile (triglycerides, total cholesterol, HDL-C, and LDL-C) measurements within a year after
their last DM diagnosis. This was compared across all three groups, with p-values calculated
using a Chi-square test of proportion to compare between patients with and without ASCVD.
Furthermore, the number of patients on statins, non-statin ASCVD therapies (e.g. ezetimibe,
fibrates), mainstream DM therapies, such as metformin and insulin, and newer DM therapies
(SGLT2i or GLP1-RA) was calculated for each of the three groups. Similarly, the drug therapies
prevalence was also compared between patients with and without ASCVD, with p-values

calculated with a Chi-square test of proportions to determine statistically significant differences.
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In addition, of those who had measurements within the last year, individuals with LDL-C,
HbAlc, and BP levels at target control were identified, stratified by sex, race/ethnicity, and
presence of ASCVD or not. LDL-C control was defined as <70 mg/dl, or <55 mg/dl if the patient
has ASCVD, as established by recent ADA standards of care. HbAlc control was defined as
<7.0%, and BP control was defined as <130/80 mmHg?. Lastly, the proportion of patients at
composite control (at control for LDL-C, HbAlc, and BP) was determined. Once again, a chi-
square test was performed to compare target control between patients with ASCVD and without.

To determine sex/ethnic/racial disparities in the target control data, all findings were
stratified by sex/race/ethnicity, and p-values were calculated with a Chi-square test of
proportions to determine statistically significant differences, to compare between sexes, and
among ethnicity/race. For the ethnic/race comparisons, since multiple groups are being

compared, a Bonferroni Correction was also made.



CHAPTER 4: RESULTS

Sample Selection:

The eligible sample was first determined (Figure 1). From an initial population of
278,474 UCI patients in the timeframe (January 1%, 2022 — June 30", 2023), 34,207 (13.6%)
adult DM patients were eligible for the study. The 13.6% prevalence of DM was slightly higher
than the national average of 11.6%:". Patients excluded were simply those who were out of the
timeframe, not adults (<18), or who did not have an ICD-10 Code for DM. The sample was
further stratified by patients with and without ASCVD, resulting in 7,992 patients with ASCVD,
and 26,215 without. This amounts to a 23.4% prevalence of ASCVD in DM patients, as well as a

42.8% prevalence of DM in ASCVD patients.

‘ n=278,474 total patients |

1 n=26,722 (9.6%) aged
e

below 18 years old

n= 251,752 (90.4%) adult (18+) patients

I A\

n=18,676 (7.4%) adult n=233,076 (92.6%) adult
patients with ASCVD patients without ASCVD

|1 /

n= 251,752 adult patients

l n=217,545 (86.4%) adult
———————

patients without DM

n=34,207 (13.6%) adult DM

patients
n=7,992 (23.4%) adult DM n=26,215 (76.6%) adult DM
patients with ASCVD patients without ASCVD (11.2%
(42.8% DM prevalence DM prevalence among adult
among adult patients with patients without ASCVD)
ASCVD)

Figure 1. Eligible Sample Flowchart



Descriptive Statistics:

The mean age of the overall sample was 62+15.8 years, higher in ASCVD patients
(69+12.4 years) and lower in those without (59£15.9 years) (Table 1). Male and female
proportions were roughly equal in the overall sample and those without ASCVD but were not
equal in the ASCVD sample (38.1% female proportion). White was the predominant
race/ethnicity in the overall sample (52.9%), but a significantly higher percentage of Hispanic
(37.4%) and Asian (18.3%) sample was noted, compared to the national average of 19.1% and
6.3%, respectively. A Black proportion of 2.9% was reported, much lower than the national
average of 13.6%. This is due to variations in the racial makeup of Orange County and
surrounding areas served by UCI Health, compared to the US population?’. HF and CKD
prevalence in the overall sample was 9.6% and 19.4%, respectively, the patients with ASCVD
having higher prevalence of both conditions (26.4% and 36.7% respectively) comparatively.

However, all of these were lower than the national averages of 15.5% and 38.3%, respectively.?

Sample Size (n)
Age (yr)
Female (%)
Race (%)
Whites

Black or African American

Asian

American Indian or Alaska Native

Native Hawaiian or Other Pacific

Islander
Multirace

Other Race
Unknown
Ethnicity (%)

Hispanic or Latino
Not Hispanic or Latino

Unknown
Comorbidity (%)
Heart Failure

Chronic Kidney Disease

Owerall
34,207
620+158

16,962 (49.6%)

18,110 (52.9%)
986 (2.9%)
6,259 (18.3%)
100 (0.3%)
206 (0.6%)

1542 (4.5%)
6,045 (17.7%)
959 (2.8%)

12,780 (37.4%)
20,569 (60.1%)
858 (2.5%)

3,299 (9.6%)
6,647 (19.4%)

ASCVD
7.992
69.0+12.4

3,043 (38.1%)

4,136 (51.8%)
255 (3.2%)
1,704 (21.3%)
15 (0.2%)
59 (0.7%)

400 (5.0%)
1,301 (16.3%)
122 (1.5%)

2,460 (30.8%)
5,399 (67.6%)
133 (1.7%)

2.133 (26.4%)
2.934 (36.7%)

No-ASCVD
26,215
580159

13,919 (53.1%)

13,974 (53.3%)
731 (2.8%)

4 555 (17.4%)
85 (0.3%)
147 (0.6%)

1,142 (4.4%)
4744 (18.1%)
837 (3.2%)

10,320 (39.4%)
15,170 (57.9%)
725 (2.8%)

1,186 (4.5%)
3,713 (14.2%)

Table 1. Descriptive Statistics of Sample (n=34,207/7,992/26,215)
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DM and ASCVD Risk Factor Screening:

For DM patients, it is recommended to receive DM and ASCVD risk factor testing at
least once annually*°. In the current sample, BP testing was managed effectively, as 91.3% of the
overall sample (Figure 2) received at least one BP test and was even higher for patients with
ASCVD (97.3%). Furthermore, serum creatinine and serum glucose were also tested in most
patients (77.8% and 77.6% respectively). However, surprisingly, 55.3% of patients received a
HbA1c test in the overall sample, even lower (50.6%) in patients without ASCVD, despite it
being a principal standard for DM diagnosis. A higher 70.9% of patients with ASCVD had
hbAlc testing. Even worse, less than 50% of patients in the overall sample received lipid profile
measurements of any kind in the last year. Once again, lipid measurements were more prevalent
(>60%) in those with ASCVD but were very low in those without. The reason for this
discrepancy is likely due to lipid management being the standard of care in treating ASCVD.
However, even for patients without ASCVD, lipids still need to be measured at least yearly to
lower ASCVD risk in these patients®!. Furthermore, patients without ASCVD had statistically
significantly (p<0.00001) lower annual screening frequencies compared to those with ASCVD in

nearly all criteria.
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Qverall ASCVD No ASCVD p-values

n % n % n %
SBP 31,247  91.3 7,777  97.3 | 23,470 895 <0.00001
DBP 31,247  91.3 7,777  97.3 | 23,470 89.5 <0.00001

Serum Creatinine = 26617 77.8 7,220 903 19,397 74.0 | <0.00001

Serum Glucose 26,557 776 7,222 904 19,335  73.8 @ <0.00001

Hba1c 18,921 553 5,667 709 13,254 506 @ <0.00001
Triglycerides 16,108 471 5,062  63.3 11,046 @ 42.1 <0.00001
Total Cholesterol 15,870 464 4,970 62.2 10,900 416 @ <0.00001
HDL-C 15,793 462 4948 619 10,845 414 | <0.00001
LDL-C 15545 454 4891 612 10,654 406 @ <0.00001
Microalbumin 10,241 | 299 2,342 | 293 @ 7,899 30.1 0.157

Table 2. Annual DM and ASCVD Risk Factor Screening Frequency (n=34,207/7,992/26,215)

100.0%
90.0%
80.0%
70.0%
60.0%
50.0%
A40.0%
30.0%
20.0%
10.0%
0.0%

‘9 Q §° \0?* ;\\ ,@i‘ {} Q \.}

Q‘;” (:5\‘) 'S (_,Q’ \'E.‘J A hd s

«® & '%& o &

o & AN &

.:}Qa@ ) «o-c.

B Overall WASCVD B No ASCVD

Figure 2. Annual DM and ASCVD Risk Factor Screening Frequency (n=34,207/7,992/26,215)
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Drug Therapies:
Drug therapy frequency (Table 2) for the sample was also concerning. Only 56.5% of the

patients in the overall sample were on any kind of DM drug: 34.1% were on metformin, 23.3%
were on insulin, 15.6% and 10.7% were on newer DM therapies SGLT2i and GLP1-RA,
respectively, and other therapies (e.g. sulfonylureas, DPP-4, MRA) had an even lower frequency
(<10% for each). Interestingly, while patients with ASCVD generally had higher usage for most
drugs compared to those without, their metformin usage was statistically significantly
(p<0.00001) lower (29.6%) compared to the no ASCVD group (35.5%). This was contrasted by
their much higher usage of insulin (34.4%) compared to the no ASCVD group (19.9%). As for
lipid-lowering drugs, only 46.6% of the overall sample was on statins, and non-statin lipid
lowering drugs were very infrequent (<3% for each). Unsurprisingly statin usage in patients with
ASCVD was much higher (72.5%), due to it being the standard of care for ASCVD treatment.
Conversely, only 38.7% of patients without ASCVD were on statins. Furthermore, patients
without ASCVD had lower usage for all lipid-lowering drugs compared to those with ASCVD.
The lack of use in drug therapies for both DM and ASCVD calls to attention a lack of efficient
care management. Ensuring that all patients who are eligible for drug therapies receive their

treatment would greatly improve both their DM and ASCVD treatment.
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Diabetes Drugs
Any Diabetes Drug
Ietformin
Insulin
5GLTZ
GLP1-RA
Sulfonylureas
DPP-4
MRA
Thiazolidinediones
Meglitinides
AGI
DRA

Lipid-Lowering Drugs
Any Lipid-Lowering Drug
Statins
Ezetimibe
Fibrates
lcosapent Ethyl
Pcsk9-i
Bile Acid Resins
Miacin
Bempedoic Acid

Cwverall

n
19,344
11,663
7.971
5.342
3.654
2 911
2 610
1,582
1.416

220
83
15

16,903
15,939
986
873
600
299
88
53
18

Yo
56.5
341
23.3
15.6
10.7

85
7.5
46
4.1
06
02
0.04

45.4
45.6
2.9
2.5
1.8
0.9
0.3
02
0.05

ASCVD MNo ASCWD
n % n %
5172 647 14172 541
2363 296 | 9300 355
2746 344 5225 199
1675 21.0 | 3667 140
876 | M0 |2778 106
11 89 (2200 B4
791 948 1812 69
738 92 843 3.2
289 36 1127 43
G2 0.8 158 0.6
22 0.3 61 0.2
3 0.04 12 0.05
59584 749 10919 417
5796 725 10143 357
547 6.8 439 1.7
255 3.2 G518 2.4
262 3.3 338 1.3
210 26 89 0.3
32 04 56 0.2
21 0.3 32 0.1
14 0.2 4 0.02

Table 3. Drug Therapies of Sample (34,207/7,992/26,215)
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p-values

=0.00001
=0.00001
=0.00001
=0.00001
0.356
0.157
=0.00001
=0.00001
0.00729
0.0902
0.0498
0.758

=0.00001
=0.00001
=0.00001
0.000035
=0.00001
=0.00001
0.00381
0.00512
=0.00001



Target Control:

The final part of my analysis examined the proportion of patients in the sample that had
reached proper control for BP, HbAlc, LDL-C, as well as composite control. LDL-C was chosen
amongst the lipids as it is the most indicative of ASCVD risk®2. These findings were stratified by
sex, race/ethnicity, and ASCVD status.

BP control (Figure 3a), defined as <130/80 mmHg, was effective, with 84.6% of the
sample meeting the requirements, and was greater than 80% for all subgroups. Patients with
ASCVD had an especially high BP control of 94.0%, statistically significantly (p<0.00001)

higher than 81.6% control in patients without ASCVD, the lowest of any subgroup.

1005 S4.0%
oo% 846% 84.0% B855% B853% gagn °1O% gagy gy B1.6%
B0%

70%

60%

50%

40%

30%

20%

10%

0%

With Mo
ASCVD  ASCVD

W% Control B84.6% 84.0% B855% 853% B3.0% 87.5% 83.3% B817% 540% B816%
n 31,579 15,977 15615 16,673 902 5905 12,141 8,112 7,777 23,802
p-value 0.00037 0.00001 0.00001

Owverall Male @ Female White Black Asian Hispanic Other

Figure 3a. Blood Pressure Control (n=31,579)
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A patient is at target control for HbAlc if their reading is <7.0%. Real world data has
shown that in the general populace, >70% of DM patients have HbAlc <7.0%%33*. The study
sample was not as impressive however, with only 48.9% of patients at target control (Figure 3b).
This could be attributed to the significant number of patients not on any kind of DM drug to help
control their HbA1c levels. Variation existed between races, with Asian patients having a
statistically significant (p<0.00001) higher control of 56.4%, and Hispanic patients having a
statistically significant (p<0.00001) lower control of 36.4%. HbAlc control in patients with and
without ASCVD was very similar to the overall, and there were no significant differences
between the two groups. By ensuring proper prescribing of DM medication, these numbers could
be significantly improved.
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Figure 3b. Hemoglobin Alc Control (n=20,071)
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LDL-C control (<70 mg/dL, <55 mg/dL if with ASCVD) was even worse, with only
23.0% of the sample at control (Figure 3c). Black patients had an abysmally low control rate of
only 15.6%. Female patients had a significantly (p<0.00001) lower control (18.7%) compared to
males (27.5%). Patients with ASCVD had statistically significantly (p<0.00001) lower LDL-C
control compared to those without ASCVD. A key reason for the very low target control % may
lie in the recent change in cutoffs for LDL-C control. For example, a previous study conducted at
UCI in 2019 investigating LDL-C control in DM patients found that 49% were at target control,
significantly higher than that of this sample (23.0%).% However, in the previous UCI study, the
target control cutoff was a more generous <100 mg/dL and <70 mg/dL if with ASCVD. More
recent guidelines have set target control as <70 mg/dL and <55 mg/dL if with ASCVD. Applying
the old target control cutoffs to this study sample, it was found that 47.5% were at target control,
which waas not significantly different from the previous UCI study. While this serves as
evidence that there is no significant negative change in LDL-C control since 2019, there has been
no positive change either, and with the use of stricter target control cutoffs, treatment regimens

need to be modified to aim for those.
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Figure 3c. LDL-C Control (n=16,962)
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The composite control analysis evaluated patients who satisfied the control conditions for

BP, HbAlc, and LDL-C. Unsurprisingly, this category had the lowest percentage of patients at

control. Only 10.1% of the sample reached composite control (Figure 3d), and was even lower

for subgroups, such as 7.7% for Black patients, and 8.0% for Hispanic patients. Patients without

ASCVD had a statistically significant (p<0.00032) lower composite control compared to those

with ASCVD. The low composite control values lie in the poor control of its components,

namely HbAlc and LDL-C.
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Figure 3d. Composite Control (n=15,988)

White

9.5%
8,737
0.00001

7.7%

Black

T.7%
431

18

12.4%
11.5%
10.0% 9.5%
8.0% ‘ ‘ |
With Mo
Asian | Hispanic Other ASCYD | Ascvo
12.4% B.0% 100%  11.5% 9.6%
3136 6531 | 3684 | 4,663 | 11,325
0.000318



Sex and race/ethnicity disparities were significant across the results. In terms of sex,
females had significantly lower LDL-C control compared to males. In terms of race/ethnicity, for
most criteria, Black and Hispanic patients had control significantly below the group average.
Interestingly, Asian patients consistently had control above the average, and had the highest

target controls percentages of any ethnic/race group in all categories.

In terms of disparities by ASCVD status, patients without ASCVD generally had worse
target control compared to those with ASCVD, except for LDL-C. However, both groups
followed similar trends of good BP control, subpar HbAlc control, and abysmal LDL-C and

composite control.
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CHAPTER 5: DISCUSSION

The findings of the study for annual testing are relatively consistent with national data.
The high 91.3% of overall patients that received a yearly BP measurement in the sample is
similar to the CDC reported prevalence of 96.8%.%® Around 45.4% of the sample received a
yearly test for LDL-C, which is relatively similar to an EHR study that found around 52% of
patients obtained an annual LDL-C test.?® Only 55.3% of patients received an annual HbA1c test,
which is slightly below the national average of 64.6%.%2 However, worth noting is that our data
could not capture certain HbAlc tests administered at home, such as the finger prick, and could
only acquire data obtained from visits at the UCI medical center. Inclusion of those extra tests

would likely equal a number closer to the national average.

In terms of drug therapies, 46.6% of the overall sample was on statins, which was
relatively similar to the national average of 51.1%%. 72.5% of the patients with ASCVD were on
statins, which was consistent with the national estimate of around 70% usage in DM patients®.
Despite all patients in the overall sample being eligible for statins, only around half utilizing
them seems surprisingly low. One potential reason for this may be due to recent evidence that
shows that statins can actually raise HbA1c.™ Biologically, this is theorized to be due to
inhibition of glucose uptake caused by insulin, which in turns leads to more glucose in the
bloodstream instead of stored in the tissues, and a higher HbA1lc. Clinically however, the study
reported only a 0.1% increase in HbALc for those taking statins, contrasted to a 54% lower risk
of heart attack, 20% lower risk of stroke, and 20% lower all-cause mortality in the same group.
Ultimately, the study group itself concluded, despite the potential risk in taking statins of
worsening T2DM, its benefits in lowering ASCVD risk factors - which are the primary cause of

mortality in DM patients — far outweigh the risks. In addition, it was stated that these negative
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effects were only reported in very high intensity statins, meaning that low-dose statins may not
have the impact on HbAlc. Regardless, it is possible that new evidence like this could
discourage physicians from prescribing statins to their DM patients from a perspective of strictly

trying to treat their DM risk factors and not their ASCVD risk factors.

The use of other lipid lowering drugs in the sample was consistent with national data
(<3%).16 Use of certain DM drugs however, was unexpected, such as the 34.1% use of
metformin, and even lower 29.6% usage in patients with ASCVD, which is lower than the
national average of 52.0%.% This is likely due to cases where it was used in combination with
another drug, such as metformin and sitagliptin (Janumet), and could not be included in our
sample due to database limitations. In addition, the use of SGLT2i and GLP1-RA was 15.6% and
10.7% in the sample, which is objectively low, but is higher than the national average of 5.8%

and 4.4%, respectively.

As for target control, the sample only had 23.0% of the sample reached LDL-C control
with the new cutoffs, adjusted to 47.5% with the old cutoffs. The previous studies conducted in
the All of US Research Program and the Diabetes Collaborative Registry evaluating LDL-C
target control reported 50.6% and 48.6% respectively, both of which used the old cutoffs.}212
With the new cutoffs applied to the All of US Study, however, only 16.0% of the sample reached
target control, even less than that of this study sample. This indicates that low LDL-C control is
consistent across different US studies and must be addressed. The low LDL-C control in patients
with ASCVD and without ASCVD (21.0% and 23.8%, respectively) was also concerning. For
patients without ASCVD, this could be attributed to the lack of lipid-lowering drug usage. Only
41.7% of patients without ASCVD were on any kind of lipid-lowering drug, and if this was

increased, a great deal more patients would be able to reach LDL-C target control.
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In terms of sex and racial/ethnic disparities, female patients had a statistically significant
(p<0.00001) lower control (18.7%) compared to males (27.5%). This is consistent with data that
females have an increased relative risk of ASCVD and ASCVD mortality compared to males.?®
Hispanic and Black patients in the study sample had target control values lower than overall for
most criteria, notably the very low Hispanic HbAlc control of 36.4%, compared to 48.9% for the
overall. This is consistent with data that supports Hispanic patients have significantly lower
glycemic control compared to average.®’ Interestingly, Asian patients were above the overall in
all target control categories, which contrasts a study that posits Asian patients tend to have worse
T2DM compared to whites.®® However, it is worth noting that very same study states that Asian
patients are highly underrepresented in DM studies, indicating that we may need to examine

more on the exact differences between T2DM in Asian patients versus the general population.

There are many limitations to this study. As stated earlier, certain means of collecting
laboratory data, such as finger-prick HbAlc tests cannot be accounted for in this data and can
contribute to an underestimated yearly testing frequency. This also applies to BP testing, which
is very commonly assessed at home, although the very high frequency of BP testing and high BP
control indicates that there were likely no significant gaps for BP coverage in the data.
Furthermore, certain types of drug data could not be obtained. As previously mentioned, the use
of metformin in the sample was significantly below the national average. This is likely due to the
exclusion of cases where it was used in combination with another drug. However, this is sadly

not possible to track in UCI OMOP due to the limited drug options in the database.

As for other limitations, sample sizes varied significantly between groups. A very small
sample of Black patients, especially apparent in target control analyses (431 in the composite

control for example), compared to the sample size of the other groups (such as 8,737 for Whites),
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could lead to a strong skewing of the overall toward those larger groups compared to smaller
ones. Another limitation of the study was also mentioned earlier and is the use of the recent
stricter LDL-C cutoffs for target control. As such, LDL-C control in this study is much less
compared to other studies as well as the national average, leading to variations in the composite

control compared to other data as well.
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CHAPTER 6: SUMMARY AND CONCLUSIONS

The findings of the study are in strong support of the 4 hypotheses.
Hypothesis 1: A significant proportion of adult DM patients will not have received ASCVD and

DM risk factor measurements within a year after their last DM diagnosis. There will be
significant differences between patients with and without ASCVD.

For the overall sample, within a year after their last DM diagnosis, while most patients
(91.3%) received regular BP testing, only 55.3% received an HbAlc measurement, and less than
50% received any kind of lipid profile measurement. Patients with ASCVD had statistically
significantly (p<0.00001) higher risk factor screening frequencies for nearly all criteria compared
to those without ASCVD. Of note is the higher screening frequency for HbA1lc in patients with

ASCVD (70.9%) compared to those without (50.6%).

Hypothesis 2: Many patients will not be on guideline-recommended statin therapy or newer DM
therapeutic options (SGLT2-1 or GLP1-RA). There will be significant differences between
patients with and without ASCVD.

Only 46.6% of patients were on statins, and <3% were on any other lipid-lowering
medication. Only 15.6% and 10.7% were on SGLT2i and GLP1-RA respectively, and other
newer DM therapies had even lower usage (<10%). Furthermore, only 56.5% of patients were on
any kind of DM drug, which is concerning, considering all patients have an ICD-10 code for
DM. Patients with ASCVD generally had a higher prevalence of drug usage compared to those
without ASCVD. Of note is the statistically significant (p<0.00001) higher percent of statin users

in patients with ASCVD (72.5%) compared to those without ASCVD (38.7%).

Hypothesis 3: There will be suboptimal control of LDL-C, BP, and HbAlc individually.

Furthermore, few patients will be at recommended levels for LDL-C, BP, and HbAlc
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simultaneously, known as target control. There will be significant differences between patients
with and without ASCVD.

BP control was impressive, with 84.6% of the sample reaching target control. HbAlc
control, however, was lower, with only 48.9%, and LDL-C control was very low, only 23.0%.
Due to these low percentages, especially LDL-C, the composite control was only 10.1% for the
overall sample. Worth noting for LDL-C control is the newer definition for target control of <70
mg/dL (<55 mg/dL with ASCVD) compared to the older definition of <100 mg/dL (<70 mg/dL
if with ASCVD), making LDL-C target control much harder to achieve. Patients with ASCVD
generally had higher target control compared to those without ASCVD, except for LDL-C
control. Noteworthy is a statistically significant (p<0.00001) higher BP control in patients with

ASCVD (94.0%) compared to those without (81.6%).

Hypothesis 4: There will be significant sex/race/ethnicity disparities in the target control

findings.

While relatively even for other criteria, males were shown to have statistically
significantly (p<0.00001) higher LDL-C control (27.5%) compared to females (18.7%).
Race/ethnicity disparities were very prevalent as well. For HbAlc target control compared to the
overall sample, Hispanic patients had a statistically significant (p<0.00001) lower percentage
(36.4%), and Asian patients had a statistically significant (p<0.00001) higher percentage
(56.4%), leaving a large 20% gap in target control between both groups. Furthermore, Asian
patients were shown to have the highest target control of any group among all 4 criteria. On the
other end, apart from HbAlc, Black patients were shown to have target control percentages
below the overall in most categories. In addition, Hispanic and Black patients were shown to

have the lowest composite control percentages, being 8.0% and 7.7%, respectively.
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This study served to call to light the current disparities in the UCI health system for adult
DM patient care. While a largely grim perspective on UCI’s quality of care, this study can also
be taken in a positive light. My hope is that this data can serve to point out areas of
improvement. In addition to implementing entirely new methods of care, or experimenting with
newer, more powerful drugs, simply improving the efficiency of our existing system could
improve health in countless DM patients. Ensuring that all DM patients receive yearly tests for
their DM and ASCVD risk factors would provide valuable insight in the progression of their
DM, as well as their potential (or existing) ASCVD. Furthermore, maximizing the use of drug
therapies for patients that are eligible can accelerate the process of lowering the risk of potential
ASCVD events. Lastly, the evident sex and racial/ethnic disparities in target control must be
addressed as well. Due to the relatively high proportion of Hispanics in UCI’s health system, and
their relatively lower target control percentages in this study, future studies will further examine
similar criteria to this one in comparing Hispanic vs. Non-Hispanic DM patients. Future studies
will also examine whether various social determinants of health, such as income and insurance

status might explain ethnic/racial disparities.

This project is also under a larger umbrella project called IMPROVE-DM, which aims to
improve DM and ASCVD treatment in the UCI health system, based on the data collected from
this study. The next step in that project involves implementing Best Practice Advisories (BPAS),
messages sent to physicians informing them of any deficits in care, such as missing laboratory
measurements or unprescribed drug therapies, when eligible. The results of these BPAs will be

published in a future study.

26



REFERENCES
. Asfandiyarova NS. [RISK FACTORS OF DEATH IN DIABETES MELLITUS]. Klin

Med (Mosk). 2016;94(9):697-700. Russian. PMID: 30296369.

. Raghavan, S., Vassy, J. L., Ho, Y., Song, R. J., Gagnon, D., Cho, K., Wilson, P. W., &
Phillips, L. S. (2019). Diabetes Mellitus—Related All-Cause and Cardiovascular mortality
in a national cohort of adults. Journal of the American Heart

Association, 8(4). https://doi.org/10.1161/jaha.118.011295

. Andary R, Fan W, Wong ND. Control of Cardiovascular Risk Factors Among US Adults
With Type 2 Diabetes With And Without Cardiovascular Disease. Am J Cardiol. 2019
Aug 15;124(4):522-527.

. Wong ND, Zhao Y, Patel R, Patao C, Malik S, Bertoni AG, Correa A, Folsom AR,
Kachroo S, Mukherjee J, Taylor H, Selvin E. Cardiovascular Risk Factor Targets and
Cardiovascular Disease Event Risk in Diabetes: A Pooling Project of the Atherosclerosis
Risk in Communities Study, Multi-Ethnic Study of Atherosclerosis, and Jackson Heart
Study. Diabetes Care. 2016 May;39(5):668-76. doi: 10.2337/dc15-2439. Epub 2016 Mar
29. PMID: 27208374; PMCID: PMC4839178.

. Spanakis EK, Golden SH. Race/ethnic difference in diabetes and diabetic complications.
Curr Diab Rep. 2013 Dec;13(6):814-23. doi: 10.1007/s11892-013-0421-9. PMID:
24037313; PMCID: PMC3830901.

. Saeedi P, Petersohn I, Salpea P, Malanda B, Karuranga S, Unwin N, Colagiuri S,
Guariguata L, Motala AA, Ogurtsova K, Shaw JE, Bright D, Williams R; IDF Diabetes
Atlas Committee. Global and regional diabetes prevalence estimates for 2019 and

projections for 2030 and 2045: Results from the International Diabetes Federation

27



10.

11.

12.

Diabetes Atlas, 9" edition. Diabetes Res Clin Pract. 2019 Nov;157:107843. doi:
10.1016/j.diabres.2019.107843. Epub 2019 Sep 10. PMID: 31518657.

Gillespie KM. Type 1 diabetes: pathogenesis and prevention. CMAJ. 2006 Jul
18;175(2):165-70. doi: 10.1503/cmaj.060244. PMID: 16847277; PMCID: PMC1489998.
Fletcher B, Gulanick M, Lamendola C. Risk factors for type 2 diabetes mellitus. J
Cardiovasc Nurs. 2002 Jan;16(2):17-23. doi: 10.1097/00005082-200201000-00003.
PMID: 11800065.

Zhu, M., Li, J., Li, Z. et al. Mortality rates and the causes of death related to diabetes
mellitus in Shanghai Songjiang District: an 11-year retrospective analysis of death
certificates. BMC Endocr Disord 15, 45 (2015). https://doi.org/10.1186/s12902-015-
0042-1

Bazmandegan, G., Abbasifard, M., Nadimi, A.E. et al. Cardiovascular risk factors in
diabetic patients with and without metabolic syndrome: a study based on the Rafsanjan
cohort study. Sci Rep 13, 559 (2023). https://doi.org/10.1038/s41598-022-27208-5
Zhang Q, Wang L, Wang S, Cheng H, Xu L, Pei G, Wang Y, Fu C, Jiang Y, He C, Wei
Q. Signaling pathways and targeted therapy for myocardial infarction. Signal Transduct
Target Ther. 2022 Mar 10;7(1):78. doi: 10.1038/s41392-022-00925-z. PMID: 35273164;

PMCID: PMC8913803.

Akbarpour M, Devineni D, Gong Y, Wong ND. Dyslipidemia Treatment and Lipid
Control in US Adults with Diabetes by Sociodemographic and Cardiovascular Risk
Groups in the NIH Precision Medicine Initiative All of Us Research Program. J Clin Med.
2023 Feb 20;12(4):1668. doi: 10.3390/jcm12041668. Erratum in: J Clin Med. 2024 Feb

19;13(4): PMID: 36836203; PMCID: PMC9966763.

28



13.

14.

15.

16.

17.

18.

Fan W, Song Y, Inzucchi SE, Sperling L, Cannon CP, Arnold SV, Kosiborod M, Wong
ND. Composite cardiovascular risk factor target achievement and its predictors in US
adults with diabetes: The Diabetes Collaborative Registry. Diabetes Obes Metab. 2019
May;21(5):1121-1127. doi: 10.1111/dom.13625. Epub 2019 Feb 14. PMID: 30609214.
Raghavan S, Vassy JL, Ho YL, Song RJ, Gagnon DR, Cho K, Wilson PWF, Phillips LS.
Diabetes Mellitus-Related All-Cause and Cardiovascular Mortality in a National Cohort
of Adults. J Am Heart Assoc. 2019 Feb 19;8(4):e011295. doi:
10.1161/JAHA.118.011295. PMID: 30776949; PMCID: PMC6405678.

Chogtu B, Magazine R, Bairy KL. Statin use and risk of diabetes mellitus. World J
Diabetes. 2015 Mar 15;6(2):352-7. doi: 10.4239/wjd.v6.i2.352. PMID: 25789118;
PMCID: PMC4360430.

Abbie D. Leino, Michael P. Dorsch, Corey A. Lester; Changes in Statin Use Among U.S.
Adults With Diabetes: A Population-Based Analysis of NHANES 2011-2018. Diabetes
Care 1 December 2020; 43 (12): 3110-3112. https://doi.org/10.2337/dc20-1481
McGovern A, Tippu Z, Hinton W, Munro N, Whyte M, de Lusignan S. Comparison of
medication adherence and persistence in type 2 diabetes: A systematic review and meta-
analysis. Diabetes Obes Metab. 2018 Apr;20(4):1040-1043. doi: 10.1111/dom.13160.
Epub 2017 Dec 12. PMID: 29135080.

Xu C, He L, Zhang J, Xu L, Dong J, Liao L. The Cardiovascular Benefits and Infections
Risk of SGLT2i versus Metformin in Type 2 Diabetes: A Systemic Review and Meta-
Analysis. Metabolites. 2022 Oct 17;12(10):979. doi: 10.3390/metabo12100979. PMID:

36295882; PMCID: PMC9610220.

29



19.

20.

21.

22.

23.

24,

Han Y, Li Y, He B. GLP-1 receptor agonists versus metformin in PCOS: a systematic
review and meta-analysis. Reprod Biomed Online. 2019 Aug;39(2):332-342. doi:
10.1016/j.rbmo.2019.04.017. Epub 2019 Apr 25. PMID: 31229399.

Wong ND, Karthikeyan H, Fan W. US Population Eligibility and Estimated Impact of
Semaglutide Treatment on Obesity Prevalence and Cardiovascular Disease Events.
Cardiovasc Drugs Ther. 2023 Aug 14. doi: 10.1007/s10557-023-07488-3. Epub ahead of
print. PMID: 37578663.

Limonte CP, Hall YN, Trikudanathan S, Tuttle KR, Hirsch IB, de Boer IH, Zelnick LR.
Prevalence of SGLT2i and GLP1RA use among US adults with type 2 diabetes. J
Diabetes Complications. 2022 Jun;36(6):108204. doi: 10.1016/j.jdiacomp.2022.108204.
Epub 2022 Apr 30. PMID: 35537891.

Nepal V, Banerjee D. A1C Testing and its Sociodemographic Predictors: Implications for
Diabetes Self-management Programs. Health Serv Res Manag Epidemiol. 2014 Sep
22;1:2333392814547129. doi: 10.1177/2333392814547129. PMID: 28462244; PMCID:
PMC5278826.

Levintow SN, Reading SR, Noshad S, Mayer SE, Wiener C, Eledath B, Exter J,
Brookhart MA. Lipid Testing Trends Before and After Hospitalization for Myocardial
Infarction Among Adults in the United States, 2008-2019. Clin Epidemiol. 2022 Jun
1;14:737-748. doi: 10.2147/CLEP.S361258. PMID: 35677476; PMCID: PMC9167839.
Naha S, Gardner MJ, Khangura D, et al. Hypertension in Diabetes. [Updated 2021 Aug
7]. In: Feingold KR, Anawalt B, Blackman MR, et al., editors. Endotext [Internet]. South
Dartmouth (MA): MDText.com, Inc.; 2000-. Available from:

https://www.ncbi.nlm.nih.gov/books/NBK279027/

30



25.

26.

27.

28.

29.

Kautzky-Willer A, Leutner M, Harreiter J. Sex differences in type 2 diabetes.
Diabetologia. 2023 Jun;66(6):986-1002. doi: 10.1007/s00125-023-05891-x. Epub 2023
Mar 10. Erratum in: Diabetologia. 2023 Apr 12;: PMID: 36897358; PMCID:
PMC10163139.

Rodriguez JE, Campbell KM. Racial and Ethnic Disparities in Prevalence and Care of
Patients With Type 2 Diabetes. Clin Diabetes. 2017 Jan;35(1):66-70. doi: 10.2337/cd15-
0048. PMID: 28144049; PMCID: PMC5241767.

Center for Disease Control. By the Numbers, Diabetes in America. Cdc.gov. 2023.
Whelton PK, Carey RM, Aronow WS, Casey DE Jr, Collins KJ, Dennison Himmelfarb
C, DePalma SM, Gidding S, Jamerson KA, Jones DW, MacLaughlin EJ, Muntner P,
Ovbiagele B, Smith SC Jr, Spencer CC, Stafford RS, Taler SJ, Thomas RJ, Williams KA
Sr, Williamson JD, Wright JT Jr. 2017

ACC/AHA/AAPA/ABC/ACPM/ AGS/APhA/ASH/ASPC/NMA/PCNA Guideline for the
Prevention, Detection, Evaluation, and Management of High Blood Pressure in Adults:
Executive Summary: A Report of the American College of Cardiology/American Heart
Association Task Force on Clinical Practice Guidelines. Hypertension. 2018
Jun;71(6):1269-1324. doi: 10.1161/HYP.0000000000000066. Epub 2017 Nov 13.
Erratum in: Hypertension. 2018 Jun;71(6):e136-e139. Erratum in: Hypertension. 2018
Sep;72(3):e33. PMID: 29133354.

Dunlay, S. M., Givertz, M. M., Aguilar, D., Allen, L. A., Chan, M., Desai, A. S., Deswal,
A., Dickson, V. V., Kosiborod, M., Lekavich, C. L., McCoy, R. G., Mentz, R. J., & Pifa,
I. L. (2019). Type 2 Diabetes Mellitus and Heart Failure: A Scientific Statement From the

American Heart Association and the Heart Failure Society of America: This statement

31



30.

31.

32.

33.

34.

does not represent an update of the 2017 ACC/AHA/HFSA heart failure guideline
update. Circulation, 104(7). https://doi.org/10.1161/cir.0000000000000691

Wu B, Bell K, Stanford A, et al. Understanding CKD among patients with T2DM:
prevalence, temporal trends, and treatment patterns—NHANES 2007-2012 BMJ Open
Diabetes Research and Care 2016;4: e000154.

doi: 10.1136/bmjdrc-2015-000154

Einarson, T.R., Acs, A., Ludwig, C. et al. Prevalence of cardiovascular disease in type 2
diabetes: a systematic literature review of scientific evidence from across the world in
2007-2017. Cardiovasc Diabetol 17, 83 (2018). https://doi.org/10.1186/s12933-018-
0728-6

A1C test — Mayo Clinic. (2022, December 1). https://www.mayoclinic.org/tests-
procedures/alc-test/about/pac

Mortensen, M. B., Dzaye, O., Botker, H. E., Jensen, J. M., M&ng, M., Bentzon, J. F.,
Kanstrup, H., Sgrensen, H. T., Leipsic, J., Blankstein, R., Nasir, K., Blaha, M., &
Ngrgaard, B. L. (2023). Low-Density lipoprotein cholesterol is predominantly associated
with atherosclerotic cardiovascular disease events in patients with evidence of coronary
atherosclerosis: The Western Denmark Heart Registry. newer DM therapies

Devineni D, Akbarpour M, Gong Y, Wong ND. Inadequate Use of Newer Treatments
and Glycemic Control by Cardiovascular Risk and Sociodemographic Groups in US
Adults with Diabetes in the NIH Precision Medicine Initiative All of Us Research

Program. Cardiovasc Drugs Ther. 2022 Nov 15. doi: 10.1007/s10557-022-07403-2.

32


https://doi.org/10.1186/s12933-018-0728-6
https://doi.org/10.1186/s12933-018-0728-6

35.

36.

37.

38.

Fan W, Song Y, Inzucchi SE, et al. Composite cardiovascular risk factor target
achievement and its predictors in US adults with diabetes: The Diabetes Collaborative
Registry. Diabetes Obes Metab. 2019; 21:1121-1127.

Center for Disease Control. National Diabetes Statistics Report. Cdc.gov. 2023.
Fortmann AL, Gallo LC, Philis-Tsimikas A. Glycemic control among Latinos with type 2
diabetes: the role of social-environmental support resources. Health Psychol. 2011
May;30(3):251-8. doi: 10.1037/a0022850. PMID: 21553968; PMCID: PMC3384508.
Fan, W. (2015). Changing Landscape of Diabetes Prevalence Among Asian Immigrants
and White Americans in California 2003-2013. UC Irvine. ProQuest ID:
Fan_uci_0030M_13642. Merritt ID: ark:/13030/m5md3ma88. Retrieved from

https://escholarship.org/uc/item/37z2j94p

33



APPENDIX

No Medication | Any Any Statin Low-Moderate | High Intensity
Lipid-Lowering Intensity Statin
Drug Statin
n 6,809 10,153 9,818 7,493 2,325

LDL-C >= 55 mg/dl | 6,155 (90.4%) 8,247 (81.2%) | 7,952 (81.0%) 6,230 (83.1%) = 1,722 (74.1%)
LDL-C >= 70 mg/dl | 5525 (81.1%) | 6,647 (65.5%) | 6,373 (64.9%) 5,075 (67.7%) @ 1,298 (55.8%)
LDL-C >= 100 mg/dl | 3,577 (52.5%) 3,595 (35.4%) | 3,417 (34.8%) 2,812 (37.5%) @ 605 (26.0%)

LDL-C Levels by Drug Type (n=16,962)

No Heart Failure Chronic ASCVD
Comorbidity Kidney
Disease
n 7,464 2,272 4 209 5,102

LDL-C >= 55 mg/dl | 6,260 (83.9%) 1,656 (72.9%) | 3,272 (77.7%) 3,866 (75.8%)
LDL-C >= 70 mg/dl | 5,299 (71.0%) 1,272 (56.0%) 2,605 (61.9%) 3,000 (58.8%)

LDL-C >= 100 mg/dl = 3,061 (41.0%) 595 (26.2%) 1,320 (31.4%) 1,542 (30.2%)

LDL-C Levels by Comorbidities (n=16,962)

34



LDL-C >= 55 mg/dl
LDL-C >= 70 mg/dl

LDL-C >= 100 mg/dl

No Medication

1,082

855 (79.0%)
712 (65.8%)

414 (38.3%)

Any
Lipid-Lowering
Drug

4,020

3,011 (74.9%)
2,288 (56.9%)

1,128 (28.1%)

LDL-C Levels in ASCVD Patients (n=5,102)

LDL-C >= 55 mg/dI
LDL-C >= 70 mg/dl

LDL-C == 100 mg/dI

No Medication

5,727

5,300 (92.5%)
4,813 (84.0%)

3,163 (55.2%)

Any
Lipid-Lowering
Drug

6,133

5,236 (85.4%)
4,359 (71.1%)

2,467 (40.2%)

Any Statin

3,885

2,897 (74.6%)
2,182 (56.2%)

1,065 (27.4%)

Any Statin

5,933

5,055 (85.2%)
4,191 (70.6%)

2,352 (39.6%)

LDL-C Levels in Patients without ASCVD (n=11,860)
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Low-Moderate
Intensity
Statin

2,056

1,558 (75.8%)
1,183 (57.5%)

595 (28.9%)

Low-Moderate
Intensity
Statin

5,437

4,672 (85.9%)
3,892 (71.6%)

2,217 (40.8%)

High Intensity
Statin

1,829

1,339 (73.2%)
999 (54.6%)

470 (25.7%)

High Intensity
Statin

496

383 (77.2%)
299 (60.3%)

135 (27.2%)





