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Abstract

Background: The prevalence of cardiometabolic disease in Africa now rivals that of Western nations. Therefore,
screening programs that lead to effective prevention of cardiometabolic disease in Africans is imperative. Most
screening tests for cardiometabolic disease use triglyceride (TG) levels as a criterion. However, the failure rate of
TG-based screening tests in African Americans is high. In Africans, the efficacy of TG-based screening tests is
unknown. Our goal was to determine the association between hypertriglyceridemia (TG ‡ 150 mg/dL) and
cardiometabolic disease in African and African-American men.
Research Design and Methods: This was a cross-sectional study of 155 men (80 African immigrants, 75 African
Americans) [age, 35 – 9 years, mean – standard deviation (SD), body mass index (BMI) 28.5 – 5.2 kg/m2] who
self-identified as healthy. Lipid profiles were performed. Glucose tolerance and insulin resistance was deter-
mined by oral glucose tolerance tests (OGTT) and the insulin sensitivity index (SI), respectively. Cardiometabolic
disease was defined by four possible subtypes—prediabetes, diabetes, insulin resistance, or metabolic triad
[hyperinsulinemia, hyperapolipoprotein B, small low-density lipoprotein (LDL) particles].
Results: TG levels were higher in men with cardiometabolic disease than without (88 – 43 versus 61 – 26 mg/dL,
P < 0.01). However, < 10% of men with cardiometabolic disease had TG ‡ 150 mg/dL. Even within each car-
diometabolic disease subtype, the prevalence of TG ‡ 150 mg/dL was < 10%. Furthermore, TG levels in the 5%
of men identified by OGTT as diabetic were £ 100 mg/dL (mean 71 – 24, range 45–100 mg/dL).
Conclusions: Hypertriglyceridemia is a poor marker of cardiometabolic disease in men of African descent.
Therefore TG-based screening tests fail to identify both African immigrants and African-American men with
cardiometabolic disease. As a consequence, the opportunity for early intervention and prevention is lost.

Background

As the prevalence of cardiometabolic disease reaches
epidemic proportions in Africa, effective screening and

treatment is an African health-care imperative.1 Most
screening tests for cardiometabolic disease use triglyceride
(TG) levels as a criterion.2–5 However, in contrast to whites,
Hispanics, and Asians, TG levels in African Americans with
cardiometabolic disease are typically normal.6–15 Therefore,
TG-based tests usually fail to recognize African Americans at
risk.16 It is possible that the African-American experience
with cardiometabolic disease screening will forecast the
African experience. Prior to investing scarce health-care
resources, it is critical to determine the effectiveness of
TG-based screening tests in Africans.

Studies in whites, Hispanics, and Asians show a powerful
association between hypertriglyceridemia and cardiovascu-
lar disease.7–9 As a result, TG levels have been incorporated
into many screening paradigms, including the metabolic
syndrome and the hypertriglyceridemic waist, which is
better known in Canada and Europe than in the United
States.2,17–21 In whites, Hispanics, and Asians, the link be-
tween cardiometabolic disease and hypertriglyceridemia is
insulin resistance.2,7 However, the association between hy-
pertriglyceridemia and insulin resistance is not universal.
Insulin-resistant African Americans are much more likely
than whites or Hispanics to have normal TG levels.12–14,22

Therefore, cardiometabolic disease in African Americans
develops due to TG-independent pathways such as inflam-
mation, endothelial dysfunction, and hypertension.23,24
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To determine the efficacy of TG-based screening tests in
men of African descent, we studied the association between
hypertriglyceridemia (TG ‡ 150 mg/dL) and cardiometa-
bolic disease in both African immigrants to the United States
and in African Americans. Cardiometabolic disease was
defined by four subtypes, each of which is highly associated
with coronary artery disease—prediabetes, diabetes, insulin
resistance, or metabolic triad.2,25,26 The metabolic triad con-
sists of fasting hyperinsulinemia, hyperapolipoprotein B, and
small low-density lipoprotein (LDL) particles.26

Methods

The participants were 155 men (52% African, 48% African
American) who self-identified as healthy and were enrolled
in the National Institute of Diabetes and Digestive and
Kidney Diseases (NIDDK) protocol Diabetes and Heart
Disease in blacks. Sixty percent of the men had participated
in a previous study of the metabolic syndrome.27 African
Americans were born in the United States with both parents
self-identifying as African Americans born in the United
States. Africans were born in Africa (55% west, 30% central,
15% east) and immigrated to the Washington, DC, area [age
at immigration 26 – 8 years (mean – standard deviation (SD),
years in United States 10 – 10 years]. No subjects were
taking hypoglycemics or hypolipidemics. Recruitment was
achieved with newspaper advertisements, flyers, and web-
sites. The study was approved by the NIDDK Institutional
Review Board. Subjects gave informed consent.

The study consisted of three outpatient visits to the Clinical
Research Center. The first visit was a screening and was per-
formed without regard to time of day. The second and third
visits were performed at 7 AM after a 12-h fast. The screening
visit was done to confirm that the subject felt well and had a
normal physical exam and no clinically significant evidence of
liver, kidney, or thyroid dysfunction. At the second visit
fasting lipids were obtained and a 75-gram oral glucose tol-
erance test (OGTT; Trutol75, Fisher Diagnostics, Middletown,
VA) was performed with glucose and insulin measured at 0
and 2 h. On the basis of elevated 2-h glucose levels, 5 of the 155
participants met the American Diabetes Association (ADA)
criteria for diabetes28 and did not proceed to visit 3. Of
the remaining 150 participants, 137 underwent an insulin-
modified frequently sampled intravenous glucose tolerance
test (IM-FSIGT).29 Scheduling conflicts were the most com-
mon reason for not undergoing the IM-FSIGT.

For the IM-FSIGT, an intravenous catheter was placed in each
antecubital vein. At time 0, dextrose (0.3 g/kg) was intrave-
nously administered over 1 min. Starting at the 20-min time
point, insulin (4 mU/kg - 1$min - 1) was infused for 5 min. Blood
samples for the measurement of glucose and insulin levels were
obtained at - 10, - 5, - 1, 1, 2, 3, 4, 5, 6, 7, 8, 10, 12, 14, 16, 19, 22,
23, 24, 25, 27, 30, 40, 50, 60, 70, 80, 90, 100, 120, 150, and 180 min.
IM-FSIGT data were used to calculate the insulin sensitivity
index (SI) and acute insulin response to glucose (AIRg). SI was
determined using minimal model analyses (MinMod Millen-
ium V6.02; Los Angeles, CA).30 AIRg, a measure of b-cell
function, was calculated as the area under the insulin curve from
0 to 10 min for the insulin concentration above basal level.30

Cardiometabolic disease

Cardiometabolic disease was defined by the presence of
prediabetes, diabetes, insulin resistance, or metabolic triad.

Prediabetes was diagnosed if fasting glucose was between
100 mg/dL and 125 mg/dL or 2-h glucose was between
140 mg/dL and 199 mg/dL.28 Diabetes was defined as fast-
ing glucose ‡ 126 mg/dL or 2-h glucose ‡ 200 mg/dL.28 To
identify insulin resistance, the population was divided into
quartiles of SI. Insulin resistance was defined as the lowest
quartile of SI ( < 2.37 liter/mU - 1$min - 1). As described by
Lemieux et al., metabolic triad was defined by the presence
of fasting hyperinsulinemia ( ‡ 2.3 mU/mL), hyperapolipo-
protein B ( ‡ 70 mg/dL), and small LDL particles ( < 21.4 nm),
with thresholds determined by the median values in the
normal weight men (BMI < 25 kg/m2).3

Abdominal adipose tissue

Visceral adipose tissue (VAT) and subcutaneous abdomi-
nal adipose tissue (SAT) measurements were obtained with a
density mask inclusive of pixels with attenuation values
from -150 to -50 Hounsfield units using a HiSpeed Ad-
vantage CT/I scanner (GE Medical Systems, Milwaukee,
WI). Measurements were analyzed on a SUN workstation
using the MEDx image analysis software package (Sensor
System, Inc., Sterling, VA).31

Assays

Cholesterol, TG, high-density lipoprotein cholesterol
(HDL-C), and apolipoprotein B (ApoB) levels were deter-
mined with a Siemens Dimension Vista analyzer (Newark,
DE). LDL-C was calculated with the Friedewald equation.32

Lipid particle size was determined by nuclear magnetic
resonance (NMR) spectroscopy (LipoScience, Raleigh, NC).
Glucose was measured by the glucose oxidase method
(Siemens Dimension Vista analyzer) and insulin by the
electrochemiluminescence immunoassay (Roche Cobas e601
analyzer, Indianapolis, IN).

Statistics

Comparisons were by the Student t-test or chi-squared
test. P value £ 0.05 was considered significant. Analyses
were performed with STATA, v12.0.

Results

Participant characteristics are provided in Table 1. Al-
though age did not differ between the groups, BMI was
lower in Africans than African Americans. Waist circumfer-
ence (WC), adjusted for BMI, did not differ by ethnicity. VAT
was greater and SAT was lower in Africans than African
Americans. Systolic and diastolic blood pressures were
higher in Africans than African Americans. Africans were
more likely to be married and less likely to smoke (Table 1).
Exercise frequency and alcohol intake did not differ by
ethnicity (Table 1). In Africans, average weight gain after
immigration was 3 – 7 kg/year.

Our key finding is that even though men with cardi-
omtabolic disease had higher TG levels than men without
(88 – 43 vs. 61 – 26 mg/dL, P < 0.01), less than 10% of men
with cardiometabolic disease had TG ‡ 150 mg/dL (Fig. 1).
This low prevalence of hypertriglyceridemia was true for
each cardiometabolic subtype. Even when prediabetes, dia-
betes, metabolic triad, and insulin resistance were tested
separately, the prevalence of TG ‡ 150 mg/dL was < 10% in
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each. Furthermore, 5 Africans were newly diagnosed as
diabetic and had mean TG levels of 71 – 24, range 45–
100 mg/dL (Fig. 1).

The prevalence of cardiometabolic disease (63% vs. 65%,
P = 0.71) and insulin resistance (23% vs. 27%, P = 0.66) did not
differ in Africans and African Americans (Table 1). Yet Af-
ricans were more likely to have prediabetes or diabetes,
whereas the metabolic triad was more common in African
Americans.

The differences by ethnicity in the presentation of cardi-
ometabolic disease can be explained by examining the gly-
cemic and lipid profiles of each group. Both fasting and 2-h
glucose levels were higher in Africans than African Ameri-
cans. Hence the prevalence of prediabetes was almost twice
as high in Africans (Table 1). In addition, after OGTT testing,
5 Africans, but no African Americans, were found to have
diabetes. Because SI values were similar in the two groups

(4.86 – 3.25 vs. 4.17 – 2.66 liter/mU - 1$min - 1, P = 0.18), the
prevalence of insulin resistance did not differ by ethnicity.
However, AIRg was lower in Africans than in African
Americans (604 – 436 vs. 874 – 758 mU/liter - 1$min, P = 0.01).
This degree of b-cell failure superimposed on a similar de-
gree of insulin resistance could account for the higher prev-
alence of prediabetes and diabetes in Africans.

In contrast, metabolic triad and dyslipidemia were more
prominent in African Americans than Africans. Specifically,
total cholesterol and LDL-C were higher and HDL particle size
was lower in African Americans than in Africans (Table 1).

Discussion

In this investigation, we extend the finding that hyper-
triglyceridemia is a poor marker of cardiometabolic disease
in African Americans to Africans. We report that hyper-
triglyceridemia, defined as TG ‡ 150 mg/dL, occurred in less
than 10% of African and African-American men with cardi-
ometabolic disease. Therefore, prior to the widespread in-
stitution of TG-based screening tests in Africans, caution is
warranted. Our data clearly raise the possibility that TG-
based screening tests led to the categorization of African and
African-American men as at low risk for cardiometabolic
disease when these men are, in fact, at high risk.

In the United States, African Americans have worse car-
diometabolic health than whites, even after adjusting for
socioeconomic status and health insurance.33,34 We have long
postulated that failure of screening tests must be consid-
ered.5,13–15,35 Recently, Carnethon et al. determined that di-
abetics of normal weight had higher overall mortality and
higher cardiovascular mortality than their more overweight
and obese counterparts.36 To account for this unexpected
finding, the investigators suggested that normal-weight di-
abetics were diagnosed late in the course of their disease
because their health-care providers assumed they were low
risk.36 We echo the concern of Carnethon et al. that late
diagnosis leads to poor outcomes.

Of the many examples of TG-based screening tests, we
discuss three—metabolic syndrome, abbreviated metabolic

FIG. 1. Frequency distribution of triglycerides (TG) levels
in men with cardiometabolic disease. (A) African men; (B)
African-American men. Gray boxes in A represent Africans
with newly diagnosed diabetes.

Table 1. Subject Characteristics

African
African

American
Parameter n = 80 n = 75 P valuea

Age (years) 36 – 9 35 – 8 0.33
BMI (kg/m2) 27.3 – 3.8 29.8 – 6.2 < 0.01
WC (cm)b 93 – 6 95 – 6 0.11
VAT (cm2)b,c 117 – 45 93 – 45 < 0.01
SAT (cm2)b,c 142 – 66 165 – 64 0.04
Systolic blood

pressure (mmHg)
126 – 13 121 – 12 0.01

Diastolic blood
pressure (mmHg)

76 – 9 71 – 10 < 0.01

Married 46% 28% 0.02
Smoke 6% 21% < 0.01
Exercise frequency

( ‡ 3 · /week)
27% 35% 0.25

Alcohol intake ( £ 1/week) 73% 73% 0.96

Cardiometabolic disease 63% 65% 0.71
Insulin resistance 23% 27% 0.66
Prediabetes 40% 23% 0.02
Diabetes 6% 0% 0.02
Metabolic triad 33% 52% 0.01

Fasting glucose (mg/dL) 92 – 8 88 – 8 < 0.01
2-h glucose (mg/dL) 130 – 35 118 – 25 0.01
Fasting insulin (mU/mL) 4.0 – 3.4 7.6 – 5.2 < 0.01
SI (liter/mU - 1$min - 1)c 4.86 – 3.25 4.17 – 2.66 0.18
AIRg (mU/liter - 1$min)c 604 – 436 874 – 758 0.01

Cholesterol (mg/dL) 158 – 31 174 – 41 0.01
TG (mg/dL) 74 – 40 83 – 39 0.18
HDL-C (mg/dL) 46 – 11 46 – 10 0.73
HDL size (nm) 9.17 – 0.41 8.84 – 0.44 < 0.01
LDL-C (mg/dL) 97 – 28 111 – 39 0.01
LDL size (nm) 21.0 – 0.7 20.9 – 0.6 0.40
ApoB (mg/dL) 80 – 21 87 – 30 0.07

aContinuous variables compared by the Student t-test and
categorical variables by chi-squared test.

bAdjusted for BMI.
cData in 69 Africans, 68 African Americans.
BMI, body mass index; WC, waist circumference; VAT, visceral

adipose tissue; SAT, subcutaneous adipose tissue; SI, insulin sensi-
tivity index; AIRg, acute insulin response to glucose; TG, triglycer-
ides; HDL-C, high-density lipoprotein choesterol; LDL-C, low-
density lipoprotein cholesterol; ApoB, apolipoprotein B.
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syndrome, and hypertriglyceridemic waist.5 The diagnosis of
metabolic syndrome requires the presence of three of five
parameters (hypertriglyceridemia (TG ‡ 150 mg/dL), low
HDL-C, central obesity, hypertension, and fasting hypergly-
cemia). Therefore, hypertriglyceridemia is a possible, but not a
required, criterion for the diagnosis of metabolic syndrome.
However, the metabolic syndrome is based on the principle
that all of its parameters are highly correlated with insulin
resistance.2 When the metabolic syndrome was formulated, it
was not appreciated that the association between hyper-
triglycerdemia and insulin resistance is not universal. In people
of African descent, insulin resistance is not routinely associated
with hypertriglyceridemia.12–14 Therefore, metabolic syndrome
underdiagnoses risk in African Americans.11–13

In growing recognition of the failure of the metabolic
syndrome to detect risk for cardiometabolic disease in Afri-
can Americans, the 2012 Endocrine Society Position State-
ment on Health Disparities suggests moving away from the
metabolic syndrome and focusing instead on blood pressure
and degree of glycemia.16 Due to the similarities that we
have demonstrated between African Americans and African
immigrants, the same approach should be applied to Afri-
cans. In an earlier investigation, we found that metabolic
syndrome performed poorly in predicting cardiometabolic
risk in Africans.27 Specifically, the prevalence of hyperten-
sion and hyperglycemia was twice as high in Africans than
African Americans, but the prevalence of metabolic syn-
drome was the same. Therefore, the metabolic syndrome did
not detect Africans with increased metabolic risk. Our data
suggest that the underperformance of the metabolic syn-
drome in men of African descent may be secondary to an
absence of an association between insulin resistance and TG
> 150 mg/dL.

In contrast to the metabolic syndrome, hypertriglycer-
idemia is a mandatory criterion in the abbreviated metabolic
syndrome. In fact, the abbreviated metabolic syndrome
has only three parameters, and all three must be present—
hypertriglyceridemia (TG ‡ 150 mg/dL), fasting hyperglyce-
mia, and central obesity. Based on a combined analysis of
four studies, Meigs et al. concluded that the abbreviated
metabolic syndrome should be required as a cost-effective
prerequisite for proceeding to an OGTT.37 However, only 3%
of the participants in their study were African Americans. In
our study, if hypertriglyceridemia dictated who should have
an OGTT, all of the Africans with diabetes and > 90% of the
men with prediabetes would have not have been detected.

Although the abbreviated metabolic syndrome has three
criteria, the hypertriglyceridemic waist has just two, hyper-
triglyceridemia (TG ‡ 177 mg/dL) and central obesity
( > 90 cm).3 According to Lemieux et al., if hypertriglycer-
idemia and central obesity occur together, the highly ath-
erogenic metabolic triad is highly likely to be present.3

Overall, the hypertriglyceridemic waist, which is both inex-
pensive and easy to obtain, and widely used in Europe
and Canada, is achieving increasing acclaim in the United
States.17,18 20,21,38

However, there are no data on whether the hyper-
triglyceridemic waist predicts metabolic triad in blacks. Our
investigation is the first. We found that 86% of the men with
metabolic triad met the waist circumference threshold but
less than 5% had TG ‡ 177 mg/dL. Therefore, in men of
African descent, the hypertriglyceridemic waist fails as an
alternative to the metabolic triad.

During this investigation, we made an observation that
warrants further study. Specifically, the prevalence of car-
diometabolic disease in Africans and American Americans
was similar, but the path to cardiometabolic disease differed.
Africans were more likely to be hyperglycemic, whereas
African Americans were more likely to be dyslipidemic. The
etiology of this ethnic difference in cardiometabolic disease
subtype is unclear. However, VAT was higher in Africans
than African Americans. VAT adversely affects glucose tol-
erance status and is associated with rapid weight gain.39

Therefore, the rapid weight gain that Africans experience
after immigration may account, at least in part, for their
worse glucose tolerance status. In addition, while the degree
of insulin resistance was similar in Africans and African
Americans, AIRg, a marker of b-cell function was lower in
Africans. b-cell failure in the Africans may also contribute
their higher rate of diabetes and prediabetes.

When comparing Africans and African Americans, it is
also important to consider social and cultural factors. Al-
though neither exercise intensity nor alcohol intake differed
by ethnicity, African Americans were three times more likely
than Africans to be smokers. The adverse impact of smoking
on the lipid profile, particularly the smaller HDL particles
observed in African Americans, must be considered.40 In this
study, we did not have dietary intake information. It is likely
that there is variation in the nutrient intake of Africans and
African Americans, and this might also account for some of
the differences observed in the glucose and lipid profile, in-
cluding HDL size.41

This study had limitations. First, the study design is cross-
sectional, so cardiometabolic events cannot be predicted
with certainty. To overcome this deficit, we used proven
markers of cardiometabolic risk, specifically insulin resis-
tance, prediabetes, diabetes, and metabolic triad.23–26,42

Second, only men were enrolled. Because TG levels are even
lower in black women than men, it is likely that the inabil-
ity of TG levels to predict cardiometabolic disease would
be magnified in women. But, this remains to be deter-
mined.13,35 Third, we are studying Africans living in the
United States rather than Africa. However, when analyses
were restricted to Africans who had lived in the United
States for less than 5 years, the results did not change.
Fourth, the determinants of normal TG levels in the presence
of cardiometabolic disease were not explored. However, it is
known that the activity of lipoprotein lipase (LPL), the en-
zyme that clears TG from the circulation, is higher in blacks
than whites.43 In addition, even though insulin resistance
should impair LPL activity,44 we have previously shown
that LPL activity does not decline in insulin-resistant African
Americans.45

Conclusion

TG-based screening tests for the detection of cardiometabolic
disease have been applied globally. However, cardiometa-
bolic disease usually occurs in African and American-
American men when hypertriglyceridemia is absent. There-
fore, in men of African descent, these tests routinely fail to
detect those at highest risk. Therefore, even though TG-based
screening tests are inexpensive and effective in other popu-
lations, reliance on TG-based screening to detect cardio-
metabolic risk in blacks risks late diagnosis and a lost
opportunity for early intervention.
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