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Abstract

Introduction

There are known disparities in diabetes complications by race and ethnicity. Although diabetes subgroups
may contribute to differential risk, little is known about how subgroups vary by race/ethnicity.

Methods

Data were pooled from 1293 (46% female) participants of the Mediators of Atherosclerosis in South
Asians Living in America (MASALA) and the Multi-Ethnic Study of Atherosclerosis (MESA) who had
diabetes (determined by diabetes medication use, fasting glucose, and glycated hemoglobin [HbA1c]),
including 217 South Asian, 240 non-Hispanic white, 125 Chinese, 387 African American, and 324
Hispanic patients. We applied k-means clustering using data for age at diabetes diagnosis, body mass
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index, HbA1c, and homeostatic model assessment measures of insulin resistance and beta cell function.
We assessed whether diabetes subgroups were associated with race/ethnicity, concurrent cardiovascular
disease risk factors, and incident diabetes complications.

Results

Five diabetes subgroups were characterized by older age at diabetes onset (43%), severe hyperglycemia
(26%), severe obesity (20%), younger age at onset (1%), and requiring insulin medication use (9%). The
most common subgroup assignment was older onset for all race/ethnicities with the exception of South
Asians where the severe hyperglycemia subgroup was most likely. Risk for renal complications and
subclinical coronary disease differed by diabetes subgroup and, separately, race/ethnicity.

Conclusions

Racial/ethnic differences were present across diabetes subgroups, and diabetes subgroups differed in risk
for complications. Strategies to eliminate racial/ethnic disparities in complications may need to consider
approaches targeted to diabetes subgroup.

Keywords: race/ethnicity, diabetes heterogeneity, diabetes subgroups, diabetes complications

Recent work has highlighted the potential for expansion of diabetes classification beyond traditional
taxonomy (1-6). In response, the American Diabetes Association issued a charge at the 2019 Scientific
Sessions to unravel the heterogeneity in diabetes mellitus, particularly among patients with type 2 diabetes
(7). The advantage of further classifying diabetes into potential subgroups is that adults with type 2
diabetes may have differing underlying disease etiology and progression. By understanding these
differences, it is possible to improve risk stratification and tailor clinical management strategies to reduce
risk of diabetes complications. Such strategies must be equitable and effective for everyone and not
perpetuate racial/ethnic disparities in diabetes prevention and treatment. As such, it is important to expand
the base of evidence on potential diabetes subgroups to include multiracial populations.

One approach to identify subgroups of diabetes is to cluster cases according to phenotypic data and this
approach has been undertaken by multiple groups. Two studies have characterized similar diabetes
subgroups and observed differential risk for complications, but studied only European-based populations
(3, 4). A third study applied similar clustering techniques to the racially diverse National Health and
Nutrition Examination Survey cross-sectional sample, but was not able to assess prospective outcomes (5).
Separate studies among Japanese and Asian-Indian populations observed that diabetes subgroups were
differentially associated with complications (6, 8). It remains unknown whether phenotypic data and
clustering approaches used previously in European-based cohorts can be applied to characterize diabetes
subgroups in US-based multi-ethnic samples and whether those subgroups are associated prospectively
with outcomes. Determining whether disparities in diabetes complications can be explained by subgroup
clustering differs by race and ethnicity is important (9).

Our objectives were to apply methods used in prior studies to characterize potential diabetes subgroups
among 5 racial/ethnic groups and assess their association with risk for complications. We hypothesized
that diabetes subgroups would differ in racial/ethnic composition and risk for complications.
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Methods

We included data from 2 US community-based observational epidemiological studies, the Mediators of
Atherosclerosis in South Asians Living in America (MASALA) and the Multi-Ethnic Study of
Atherosclerosis (MESA). The study methods and clinical measurements used in the 2 studies are similar,
have been harmonized, and allow for direct comparisons between the racial/ethnic groups (10-12). All
participants gave written informed consent at their baseline examination and Institutional Review Boards
at each study site approved study protocols.

MASALA Study

MASALA is a prospective cohort of 906 South Asian men and women living in the greater metropolitan
areas of the San Francisco Bay Area, CA and Chicago, IL and the study methods have been described (10,
11). Briefly, individuals were eligible for participation if they were between the ages 40 and 84 years and
had no known cardiovascular disease (CVD) at the time of their initial clinical examination in the period
from 2010 to 2013. A follow-up clinical examination occurred in 2015–2018 and 749 (83%) participants
completed this second examination.

MESA Study

MESA includes 6814 men and women from 4 racial/ethnic groups including non-Hispanic white (38%),
African American (28%), Hispanic (22%), and Chinese American (12%), who were recruited from 6
communities across the United States (Baltimore, MD; Chicago, IL; Forsyth County, North Carolina; Los
Angeles, CA; New York, NY; and Saint Paul, MN). Individuals were eligible for participation if they were
45 to 84 years of age and free from clinical CVD at the time of their initial clinical examination in the
period from 2000 to 2002 (12). Participants were contacted by telephone annually and invited to
participate in 5 follow-up in-person clinic examinations (2002-2004, 2004-2005, 2005-2007, 2010-2011,
2016-2018). To match the follow-up duration of MASALA, we limited data to the first 4 MESA
examinations.

Questionnaires and Clinical Measurements

Structured questionnaires were used to collect information on participant demographics, medical history
and use of medications, and health behaviors, including smoking, alcohol consumption, and physical
activity (metabolic equivalent, MET hours/week) (13). Resting seated blood pressure was measured 3
times with 1-minute intervals between measurements, using an automated blood pressure monitor
(MASALA: V100 Vital Signs Monitor; GE Medical Systems, Fairfield, CT) or Dinamap automated
oscillometric sphygmomanometer (MESA: model Pro 100, Critikon, Tampa, FL). The average of the last 2
measurements was used for analysis. Height and weight were used to calculate body mass index (BMI).

Venous blood was obtained and serum separation was performed within 30 minutes of phlebotomy with
aliquots subsequently stored at −70 °C. Fasting glucose was measured from serum using a hexokinase
method in MASALA (Quest Labs, San Jose, CA) and the glucose oxidase method on the Vitros analyzer in
MESA (Johnson & Johnson Clinical Diagnostics). Glycated hemoglobin (HbA1c) was measured using
high-performance liquid chromatography (Tosoh HbA1c 2.2 Plus Glycohemoglobin Analyzer, Tosoh
Medics, Inc., San Francisco, CA) from baseline samples in MASALA and examination 2 samples in
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MESA. Insulin was measured by the sandwich immunoassay method in MASALA (Roche Elecsys 2010;
Roche Diagnostics, Indianapolis, IN) and by a radioimmunoassay method in MESA (Linco Human Insulin
Specific RIA kit; Linco Research). Homeostatic model assessment insulin resistance (HOMA-IR) and beta
cell function (HOMA-β) were calculated for individuals not taking insulin medications (14). Total
cholesterol and high-density lipoprotein (HDL) cholesterol were measured by enzymatic methods
(MASALA: Quest Diagnostics, San Jose, CA; MESA: Roche Diagnostics, Indianapolis, IN) with the
exception that in MESA HDL-cholesterol was measured after precipitation of non-HDL-cholesterol with
magnesium/dextran. Low-density lipoprotein (LDL) cholesterol was calculated with the Friedewald
equation (15). Serum creatinine was measured and calibrated to a standard reference, with a coefficient of
variation of 2.2% (16). Estimated glomerular filtration rate (eGFR) was calculated according to the
Chronic Kidney Disease Epidemiology Collaboration equation (17).

Cardiac computed tomography (CT) scans were used to measure coronary artery calcium (CAC) and scan
methodology for each study has been described (11, 18). Briefly, all CT scans were completed with an
electron-beam CT (EBCT) scanner or multi-detector row helical (MDCT) scanner. In MASALA, a total of
46 images at 3.0-mm slice thickness were obtained and in MESA 40 images were collimated and
reconstructed (EBCT: 3.0-mm slice thickness; MDCT: 2.5-mm slice thickness). Repeat CAC scans were
performed at the second MASALA clinical examination and on a random sample for half of the MESA
cohort at examination 2 and the remaining half at examination 3 (19). The methodology for acquisition
and interpretation of the scans for both studies has been described (20). The Agatston scoring method was
used to quantify the amount of calcium: Agatston units (AU) (21). Calcium scores were adjusted with a
standard calcium phantom that was scanned along with the participant (11, 18, 22). All CT scans were read
independently at the Reading Center at Harbor–UCLA Medical Center using Rephot Imaging software.
The intra-observer and inter-observer agreement for CAC in MESA were kappa = 0.93 and kappa = 0.90,
respectively (23). While not calculated, these estimates are expected to be similar for MASALA as images
were interpreted at the same reading center using identical scanning protocols as MESA.

Statistical Analysis

We restricted the study sample to individuals who were identified as having diabetes at their enrollment
examination. For MESA participants, we also included diabetes ascertained at examination 2, when
HbA1c was measured. Diabetes was determined by use of insulin or oral hypoglycemic medication,
fasting glucose ≥7.0 mmol/L (≥126 mg/dL), or HbA1c ≥48 mmol/mol (≥6.5%). Of the 7720 combined
MASALA and MESA participants, we identified 1293 individuals with diabetes to include for analysis.
We did not exclude individuals with diabetes due to secondary conditions. We used two-step fully
conditional specification imputation methods to generate data missing for cluster variables and covariate
characteristics (24, 25). The proportion of observations with missing data before imputation was largest for
HbA1c (1%). First, individuals taking insulin medications were partitioned based on whether they were
younger age at onset, defined as a diabetes age at onset of 30 years or younger. Individuals taking insulin
medications were not included in the k-means clustering models. We applied k-means clustering to
characterize potential diabetes subgroups among individuals not taking insulin medications, as per prior
studies on diabetes subgroups (3-5). Clustering variables included age at diabetes diagnosis, BMI, HbA1c,
HOMA-IR and HOMA-β. On average, the cohort examination occurred 5.7 years (standard deviation: 7.8)
after diabetes diagnosis. We regressed sex on the clustering variables, separately, and used the residuals as
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the value for each clustering variable in the k-means models. We used cluster statistics (Pseudo F statistic
and Cubic Clustering Criterion) and calculated Silhouette index (range: -1 to 1; 1 is well-matched within
cluster) values to determine cluster assignment, stability, and similarity within cluster. All of these
statistics supported the optimal cluster number for this data was 3 (Silhouette = 0.22). This optimal cluster
number of 3 was also observed with a sensitivity analysis of which excluded HOMA-IR and HOMA-β
from the clustering models, and the qualitative composition of each cluster based on profiles for age at
onset, BMI, and HbA1c were consistent between the main and sensitivity analyses.

After establishing diabetes subgroups, we assessed differences by race/ethnicity and sex across and within
subgroup. We compared measures of sociodemographic factors, health behaviors, and CVD risk factors,
and calculated 10-year predicted risk for atherosclerotic CVD (26). We estimated differences in CVD risk
factors and prevalence of diabetes complications, including chronic kidney disease (CKD, eGFR <60
mL/min per 1.73m ) and CAC >0 Agatston units (AU) by diabetes subgroup. A sensitivity analysis
assessed prevalent CAC >100 AU because this level is considered a marker of high risk for future CVD
events (27). We assessed incidence of complications among individuals without the respective prevalent
complication at baseline. The duration between examinations in MASALA is 5 years and we restricted the
follow-up for MESA participants to examination 4 or prior (5-7 years of follow-up). We used multivariable
linear regression and logistic regression models to estimate predicted marginal means and probabilities
(28). Model adjustments included enrollment examination age, sex, race/ethnicity, diabetes medication
use, educational attainment, smoking status, alcohol use, systolic blood pressure, LDL, metabolic
equivalent (MET) moderate and vigorous physical activity, blood pressure and cholesterol-lowering
medication use, and diabetes duration. Statistical analyses were done with SAS version 9.4 (SAS Institute,
Cary, NC, USA) and STATA software version 13 (Stata-Corp, College Station, TX).

Results

Across both cohorts, we included 1293 participants (600 women) with diabetes, including 217 South
Asians, 240 non-Hispanic whites, 125 Chinese, 387 African Americans, and 324 Hispanic Americans. The
proportion of the total allocated to the 5 diabetes subgroups (clusters) ranged from 1% to 43% (Table 1).
The Silhouette index was 0.21. Qualitatively, distinguishing features between the 5 subgroups included
older age at diabetes onset (cluster 1), severe hyperglycemia (cluster 2), severe obesity (cluster 3), younger
age at onset (cluster 4), and insulin use (cluster 5). The distributions of cohort membership and
race/ethnicity differed according to subgroup, respectively. Individuals in the severe hyperglycemia cluster
were least likely to be female. Diabetes duration varied markedly across diabetes subgroup.

We observed differences in cluster characteristics among race/ethnicity within subgroup (Supplementary
Table 1) (29). The younger age at onset diabetes subgroup had few individuals and did not contain Chinese
individuals. South Asian and Chinese individuals had lower mean BMI than other race/ethnic groups
within each subgroup. Hispanic participants had greater mean BMI than other race/ethnic groups within
subgroup, with exception for the older age at onset and severe hyperglycemia subgroups. South Asians had
the youngest mean age at diabetes diagnosis among race/ethnic groups for all subgroups. Subgroup
assignment differed by race/ethnicity; the most probable subgroup assignment was older onset for all
race/ethnicities with the exception of South Asians, for whom the severe hyperglycemia subgroup was
most likely.

2

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8063247/table/T1/
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Cardiovascular Risk Factor Levels and Progression

We estimated predicted mean value for CVD risk factor levels according to diabetes cluster before and
after adjustment for potential confounders (Table 2). We included differences in estimates comparing the
diabetes subgroups to the older onset subgroup, as this was the largest group, had the best profile for most
of the clustering characteristics, and was not related to an underlying disease process or disease severity.
The severe obesity and severe hyperglycemia subgroups had the highest adjusted systolic blood pressure.
The severe hyperglycemia subgroup had the highest adjusted total cholesterol. The severe obesity
subgroup had the lowest adjusted HDL-cholesterol. Adjusted mean 10-year predicted risk for
atherosclerotic CVD was lowest for the younger age at onset diabetes group and highest for the severe
hyperglycemia subgroup. Adjusted mean eGFR lowest for the insulin medication use subgroup and highest
for the severe hyperglycemia subgroup.

Prevalent and Incident Complications

Table 3 summarizes case numbers and adjusted predicted marginal probabilities for CKD and CAC
outcomes according to diabetes subgroups. Supplementary table 2 presents these estimates by
race/ethnicity (29). There were 176 prevalent cases of CKD at examination 1 and the unadjusted point
prevalence ranged from 19% for the older onset subgroup to 3% for the severe hyperglycemia subgroup.
The prevalence of CKD was highest for whites among the racial/ethnic groups. After adjustment, the
predicted probability of prevalent CKD was highest for the insulin medication use subgroup and lowest for
the severe hyperglycemia subgroup. Among those without prevalent CKD at baseline, there were 176
cases of incident CKD over 5 to 7 years of follow-up and the unadjusted cumulative incidence was highest
for the insulin use subgroup (34%) and lowest for the younger age at onset diabetes subgroup (12%). After
adjustment, the predicted probability for incident CKD was highest for the insulin use subgroup. African
Americans and Hispanics had the highest predicted probability for incident CKD, exceeding 20%.

At baseline, 782 participants had a presence of CAC >0 and 435 participants had a presence of CAC >100.
After adjustment, the predicted probability for prevalent CAC >0 and CAC >100 was highest for the
younger age at onset of diabetes and insulin use subgroups. The predicted probability for prevalence of
CAC at baseline was lowest among African Americans. Among 465 individuals with CAC = 0 at baseline,
there were 127 cases of incident CAC. The unadjusted cumulative incidence of CAC and adjusted
predicted probability for incident CAC was highest for the severe hyperglycemia subgroup and lowest for
the younger age at onset diabetes group; however, the number of events and individuals at risk were low.
The older onset subgroup had the second lowest adjusted predicted probability for incident CAC. The
predicted probability for incident CAC was highest for South Asians and lowest for Chinese and Hispanic
Americans.

Discussion

In this multi-ethnic study of 2 community-based cohorts, we characterized potential diabetes subgroups
based on 6 diabetes clinical characteristics and applied clustering methods similar to prior studies on this
topic which were based on white populations (3, 4). Phenotypic hallmarks of the 5 diabetes subgroups in
this study included older age at diabetes onset, severe hyperglycemia, severe obesity, younger age at onset,
and insulin medication use. We were able to corroborate prior work showing differential risk for

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8063247/table/T2/
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complications by diabetes subgroup and we were able to extend this prior work with 2 major findings.
First, we observed racial/ethnic differences in diabetes subgroups; racial/ethnic composition differed
across diabetes subgroup and cluster characteristics differed by race/ethnicity within diabetes subgroup.
Second, subgroup membership was associated with differences in concurrent CVD risk factors and
prospective diabetes complications independent of race/ethnicity.

The findings from this study provide unique insight into the heterogeneity of diabetes, particularly with
respect to race/ethnicity. Prior work to characterize diabetes subgroups and their association with risk for
future complications has been limited to white European-based populations (3, 4). Our current study uses
different classification variables than prior work on this topic and may not be directly comparable. Here,
we include 5 distinct racial/ethnic groups and demonstrate that diabetes subgroup membership is not
uniform across race/ethnicity. Furthermore, our work suggests that within each diabetes subgroup there
may be considerable variation in diabetes-related clinical characteristics across race/ethnicity.

Ahlquvist et al originally identified diabetes clusters characterized by autoimmunity, severe insulin-
deficiency, severe insulin resistance, mild obesity, and older age at onset (3). These findings were
reproduced by Zaharia and Tanabe (4, 6). In all 3 studies, the insulin resistant cluster had the highest risk
for kidney disease, determined by either eGFR or urinary albumin (3, 4, 6). Here in the MASALA and
MESA cohorts, risk for incident CKD based on eGFR was highest among individuals who developed
diabetes in middle adulthood and who also required insulin. In our work, membership in the older age at
onset diabetes subgroup was associated with better profiles for most all CVD risk factors and 10-year
predicted atherosclerotic CVD risk despite this group being on average 5 years older than any of the 4
other diabetes subgroups. Membership in the severe obesity subgroup was associated with the worst
systolic blood pressure and LDL-cholesterol profiles, but this did not correspond to the highest risk for
incident CKD or CAC. This is similar to other studies where a diabetes subgroup characterized by severe
obesity was not associated with kidney or coronary outcomes (3, 4, 6). However, the outcomes assessed in
our work are subclinical measures whereas prior work has assessed clinical events.

Prior work combining MASALA and MESA has detailed the higher prevalence of diabetes and glycemic
abnormalities observed for South Asian and Chinese individuals at similar or lower adiposity levels than
other racial/ethnic groups (30, 31). Our current work aligns and extends those findings. First, the diabetes
subgroup related to severe obesity included few Chinese individuals. Second, for South Asian participants,
membership in the severe hyperglycemia subgroup was most predominant. This subgroup had the highest
HbA1c and lowest beta cell function. This is consistent with prior work observing impaired beta cell
function among South Asians (32). However, there were differences between these 2 Asian American
groups within subgroup for age at onset and a large proportion of Chinese individuals were members of the
older diabetes onset subgroup. While the absence of obesity in diabetes may be a shared characteristic for
Chinese and South Asians, our work supports disparate metabolic processes occurring in diabetes between
the 2 ethnic groups.

Limitations and methodological differences in our work may explain differences in our findings from those
of prior work. First, our sample included individuals with prevalent diabetes (average duration 5.7 years),
and longer diabetes duration may influence cluster characteristics related to glycemia and insulin and
modifiable risk factors and other clinical characteristics. Zaharia detailed how cluster characteristics
change over time and may influence cluster membership at a later date (4). Furthermore, Silhoutte values
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of cluster assignment and stability were modest, which may have led to misclassification. However, we
observed consistent results for optimal cluster number and qualitative composition when excluding data
for HOMA-IR and HOMA-β from the clustering models. Second, we were not able to include data on
autoantibodies and we manually assigned individuals taking insulin medications to unique clusters. Third,
our sample was older and more racially diverse than prior studies. While our goal was to assess diabetes
cluster differences by race and ethnicity, these constructs encompass an array of factors, including
ancestry, cultural heritage influencing such aspects as dietary preferences, differences in access and
affordability of medical care, migration, and possible influence by racism. Our findings should not be
interpreted as attributing different underlying genetic mechanisms to race/ethnicity. Fourth, we estimated
CVD risk factors and risk for subclinical CVD (CAC), which are predictive of incident CVD, but do not
directly translate to incident clinical CVD events. To this end, due to the data available in both cohorts we
examined a subset of disease complications that are predominantly cardiovascular-related and do not
encompass the range of complications that individuals with diabetes may experience. The definition for
CKD did not include data for urinary albumin and creatinine, as these data were not available across all
examinations. Acute kidney injury was not specifically ascertained in either cohort and may contribute to
CKD cases. However, given that these are community-based cohorts and that participants were queried on
any recent illnesses in the past 2 weeks, the prevalence of acute kidney injury in this study is likely low.
Fifth, we did not have data necessary to exclude individuals with possible type 1 diabetes (eg, antibodies)
or diabetes secondary to conditions (eg, monogenic diabetes) and caution should be used when interpreting
these results. Lastly, although multivariable adjustment was done, South Asian participants were solely
from the MASALA study and residual confounding may still be present.

In this pooled sample of US adults, we characterized potential diabetes clusters among 5 racial/ethnic
groups and contrasted clinical profiles and prospective complications. Membership in the diabetes clusters
was not uniform across race/ethnicity and within cluster metabolic profiles differed by race/ethnicity. Risk
for renal complications and subclinical coronary disease differed by diabetes subgroup and race/ethnicity
after adjustment for potential confounders.
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Figures and Tables

Table 1.

Demographic and Clustering Characteristics According to Diabetes Subgroup

Demographic characteristic Older
onset

Severe
hyperglycemia

Severe
obesity

Younger
onset

Insulin
use

N (% total sample) 554
(43%)

340 (26%) 259 (20%) 19 (1%) 121
(9%)

Women, n (%) 269
(49%)

135 (40%) 123 (47%) 11 (58%) 62
(51%)

South Asian, n (%) 62
(17%)

82 (25%) 52 (21%) 5 (2%) 16
(13%)

Non-Hispanic white, n (%) 134
(38%)

26 (8%) 56 (23%) 6 (3%) 18
(14%)

Chinese, n (%) 84
(24%)

27 (8%) 11 (4%) 0 (0%) 3 (2%)

African American, n (%) 155
(44%)

104 (32%) 76 (31%) 4 (2%) 48
(38%)

Hispanic, n (%) 119
(34%)

101 (31%) 64 (26%) 4 (2%) 36
(29%)

Examination age, years (SD) 69.5
(8.2)

60.1 (8.6) 60.1 (8.6) 55.2 (9.7) 65.0
(9.9)

Diabetes duration, years (%) 2.7 (4.2) 7.6 (7.5) 3.0 (4.5) 31.3
(13.3)

15.5
(8.4)

Any diabetes medication use, n (%) 267
(48%)

250 (74%) 124 (48%) 19 (100%) 121
(100%)

Cholesterol medication use, n (%) 189
(34%)

111 (33%) 68 (26%) 10 (53%) 53
(44%)

Blood pressure medication use, n (%) 331
(60%)

185 (54%) 165 (64%) 14 (74%) 94
(78%)

Graduate degree education, n (%) 100
(18%)

71 (21%) 49 (19%) 6 (32%) 15
(12%)

https://biolincc.nhlbi.nih.gov/studies/mesa/
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Values are means (SD), medians (interquartile range, IQR), or counts (column percentage, %), with the exception
of N (% total sample)

Abbreviations: BMI, body mass index; HbA1c, glycated hemoglobin; HOMA-IR, homeostatic model assessment
for insulin resistance; HOMA-β homeostatic model assessment for beta cell function; MET, metabolic equivalent;
NA, not applicable

HOMA measures are NA because all participants report insulin medication use

Table 2.

Cardiovascular Disease Risk Factors According to Diabetes Subgroup

a 
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Abbreviations: ASCVD, atherosclerotic cardiovascular disease; eGFR, estimated glomerular filtration rate; HDL,
high-density lipoprotein; LDL, low-density lipoprotein.

Adjustments include examination age, sex, race/ethnicity, diabetes medication use, educational attainment,
smoking status, alcohol use, physical activity, blood pressure and cholesterol-lowering medication use, and
diabetes duration

Calculated using the American College of Cardiology/American Heart Association equation

Older onset Severe
hyperglycemia

Severe
obesity

Younger
onset

Insulin use

Number of participants 554 340 259 19 121

Risk factors

Systolic blood
pressure, mm Hg

Adjusted predicted
mean (SE) 

130.4 (128.6,
132.3)

132.6 (130.4,
134.7)

134.0 (131.6,
136.4)

129.7 (119.6,
139.7)

131.8 (128,
135.6)

Difference (95% CI) Reference 2.1 (−1.0, 5.3) 3.6 (0.5, 6.7) −0.8 (−11.4,
9.9)

1.4 (−3.2, 6.0)

Diastolic blood
pressure, mm Hg

Adjusted predicted
mean (SE) 

72 (71.1,
72.9)

73.7 (72.6, 74.8) 72.8 (71.7, 74) 74.2 (69.2,
79.2)

72.9 (71.0,
74.8)

Difference (95% CI) Reference 1.7 (0.2, 3.3) 0.8 (−0.7, 2.4) 2.2 (−3.1, 7.5) 0.9 (−1.3, 3.2)

Total cholesterol,
mmol/L

Adjusted predicted
mean (SE) 

4.73 (4.63,
4.82)

5.02 (4.91, 5.14) 4.85 (4.73,
4.97)

4.74 (4.23,
5.26)

4.91 (4.71,
5.11)

Difference (95% CI) Reference 0.30 (0.14, 0.46) 0.12 (−0.04,
0.28)

0.01 (−0.53,
0.56)

0.18 (−0.06,
0.42)

HDL-cholesterol,
mmol/L

Adjusted predicted
mean (SE) 

1.27 (1.24,
1.29)

1.18 (1.15, 1.21) 1.12 (1.08,
1.16)

1.18 (1.02,
1.34)

1.16 (1.09,
1.22)

Difference (95% CI) Reference −0.09 (−0.14,
−0.04)

−0.15 (−0.20,
−0.10)

−0.09 (−0.26,
0.08)

−0.11 (−0.18,
−0.04)

LDL-cholesterol,

a

a

a

a

a 

b 
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Table 3.

Prevalence and Incidence of Diabetes Complications According to Diabetes Subgroup

Abbreviations: AU, Agatston units; CAC, coronary artery calcium, CKD, chronic kidney disease

CKD was defined as an estimated glomerular filtration rate < 60 mL/min/1.73 m

Adjustments include examination 1 values for age, sex, race/ethnicity, diabetes medication use, educational
attainment, smoking status, alcohol use, systolic blood pressure, low-density lipoprotein cholesterol, physical
activity, blood pressure and cholesterol-lowering medication use, and diabetes duration

Prevalent/incident outcome Older
onset

Severe
hyperglycemia

Severe
obesity

Younger
onset

Insulin use

Prevalent CKD  at
examination 1

Cases / at risk 104 / 553 10 / 340 28 / 259 2 / 19 32 / 121

Adjusted predicted probability,
% (SE) 

14.1 (11.3,
17.0)

5.2 (2.1, 8.2) 16.8 (11.7,
21.9)

11.5 (−6.1,
29.1)

18.8 (11.4,
26.2)

Difference, % (95% CI) Reference −9.0 (−13.5,
−4.5)

2.7 (−3.3,
8.6)

−2.7 (−21.2,
15.9)

4.7 (−4.0,
13.3)

Incident CKD

Cases / at risk 79 / 414 40 / 302 30 / 206 2 / 17 25 / 74

Adjusted predicted probability,
% (SE) 

17.1 (13.2,
20.9)

15.0 (10.4, 19.6) 17.4 (11.9,
22.9)

10.6 (−4.7,
25.8)

23.3 (13.9,
32.7)

Difference, % (95% CI) Reference −2.0 (−8.6, 4.6) 0.3 (−6.4,
7.1)

−6.5 (−23.2,
10.2)

6.3 (−4.7,
17.2)

Prevalent CAC>0 AU at
examination 1

Cases / at risk 356 / 553 187 / 340 141 / 258 13 / 19 85 / 121

Adjusted predicted probability,
% (SE) 

57.4 (53.0,
61.8)

61.1 (56.2, 66.0) 62.0 (56.6,
67.4)

71.7 (51.4,
92.0)

68.4 (59.8,
77.0)

Difference, % (95% CI) Reference 3.7 (−3.4, 10.8) 4.6 (−2.3,
11.6)

14.3 (−7.4,
36.1)

11.0 (0.6,
21.4)

Prevalent CAC>100 AU at
examination 1

Cases / at risk 218 / 553 89 / 340 68 / 258 9 / 19 51 / 121

Adjusted predicted probability,
% (SE) 

33.6 (29.5,
37.6)

31.1 (26.0, 36.3) 33.5 (27.6,
39.3)

47.7 (23.9,
71.5)

37.1 (28.3,
46.0)

Difference, % (95% CI) Reference −2.4 (−9.6, 4.7) −0.1 (−7.3, 14.1 (−11.0, 3.6 (−6.9,

a

b

b

b

b

a 2

b 
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