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The Africans in America study
demonstrates that subclinical
cardiovascular risk differs

by etiology of abnormal glucose
tolerance

Annemarie Wentzel%%3*, M. Grace Duhuze Karera*>, Arielle C. Patterson?,
Zoe C. Waldman?, Blayne R. Schenk?, Lilian S. Mabundo?, Christopher W. DuBose?,
Margrethe F. Horlyck-Romanovsky'¢ & Anne E. Sumner*

Abnormal-glucose tolerance (Abnl-GT) is due to an imbalance between B-cell function and insulin
resistance (IR) and is a major risk factor in cardiovascular disease (CVD). In sub-Saharan Africa, B-cell
failure is emerging as an important cause of Abnl-GT (Abnl-GT-B-cell-failure). Visceral adipose tissue
(VAT) volume and hyperlipidemia are major contributors to CVD risk when Abnl-GT is due to IR (Abnl-
GT-IR). Yet, the CVD profile associated with Abnl-GT-B-cell failure is unknown. Therefore, our goals in
450 African-born Blacks (Male: 65%; Age: 39 + 10 years; BMI 28 + 5 kg/m?), living in America were to:
(1) determine Abnl-GT prevalence and etiology; (2) assess by Abnl-GT etiology, associations between
four understudied subclinical CVD risk factors in Africans: (a) subclinical myocardial damage (high-
sensitivity troponinT (hs-cTnT)); (b) neurohormonal regulation (N-terminal pro-Brain-natriuretic
peptide (NT-proBNP)); (c) coagulability (fibrinogen); (d) inflammation (high-sensitivity C-reactive
protein (hsCRP)), as well as HbA,, Cholesterol/HDL ratio and VAT. Glucose tolerance status was
determined by the OGTT. IR was defined by the threshold at the lowest quartile for the Matsuda Index
(=< 2.97). Abnl-GT-IR required both Abnl-GT and IR. Abnl-GT-B-cell-failure was defined as Abnl-GT
without IR. VAT was assessed by CT-scan. For both the Abnl-GT-B-cell-failure and Abnl-GT-IR groups,
four multiple regression models were performed for hs-cTnT; NT-proBNP; fibrinogen and hsCRP,

as dependent variables, with the remaining three biomarkers and HbA,, Cholesterol/HDL and VAT
as independent variables. Abnl-GT occurred in 38% (170/450). In the AbnI-GT group, B-cell failure
occurred in 58% (98/170) and IR in 42% (72/170). VAT and Cholesterol/HDL were significantly lower

in Abnl-GT-B-cell-failure group vs the Abnl-GT-IR group (both P < 0.001). In the Abnl-GT-B-cell-failure
group: significant associations existed between hscTnT, fibrinogen, hs-CRP, and HbA, (all P < 0.05),
and none with Cholesterol/HDL or VAT. In Abnl-GT-IR: hs-cTnT, fibrinogen and hsCRP significantly
associated with Cholesterol/HDL (all P < 0.05) and NT-proBNP inversely related to fibrinogen, hsCRP,
HbA,, Cholesterol/HDL, and VAT (all P < 0.05). The subclinical CVD risk profile differed between Abnl-
GT-B-cell failure and Abnl-GT-IR. In AbnIl-GT-B-cell failure subclinical CVD risk involved subclinical-
myocardial damage, hypercoagulability and increased inflammation, but not hyperlipidemia or
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visceral adiposity. For Abnl-GT-IR, subclinical CVD risk related to subclinical myocardial damage,
neurohormonal dysregulation, inflammation associated with hyperlipidemia and visceral adiposity.

ClinicalTrials.gov Identifier: NCT00001853.

Abnormal glucose tolerance (Abnl-GT) occurs due to an imbalance between p-cell function and insulin resist-
ance (IR) and is an independent risk factor for cardiovascular disease (CVD)'. Whether the CVD risk profile
associated with Abnl-GT is dependent on etiology, is unknown. In Abnl-GT-IR, hyperlipidemia, visceral adi-
posity and low-grade inflammation contribute to CVD development?. Yet, the degree of CVD risk and the
determinants of CVD risk in Abnl-GT-f-cell failure remains to be determined. As African-born Blacks appear
to have a high prevalence of Abnl-GT-B-cell failure, working with this population provides an opportunity to
explore the subclinical CVD risk profile in Abnl-GT-B-cell failure and potentially gain better insight regarding
subclinical CVD manifestation, and possibly diagnostic and therapeutic approaches®*.

To understand the nature of sub-clinical CVD risk profiles in both Abnl-GT-f-cell-failure and Abnl-GT-IR,
our investigation moved beyond standard risk profiles and markers, and included (1) subclinical myocardial
strain and damage (high sensitivity troponin T (hs-cTnT)), (2) neurohormonal homeostasis (amino-terminal
pro-Brain natriuretic peptide (NT-proBNP)), (3) coagulability (fibrinogen), and (4) inflammation (high sensi-
tivity C-reactive protein (hsCRP)).

High-sensitivity cardiac troponin T (hs-cTnT) is a marker of subclinical myocardial damage, strain and
ischemia®. Higher hs-cTnT is also a predictor of incident diabetes® and associated with chronic hyperglycemia’.
Subclinical myocardial strain and damage, reflected by elevated hs-cTnT, may occur across the continuum of
hyperglycemia”®. Particularly, when hs-cTnT levels exceed 14 ng/mL, it is defined as subclinical myocardial
damage’. However, whether such increases in subclinical myocardial strain and possible damage occurs, and
associates differently with the other markers of subclinical CVD risk, including lipids, adiposity and glycemia,
based on Abnl-GT etiology, is unknown.

NT-proBNP shows a significant relationship with hs-cTnT, specifically in African-descent populations®'°.
NT-proBNP is a marker of neurohormonal homeostasis, counteracting sympathetic nervous system activity
(SNS) and the renin-angiotensin-aldosterone system (RAAS) in response to increased volume load and myo-
cardial strain'!. NT-proBNP is also involved in glucose and lipid metabolism'? and lower levels of NT-proBNP
predicted worse CVD outcomes in hyperglycemia’®, possibly indicative of disrupted neurohormonal homeostasis
in hyperglycemia’.

A marker of coagulation and inflammation that significantly relates to hs-cTnT** and NT-proBNP", is
fibrinogen'®'”. Higher fibrinogen predicted increased CVD risk in diabetes'®. Additionally, increased hsCRP,
the most frequently applied inflammatory marker, indicated increased CVD risk, and has been implicated in
both subclinical myocardial damage and diabetes”!*%.

Therefore, our goals in African-born Blacks living in America were to: describe and compare the subclinical
CVD risk profiles in Abnl-GT-p-cell failure vs Abnl-GT-IR, by: (a) determining the prevalence and etiology of
Abnl-GT; (b) assessing the associations between: (1) hs-cTnT (subclinical myocardial strain and damage) (2)
NT-proBNP (neurohormonal dysregulation); (3) fibrinogen (increased coagulability); (4) hsCRP (increased
inflammation), and the association of glycated hemoglobin Alc (HbA,.), Cholesterol/HDL ratio and visceral
adiposity with these four subclinical CVD risk markers.

Methods

Population. The Africans in America study is a cross-sectional, clinical protocol designed to assess both the
cardiometabolic and social determinants of health of African-born Blacks living in the United States*' ~**. Recruit-
ment was achieved by advertisements in newspapers, flyers, social media, and posters at community events. The
protocol was approved by the Institutional Review Board of the National Institutes of Health, National Institute
of Diabetes, Digestive and Kidney Diseases (NIDDK) (ClinicalTrials.gov Identifier: NCT00001853). Prior to
participation all enrollees provided written informed consent. All methods were performed according to the
relevant ethical, clinical and scientific research guidelines and regulations.

To determine eligibility for a screening visit at the NIH Clinical Center a telephone interview was conducted.
During the telephone interview, the prospective enrollee had to self-identify as healthy, deny a history of diabetes
and confirm that both they and their parents self-identified as Black and were born in a sub-Saharan African
country.

Five-hundred and five African-born Blacks currently living in metropolitan Washington, DC completed the
telephone interview and proceeded to the screening visit for a history, physical, electrocardiogram and routine
blood tests. Questionnaires determined family history of diabetes, use of blood pressure medication and current
smoking status.

Twenty-eight individuals did not proceed from the Screening Visit to the OGTT. Reasons for exclusion were
anemia (n = 8), elevated liver transaminases (n = 1), hypothyroidism (n = 1), pregnancy (n = 3), IV access issues
(n =4), declined blood draw (n = 2) and scheduling conflicts (n = 9).

Following OGTT analysis, 27 (n = 27) individuals were excluded. One participant had a fasting insulin con-
centration of 172 pmol/L (normal < 30 pmol/L) and was diagnosed with extreme insulin resistance. Eight other
individuals had either a missing value for glucose or insulin during the multi-sampled OGTT, and therefore the
Matsuda Index could not be calculated.
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Figure 1. Flow diagram for recruitment and determination of glucose tolerance groups.

Four participants had hs-cTnT, and two participants had NT-proBNP below detectable limits, 1 participant
did not have a fibrinogen value and 11 participants did not have a visceral adipose tissue scan and were therefore
excluded from all further analyses.

The remaining 450 participants were studied (Fig. 1).

Oral glucose tolerance test visit. After a 12 h overnight fast, participants arrived at the NIH Clinical
Center at 7AM. Weight, height, waist circumference (WC) and blood pressure (BP) were measured. Hyperten-
sion (HT) was defined as SBP > 130 mmHg and/or DBP > 80 mmHg?. Obesity was defined as BMI > 30 kg/
m??%. WC was measured at the superior border of the iliac crest at the end of expiration?’, and the mean of three
values was recorded.

Baseline blood samples were obtained for fasting glucose, insulin, glycated hemoglobin A,. (HbA,,), high-
sensitivity cardiac troponin T (hs-cTnT), amino-terminal pro-brain natriuretic peptide (NT-proBNP), fibrinogen,
high-sensitivity C-reactive protein (hsCRP), cholesterol, triglycerides and HDL cholesterol. Estimated glomerular
filtration rate (eGFR) was calculated according to the chronic kidney disease epidemiology (eGFR-CKD-EPI)
collaboration formula. Post-Glucola consumption (Trutol 75, Custom Laboratories) blood samples were taken
at 0.5 h, 1 h, 2 h to determine glucose and insulin concentrations, which were used to calculate the Matsuda Index.

After the OGTT, a computerized tomographic (CT) scan (Siemens and Somatom Force Scanner) with adipose
windows designed to measure visceral adipose tissue (VAT), was performed®.

Glucose tolerance status. A diagnosis of abnormal glucose tolerance (Abnl-GT) required: FPG = 100 mg/
dL (5.6 mmol/L) and/or 2 h glucose > 140 mg/dL (7.8 mmol/L). A diagnosis of diabetes required FPG > 126 mg/
dL (7.0 mmol/L) and/or 2 h glucose > 200 mg/dL (11.1 mmol/L).

Insulin resistance status. Insulin resistance status was determined by Matsuda Index*":

10, 000
\/fasting glucose x fasting insulin x mean glucose x mean insulin '

Insulin resistance was defined as the lowest quartile for our population distribution of Matsuda Index (< 2.97)
and insulin sensitive as Matsuda Index > 2.97.

Insulin secretion status. Insulin secretion was determined by the insulinogenic index (ISI) =

AUC for Insulin from 0 to 120 min 54
AUC for Glucose from 0 to 120 min  *

Degree of B-cell compensation. The oral disposition index (DI) is a measure of p-cell function adjusted
for insulin sensitivity®'. The DI was calculated as the product of the ISI and Matsuda Index: DI = (ISI) x (Mat-
suda Index)?®'. The oral DI gives an indication of each individual’s -cells’ ability to overcome their degree of
insulin resistance.
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Assignment by Glucose tolerance and insulin resistance status (Fig. 1). Participants were cat-
egorized first by the absence or presence of Abnl-GT, and then within the Abnl-GT group, by the absence or
presence of insulin resistance.

Normal glucose tolerant total group (NGT). Normal glucose tolerance (Matsuda Index > 2.97).

Abnormal glucose tolerance due to f-cell-failure (Abnl-GT-B-cell-failure). Abnl-GT due to B-cell-failure, as
Abnl-GT occurred in the absence of insulin resistance (Matsuda Index > 2.97).

Abnormal glucose tolerance due to insulin resistance (Abnl-GT-IR).  Abnl-GT due to insulin resistance, as Abnl-
GT occurred in the presence of insulin resistance (Matsuda Index < 2.97).

Biochemical analyses and calculations. Hemoglobin and hematocrit were measured in EDTA-antico-
agulated whole blood (Sysmex XE-5000). Insulin was measured in serum and glucose, cholesterol, triglyceride,
HDL, fibrinogen and hsCRP in plasma using the Roche Cobas 6000 analyzer (Roche Diagnostics, Indianapolis,
IN, USA). LDL was calculated using the Friedewald equation®. Cholesterol/HDL ratio was calculated. HbA,,
values were determined by HPLC using National Glycohemoglobin Standardization Program (NGSP)-certified
instruments manufactured by BioRad Laboratories (Hercules, CA, USA).

Hs-cTnT and NT-proBNP were measured in stored EDTA-plasma samples (- 80 °C) and analyzed in dupli-
cate. hs-cTnT was measured using the human-high-sensitivity-cTnT ELISA sandwich assay from MyBioSource,
with a detection range of 0.5-150 ng/L (MyBioSource, CA, USA). Elevated hs-cTnT was defined as the 99th
percentile of 14 ng/L, indicating subclinical myocardial damage, in an apparently healthy population, aged
20-70 years’. Therefore, in this study hs-cTnT concentrations of > 14 ng/L were considered elevated and indica-
tive of subclinical myocardial damage.

NT-proBNP was measured with the human-NT-proBNP ELISA sandwich assay from Abcam, with a detec-
tion range of 21.9-1400 pg/mL (Abcam, Boston, MA, USA). As disrupted neurohormonal homeostasis may be
reflected by NT-proBNP levels < 50 pg/mL’, NT-proBNP < 50 pg/mL were considered low, and indicative of
subclinical neurohormonal dysregulation.

Statistical analysis. Normal distribution of data was assessed within the total cohort and Abnl-GT-p-
cell-failure and Abnl-GT-IR groups separately, by the Kolmogorov-Smirnov test. Data for cardiovascular and
inflammatory markers are presented as the median and interquartile ranges, all other data are presented as mean
+ SD for continuous variables and percentage for categorical variables. Unpaired t-tests compared continuous
variables, and categorical variables were compared by Chi-square test, between Abnl-GT-f-cell failure versus
Abnl-GT-IR. One-way ANOVA with Bonferroni corrections for multiple comparisons were used to compare
the three African regions of origin. Hs-cTnT, NT-proBNP, fibrinogen and hsCRP were log-transformed, and the
natural logarithmic transformations were used in regression analyses.

Partial correlation and sensitivity analyses were done with CVD risk biomarkers and demographic, socio-
economic and health behavior variables, including hypertension and diabetes status, and use of antihypertensive
medication to determine the most physiologically justified and statistically relevant a priori covariates. A priori
confounders included age, sex, hypertension status, and smoking in all models. As the groups were divided
according to insulin resistance status, we did not adjust for Matsuda Index in the regression analyses.

To assess the relationship between cardiovascular and inflammatory markers, glycemia, lipids and adiposity
in each Abnl-GT group separately, multiple linear regression, adjusted for a priori covariates, in four separate
models within Abnl-GT-B-cell failure and Abnl-GT-IR, were performed.

Model 1. Dependent variable was hs-cTnT, with independent variables NT-proBNP, fibrinogen, hsCRP, HbA
Cholesterol/HDL ratio, VAT, eGFR, African region of origin and a priori covariates.

Model 2. Dependent variable was NT-proBNP, with independent variables hs-cTnT, fibrinogen, hsCRP, HbA,,
Cholesterol/HDL ratio, VAT, eGFR, African region of origin and a priori covariates.

Model 3. Dependent variable was fibrinogen, with independent variables hs-cTnT, NT-proBNP, hsCRP, HbA,,
Cholesterol/HDL ratio, VAT and a priori covariates.

Model 4. Dependent variable was hsCRP, with independent variables hs-cTnT, NT-proBNP, fibrinogen, HbA,
Cholesterol/HDL ratio, VAT and a priori covariates.

Statistical significance was set at P < 0.05 (two-tailed). All regression models were verified for the absence of
collinearity. Analyses were performed with STATA16 (College Station, Texas).

Ethics approval and consent to participate. The study protocol was approved by the Institutional
Review Board of the National Institutes of Health, National Institute of Diabetes, Digestive and Kidney Diseases
(NIDDK) (ClinicalTrials.gov Identifier: NCT00001853). All participants completed and signed informed con-
sent prior to enrollment in the study. All methods were performed according to the relevant ethical, clinical and
scientific research guidelines and regulations.
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Results

Of the 450 African-born Blacks, 65% were male, mean age 39 + 10 years (range 20-65 years), mean BMI 28 +
5 kg/m? (range 18-42 kg/m?). African regions of origin were: West Africa 49% (222/450), Central Africa 18%
(80/450) and East Africa 33% (148/450). The 6 participants from Southern African countries were grouped with
the Central Africa region (Supplementary Table 1). Most of our participants were male (65%). The prevalence
of Abnl-GT did not differ by African region of origin. However, Hs-cTnT and NT-proBNP did differ by African
region, with East Africa having higher hs-cTnT levels vs West and Central Africa (both P < 0.01), and Central
Africa having higher NT-proBNP levels vs West and East Africa (both P < 0.01). Therefore, African region of
origin was added as a covariate in regression model 1 (hs-cTnT) and model 2 (NT-proBNP), for both Abnl-GT
groups. The effect of antihypertensive treatment was also assessed. Sensitivity analyses revealed no significant
effect of antihypertensive therapy on the overall regression analyses.

Prevalence, characteristics and etiology of Abnl-GT. Of the 450 participants, 62% were NGT
(280/450), and Abnl-GT occurred in 38% (170/450). In the Abnl-GT group, Abnl-GT-f-cell failure occurred
in 58% (98/170) and Abnl-GT-IR in 42% (72/170) (Fig. 1). The Abnl-GT-p-cell failure group had significantly
lower BMI, WC, VAT and obesity prevalence compared to the Abnl-GT-IR group (all P < 0.05). In Abnl-GT-
B-cell failure group, fasting glucose, fasting insulin, HbA,, triglycerides, HDL and cholesterol/HDL were also
significantly lower compared to Abnl-GT-IR group (all P < 0.05) (Table 1). Yet the prevalence of hypertension
did not differ significantly between Abnl-GT etiology groups (P = 0.260).

Cardiovascular risk and inflammatory markers in NGT and Abnl-GT groups. The median hs-
cTnT level for the whole cohort was elevated at 33 ng/L, where the cut-off for subclinical myocardial damage was
defined as 14 ng/L. NT-proBNP was also low in the whole cohort (< 50 pg/mL). Within Abnl-GT groups, hs-
cTnT trended higher in the Abnl-GT-p-cell failure vs the Abnl-GT-IR group (P = 0.099). When comparing the
cardiovascular and inflammatory markers, in Abnl-GT-B-cell failure, hsCRP trended lower (P = 0.071) versus
the Abnl-GT-IR group.

Within the Abnl-GT-p-cell failure group significant correlations (P > 0.05) were observed between: hs-cTnT,
fibrinogen, hsCRP, HbA . and the Matsuda Index. NT-proBNP only inversely correlated with the Matsuda Index
and oral DI. Fibrinogen correlated with age, sex and HbA .. hsCRP correlated with hs-cTnT, fibrinogen, VAT,
HbA,. and Cholesterol/HDL ratio (Supplementary Table 2B).

In the Abnl-GT-IR group, significant correlations (P > 0.05) were observed between: hs-cTnT and hsCRP,
Cholesterol/HDL ratio and eGFR. NT-proBNP inversely correlated with VAT, HbA |, triglyceride/HDL ratio and
linearly with eGFR. Fibrinogen correlated with sex, hypertension status, Cholesterol/HDL ratio and VAT. hsCRP
correlated with sex, VAT, HbA . and inversely correlated with eGFR (Supplementary Table 2C).

Associations between cardiovascular risk and inflammatory markers, glycemia, lipids and vis-
ceral adiposity. Table 2A: Abnl-GT-B-cell failure. Model 1 (Adj R? = 42%): hs-cTnT associated with fibrin-
ogen (P = 0.006), hsCRP (P = 0.013), HbA,. (P = 0.041) and inversely associated with NT-proBNP (P = 0.023).

Model 2 (Adj R? = 15%): NT-proBNP inversely associated with hs-cTnT (P = 0.023).

Model 3 (Adj R? = 62%): Fibrinogen significantly associated with hs-cTnT (P = 0.006), hsCRP (P < 0.001)
and HbA,. (P =0.011).

Model 4 (Adj R? = 55%), the associations between hsCRP and hs-cTnT and fibrinogen remained, and addi-
tionally, hsCRP associated with HbA . (P = 0.012).

Table 2B: Abnl-GT-IR. Model 1 (Adj R* = 11%): hs-cTnT only associated with cholesterol/HDL (P = 0.048).

Model 2 (Adj R* = 47%): NT-proBNP inversely associated with fibrinogen (P = 0.009), hsCRP (P = 0.045),
HbA,. (P =0.030), cholesterol/HDL (P = 0.007) and VAT (P = 0.034).

Model 3 (Adj R* = 41%): Fibrinogen associated with hsCRP (P = 0.001), cholesterol/HDL (P = 0.015), VAT
(borderline at P = 0.084) and inversely with NT-proBNP (P = 0.021).

Model 4 (Adj R? = 43%): hsCRP associated with fibrinogen (P < 0.001), cholesterol/HDL ratio (P = 0.005)
and VAT (P = 0.007) and inversely associated with NT-proBNP (P = 0.045).

In both Abnl-GT-etiologies, additional models were calculated where we adjusted for oral DI and Matsuda
Index, yet the manner and significance of these associations remained the same.

Discussion

The current study indicated different subclinical CVD risk profiles based on Abnl-GT etiology. However, this
is a cross-sectional study. Therefore, we can only speculate on possible subclinical CVD mechanisms within
these metabolically distinct Abnl-GT phenotypes. By only assessing hyperlipidemia and adiposity, Abnl-GT-f-
cell-failure show a less adverse CVD profile than Abnl-GT-IR. However, by expanding the investigation beyond
standard markers, using hs-cTnT, NT-proBNP, fibrinogen and hsCRP, an increased, albeit subclinical, CVD risk
in Abnl-GT-p-cell-failure became evident. Although the absolute values of these four markers did not differ by
Abnl-GT etiology group, the nature and degree of association differed significantly. This is important, as these
associations revealed that in Abnl-GT-p-cell-failure CVD mechanisms might mainly involve subclinical myocar-
dial strain and damage, increased coagulability and inflammation—relationships not associated with Cholesterol/
HDL or VAT. Additionally, this may indicate that traditional CVD risk estimation, using only lipids and adiposity,
may not identify CVD risk in Abnl-GT-p-cell-failure. This highlights the importance of considering Abnl-GT
etiology when assessing CVD risk and treatment.
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Total cohort NGT Abnl-GT-f-cell failure | Abnl-GT-IR

N =450 n =280 n=98 n=72
Variable' 100% 62% (280/450) 22% (98/450) 16% (72/450) P-value?
Age (years) 39+10 37+10 43+10 43+9 0.871
Sex (% male) 65% 64% 67% 67% 0.971
BMI (kg/mz) 28+5 27 %5 27+4 31+4 <0.001
Obesity (%) 27% 24% 16% 53% <0.001
Waist circumference (cm) 91+12 89+ 11 91+10 101 +10 <0.001
Visceral adipose tissue (cm?) 100 + 69 81+56 105 + 64 164 + 74 <0.001
Diabetes (%) 7% 0% 14% 26% 0.055
Family history of diabetes (%) | 29% 28% 36% 25% 0.122
Systolic BP (mmHg) 119+ 14 118 +13 120 + 14 123 +£15 0.245
Diastolic BP (mmHg) 72+9 71+9 7310 74 %9 0.362
Hypertension (%) 13% 10% 16% 23% 0.260
Hypertensive treatment (%) 7% 4% 8% 14% 0.087
eGFR (mL/min.1.73m?)? 114 £ 18 115+18 113+ 19 112 +20 0.554
Smoking (%) 5% 6% 5% 1% 0.217
Cardiovascular risk and inflammatory markers
hs-cTnT (ng/L) 32.6 (0.5-1209.0) | 35.8(1.1-1208.4) | 32.2(0.5-870.2) 27.2 (0.9-916.8) 0.099
NT-proBNP (pg/mL) 22.1(0.2-1187.0) |21.4(0.2-514.3) | 22.0 (5.4-1181.8) 252 (2.1-1072.2) | 0.986
Fibrinogen (pg/mL) 276 (3.5-555.5) 266 (3.5-485.5) 279 (178-381) 291 (194-283) 0.178
hsCRP (mg/L) 0.9 (0.1-36.6) 0.8 (0.1-19.2) 1.0 (0.1-18.7) 2.2(25,4.9) 0.071
Glucometabolic profile
Fasting glucose (mg/dL) 92+ 14 87+6 96 £ 10 106 + 25 <0.001
Glucose at 2 h (mg/dL)* 132 £ 40 110 £ 17 163 + 37 182 £ 57 <0.001
Fasting insulin (IU/L) 8+7 7+8 6+2 14+6 <0.001
Matsuda index 5.22+3.50 6.11+3.77 4.93 £2.07 1.98 +0.49 <0.001
Insulin secretion index 0.53 +£0.30 0.45+0.20 0.66 + 0.31 0.34+0.17 <0.001
Oral disposition index 2.77 £1.01 2.75+0.96 1.68 +0.55 1.31+0.53 <0.001
Lipid profile
Cholesterol (mg/dL) 167 + 34 162 + 33 172 + 36 177 + 35 0.464
Triglycerides (mg/dL) 74 + 37 65+ 28 75+ 36 107 £ 52 <0.001
HDL (mg/dL) 52+ 14 54+ 14 53+13 45+12 <0.001
LDL (mg/dL) 100 + 31 95+29 106 + 31 111 £35 0.274
Cholesterol/HDL ratio 34+1.0 32+09 34+09 42+12 <0.001

Table 1. Characteristics for the total cohort and by glucose tolerance status. !Data expressed as mean +

SD, except for Cardiovascular Risk and Inflammatory Markers which were expressed as the median and
interquartile ranges. 2Comparisons are of the Abnl-GT-p-cell failure vs Abnl-GT-IR groups; continuous
variables compared by unpaired t-tests; categorical variables compared by Chi-square. e GFR was calculated
according to the eGFR-CKD-Epi formula. *Glucose at 2 h post-OGTT.

Abnl-GT-B-cell failure, subclinical myocardial damage, increased coagulability and inflamma-
tion. This is the first study to show, a significant, cross-sectional relationship between hs-cTnT, fibrinogen,
hsCRP and HbA,, in Abnl-GT-p-cell failure alone.

The degree of hyperglycemia and dyslipidemia was not as severe in Abnl-GT-B-cell failure compared to Abnl-
GT-IR’. However, the associations of hs-cTnT, fibrinogen and hsCRP with HbA . were only significant in the
Abnl-GT-p-cell failure group. It may suggest that a decline in B-cell function itself may be indicative of subclinical
CVD, as a decline in B-cell function has been associated with worse cardiovascular outcomes™.

Worse cardiovascular outcomes include subclinical myocardial damage, which has been shown to predict
incident diabetes, even in the absence of clinically diagnosed CVD or significant myocardial ischemic scarring®.
Hs-cTnT is frequently applied as a marker of increased myocardial strain and subclinical myocardial damage”®
and is shown to be an important subclinical CVD biomarker in Black African populations®!®!%. In the Africans
in America cohort, it is notable that the hs-cTnT for the entire cohort was elevated (median of 33 ng/mL), indica-
tive of subclinical myocardial damage’. Elevated hs-cTnT predicted incident diabetes in the Atherosclerosis Risk
in Communities Study (ARIC) study®, linking hs-cTnT to diabetes. Yet, higher levels of hs-cTnT may reflect
a variety of hyperglycemia-related cardiovascular insults, from central myocardial ischemia®** to peripheral
microvascular damage®. This connection may be what is observed in our Abnl-GT-p-cell failure group, as the
subclinical myocardial damage reflected by hs-cTnT may be partially due to hyperglycemia (glucotoxicity), evi-
denced by the independent association of hs-cTnT with HbA, . This association was not influenced by, nor seen
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A. Abnl-GT-p-cell failure (n = 98) B. Abnl-GT-IR (n = 72)
Model 1: Model 2: Model 3: Model 4: Model 1: Model 2: Model 3: Model 4:
hs-cTnT>>* NT-proBNP>** | Fibrinogen®* hsCRP>? hs-cTnT>>* NT-proBNP>** | Fibrinogen®* hsCRP>?
Variables! Adj R? = 42% AdjR?=15% Adj R = 62% Adj R?=55% AdjR?=11% AdjR?=47% AdjR?>=41% Adj R?=43%
hs-cTiT(ng/L)® | - 5&1)9 (=052 - 1 424(226,603) | 030(0.19,1.32) ~ 6841)6 (-0.23, 0.02 (- 0.01, 0.05) | 0.02 (- 0.18, 0.15)
P 0,023 P =10.006 P=10.031 Pe04l2 P=0.246 P=10.843
3 ~0.19 (- 0.52, - -0.92 (- 1.35, -0.09 (-0.32, -0.16 (- 0.23, —2.11 (- 445, —0.25 (- 0.55, —
E{)E“’BNP g/ | 12) - 0.05) 0.14) 0.04) - 0.05) 0.09)
P=10.023 P=0.665 P=0.455 P=0.412 P=0.021 P=0.045
Fibrinogen (pg/ | 2.53 (0.65, 4.95) 5862)8 (=043, - 3.73(2.75,471) | 1.26 (- 0.90, 3.42) I;')ﬁ)o (=543, - 2.83 (1.63, 4.04)
3 > X - - . -
mL) P =0.006 P 0.655 P <0.001 P=0.246 Pe 0.009 P <0.001
hsCRP (ngry? | 082(037,1.26) 6?238 030\ 373075,471) | 0.04 (- 0.4, 0.36) 5852)6 (=052= 1009 (005,014) |
P=0.013 Pe 0445 P <0.001 P=0.843 P 0.045 P <0.001
HbAIC (%) 0.53 (0.02,1.04) | 0.03 (- 0.34,0.39) | 1.05(0.18,2.11) | 0.71(0.37, 1.38) | 0.09 (- 0.21, 0.40) 68'22)2 (-042,- af;;z (=006, 0.17 (- 0.3, 0.36)
P=0.041 P=0.885 P=0.011 P=0.012 P=0.543 P = 0030 P e 0.209 P =0.089
Cholesterol/HDL 6%8 (=038, 0.06 (- 0.15,0.26) | 0.02 (- 0.02, 0.06) | 0.06 (- 0.16, 0.27) | 0.92 (0.21, 1.40) agf)l (135|553 (0.10,3.61) | 4.41 (1.15,5.24)
Ratio P 0584 P=0.592 P=0.348 P=10.583 P=0.048 P 0.007 P=0.015 P=10.005
—0.001 (=1.05, | -0.007 (- 0.001, | —0.01(-0.25, 0.002 (- 0.004, —0.10 (- 0.30, 0.01 (- 0.007,
VAT (cm?) 0.04) 0.03) 0.47) %970%9033’ 0.01) 0.007) 0.11) 0.06) %3_40(?)3)71’ 0.69)
P=0.909 P =0.400 P =0.400 = P=0.577 P=10.034 P=0.084 =

Table 2. Associations between cardiovascular biomarkers, inflammatory markers, HbA1C, cholesterol/HDL
ratio and VAT in each Abnl-GT Group by multiple regression. ' Data provided is p-coefficient and 95% CL
*Natural logarithmic transformed values of hs-cTnT, NT-proBNP, fibrinogen and hsCRP were used. *Models
adjusted a priori for: age, sex, hypertension status and smoking. *Model adjusted for African region of origin
and eGFR.

with Cholesterol/HDL or visceral adiposity. In additional analyses, after correcting for eGFR, this association
remained significant.

The independent associations of hs-cTnT with HbA,. support findings from Myhre et al.” and Simic et a
where higher hs-cTnT associated with higher HbA, .

During sustained hyperglycemia, the fibrinogenic actions of cardiomyocytes are activated”. The significant
association of fibrinogen with HbA1lc and hs-cTnT in the Abnl-GT-p-cell failure group, may reflect an increased
cardiac fibrosis risk. In this group, hsCRP also directly associated with HbA,, supporting longitudinal data®.
Importantly, these hs-cTnT- HbA,, fibrinogen- HbA . and hsCRP- HbA,_ associations were not influenced by
Cholesterol/HDL or VAT. This may reflect glucotoxicity-induced subclinical myocardial damage, as well as an
increased inflammatory state perpetuated by sustained high glucose levels®.

Increased myocardial strain and subclinical myocardial damage, due to sustained hyperglycemia, may invoke
increased oxidative stress, disrupted neurohormonal activation and the recruitment of inflammatory cytokines*.
Importantly, elevated hs-cTnT levels can also be noted in the absence of myocardial damage, due to leakage from
the cardiomyocytes upon excessive strain®. Aside from such hs-cTnT release, oxidative stress, neurohormonal
disruption and increased inflammation may induce hs-cTnT release through increased necrosis, apoptosis and
troponin degradation®!, again, even in the absence of prominent ischemic scarring. Indeed, such an association
has been reported to explain the correlation between cardiac troponin release and myocardial fibrosis*’. In our
Abnl-GT-p-cell failure group, this might rationalize the association between hs-cTnT and fibrinogen. However,
this hypothesis does not imply that insulin resistance protects against subclinical myocardial damage, but rather
emphasizes that other, insulin resistance-independent mechanisms are involved in perpetuating the subclinical
myocardial damage observed in this Abnl-p-cell failure group.

Albeit cross-sectional, the significant associations between hs-cTnT, fibrinogen and hsCRP and all three with
HbAlc, may hint at the likelihood of shared or overlapping pathological pathways between developing CVD
and Abnl-GT within the context of B-cell failure. The association of hsCRP with fibrinogen and hs-cTnT, may
indicate that in Abnl-GT-B-cell failure, other triggers are involved in the low-grade inflammatory state associated
with subclinical myocardial damage®. This shows that in Abnl-GT, inflammation is not solely due to insulin
resistance-linked visceral adiposity*'.

We speculate, that the relationship between subclinical myocardial damage (hs-cTnT), increased coagulability
(fibrinogen) and inflammation (hsCRP) may indicate cumulative subclinical CVD risk, associated with hypergly-
cemia (HbA1c) in Abnl-GT-B-cell failure. Subclinical cardiac structural changes occur across the continuum of
hyperglycemia’, and in Abnl-GT-B-cell failure, such changes may be unrelated to Cholesterol/HDL and visceral
adiposity. With sustained Abnl-GT due to p-cell failure, CVD risk may increase further (Fig. 2).

1.3

Abnl-GT-IR, adiposity-linked dyslipidemia, inflammation and neurohormonal dysregula-
tion. Contrary to Abnl-GT-p-cell-failure, the CVD risk profile in Abnl-GT-IR is greatly influenced by hyper-
lipidemia (Cholesterol/HDL ratio) and visceral adiposity (VAT). This is supported by the inverse correlations
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Figure 2. Comparison of pathways, triggers, and consequences which could link CVD risk biomarker profile to
etiology of abnormal glucose tolerance.

between a greater degree of IR (lower Matsuda Index) and higher VAT and Cholesterol/HDL. Indeed VAT is the
adipose depot most associated with insulin resistance*’. Increased VAT is an independent predictor of athero-
genic dyslipidemia®, reflecting that in insulin resistance, altered hepatic lipid production and metabolism may
result in dyslipidemia®*.

Both hs-cTnT and fibrinogen associated with cholesterol/HDL and VAT, but not with each other, nor with
HbA,.—opposite to what was found in the Abnl-GT-B-cell failure group. The relationship between hs-cTnT
and hyperlipidemia is known*>*¢ and increased adiposity has been associated with increased inflammation and
myocardial damage®. Thus, in this cross-sectional study, increased Cholesterol/HDL and VAT were the main
factors contributing to the associations between increased myocardial strain, subclinical myocardial damage
(hs-cTnT) and increased inflammation (hsCRP) in Abnl-GT-IR.

Additionally, the significant association of hsCRP with hs-cTnT, fibrinogen and VAT, may reflect the chronic
low-grade inflammatory state observed with increased adiposity and hyperlipidemia*®. hsCRP is known to
increase in hyperglycemia and is frequently used as a CVD and diabetes risk predictor”?’. The associations of
hsCRP with hs-cTnT and fibrinogen may also support the involvement of inflammation in subclinical myocardial
damage and CVD in the presence of insulin resistance and increased VAT*”*. Indeed, even after adjustment for
BMI, body fat mass and, alternatively, waist-to-hip ratio, the condition of insulin resistance, rather than hyper-
glycemia, may predict increased fibrinogen levels in this group®. Therefore, the hsCRP-hs-cTnT and hsCRP-
fibrinogen associations in Abnl-GT-IR, may mainly be influenced by the condition of IR itself. This possibly
indicates that obesity and dyslipidemia may require the state of insulin resistance to trigger or perpetuate the
increased inflammation observed in Abnl-GT-IR. Further support for this concept is provided by the inverse
correlations between hsCRP and the Matsuda Index and oral DI in Abnl-GT-IR (Supplementary Table 2A)—sup-
porting the association between the degree of insulin resistance and increased inflammation.

Importantly, the NT-proBNP model was highly significant in the Abnl-GT-IR group. Impaired neurohormo-
nal homeostasis, (lower NT-proBNP), is evident in insulin resistance’. We found an inverse relationship between
HbA,, and NT-proBNP, similar to results reported by Myhre et al.” and Khan et al.*°. The inverse association
between NT-proBNP and hyperglycemia may be influenced by VAT, as increased adiposity can reduce NT-
proBNP bio-availability by both reducing its release and increasing its clearance'.

NT-proBNP mediates several important cardiovascular effects, including natriuresis, lipid mobilization, vaso-
dilation, and counteracting the renin-angiotensin-aldosterone system and SNS°'. The reason for this inverse
relationship between NT-proBNP and HbA . reported here and in other population-based studies, is unclear
but may directly involve insulin resistance, adipose tissue cytokine overexpression and obesity-linked neuro-
hormonal dysregulation”*. The notion of disrupted neurohormonal homeostasis being linked to worse CVD
outcomes, is also supported by the inverse relationship of NT-proBNP with Cholesterol/HDL, fibrinogen and
VAT in Abnl-GT-IR.

Possible mechanisms of CVD risk in Abnl-GT-IR.  Although the current study is cross-sectional, hypothetical
mechanisms of subclinical CVD risk in insulin resistance should be mentioned. Dyslipidemia-linked adipos-
ity and the condition of insulin resistance are main factors that contribute to the cardiovascular biomarker
associations in Abnl-GT-IR. Indeed, the possible mechanisms of CVD in Abnl-GT-IR may relate to insulin
resistance-induced hyperinsulinemia-linked sodium retention, and increased sympathetic activation (low NT-
proBNP, associating with lower eGFR), oxidative stress leading to cellular injury and apoptosis (association with
hs-cTnT), which may result in decreased cardiac contractility, production of advanced glycation end-products
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contributing to cardiac fibrosis and inflammation (high fibrinogen and hsCRP)”*2. The pathological pathways
involved in hyperglycemia and CVD are complex, but Abnl-GT etiology greatly influences the factors and path-
ways involved in CVD. The hypothetical mechanisms of subclinical CVD in each Abnl-GT etiology are sum-
marized in Fig. 2.

Strengths and limitations. The strengths of our study included that glucose and insulin levels were
obtained during the OGTT. This allowed the calculation of the Matsuda Index to estimate insulin resistance.
Additionally, hs-cTnT and hsCRP were analyzed by high-sensitivity methods and all biomarkers showed excel-
lent reproducibility.

Despite the relatively small sample size per Abnl-GT etiology, each group was well-defined, and the regression
models carefully constructed. Sensitivity analyses were done in each Abnl-GT etiology group, and correlations
performed to consider as many confounding variables as statistically allowed, to determine the independent
associations between the cardiovascular biomarkers, inflammatory biomarkers and covariates.

Weaknesses include the cross-sectional design. However, our cohort appears to be representative of African-
born Blacks living in the United States. Consistent with known immigration patterns, most of the participants
were men from West and Eastern African countries, and BMI was highest in West Africans?2. Additionally, in
our cohort, the prevalence of diabetes was 7% and this is similar to the 8% prevalence of diabetes in African-born
Blacks living in Canada, as reported in the Ontario Diabetes Database™.

Due to the cross-sectional design, we can only speculate about the possible CVD mechanisms based on
Abnl-GT etiology and acknowledge that various factors may specifically influences hs-cTnT and NT-proBNP
levels. However, we aimed to statistically account for such influences by the selection of our a priori covariates
in the multiple regression models (age, sex, hypertension status, smoking status, African region of origin and
eGFR). Additionally, studies should investigate the role of coagulation further by including D-dimer and von
Willebrand factor analyses with fibrinogen, particularly in the Abnl-GT-B-cell failure group. Further we can only
hypothesize about SNS activity and suggest that assessing heart-rate variability and catecholamines, particularly
in Abnl-GT-B-cell failure, might provide more conclusive evidence for this inference.

Nonetheless, the cross-sectional observations made in the study provide the justification for the design of
population-based, prospective studies which focus on the different determinants of CVD based on the etiology
of Abnl-GT.

Conclusion

The subclinical CVD risk profile differed based on Abnl-GT etiology. Assessing CVD risk only by adiposity and
lipids, Abnl-GT-B-cell-failure appears to have a less adverse CVD profile than Abnl-GT-IR. However, by using
hs-cTnT, NT-proBNP, fibrinogen and hsCRP, an increased subclinical CVD risk in Abnl-GT-B-cell-failure became
evident. In Abnl-GT-f-cell-failure subclinical CVD mechanisms may involve increased myocardial strain, sub-
clinical myocardial damage, increased coagulability and inflammation—observations not necessarily linked to
cholesterol/HDL or VAT, contrary to what was found in Abnl-GT-IR. Thus, traditional CVD risk estimation,
using lipids and adiposity alone, may not identify subclinical CVD risk in Abnl-GT-p-cell-failure. The clinical
course of CVD may differ based on the etiology of Abnl-GT, indicating the need for modified cardiometabolic
treatment regimens ensuring optimized care.
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Data is available upon reasonable request to Dr Anne E Sumner, MD.
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