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Abstract

Introduction: African Americans (AAs) have the highest prevalence of hypertension among
United States racial/ethnic groups. Regulators of blood pressure, such as aldosterone and
endothelin-1, impact glucose regulation. The relationship between these factors and incident
diabetes is not well elucidated among AAs.

Methods: Among 3914 AA participants without prevalent diabetes in the Jackson Heart

Study, linear regression models were used to examine cross-sectional associations of exposures
(aldosterone, endothelin-1, and a combined aldosterone-endothelin-1 score [2-8]) with glycemic
measures (fasting plasma glucose [FPG], HbAlc, homeostatic model assessments of beta cell
function [HOMA-] and insulin resistance [HOMA-IR]). Longitudinal associations of exposures
with incident diabetes were examined using Cox proportional hazard models. Models were
adjusted for age, sex, education, occupation, systolic blood pressure, smoking, physical activity,
dietary intake, alcohol use and adiponectin.

Results: Aldosterone and the combined aldosterone-endothelin score were positively associated
with FPG, HOMA-IR, and HOMA- (all p < 0.05). Endothelin-1 was negatively associated with
FPG but positively associated with HOMA- (both p < 0.05). Only the aldosterone-endothelin
score was positively associated with HbAlc (p < 0.01). A 1-SD higher serum aldosterone and
endothelin-1 was associated with a 22 % and 14 % higher risk of incident diabetes, respectively,
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while a 1-point higher aldosterone-endothelin score was associated with a 13 % higher risk of
incident diabetes after adjustment for diabetes risk factors (all p < 0.01).

Conclusions: Aldosterone and endothelin-1, factors integral in blood pressure regulation, may
play a significant role in the development of diabetes among AAs.
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1. Introduction

African Americans (AAs) have a greater incidence and prevalence of type 2 diabetes
mellitus (T2DM) compared to Non-Hispanic Whites (NHW) (Benoit et al., 2019).
Hypertension may be a risk factor for the development of diabetes. In the Multi-Ethnic
Study of Atherosclerosis (MESA), blood pressure <120/80 mm Hg compared to =140/90
mm Hg was associated with a 46 % lower diabetes risk among AAs (Joseph et al., 2016a).
These findings align with previous studies showing a positive association between higher
blood pressure and hypertension with risk of diabetes (Gress et al., 2000; Brancati et al.,
2000; Golden et al., 2003).

Aldosterone, the end effector of the renin-angiotensin-aldosterone system, and endothelin-1,
a peptide secreted by vascular endothelial cells in response to sheer stress, pulsatile stretch,
neurohormones, thrombin, cytokines and growth factors, may modulate both hypertension
and diabetes risk in AAs. We previously showed that aldosterone is dose-dependently
associated with insulin resistance and risk of incident diabetes over 8 years among

AA:s in the Jackson Heart Study (JHS) (Joseph et al., 2016b). Aldosterone activates

the serine/threonine-protein kinase-1 in skeletal muscle in a mineralocorticoid receptor
(MR) dependent manner which ultimately prevents the translocation of GLUTA4 to the

cell membrane. Furthermore, the expression of gluconeogenic enzymes are upregulated by
aldosterone leading to higher hepatic glucose output (Luther, 2014). Endothelin-1 reduces
glucose uptake in skeletal muscle and elevated levels are observed among patients with
T2DM (Shemyakin et al., 2011; Takahashi et al., 1990). In addition, endothelin-1 is
positively associated in a non-linear fashion with a combined endpoint of incident impaired
glucose tolerance or diabetes over 10 years among Scandinavian women but not men
(Olausson et al., 2016). However, the association of endothelin-1 with incident diabetes has
not been studied in AAs.

Given that AAs have a higher prevalence of hypertension, diabetes and their complications
compared to NHWSs (Murtaugh, 2003; Drazner et al., 2005; Williams, 2014), it is critical

to explore whether factors that regulate blood pressure are also involved in diabetes
pathophysiology among AAs. Thus, we examined the individual and combined longitudinal
associations of aldosterone and endothelin-1 with incident diabetes among AAs in the JHS.
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2. Methods

2.1. Study population

The JHS is a prospective cohort study of 5306 AA adults, aged 21-94 years from

the tri-county area of metropolitan Jackson, Mississippi. The baseline examination was
performed between 2000 and 2004, with two subsequent follow-up examinations between
2005-2008 and 2009-2013. The design of the study has been described elsewhere (Taylor
et al., 2005).The JHS was approved by the institutional review boards of the participating
institutions and informed consent was obtained from all participants. For this analysis,
participants with prevalent diabetes at baseline (n = 1218) or missing data on exposures (n
= 31), outcomes or important covariates including education (n = 15), waist circumference
(n =5), alcohol intake (n = 23), systolic blood pressure (n = 12), smoking status (n = 36),
and adiponectin (n = 52) were excluded from the analysis. After these exclusions, 3914
participants were included in the main analysis.

2.2. Exposures

The primary exposures assessed were serum aldosterone and endothelin-1 from the baseline
examination (2000-2004). Fasting blood samples were collected in the supine position and
processed using a standardized protocol. Plasma and serum samples were centrifuged within
2 h of blood collection, stored at =70 °C, and sent to central laboratories (University

of Minnesota). Serum aldosterone was measured by radioimmunoassay (Coat-a-count
aldosterone, Siemens, Munich, Germany) and the intra-assay coefficients of variation were
8.7 % for low and 6.2 % for high aldosterone concentrations (Musani et al., 2013). Plasma
endothelin-1 levels were measured in picograms per milliliter by QuantiGlo Human ET-1
Immunoassay (R&D Systems Inc.).

2.3. Outcomes

The primary cross-sectional outcomes in this analysis were fasting glucose, homeostatic
model assessments of beta cell function (HOMA-) and insulin resistance (HOMA-IR), and
hemoglobin Alc (Alc). Fasting glucose and insulin concentrations were measured on a
Vitros 950 or 250 Ortho-Clinical Diagnostics analyzer using standard procedures that met
the College of American Pathologists accreditation requirement (Carpenter et al., 2004).

A HPLC system (Tosoh Corp) was used to measure Alc. Insulin resistance and p-cell
function were estimated using the following formula: HOMA-IR = (fasting plasma glucose
[millimoles per liter] x fasting plasma insulin [milliunits per milliliter]) / 22.5 and HOMA-B
= (20 x fasting plasma insulin) / (fasting plasma glucose — 3.5)% (Matthews et al., 1985).
The primary longitudinal outcome was incident diabetes developed by Exam 3 among those
free of diabetes at Exam 1. Diabetes was defined as HbAlc = 6.5 % (48 mmol/mol), fasting
blood glucose = 126 mg/dL, taking T2DM medications and/or with a self-reported physician
diagnosis (American Diabetes Association, 2013). The time of incident diabetes was defined
as the midpoint between the last examination without diabetes and the examination at which
diabetes developed among persons without diabetes at baseline.
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2.4. Covariates

Baseline information was obtained during clinic visits or at home using standardized
questionnaires including: demographics, occupation (management/professional versus not),
level of education (less than versus greater than or equal to a Bachelor’s degree), tobacco
use (current smoking versus not), alcohol use (any alcohol intake in the past 12 months
versus not), medical conditions and current prescription medication usage. Cali-brated
devices were used by certified technicians and nurses to measure participants’ weight and
height. Body mass index (BM1) was calculated as weight (kilograms)/ height? (meters).
Waist circumference in centimeters was calculated as the average of two measurements
around the umbilicus. Resting seated blood pressure was measured twice at 5-minute
intervals using an appropriately sized cuff with standard Hawksley random-zero instruments
and measurements were averaged for analysis. Physical activity and dietary intake were
categorized according to the American Heart Association 2020 Cardiovascular health
guidelines as poor, intermediate or ideal health, as described previously (Lloyd-Jones et

al., 2010). Serum concentrations of total adiponectin were measured by an ELISA system
(R&D systems; Minneapolis, MN) with inter-assay coefficient of variation of 8.8 % (Joseph
et al., 2016b).

2.5. Statistical analyses

Baseline characteristics were presented stratified by a combined aldosterone/endothelin-1
(aldosterone-endothelin) score. This score was created by coding aldosterone and
endothelin-1 values individually in quartiles (1-4 points from lowest to highest quartile).
The sum of these two values created a score ranging from two to eight. Significance

of differences in baseline measures across categories of BMI were calculated using chi-
square (Xz) for categorical variables, one-way ANOVA for normally-distributed continuous
variables, and Kruskal-Wallis test for non-normally-distributed continuous variables. In

the continuous analyses, aldosterone and endothelin-1 were standardized as follows: z-
Aldosterone or z-Endothelin-1 = (x;— W) / s, where x;was the value of the individual
observation, y was the sample mean, and s was the standard deviation of the measure.

In the cross-sectional analyses, HOMA-IR and HOMA-f were log-transformed prior to
analysis due to skewed distributions. Multivariate linear regression modeling was performed
to examine the cross-sectional associations between continuous measures of aldosterone,
endothelin-1, and the aldosterone-endothelin score with log-HOMA-IR, log-HOMA-B,
fasting plasma glucose, and HbAlc. In the longitudinal analyses, Cox proportional hazards
modeling was performed to examine the associations of: 1) the continuous and categorical
(quartiles) of aldosterone and endothelin-1 with incident diabetes; and 2) the categorical
association of the aldosterone-endothelin score with incident diabetes. Models were adjusted
as follows: Model 1: Unadjusted; Model 2: age, gender, education, occupation, systolic
blood pressure, smoking, physical activity, dietary intake, alcohol use; Model 3: Model 2+
BMI; and Model 4: Model 2 + adiponectin. We also explored whether there was significant
interaction by age, gender, diabetes status (normal vs. prediabetes) and/or obesity status
(BMI <30 vs. BMI > 30 kg/m?). Finally, a composite marker from the combination of

the independent biomarkers (aldosterone, endothelin-1, HOMA-IR, and HOMA-B) or their
combinations based on the linear predictor (i.e., the Xp piece) from the Cox model was
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created. The basic demographic variables (age, sex, education, and occupation) and the
composite marker’s ability to predict diabetes risk was determined through hazard ratios and
ROC curves/C-indices on the test data.

We conducted a sensitivity analysis which involved excluding individuals with a history of
stroke, coronary heart disease (CHD), or heart failure and taking medications that impact
the RAAS system including mineralocorticoid receptor antagonists, angiotensin converting
enzyme inhibitors and angiotensin receptor blockers. Statistical significance was defined
as two-sided alpha < 0.05 and <0.10 for interactions. Given the exploratory nature of

the analyses, the results were reported at a nominal level. The main cross-sectional and
longitudinal analyses were performed using SAS 9.4 (SAS Institute Inc., Cary, NC, USA).
The R programming language was used to conduct the C-index analysis and to create Figs.
1-3 (R Foundation for Statistical Computing, Vienna, Austria).

3. Results

3.1.

Baseline characteristics

The baseline characteristics of participants in the final analytical sample (n = 3914)

are presented in Table 1. The average participant was 53.7 (SD 13.0) years old, had a
BMI of 31.1 kg/m? (SD 7.1), was more likely to be female (62.5 %), had less than a
Bachelor’s degree (65.7 %), and non-smoking (86.2 %). Those in higher quantiles of the
aldosterone-endothelin score were older with higher BMIs, waist circumferences, systolic
blood pressure, fasting glucose, and HOMA-IR. Men and those with a history of stroke,
heart failure, or coronary artery disease made up a greater proportion of participants

in higher quantiles of the aldosterone-endothelin score. There was a graded relationship
between the aldosterone-endothelin score and the incidence rate of diabetes where those
with a score of 8 had more than a 3-fold higher incidence rate of diabetes than those with a
score of 2.

3.2. Association of aldosterone, endothelin-1 and aldosterone-endothelin-1 score with
HOMA-IR, HOMA-B, and fasting plasma glucose

The cross-sectional associations of aldosterone, endothelin-1, and the combined aldosterone-
endothelin-1 score with selected measures of glycemia are presented in Table 2. A 1-SD
higher serum aldosterone level and 1-point higher aldosterone-endothelin-1 score was
associated with a 9.13 % and 4.84 % higher log-HOMA-IR (both p < 0.0001) at the
baseline exam after adjustment for standard diabetes risk factors and BMI. Contrarily, a
1-SD higher endothelin-1 level was associated with a 1.79 % lower log-HOMA-IR (p =
0.032) in the same model. Adjustment for adiponectin instead of BMI (model 4) caused

the association between endothelin-1 and log-HOMA-IR to become non-significant but
slightly augmented associations with aldosterone and the combined score. All predictors
were positively associated with log-HOMA-S. A 1-SD higher aldosterone and endothelin-1,
and a 1-point higher aldosterone-endothelin-1 score were associated with a 4.85 %, 1.77

%, and 3.64 % higher HOMA-g (all p < 0.05) after adjustment for standard risk factors

and BMI with similar findings with adjustment for adiponectin. A 1-SD higher serum
aldosterone level and 1-point higher aldosterone-endothelin-1 score was associated with
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an 86 % (p < 0.0001) and 25.2 % (p = 0.004) higher fasting plasma glucose, while a

1-SD higher endothelin-1 was associated with a 60.9 % (p < 0.0001) lower fasting plasma
glucose at baseline (Model 3). Adjustment for adiponectin rather than BMI augmented the
associations for aldosterone and the combined score but attenuated the association with
endothelin-1 (Model 4). Aldosterone and endothelin-1 were not significantly associated with
HbA1c. However, 1-point higher combined score was associated with a 1.31 % higher
HbALc (p = 0.004) with similar finding with adjustment for adiponectin.

3.3. Association of aldosterone, endothelin-1, and aldosterone-endothelin-1 score with
incident diabetes

The associations between standardized aldosterone and endothelin-1 as well as the
aldosterone-endothelin score with incident diabetes are presented in Table 3. A 1-point
higher aldosterone-endothelin score was associated with a 13 % higher risk while a 1-SD
higher aldosterone was associated with a 22 % higher risk of incident diabetes, respectively
(both p < 0.01, Model 3). Adjusting for adiponectin instead of BMI did not change the
significance of association for both measures (model 4). Endothelin-1 trended towards a
positive association with incident diabetes in the continuous model adjusting for standard
risk factors and BMI (p = 0.053). Following adjustment for adiponectin instead of BMI, a
1-SD higher endothelin-1 was associated with a 14 % higher risk of incident diabetes (p

< 0.001). There was evidence of a graded association for both the aldosterone-endothelin
score and aldosterone in the model adjusting for adiponectin (Figs. 1 & 2 [left panel],
Supplemental Table 1 & 2, respectively). The positive association between endothelin-1
and incident diabetes in Model 4 was driven by individuals with endothelin-1 levels in
Quartile 4 (Fig. 2 [right panel], Supplemental Table 2). There was no evidence of effect
modification by age, sex, glycemic status (normoglycemic vs. prediabetes), BMI category,
or hypertension status (Supplemental Table 3). Excluding individuals with pre-existing
stroke, CHD, or Heart Failure did not alter the significance of associations between
aldosterone, endothelin-1, and the combined score with respect to incident diabetes across
all models (Supplemental Table 4).

3.4. Discriminatory power of HbAlc, HOMA-IR, aldosterone, endothelin-1, and the
aldosterone-endothelin-1 score for incident diabetes

Results of the C-index analysis are presented in Fig. 3 and Supplemental Table 5.
Aldosterone, endothelin-1 and the two in combination were modest predictors of incident
diabetes ranging from C-indices of 0.574 to 0.596. Individually, HbAlc (C-index 0.779,

95 % CI: 0.758, 0.799) was the strongest discriminator of incident diabetes followed by
HOMA-IR (C-index 0.720, 95 % CI: 0.699, 0.741). The addition of aldosterone, endothelin,
or both to HbAlc or HOMA-IR did not significantly improve prediction of incident
diabetes.

4. Discussion

4.1. Overall findings

In the current study, a 1-SD higher aldosterone was associated with a 22 % higher risk
of incident diabetes over a median of 7.4 years among all participants. A 1-point higher
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combined aldosterone-endothelin-1 score was associated with a 13 % higher risk of incident
diabetes and a score of 5-6 and 7-8 compared to 2 was associated with a higher risk of
diabetes in a graded manner with the highest risk in the 7-8 category (144 % and 175 %,
respectively). Assessment of the association between categorical aldosterone measures and
risk of incident diabetes revealed a positive, monotonic relationship, while endothelin-1 was
associated with higher risk of incident diabetes in quartile 4 vs. 1.

4.2. Comparison with previous studies

In contrast to the current study, endothelin-1 was positively associated with fasting plasma
glucose in rural Bangladeshi women. Additionally, fasting insulin levels were not associated
with endothelin-1 which is partially discordant with our finding that endothelin-1 is
associated with HOMA-B which rises with increasing insulin and declines with decreasing
glucose (Akter et al., 2015). There have been limited investigations assessing the association
of endothelin-1 with incident dysglycemia. Among 1099 participants in the Scandinavian
Vara-Skovde Cohort, there was no statistically significant association between endothelin-1
and impaired glucose tolerance/T2DM among men. However, among women, there was
evidence of a U-shaped association between endothelin-1 and dysglycemia. Compared

to quartile 1, women in quartile 2 of endothelin-1 had 4.5 times odds of IGT/T2DM

while those in quartile 3 had no increased odds of incident diabetes or impaired glucose
tolerance. However, women with endothelin-1 levels in quartile 4 had 4.2 times higher odds
of IGT/T2DM compared to quartile 1 after adjustment for age, municipality, waist:hip

ratio, apoB/A1, hsCRP, systolic blood pressure, and baseline HOMA-IR (Olausson et

al., 2016). Our findings are partially discordant with those from the Scandinavian Vara-
Skdvde Cohort. Though we found a positive association between endothelin-1 and incident
diabetes when controlling for standard diabetes risk factors and adiponectin, we did not

find evidence of effect modification by sex (Supplemental Table 5). These discrepancies
may be explained by several factors. First, our outcome did not include incident impaired
glucose tolerance. Second, there are potential epigenetic differences due to environment

and geography. African Americans in the deep US South exposed to generational systemic
racism leading to epigenetic changes that increase risk for metabolic disease in both men
and women. Third, there were differences in covariate selection. Finally, participants in the
JHS were older, had higher BMIs, and systolic blood pressures and were thus at higher
cardiometabolic risk at the baseline exam. It has been previously shown that the marginal
influence of an additional risk factor for individuals at high baseline risk for cardiometabolic
disease is lower compared to individuals at lower baseline risk (Joseph et al., 2017, 2019).
Population-based Biomarkers for Cardiovascular Risk Assessment in Europe (BiomarCaRE)
Consortium data was used to examine the association of C-terminal-proET-1 (CT-proET-1,
a biologically stable surrogate for endothelin-1) with incident type 2 diabetes in Europe. CT-
proET-1 was positively associated with incident type 2 diabetes with a hazard ratio of 1.10
(95 % CI: 1.03; 1.18) per 1-SD increase of CT-proET-1 (Sujana et al., 2022). Additionally,
Mendelian randomization was performed using one SNP that is specific for CT-proET-1

in the endothelin-1 gene (rs5370) and showed a significant association between genetically
predicted CT-proET-1 with incident type 2 diabetes (Sujana et al., 2022). The findings from
the JHS are concordant with the BiomarCaRE findings in a European population.
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The findings with respect to aldosterone are consistent with the extant literature. The
associations of aldosterone with dysglycemia has been previously investigated in the Multi-
Ethnic Study of Atherosclerosis (MESA) and in the JHS with significant dose-dependent
associations between aldosterone, insulin resistance and incident diabetes in both cohorts
(Joseph et al., 2016b; Joseph et al., 2018). Additionally, aldosterone is a partial mediator of
the association of lifestyle and clinical factors (smoking, diet, physical activity, BMI, and
cholesterol) with incident diabetes (Kesireddy et al., 2023). These prior findings in MESA
and JHS for aldosterone in combination with the aforementioned endothelin-1 findings
suggest that individuals with concomitantly high aldosterone and endothelin-1 may have a
greater risk of incident diabetes. The graded increase in diabetes risk with the combined
aldosterone-endothelin-1 score supports these findings. However, the addition of aldosterone
and endothelin-1 to the standard diabetes prediction models provided minimal additional
predictive power (Fig. 3). Thus, the analyses suggest that these factors may mediate their
effect through increasing insulin resistance rather than through an independent pathway.

4.3. Mechanism

Endothelin-1 is a potent vasoconstrictor and antagonizes nitric oxide through decreasing

its bioavailability (Cersosimo and DeFronzo, 2006). Thus, its role in the development of
hypertension is widely recognized. However, in vitro and in vivo rodent studies also suggest
that endothelin-1 plays a role in the development of insulin resistance. Pretreatment of
skeletal muscle with endothelin-1 reduces insulin-stimulated glucose transport by >20 %,
and five days of in vivo endothelin-1 infusion leads to impairments in insulin signaling and
promotes whole-body insulin resistance in rodents (Wilkes et al., 2003). These findings
have been extended in human in vitro and in vivo studies. Endothelin-1 pretreatment
impaired insulin signaling in adipocytes (Ishibashi et al., 2001) and endothelin-1 infusion
caused a 31 % decrease in total body glucose uptake in a small study of healthy

men without family histories of diabetes who underwent a hyperinsulinemic-euglycemic
clamp (Ottosson-Seeberger et al., 1997). Further supporting a role for endothelin-1 in the
development of the insulin-resistant phenotype, the antagonism of Endothelin receptor type
A increased insulin-stimulated glucose uptake in the legs of obese individuals (Lteif et al.,
2007). However, no change was observed among lean individuals. The elevated levels of
insulin in serum more commonly observed in obesity may contribute to these differential
findings. Indeed, in vitro studies have identified insulin as a stimulator of endothelin-1
production and high insulin levels in vivo are associated with increased endothelin-1

levels in the circulation (Sarafidis and Bakris, 2007). As a result, endothelin receptor
type-A may be chronically activated to a greater extent in obese individuals resulting

in tissue insulin resistance. This would result in a self-reinforcing cycle of increasing
insulin and endothelin-1. Paradoxically, we identified a negative cross-sectional association
between endothelin-1 and fasting plasma glucose. This phenomenon may be explained

by endothelin-1 stimulating insulin levels which may acutely decrease fasting glucose.
This hypothesis is supported by the positive cross-sectional association observed between
endothelin-1 and HOMA-B. Interestingly, when controlling for adiponectin instead of BMI,
the magnitude of the negative association between endothelin-1 and glucose was nearly
halved. Endothelin-1 stimulates adiponectin secretion in adipocytes. However, chronic
exposure to endothelin-1 inhibits the stimulating effect on adiponectin of both endothelin-1
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and insulin in the acute setting. The desensitization of adipocytes by chronically elevated
endothelin-1 seems to mimic the effect of exposure to the endothelin receptor type A
antagonist BQ-610, which inhibits the ability of endothelin-1 to acutely increase adiponectin
levels (Clarke et al., 2003). Thus, the effect on the association between endothelin-1 and
glucose seen after controlling for adiponectin may be explained, in part, by individuals

with chronically high endothelin-1 failing to acutely increase adiponectin expression. Given
the insulin sensitizing effect of adiponectin on tissues, a reduction in adiponectin would

lead to higher circulating glucose. In the longitudinal analysis, there is a trend towards an
association of endothelin-1 with incident diabetes after controlling for diabetes risk factors
and BMI (HR 1.08, 95 % CI: 1.00, 1.17). However, there was a significant association after
controlling for adiponectin instead of BMI (HR 1.14, 95 % CI: 1.06, 1.24). Chronically
elevated endothelin-1 may increase risk for dysglycemia via: 1) increased vasoconstriction
leading to decreased nitric oxide bioavailability leading to reduced insulin and nutrient blood
flow to target tissues (Cersosimo and DeFronzo, 2006); 2) a positive feedback loop between
insulin and endothelin-1; and 3) a reduced ability of adipocytes to produce adiponectin in
response to acute increases in endothelin-1 and insulin (Cersosimo and DeFronzo, 2006).

The role of aldosterone in the impairment of glucose metabolism has been well

described (Luther, 2014). Briefly, aldosterone is known to induce abnormalities glucose
metabolism via mineralocorticoid receptor dependent and independent mechanisms. In vitro,
aldosterone impairs insulin secretion in pancreatic beta-cells via reactive oxygen species
and impairs insulin sensitivity in adipose and skeletal muscle tissues through its effects on
potassium levels and inflammation (Luther, 2014). Our findings reinforce the importance

of aldosterone and shed light on the role of endothelin-1, another factor critical in blood
pressure regulation, in the development of dysglycemia at the population level. Additionally,
our work further supports the previous findings of the interactions between the endothelin
system and the renin-angiotensin aldosterone system (Rossi, 1999). Evidences indicate that
angiotensin Il can stimulate the transcription of endothelin-1, which can in turn upregulate
aldosterone production (Belloni et al., 1996).

4.4. Strengths and limitations

Our study has several strengths. First, the JHS is a large, socioeconomically diverse cohort
of AAs. Second, 556 participants developed type 2 diabetes between the baseline exam and
follow-up thus giving us sufficient statistical power to investigate the study question. Finally,
we had standardized assessments of biomarkers, used validated surveys, and adjusted

for several factors that affect both the exposure and the outcome. Our study should be
interpreted in light of several limitations. First, participants in the JHS cohort reside in a
single geographic area in the southern United States which may limit the generalizability
of the findings to other AAs. Second, aldosterone and endothelin-1 were collected on a
single day at the baseline exam and we were unable to assess changes during the follow-up
assessment. Finally, the results were reported at the nominal level due to the exploratory
nature of the analysis.
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5. Conclusion

To conclude, we report novel associations of higher endothelin-1 and a combined
aldosterone-endothelin-1 score with incident diabetes and confirm the previous of finding
of association of aldosterone with incident diabetes in a large cohort of AAs. Aldosterone
and endothelin-1 did not improve diabetes risk prediction compared to the HOMA-IR or
HbA1c, suggesting that both of these markers may be functioning through similar pathway
(i.e. skeletal muscle insulin resistance). Thus, this study sheds further light on the role of
peptides and hormones that may serve dual roles in blood pressure regulation and diabetes
pathophysiology and may represent novel targets for prevention and treatment of both
hypertension, T2DM, and its complications in AAs.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. The association between the aldosterone endothelin-1 score and incident diabetes (n =
3914).

The model depicted was adjusted for age, gender, education, occupation, systolic

blood pressure, smoking, physical activity (AHA-LS7 variable), dietary intake (AHA-

LS7 variable), alcohol use, and adiponectin. The aldosterone-endothelin score for each
participant was created by adding together an individual’s aldosterone and endothelin-1
quartiles. For example, an individual with an aldosterone level in quartile 2 and endothelin-1
level in quartile 3 would have an aldosterone-endothelin score of 5. Corresponding data with
this figure is presented in Supplemental Table 1, Model 4. Interpretation: Those with an
aldosterone-endothelin score of 8 had a 175 % higher risk of incident diabetes compared to
those with an aldosterone-endothelin score of 2.
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Fig. 2.

Tr?e association between quartiles of aldosterone and endothelin-1 with incident diabetes (n
= 3914). Legend: The model depicted was adjusted for age, gender, education, occupation,
systolic blood pressure, smoking, physical activity (AHA-LS7 variable), dietary intake
(AHA-LS7 variable), alcohol use, and adiponectin. Corresponding data with this figure is
presented in Supplemental Table 2, Model 4. Interpretation: Those with an aldosterone level
in quartile 4 had 52 % higher risk of incident diabetes compared to those with aldosterone
levels in quartile 1.
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C-index prediction modeling for incident type 2 diabetes (n = 3914). Legend: The model
depicted was adjusted for age, gender, education, and occupation. Corresponding data with
this figure is presented in Supplemental Table 4, Model 1. All values depicted correspond

to the respective model’s C-index. Abbreviations: z-Aldo = z-Aldosterone; z-Endo = z-
Endothelin-1; HOMA-IR = Homeostatic Model Assessment of Insulin Resistance; HbAlc =

hemoglobin Alc.
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