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Abstract

Rationale: In black women, triglycerides are paradoxically normal in the presence of insulin
resistance. This relationship may be explained by race-related differences in central adiposity and
stearoyl-CoA desaturase-1 (SCD-1) enzyme activity index.

Objective: In a cross-sectional study, to compare fasting and postprandial triglyceride-rich
lipoprotein particle (TRLP) concentrations and size in black compared to white pre- and post-
menopausal women and determine the relationship between TRLP subfractions and whole-body
insulin sensitivity, hepatic and visceral fat, and SCD-1 levels.

Methods and Results: In 122 federally employed women without diabetes, 73 black (58
African American and 15 African immigrant) and 49 white; age 44+10 (mean+SD); BMI 30.0£5.6
kg/m? we measured lipoprotein subfractions using nuclear magnetic resonance. Hepatic fat was
measured by proton MRS, insulin sensitivity index (S;) calculated by minimal modeling from a
frequently-sampled intravenous glucose test, RBC fatty acid profiles by gas chromatography were
used to estimate SCD-1 indices. Hepatic fat, S;, and SCD-1 were similar in black women and
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lower than in whites, regardless of menopausal status. Fasting and postprandial large, medium and
small TRLPs, but not very small TRLPs, were lower in black women. Fasting large, medium and
very small TRLPs negatively correlated with Sjand positively correlated with visceral and hepatic
fat, and SCD-1 activity in both groups. In multivariate models, visceral fat and SCD-1 were
associated with total fasting TRLP concentrations (adjR2= 0.39, £=0.001). Black women had
smaller postprandial changes in large (£=0.005) and medium TRLPs (~=0.007).

Conclusions: Lower visceral fat and SCD-1 activity may contribute to the paradoxical
association of lower fasting and postprandial TRLP subfractions despite insulin resistance in black
compared to white pre- and post-menopausal women. Similar concentrations of very small TRLPs
are related to insulin resistance and could be important mediators of cardiometabolic disease risk
in women.

ClinicalTrial.gov: NCT01809288
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INTRODUCTION

Critical race differences exist in the relationship between hypertriglyceridemia, insulin
resistance and cardiometabolic disease 1 2. In contrast to individuals of white or Hispanic
descent, African ancestry individuals have high rates of obesity, insulin resistance and
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diabetes without the expected marked rise in fasting triglyceride concentrations 3-6. This
triglyceride paradox has significant global public health ramifications because it is observed
across multiple populations of African ancestry and limits the widespread utilization of
triglyceride-based screening tests for cardiometabolic disease in these groups 7-11,
Uncoupling the mechanisms of race/ethnic variations in triglyceride metabolism could help
to enlighten viable strategies for primary prevention of cardiometabolic risk by identifying
susceptibility pathways and resiliency factors to explain why triglyceride metabolism
appears to remain intact despite other features of insulin resistance 12.

An important approach to understanding this dissociative relationship and improving risk
prediction paradigms among populations of African descent, is to critically assess whether
there are race-related differences in the subfractions of triglyceride-rich lipoprotein particle
(TRLPs) concentrations3. TRLPs are heterogenous and differ in their size, apolipoprotein
composition, and function; very low-density lipoproteins (VLDLS) are synthesized in the
liver and chylomicrons are secreted from the intestines. Intermediate density lipoproteins
(IDL) and chylomicron remnants are also triglyceride-rich lipoproteins but studies
examining the triglyceride paradox in black compared to whites have primarily focused on
fasting triglyceride and VLDL concentrations. These studies consistently show lower VLDL
concentrations in black compared to white individuals that is paradoxically associated with
greater insulin resistance in black women 14-17, The dissociative relationship between low
VLDL and insulin resistance has been attributed to higher post-heparin lipoprotein lipase
(LPL)-mediated VLDL clearance and lower Apolipoprotein CIlI (a key inhibitor of LPL
activity) 17-19. However, race-related differences in post-heparin LPL activity accounted for
only 20% of the observed variance in fasting triglyceride concentrations 8. These fasting
VLDL analyses are critical for defining the effect size of race-related differences in
triglycerides, but do not account for the specific contribution of IDLs or chylomicrons to the
triglyceride pool. Identifying differences in all TRLP subfractions during fasting and
postprandial state is important especially since the kinetics of clearance of VLDL and
chylomicrons differs after a meal and with insulin resistance 20,

Fewer studies have assessed postprandial triglyceride metabolism with conflicting results.
Some studies show that pre-menopausal black compared to white women had lower
postprandial triglyceride excursions 17- 21. 22, However, postprandial triglyceride excursions
were not different after a high-fat meal in lean or obese black compared to white women 23,
and there is a paucity of data in post-menopausal women. Variations in postprandial
triglyceride concentrations could be secondary to diet or age-related differences in the
relationship of insulin resistance with chylomicrons 24 25, Alternatively, race-related
differences in chylomicrons could be secondary to the well-described metabolic phenotype
in black individuals (high rates of insulin resistance but low levels of visceral and hepatic
adiposity) 26-28, Recently, we showed that black compared to white pre-menopausal women
with insulin resistance had greater postprandial hyperinsulinemia, lower hepatic fat and
higher postprandial FFA 29. These findings posit that ambient hyperinsulinemia may be
permissive to lower hepatic fat accumulation and higher circulating FFA levels. These
differences in body composition are important determinants of intrahepatic TRLP secretion
but it is not known if the greater insulin resistance in black women would promote TRLP
secretion potentially via increased de novo lipogenesis and apolipoprotein B gene regulation
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30, De novo lipogenesis can be reliably estimated with a red blood marker, stearoyl-CoA
desaturase activity index (SCD-1) for evaluating these race-related differences in TRLP
subfraction concentrations 31 32,

In this study, we tested the hypothesis that the lower insulin resistance and hepatic fat stores
in black compared to white women were associated with lower TRLP concentrations, for all
subclasses, under fasting and postprandial physiological conditions. Our objectives were to
compare by race/ethnicity and menopausal status, fasting and postprandial TRLP
subfractions and determine the relationship between TRLP concentrations and whole-body
insulin sensitivity, hepatic and visceral adiposity and SCD-1 activity indices.

The anonymized data that support the findings of this study are available from the
corresponding author upon reasonable request. All supporting methods are available within
the article and its online supplementary files.

Study cohort.

Participants were federally employed women and contractors age 43.5+9.7 years (meanSD,
range 24-62y), 49% African-American, 12% African immigrant, and 40% white who were
enrolled in the Federal Women’s Study (Clinicaltrial.gov Identifier; NCT01809288). The
Federal Women’s study was designed to elucidate the genetic, biological and socio-
environmental mechanisms, associated with interethnic differences in cardiometabolic
disease risk in African, African-American and white women who are federally employed,
have access to health insurance, and live in the DC metropolitan area 2% 31. 33, This study
design in federally employed women enabled comparisons by race/ethnicity while
minimizing bias associated with lack of access to health care and health insurance, and low
socio-economic status. All participants self-identified as healthy and were recruited from
newspaper advertisements, flyers or the National Institutes of Health (NIH) website from
September 2013 to June 2018. Online Figure I illustrates the participant flow diagram: 139
were screened and 122 women enrolled. Black women of African ancestry were defined as
African-American (parents and participant identified as African-American born in the
United States) or African (parents and participant born in Africa). White women identified
self and both parents as white. Participants self-identified as healthy, did not report a history
of diabetes, were not taking medications that influenced glucose or lipid metabolism such as
oral hormonal contraceptive use, lipid-lowering medication, and did not participate in
habitual alcohol intake (< 2 drinks/ week). The study was approved by the NIDDK
Institutional Review Board. All enrollees gave written informed consent prior to
participation and were evaluated in the Metabolic Clinical Research Unit at the NIH Clinical
Center (CC), Bethesda MD for all study visits.

Study protocol.

Participants completed 4 study visits within 4-6 weeks. At visit 1 (screening), participants
underwent history, physical and laboratory examination to exclude the presence of anemia,
diabetes, liver or kidney disease and nutritional supplements or medications known to affect
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triglyceride concentrations or insulin sensitivity (e.g. oral contraceptive pills). Menopausal
status was defined as having irregular periods and/ or an FSH >21 U/L. After the screening
visit, women returned to the NIH CC after a 10-12 hour overnight fast for each of the 3
visits: oral glucose tolerance test (OGTT), insulin-modified frequently sampled intravenous
glucose tolerance test (IM-FSIGT), and the mixed meal tolerance test (MMTT). Each visit
was 7-14 days apart and completed within a 4-6 week period. The OGTT, IM-FSIGT and
MMTT were completed consecutively, except in 10 women (5 black and 5 white) who had
the MMTT before the IM-FSIGT because of scheduling difficulties. At the OGTT visit,
fasting plasma samples were collected for red blood cell (RBC) fatty acid profile analysis,
lipid and lipoprotein analyses and a 75g oral glucose tolerance test was performed to
determine glucose tolerance status. Glucose tolerance status was defined according to
American Diabetes Association guidelines; prediabetes: fasting glucose 100-125 mg/dL,
and/ or 2-hour glucose 140-200 mg/dL 34. During the IM-FSIGT visit, one intravenous
catheter was placed in each arm near or in the antecubital veins. Baseline blood samples
were obtained and dextrose (0.3g/kg) was administered intravenously. Insulin was given as a
bolus at 20 minutes (0.03U+kg~tmin1) and plasma glucose and insulin concentrations were
obtained at 32-time points between baseline and 180 minutes 3.

For the MMTT, the test meal consisted of a bagel with cream cheese, a cheese omelet and
orange juice to meet 33% of the estimated daily energy needs (52% carbohydrate, 15%
protein, 33% fat) which was calculated using the Mifflin St. Jeor equation plus activity
factor of 1.5 and was designed to simulate a typical American breakfast to examine the
effects of the current American diet on lipid levels 36, Plasma samples for postprandial
lipoprotein analyses were collected at 0, 2, 3, 4, and 5h. Women completed the breakfast
meal within 20 mins (13.8+4.9 mins). Due to technical and scheduling difficulties,
postprandial lipoprotein analyses were unavailable in 5 black and 7 white women.

To assess dietary habits, 3-7-day food records were collected, reviewed for accuracy with the
participant and analyzed by nutrition staff, using Nutrition Data Systems for Research
software (versions 2013-2017, Minneapolis, MN), to assess daily energy and macronutrient
intake. Habitual physical activity in counts per minute (cpm) was assessed with an
accelerometer (Actigraph™, Pensacola, FL) worn during the awake hours for 5-7 days
during the same period as the food record collection. Physical activity levels were defined as
either min@dy-1 spent in sedentary (0-99cpm), light (100-2019cpm) and moderate-vigorous
(=2020cpm). The average wear time was 932+72 minutes/day and did not vary by race
(P=0.7).

Biochemical analyses and calculations.

Lipoprotein analyses: All plasma samples were processed and stored at —80C prior to
analysis by nuclear magnetic resonance (NMR) spectroscopy. Lipoprotein particle size and
subclass concentrations were assessed by LP4 NMR LipoProfilé® deconvolution analysis of
the lipid methyl group signal envelope using the NMR Profiler and Vantera Clinical
Analyzer platforms (LabCorp, formerly LipoScience) 37: 38, Triglyceride rich lipoproteins
were defined as particles that are within the size range 26-240nm. Subclassification of
TRLPs (large, medium, small and very small) was made based on particle size (hnm
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diameter) as indicated in Online Table . The reason for referring to these particles as TRLPs
instead of VLDL and/or chylomicrons is that NMR cannot distinguish between intestinally-
derived apoB-48 chylomicron particles and liver-derived apoB-100 VLDL particles. For this
analysis, large TRLPs include the concentration of both very large (90-240 nm) and large
(50-89 nm) TRLP particles. In addition, there is overlap in the types of particles that are in
the size range 24-36 nm and both chylomicron remnants and intermediate density
lipoproteins (IDL) can be found in this spectral range 3%-41. Therefore, for this analysis we
used the categorizations small TRLPs (30-36nm) and very small TRLP subclass particles
(24-29 nm) to distinguish the particles solely on the basis of size and not by their
apolipoprotein B structure. In unpublished data (run in the same lab that performed our
NMR sample analysis) there were comparable ratios of triglyceride and cholesterol lipid
compositions in the small and very small TRLPs (Online Table I) that indicates the
heterogeneity in the particles in this spectral range. Apolipoprotein A-1 and apolipoprotein
B were measured by immunoassays on the Cobas 6000 analyzer (Roche Diagnostics,
Indianapolis, IN).

Red blood cell (RBC) fatty acid profiles.

RBC fatty acid profiles were quantified using gas chromatography as previously described
42,43 |n brief, the fatty acid methyl esters were separated and quantified with an Autosystem
XL gas chromatograph (Perkin Elmer, Sheldon, CT). Peaks of interest were identified by
comparison with fatty acid standards (Nu-Check-Prep, Elysian, MN). Individual fatty acids
were expressed as the molar percentage (mol %) proportion of total fatty acids. RBC
phospholipid fatty acid profiles were used to estimate stearoyl Co-A desaturase activity
(SCD-1), a surrogate marker of de novo lipogenesis. SCD-1 activity was calculated as the
product; precursor ration of:

. SCD-116— palmitoleic acid (16:1n-7) to palmitic acid (16:0) 32

. SCD-1;5 — oleic acid (18:1n-9) to stearic acid (18:0) 32.

Glucose and insulin.

Glucose, insulin and C-peptide concentrations were measured in serum using the Roche
Cobas 6000 analyzer (Roche Diagnostics, Indianapolis, IN). The insulin sensitivity index
(S)) during the FSIGT was determined from the minimal model as previously described
(version 6.02; MinMoD Millenium, Los Angeles, CA) 44. The acute insulin response to
glucose (AIRg) was calculated as the area under the curve, above basal, for insulin
concentration between 0 and 10min and the disposition index, a surrogate marker of p-cell
function relative to insulin sensitivity, was calculated as the product of S; and AIRg. Due to
technical difficulties with sample collection, results were unavailable for S; in 8 black and 7
white women. During the MMTT, insulin relative to glucose response was calculated as the
ratio of insulin: glucose concentrations for the incremental area under the respective curves
for the first 30 minutes (insulin: glucose AUCg_3g) and over the 300 minutes of the test
(insulin: glucose AUCq_300)-
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Imaging studies.

Whole body composition measurements were performed with a dual-energy X-ray
absorptiometry scans (Hologic Discovery, Bedford, MA). Hepatic fat content and intra- and
extramyocellular fat percent in the tibialis anterior were measured by single volume
localized proton magnetic resonance spectroscopy (MRS) at 3T (MAGNETOM Verio;
Siemens) 4% 46, Additionally, visceral fat measurement was obtained using T1 images at the
level of L2-L.3 46, Because of difficulties with data acquisition, we were unable to obtain
visceral fat in 16 black and 10 white women, hepatic fat in 19 black and 9 white women, and
intramyocellular fat in 20 black and 12 white women.

Statistical analyses.

Data are presented as mean=SD and median (interquartile range), except where otherwise
indicated. Student’s t-test and were used to compare continuous parametric variables (age,
BMI, blood pressure, total physical activity, total fat mass, glucose, cholesterol) by race and
menopausal status. All other variables had non-normal distribution and were compared by
race and menopausal status with the Mann-Whitney test. Analysis of variance (ANOVA
were used to compare variables by ethnicity, and Bonferroni test used to account for 3
comparisons between African-American, African, and White women.. The chi-square test
was used to compare categorical variables by race and menopausal status. Spearman
correlations (r) were performed with Bonferroni correction to account for 4 comparisons
between TRLP subfractions and each variable (visceral and hepatic fat, SCD and insulin
sensitivity). The Shapiro-Wilk test was used to determine normality. The incremental area
under the curve during the first 30 minutes of the MMTT (iAUC3p) calculated using a cubic
spline to determine the integral (STATA, v15.1). Mixed effects models were used to analyze
the change in TRLP concentrations during the MMTT (within-subject factor of time;
between-subject factor of race; time x race interaction). Multi-linear regression models were
created to determine the relationship of fasting total TRLP concentrations with whole-body
insulin sensitivity, visceral and hepatic fat, and SCD-1 activity index. Due to collinearity
between variables, four models were generated to assess the independent contributions of
whole-body S; (Model A), visceral fat (Model B), hepatic fat (Model C), and
intramyocellular fat (Model D). Models were adjusted for potential confounders such as age,
moderate-vigorous exercise, and RBC MUFA content. Age (rather than menopausal status)
was used in the models because of its stronger relationship with triglyceride concentrations
13 Non-parametric data (TRLP concentrations, S;, hepatic fat, visceral fat, SCD-1) were
natural log-transformed (/n) prior to regression analyses. Statistical analyses were performed
with STATA, v15.1 (College Station, Texas) and P-values <0.05 were considered statistically
significant.

RESULTS

Participant characteristics.

Of the 122 women studied, 70% were pre-menopausal and 30% were post-menopausal
(Online Figure I). African immigrant and African American women had similar
sociodemographic characteristics, alcohol intake, fasting lipid profile and metabolic
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characteristics (Online Table Il and I11), and therefore were combined into one group for
primary lipoprotein analyses.

Table 1 illustrates the participant characteristics by race and menopausal status. Overall,
compared to white women, black women had similar age, BMI and prevalence rates of
obesity and prediabetes. Total fat mass was not different by race, but black compared to
white women had lower visceral and hepatic fat, yet higher intramyocellular fat in the
tibialis anterior region. When stratified by menopausal status, the pattern of similar
prevalence rates of obesity and prediabetes, but lower visceral and hepatic fat content in
black women was evident in pre-menopausal but not post-menopausal women (Table 1).

Insulin response and sensitivity.

The acute insulin response to glucose was higher and S; tended to be lower in black
compared to white pre- and post-menopausal women indicating greater hyperinsulinemia
and lower insulin sensitivity in black women (Table 1). During the mixed meal test, black
women had greater hyperinsulinemia compared to white women: insulin: glucose AUC0-30
(black: 2.9 (1.7-4.8) vs. white 1.4 (0.9-2.0), £=0.0001) and insulin: glucose AUCO0-300
(black: 89.1 (48.5-118.8) vs. white 63.5 (37.4-92.0), A=0.02).

Diet and activity profiles.

Dietary energy and macronutrient profiles were reported, and RBC fatty acid profiles
measured as an indicator of longer-term diet composition. By report of dietary macronutrient
intake, African immigrant women had lower total energy intake, total and saturated fatty
acid consumption and added sugars compared to African American and white women
(Online Table 111). However, there were no differences in RBC fatty acid profiles between
African Immigrant and African American women (Online Table 1V). When black women
were compared to whites, black women had lower RBC MUFA concentrations (£=0.004,
Online Figure 11A). Black women also had lower total (£=0.02) and moderate-vigorous
physical activity levels (P=0.006, Table 1).

Marker of de novo lipogenesis.

SCD-146 and SCD-1,g activity indices were 20 and 7% lower, respectively, in black
compared to white women (Online Figure 11B and C).

Lipid and lipoprotein profile.

Consistent with prior findings, black compared to white women had lower triglyceride
concentrations (P=0.0003) but there were no other differences in lipid, lipoprotein or
apolipoprotein Al or B profiles (Table 2). The majority of circulating fasting TRLPs
subfractions were very small TRLPs (black:53+26 vs. white:47£27%, P£=0.2) and small
TRLPs (black:40+27 vs. white:42+27%, P=0.7) and this proportion did not differ by race. In
contrast, black women tended to have a lower relative proportion of medium TRLPs
(black:6+9 vs. white:9+9%, P=0.06) and had lower proportion of large TRLP subfractions
(black:2+3 vs. white:3+4%, P£=0.01). Figure 1 illustrates fasting TRLP concentrations by
race. Total, large, medium, and small TRLPs were lower in black compared to white pre-
menopausal women, with a similar pattern by race in post-menopausal women (Figure 1A-
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D). Very small TRLPs were not significantly different in black compared to white pre- or
post-menopausal women (Figure 1E).

Figure 2 illustrates the TRLP concentrations of large (A-B), medium (C-D), small (E-F), and
very small (G-H) during the MMTT in black compared to white pre- and post-menopausal
women. Black compared to white pre-menopausal women had lower large, medium and
tended to have lower small TRLP concentrations, but there were no differences in very small
TRLPs (Figure 2A, C, E, G). The pattern of lower TRLP concentrations was similar in black
compared to white post-menopausal women but was not statistically significant (Figure 2B,
D, F, H). Of note, the lower large and medium TRLP concentrations in black pre-
menopausal women were related to both lower TRLPs at baseline and smaller changes in
TRLP concentrations during the MMTT (Figure 3).

Correlations and determinants of TRLP subfractions.

Fasting total TRLP concentrations positively correlated with visceral fat and SCD-14¢
activity in black and white women (Figure 4). However, total TRLP correlated with hepatic
fat in black women only. Fasting TRLP subfractions (large, medium, very small, but not
small) correlated with S; , hepatic and visceral fat, and SCD-1,¢ activity although these
relationships differed by race (Table 3). Table 4 depicts multiple regression models of the
relationship between fasting total TRLP and whole-body insulin sensitivity (A), visceral fat
(B), hepatic fat (C), and intramyocellular fat (D). Model B which included quantification of
visceral fat content with SCD-1,4 activity accounted for ~40% of variance in TRLP. In
contrast, SCD-1,4 activity with S; (Model A), hepatic (Model C) or intramyocellular fat
(Model D) explained 31-33% of the variance in total fasting TRLP.

Postprandial changes in total TRLP correlated with fasting insulin (r=0.22, £=0.02) and with
age (r=0.39, £=0.0001), visceral (r=0.37, P=0.0002), and hepatic fat (r=0.37, £=0.0003), but
not with Sy (r=—0.07, P=0.50), monounsaturated fatty acids (r=0.14, £=0.15), or moderate-
vigorous activity ((r=—0.05, P=0.61)). The change in medium vs. small and small vs. very
small TRLPs were positively correlated in black women, but in white women only the
change in small and very small TRLPs were correlated (Online Figure I11).

DISCUSSION

The triglyceride paradox in black women is defined as low or normal triglyceride
concentrations despite high rates of insulin resistance. This study helps to elucidate the
underlying mechanisms of this paradox by demonstrating that race-related differences in
TRLP subfraction concentrations is associated with differences in body composition (lower
visceral and hepatic fat) and lower markers of de novo lipogenesis (SCD-1 activity). This
novel association of TRLP concentrations with SCD-1 activity supports the hypothesis that
hepatic secretion of TRLPs is an important contributor to lower TRLP concentrations in
black compared to white women. Further, our findings also confirm that the triglyceride
paradox is associated with 30-40% lower TRLP subclass concentrations in both pre- and
post-menopausal women who were overweight/ obese during the fasting and post-prandial
state. The lower TRLPs concentrations were evident in large, medium and small
subfractions despite a trend for higher rates of insulin resistance, lower physical activity
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levels and modest differences in RBC MUFA concentrations in black women. These
findings provide new information on the paradoxical association of individual TRLP
subfractions with lower S in 2 groups of women of African ancestry (African American and
African immigrant) across a wide age range and in 2 physiologic states thereby strongly
supporting an underlying genetic etiology for the interethnic variations in circulating
triglyceride concentrations and particle distribution. Notably, by also demonstrating that
very small TRLPs comprise a majority of circulating TRLPs that correlate with insulin
resistance, we highlight the previously underrecognized contribution of these smaller
particles to insulin resistance.

Demonstrating these race-related differences in TRLP subfractions concentrations in both
the fasting and postprandial states is new and important because it suggests that black
compared to white women have embedded resiliency mechanisms in the TRLP pathways i.e.
a net reduction in TRLP production (assembly, secretion) and clearance despite insulin
resistance 12. Our postprandial study design also offers insight into the cumulative effect of
postprandial hyperinsulinemia and insulin resistance on changes in TRLP concentrations by
race. Past metabolic studies were limited in their scope because greater LPL surrogate
activity was associated with TRLP concentrations in the post-absorptive state without
confirmatory kinetic studies 18 19.23.47.48 A|though genetic analyses also linked variations
in the LPL gene with lower triglyceride concentrations in individuals of African ancestry
15,49 the association of changes in postprandial triglycerides with LPL mRNA expression
and function were inconsistent and not observed in individuals with obesity 23. Moreover,
previous postprandial analyses focused on changes in serum triglyceride concentrations
which represent the sum of triglyceride concentrations within all TRLPs. In this study, we
demonstrate that the trajectory of TRLP subclass concentrations are unique after a meal and
differed by race. Black compared to white women with overweight and obesity had greater
postprandial hyperinsulinemia and smaller postprandial TRLP excursions in large and
medium TRLP concentrations (at 5 hours and 3-5 hours, respectively). These findings posit
efficient chylomicron clearance may explain the lower postprandial levels in black compared
to white women, although differences in the rate of chylomicron transfer or the release of
triglycerides from the enterocyte-triglyceride pool could also play a role 0.

In contrast to the rise in large and medium TRLPs postprandially, we also showed that small
and very small TRLPs remain unchanged or modestly decreased after a meal. By
intentionally examining each TRLP subfraction by race and menopause in relation to insulin
resistance, we uncovered the absence of racial differences in the concentrations of very small
TRLPs. Very small TRLPs constituted approximately half (53% and 47%) of the total TRLP
pool in black and white women respectively and positively correlated with insulin resistance,
with no difference in this relationship by race. Since very small TRLPs represent remnant
lipoproteins (IDLs and chylomicron remnants) that contain up to one third of non-fasting
plasma cholesterol, 40 their presence and concentration may help to explain the overall high
risk for cardiometabolic disease in black women, even when the fasting lipid panel is within
the normal range. The relative importance of these very small particles (in 24-29nm range)
as independent contributors to atherosclerotic cardiovascular disease is just coming into
focus 5152, These very small TRLPs are highly atherogenic; they can directly enter the
luminal wall without being oxidized and their intra-luminal hydrolysis is thought to incite a
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pro-inflammatory pro-atherogenic cascade 51, Therefore, the size and number of these very
small TRLP, may be key mediators of cardiometabolic disease. This analysis shows the
positive correlation of very small TRLPs with insulin resistance which supports their
association with metabolic disease risk. The clinical relevance of elucidating very small
TRLP metabolism and concentration is to illuminate their potential effect on
cardiometabolic risk because their contribution would not be captured in clinical tests of
fasting triglyceride analyses. In this study, in which 30% of participants had prediabetes, the
large proportion of very small relative to total TRLP particles in both black and white
women is intriguing and warrants further investigation into the role of these very small
TRLPs in modifying cardiometabolic disease risk.

Another important study finding was the absence of race-related changes in postprandial
TRLP concentrations by menopausal status. In contrast to the fasting state, in which TRLP
concentrations were lower in black vs. white women, regardless of menopausal status, there
were no racial differences in postprandial changes in TRLP. The similar TRLP excursions
after a meal in post-menopausal women could have been related to a type 2 error owing to
the smaller sample size of women in the post-menopause group, but could also indicate
differences in metabolism by age or menopause. Notably, visceral and hepatic fat were not
different by race in post-menopausal women and could contribute to the similar change in
TRLP in black and white post-menopausal women. Kinetic studies designed to compare pre-
and post-menopausal changes in postprandial TRLP metabolism are warranted.

The confirmation that lower visceral and hepatic fat was associated with lower
concentrations of TRLP subfractions in this large group of women provides additional
evidence to support tissue-specific insulin sensitivity in black compared to white pre-
menopausal women31. The hepatic phenotype in black compared to white women, is
characterized by greater hepatic, relative to whole-body insulin sensitivity, lower basal rates
of gluconeogenesis and lower SCD-1 activity in black compared to white pre-menopausal
women 31, The current TRLP analysis corroborates a similar hepatic phenotype, in a larger
group of pre- and post-menopausal women, which is characterized by relatively preserved
insulin sensitivity to triglyceride accumulation in black compared to white women. Together
these studies from the Federal Women Study support pathways of resiliency to excess
glucose and triglyceride production in 2 groups of women of African ancestry with insulin
resistance who are at risk for cardiometabolic disease.

Importantly, because we did not undertake kinetic studies, we cannot definitively conclude
preserved efficiency or resiliency in TRLP clearance pathways. Lower TRLP concentrations
in black pre-menopausal women could also be secondary to decreased TRLP synthesis or
some combination of both mechanisms. To address this question and acknowledge the
important gate-keeper role of insulin in regulating intrahepatic TRLP assembly and
secretion, we determined the association of TRLP subfractions with insulin sensitivity and
factors related to hepatic TRLP secretion (visceral and hepatic fat) 4’. TRLP subfractions
correlated with insulin sensitivity index and visceral fat. In contrast, hepatic fat strongly
correlated with total TRLP concentrations in black women only. To determine the individual
contributions of hepatic and visceral adiposity, both visceral and hepatic fat were a priori
determined as co-variates for the model analysis. The two models were created because
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visceral and hepatic fat are strong correlates and it is unknown whether FFAs must be
deposited in the liver parenchyma and then released for TRLP secretion, or if visceral and
hepatic fat accumulation are just corollaries of increased TRLP production 53, Of note, in
black compared to white individuals, lower hepatic fat stores could limit the availability of
free fatty acids (FFA) for re-esterification and contribute to lower fasting TRLP
concentrations in the former group 28. Interestingly, in this study of women with obesity and
insulin resistance but with relatively low hepatic fat content (2.1+2.85%), hepatic fat was not
a significant independent determinant of the race-related differences in fasting TRLPs.
Alternatively, race-related differences in insulin-mediated de novo lipogenesis needed for
TRLP synthesis may exist 3. By using an independently RBC-derived marker of de novo
lipogenesis, the SCD-1,¢ index, we were able to assess the contribution of de novo
lipogenesis in conjunction with and separate from hepatic fat accumulation by race and
menopause. Lower visceral fat and SCD-1,4 activity in black than white women were
important independent determinants of TRLP concentrations that accounted for almost 40%
of race-related variations in TRLP in the multi-linear regression analyses. Although lower
visceral fat has been associated with triglycerides 14 16-18.54 thjs is the first study to show
that lower TRLP subfraction concentrations in black women is also associated with a marker
of de novo lipogenesis. These data posit that race- related differences in both de novo
lipogenesis and the size of the visceral fat compartment could be important mediators of
lower fasting TRLP concentrations in black women.

Strengths and limitations.

This relatively large cross-sectional metabolic study compared TRLP concentrations during
two physiological states to understand the interaction of socio-environmental factors to
racial-related differences in triglyceride concentration. Using the Federal Women’s Study
enabled comparisons in women who had similar access to health care and health insurance
by race/ ethnicity2®. We utilized validated and detailed measures of dietary intake —food
records and RBC fatty acid profiles —to quantify short dietary exposure and fatty acid status
over 3 months, respectively. Some study limitations are notable. This study included a
relatively small sample of post-menopausal women with multiple comparisons to explore the
relationship of the observed differences in TRLP by race/ethnicity and menopausal status.
These comparisons increase the risk of observing false positive results. Larger studies, that
account for multiple testing across the entire study, are needed to confirm our study
observations. The use of frozen samples for lipoprotein analysesyields reproducible and
reliable results however, the freeze-thaw cycle may underestimate the absolute
concentrations of very large and large TRLPs 3. Since all samples were stored and analyzed
in a similar manner, the results obtained remain a robust indicator of relative differences in
TRLP concentrations between black and white women. In addition, the clearance of
postprandial triglycerides may be an important indicator of insulin resistance and
atherogenicity °°, but we only performed a 5-hour meal test which was insufficient for
assessing the totality of chylomicron metabolism. The cross-sectional study design, without
kinetic measurements, precluded quantitative assessments of TRLP production and
clearance. A complete assessment of postprandial triglyceride clearance would require a 10-
hour test with measurement of TRLP concentrations at frequent timepoints (e.g. 0, 3, 5, 7,
and 10h). Additionally, the NMR assessment of lipoprotein particles is based on particle size
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and future studies to explore race/ ethnic variations in the metabolism of apoB-48
chylomicron remnants vs. apoB-100 intermediate density lipoproteins are needed. Finally,
while we did not measure absolute rates of de novo lipogenesis; the SCD indices were a
reliable indicator enzymatic activity between racial groups 32.

Conclusion.

In summary, pre- and post-menopausal black compared to white women had lower fasting
and postprandial large, medium and small TRLP concentrations despite a trend for greater
rates of insulin resistance. Lower visceral fat, and SCD-14¢ activity levels were important
mediators of fasting TRLP concentrations and racial differences in these factors may
contribute to the triglyceride paradox. The modest, albeit transient, racial differences in
TRLP postprandial concentrations observed in pre-menopausal women, in the absence of
race-related differences in very small TRLPs, warrants additional investigation to determine
whether these differences, or the lack thereof, are significant mediators of higher
cardiometabolic disease risk in black and white women.
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NOVELTY AND SIGNIFICANCE
What Is Known?

. Globally, individuals of African descent have low to normal triglyceride levels
but paradoxically high rates of insulin resistance, diabetes and heart disease.

. These differences limit the use of common triglyceride-based tests to improve
detection and early diabetes and heart disease in black populations.

What New Information Does This Article Contribute?

. The paradoxical relationship of triglyceride levels with insulin resistance in
black compared to white pre- and post-menopausal women is related to
differences in the concentrations of triglyceride-rich lipoproteins (TRLP)
subfractions.

. In black compared to white women, large, medium and small TRLP
concentrations were lower after an overnight fast and during a breakfast meal
in both pre- and post-menopausal women.

. The lower triglyceride subfractions (large, medium, and small) in black
women were associated with less central fat stores and a lower marker of
hepatic lipid synthesis (stearoyl-CoA desaturase 1 activity) in women with a
similar diabetes risk.

. Importantly, very small TRLP particles were similar in black and white
women and correlated with insulin resistance, suggesting that these particles
may be more useful for diabetes and heart disease risk assessment.

Triglyceride concentrations are paradoxically normal despite high rates of insulin
resistance in individuals of African descent. This dissociative relationship hinders the
widespread use of simple, cost-effective triglyceride-based screening tests for diabetes
and heart disease in African ancestry populations. This study helped to clarify this
paradoxical relationship to help improve cardiometabolic risk stratification regardless of
race/ethnicity. We designed the Federal Women’s Study to compare triglyceride
subfractions, insulin resistance, diet and activity profiles among pre- and post-
menopausal women who had similar access to health care and health insurance. We
showed that large, medium and small triglyceride-rich lipoproteins were lower in black
compared to white women after an overnight fast and after a breakfast meal, despite
similar diabetes risk factors. In black women, the lower triglyceride subfractions were
related to lower visceral adiposity and lower markers of hepatic triglyceride synthesis
(stearoyl Co-A desaturase activity). The presence of lower triglyceride subfractions after
a meal also indicates efficient dietary triglyceride clearance, despite insulin resistance in
black compared to white women. In contrast, the pro-atherogenic very small triglyceride-
rich lipoproteins were not different by race/ethnicity, correlated with insulin resistance,
and therefore may be useful in cardiometabolic risk stratification among black and white
women.
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Figure 1. Fasting triglyceride-rich lipoprotein particle (TRLP) concentrations
(A) Bar graph of TRLP concentrations after a 10-12 hour overnight fast; very small (black

bar), small (grey bar with black dots), medium (light gray), large (white); Violin plots of
large (B), medium (C), small (D), and very small (E) TRLP concentrations in black (dark
gray, n=73) and white (white, n=49) pre- and post-menopausal women. The shape of the
violin is the frequency distribution of the data, the solid black line represents the median and
the dotted black line represents the interquartile range. Mann-Whitney tests were used to
compare variables by race.
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Figure 2. Postprandial triglyceride-rich lipoprotein particle (TRLP) concentrations.
Concentrations of large (A-B), medium (C-D), small (E-F), and very small (G-H) TRLPs

during the 5-hour mixed meal test in black (solid squares and lines, n=68) and white (white
circles and lines, n=42) pre- and post-menopausal women. Data presented mean+SEM.

Mixed effects models were used to analyze TRLP over time (within-subject factor of time;
between-subject factor of race; time x race interaction).
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Figure 3. The change in postprandial triglyceride-rich lipoprotein particle (TRLP)

concentrations.

The change in large (A-B), medium (C-D), small (E-F), and very small (G-H) TRLP
concentrations during the 5-hour mixed meal test in black (solid squares and lines, n=68)
and white (white circles and lines, n=42) pre- and post-menopausal women. Data presented
mean+SEM. Mixed effects models were used to analyze the change in TRLP over time
(within-subject factor of time; between-subject factor of race; time x race interaction).
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Figure 4. The relationship of fasting total triglyceride-rich lipoprotein particle (TRLP)
concentrations with markers of insulin resistance and de novo lipogenesis.

Scatterplot of natural log (/n) of total TRLP and /n7visceral fat (A-B), /nhepatic fat (C-D),
and /n stearoyl-CoA desaturase activity (SCD-14¢) black (black squares) and white (white
circles) women. Data presented as individual data points with corresponding regression line
and 95% confidence interval in dotted line. Spearman correlations with Bonferroni
corrections were used to determine correlation coefficients (r).
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Table 1.

Participant characteristics by race and menopausal status. Variables with a normal distribution are expressed as
mean+SD and compared with unpaired Student’s t tests. Variables with non-normal distribution are expressed
as median (25th-75th percentile) and compared with Mann-Whitney Test. Categorical variables are expressed
as n(%) and compared with chi-squared tests.

Pre Pre
Entire Cohort Pre-menopausal Post-menopausal Vs. VS.
(n=122) (n=86) (n=36) Post Post
Black | White
Black White P- Black White P- Black White P- P- P-
(n=73) (n=49) value (n=53) (n=33) value (n=20) (n=16) value | value value
Age (years) 43+9 45£10 0.22 397 387 0.87 53+4 57+4 0.001 | 0.0001 | 0.0001
BMI (kg/m?) 30.245.8 29.8+54 | 0.68 30.5+6.1 30856 | 084 | 296249 | 27.9+46 | 020 | 055 0.08
Obesity (%) 32 (44) 26 (53) 0.32 25(47) 21(64) 0.14 7(35) 5(31) 081 | 035 0.03
(ng_':;)BP 116£11 115£13 0.67 116£11 114£11 | 032 116211 118+17 | 064 | 086 0.30
%ﬁﬁg; BP 71+9 70+9 0.46 70+9 69+8 0.64 7349 71411 | 067 | 019 | o058
Total physical
activity (min/ 289270 320474 0.02 289+76 324+74 | 004 | 289251 314274 | 027 | 096 0.67
day)
Moderate-
/ - 20 28 22 28 8 28
vigorous activity (8-31) (18-42) 0.006 (12-31) (19-47) 0.04 (6-28) (16-36) 0.04 0.11 0.57
(min/day)
Body fat distribution
(Tog:f" fat mass 37.36.6 38.9+66 | 0.20 37.0£6.9 304469 | 013 | 38157 | 37.9+61 | 089 | 053 0.45
Visceral fat L2-3 67 98 58 100 89 92
(cm?)™ @2-111) | e8-143) | 909 | (3s104) | (77-132) | OO | (s8-128) | (e8-149) | 054 | 004 | 095
Subcutaneous fat 265 297 265 300 277 240
L2-3 (cm?) @9o7-407) | oa3ss) | 72 | (77407 | (253-366) | 044 | (o18-375) | (194-337) | 048 | 064 | 0.30
. 07 1.0 06 13 1.2 0.9
Hepatic fat )" | 0415 | 0725 | %% | ©s513 | 0729 | %% | ©4a37) | ©s17) | 0% [ 045 [ 031
Intra-
myocellular (%)7 | 8 (4-15) 5(3-7) 0.01 8 (4-16) 5 (3-6) 0.01 6(5-13) 6(4-8) 049 | 094 | 012
Tibialis Anterior
Extramyocellular ” o ” 16 ” 23
1
)" _ (15-40) (142 | 928 (15-47) 10-33) | %98 [ (1438 (347) | 058 | 047 | 024
Tibialis Anterior
Metabolic Characteristics
Prediabetes (%) 23 (32) 16 (33) 0.89 10 (19) 7(21) 0.79 13 (65) 9 (56) 059 | 00001 | 0.01
Fasting glucose
(mg/dL) 9147 93+7 0.34 90+7 9247 0.23 9547 94+7 079 | 002 0.38
%&:‘g‘;‘é[?'“cc’se 125424 13028 0.28 122424 12627 0.44 134+22 13931 057 | 0.05 0.14
Fasting insulin 7.7 7.0 7.2 7.5 7.9 5.0
(mcU/mL) 45-106) | 48102 | %0 | 45112 | 53105 | 7 | (54-100) | 3575 [ 007 | 070 | 008
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Pre Pre
Entire Cohort Pre-menopausal Post-menopausal Vs, VS.
(n=122) (n=86) (n=36) Post Post
Black | White
Black White P- Black White P- Black White P- P- P-
(n=73) (n=49) value (n=53) (n=33) value (n=20) (n=16) value | value value
Acute Insulin 732 428 793 529 596 318
Response (mU/
. ,p71)§( 477-1178) | (276-703) | 00001 | (551-1186) | (333-712) | %901 | (341-1178) | (183-304) | 002 [ 016 [ 003
min
Insulin
sensitivity index, 23 2.7 23 25 2.4 45
S; (MU/L) " min @7-32) | @sae) | %% | (w633 | @wea2 | 93 | @730 | (a6 | 004 | 094 | 012
‘1x10’4§
Disposition 1693 1325 1874 1460 1240 1234
index? (11382777) | (972-1802) | 092 | (1270-2784) | (972-1874) | ©02 | (930-1937) | (o70-1556) | 047 | 007 [ 027

*
n=96 (black pre-menopause=26, post-menopause=13; white pre-menopause=41, post-menopause=16)

Tn:94 (black pre-menopause=27, post-menopause=13; white pre-menopause=38, post-menopause=16)

’tn:86 (black pre-menopause=23, post-menopause=12; white pre-menopause=35, post-menopause=16)

§n=107(black pre-menopause=30, post-menopause=12; white pre-menopause=47, post-menopause=18). BP: blood pressure.
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Table 2.

Page 25

Fasting lipid and lipoprotein profile by race and menopausal status. Variables with a normal distribution are
expressed as mean+SD and compared with unpaired Student’s t tests. Variables with non-normal distribution
are expressed as median (25th-75th percentile) and compared with Mann-Whitney test.

Pre Pre
Entire Cohort Pre-menopausal Post-menopausal Vs. vs.
(n=122) (n=86) (n=36) Post Post
Black | White
Black White P- Black White P- Black White P- P- P-
(n=73) (n=49) value (n=53) (n=33) value (n=20) (n=16) value | value | value
Fasting Lipid Profile (mg/dL)
Total
Cholesterol 169+32 173+27 0.50 165+29 165+22 0.99 182+35 191+30 0.44 0.04 0.004
Triglyceride 57 71 54 69 61 74
@a68) | (5898 | 00908 | w167y | (s6-09) | 002 | (s477) | (ea-06) | O06 [ 007 | 036
HDL
Cholesterol 61+17 58+15 0.27 61+17 56+15 0.18 62+18 62+16 0.93 0.70 0.19
LDL 96+29 100+26 0.46 92+28 94+23 0.78 105+28 111428 0.53 0.08 0.02
Cholesterol - - ’ - - ' - - ' ' '
Apolipoproteins (mg/dL)
131 132 131 132 136 142
Apo Al 17-156) | (123-144) | 988 [ (113153) | (a19-142) | O7° | (120-164) | (28-150) | 050 | 023 [ 008
70 75 70 74 79 84
Apo B ©0-89) | e9-89) | %24 | (e0-87) | (6585 | 9% | (6594) | (71-08) | 055 | 015 | 014
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Table 3.

Page 26

Correlates of fasting triglyceride-rich lipoprotein particles. Spearman correlations were used to determine

correlation coefficients (r) with Bonferroni corrections to account for 4 comparisons between TRLP

subfractions and each variable.

Fasting TRLP

Correlation coefficient (r)

Large Medium Small Very Small

r P-value r P-value r P-value r P-value
All women
Insulin sensitivity index (n=107) | -0.37 | 0.0007 | -0.19 0.472 0.01 1.000 -0.201 0.379
Visceral fat (n=96) 0.56 0.0001 0.44 0.0001 0.16 1.000 0.42 0.0002
Liver fat (n=94) 0.50 0.0001 0.27 0.085 0.12 1.000 0.24 0.213
SCD-1¢ index (n=122) 0.33 0.002 0.40 0.0001 0.12 1.000 0.35 0.001
SCD-1,g index (n=122) 0.23 0.117 0.34 0.002 0.05 1.000 0.31 0.005
Black women
Insulin sensitivity index (n=65) -0.47 0.001 -0.34 | 0.0495 | -0.13 1.000 -0.38 0.016
Visceral fat (n=57) 0.57 0.0001 0.48 0.001 0.09 1.000 0.57 0.0001
Liver fat (n=54) 0.41 0.024 0.23 0.961 -0.03 1.000 0.39 0.039
SCD-1,¢ index (n=73) 0.19 1.000 0.32 0.052 -0.02 1.000 0.30 0.088
SCD-1,g index (n=73) 0.17 1.000 0.34 0.030 -0.13 1.000 0.31 0.069
White women
Insulin sensitivity index (n=42) -0.46 0.02 -0.20 1.000 -0.03 1.000 0.02 1.000
Visceral fat (n=39) 0.58 0.001 0.23 1.000 0.08 1.000 0.19 1.000
Liver fat (n=40) 0.60 0.0004 0.24 1.000 0.17 1.000 0.01 1.000
SCD-1;¢ index (N=49) 0.41 0.033 0.32 0.252 0.14 1.000 0.34 0.157
SCD-1,g index (n=49) 0.17 1.000 0.21 1.000 0.07 1.000 0.19 1.000
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Table 4.

Determinants of fasting total triglyceride-rich lipoprotein particle (TRLP) concentrations. Multi-linear
regression models were created to determine the relationship of fasting total TRLP concentrations with
independent variables. All models were adjusted for age, moderate-vigorous activity, RBC monounsaturated
fatty acid intake. /. natural log, SCD-14¢: stearoyl-CoA desaturase-1 activity.

Ln Total TRLP
Adjusted R? B (SE) P value

Model A, n=88 0.33

Black -0.41(0.14) | 0.004

In(Insulin Sensitivity Index) -0.31(0.11) 0.006

IN(SCD-14¢ activity index) 0.36 (0.27) 0.19
Model B, n=96 0.39

Black -0.13(0.15) | 0.383

In(Visceral fat) 0.44 (0.13) 0.001

In(SCD-1,4 activity index) 0.41 (0.27) 0.113
Model C, n=94 0.32

Black -0.25(0.15) | 0.098

In(Hepatic fat) 0.05(0.13) | 0.461

IN(SCD-144 activity index) 0.59 (0.28) 0.038
Model D, n=86 0.31

Black -0.38(0.17) | 0.027

In(Intramyocellular fat) 0.13(0.10) 0.16

IN(SCD-144 activity index) 0.64 (0.27) 0.034
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