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Abstract 

    Biological markers for Metabolic Syndrome, such as serum lipids and Hemoglobin A1c may have genetic 

variability among African Americans versus their Caucasian American counterparts. Although cases of Type 2 

diabetes and its sequela significantly outweigh Caucasian Americans in the US, paradoxically research has 

found a lower prevalence of Metabolic Syndrome among blacks versus whites despite there being higher rates 

of Type 2 diabetes among the former population. Research has shown Metabolic Syndrome lipid parameters 

among African Americans are more favorable despite outstanding Type 2 diabetes incidence. With the 

emergence of the Human Genome Project and Genome Wide Association Studies, genetic differences in these 

parameters have been uncovered and genetic variability may play a role in such paradoxical mismatch. It may 

be reasonable to consider modifying Metabolic Syndrome parameters as given this new biological evidence.  

Hemoglobin A1c, also a biological marker used to monitor glucose levels over time, shows variability in its 

measurements with respect to African Americans. Genetic factors may play a role in the discrepancies among 

African Americans populations when using this parameter to monitor blood glucose. Precision medicine is 

now at the forefront of a biomedical new age, to find therapies that cater to specific populations based on 

genetic research. African Americans may not benefit from such a revolutionary paradigm shift in medicine 

due to evidence of lack of inclusivity in such studies like the Human Genome Project. Consideration should be 

made to the future of molecular medicine to include more minority populations such as African Americans in 

order to cater to specific differences rather than generalized standards of care. 
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Introduction  

    The use of biological markers such as Metabolic 

Syndrome (MetS) and HbA1c have long been accepted 

as the standard method for diagnosing and treating 

populations with Type 2 diabetes mellitus (T2DM). 

However, the paradox of African Americans (AAs) 

being disproportionately affected by the prevalence of 

diabetes despite practitioners using these ubiquitous 

standards to diagnose, manage, and treat patients 

warrants investigation. It has long been accepted that 

T2DM is a multifactorial disease with environmental 

risk factors such as obesity, nutrition and 

socioeconomic status being labeled as primary reasons 

for the disproportion of T2DM among AAs. In addition, 

genetic variability also contributes to the possible 

inefficacy of these very biological markers used in 

T2DM diagnosis and management. With the use of 

Genome Wide Association Studies (GWAS), insight into 

genetic differences in allelic frequencies and 

polymorphisms has shown differences in parameters 

of MetS, namely lipid profiles, and in hemoglobin A1c 

(HbA1c) levels. Peer reviewed literature is used to 

investigate these genetic variations in these 

biomarkers of T2DM and possible implications in their 

use as a diagnostic tools in diabetic and pre-diabetic 

AAs. 

 

Metabolic Syndrome paradox among African 

Americans: 

    The National Cholesterol Education Program Adult 

Treatment Panel III (NCEP ATP III) defines MetS as 

having three or more out of the five following criteria: 

high blood pressure, central obesity, low high-density 

lipoprotein (HDL) cholesterol, elevated triglycerides, or 

fasting hyperglycemia [1,2]. Type 2 diabetes is a 

multifactorial disease with several predisposing risk 

factors leading to its manifestation. Metabolic 

Syndrome has been shown by several studies to be a 

significant risk factor of T2DM, cardiovascular disease 

and all-cause mortality [3]. The Jackson Health Study 

(JHS) found that there was a high prevalence of 

cardiovascular disease (CVD) among AAs with 

increased odds of this disease with MetS [4]. 

Moreover, the study implied that having control over 

MetS would result in significant reduction in CVD 

among AAs [4]. Metabolic Syndrome has the potential 

to predict T2DM and therefore poses as a substantial 

tool in the management of T2DM in clinical practice 

[3] by helping clinicians veer patients from a path 

towards disease progression. Therefore, the potential 

for reversibility of pre-diabetes can be optimized with 

a diagnosis of MetS as a risk factor. The effectiveness 

of the diagnostic criterion of MetS is thus critical, not 

only in the diagnosis of this metabolic disorder, but 

also in the cascade of disorders that may follow, such 

T2DM. 

 

    African Americans have among the highest rates of 

diabetes alone and diabetes accompanied by its 

complications such as end-stage renal disease (ESRD), 

amputation, visual impairment and death [5]. In fact, 

African Americans are twice as likely as non-Hispanic 

Caucasians to die from diabetes [5]. Since MetS is a 

major risk factor of T2DM and being intrinsically 

comprised of five criteria, it would be natural to 

assume that with such high prevalence of T2DM 

among AAs that all or most of the MetS criteria among 

AAs would be met. This is surprisingly not the case. 

Research has found that often there is a lower 

prevalence of MetS among blacks versus Caucasians 

despite there being higher rates of T2DM and CVD 

among blacks [6]. The prevalence of MetS among AA 

men is actually lower than or equivalent to that seen 

among those from European ancestry [7]. Therein lays 

paradoxes among outcomes of African Americans as it 

pertains to MetS and certain diagnostic criteria of 

MetS. Based on the heritability of MetS, genetics is a 

factor worth investigating further. 

 

Serum lipids paradox among African Americans: 

    A high triglyceride (TG) and low HDL cholesterol 

(HDLC) levels nearly meets two of the five 

prerequisites for a MetS diagnosis. Unexpectedly, AAs 

generally have healthier lipid profiles (lower TG and 

higher HDLC concentrations) [7]. According to the 

NHANES ((National Health and Nutrition Examination 

Survey) dataset, AAs had one of the lowest mean TG 

compared to Caucasian and Mexican Americans [7]. 

Moreover, studies have shown that AAs with insulin 

resistance have been found to have lower TG and 

higher HDLC as compared to Caucasians [8]. Serum 

lipids play a substantial role as a predictive biomarker 

in cardiometabolic disease and as a result of this   

more favorable  lipid profile  among AAs,  it   would  be 
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reasonable to assume that T2DM among AAs would be 

less prevalent, however from an epidemiological 

standpoint, this is not the observed [7]. The prevalence 

of T2DM in AAs is more than 1.5 times that of non-

Hispanic whites [5].  

 

    The use of serum lipids in assessing disease risk of 

MetS is effective for other populations, however, there 

is a mismatch between the biological markers, TG and 

HDLC, used to diagnose MetS and T2DM disease 

among AAs, and according to Rotimi et al, this 

“metabolic paradox” warrants a discussion of genomic 

factors, among all variables, that underlay this 

observation [7]. 

 

Heritable traits of Metabolic Syndrome in African 

Americans: 

    Heritability of MetS, under the criteria set by the 

NCEP ATP III is estimated to be approximately 30%, 

with individual components higher and having 

possible variability in ethnicity [9]. Specific blood 

lipids components have estimated heritability ranging 

from approximately 35-60% for HDLC, low density 

lipoprotein (LDL), and TG blood lipid levels in 

diabetics [10].  

 

    Research has shown variations in genes encoding 

cholesterol and TG lipids. Meta-analysis of European 

populations has identified genetic variants in over 150 

lipid-associated loci using GWAS [11]. Despite results 

for additional ethnicities being limited, Lanktree et al 

identified a novel variation at locus rs868213, in a 

splice site gene (EXOC3L1) that is associated with 

increased HDLC concentrations using genetic meta-

analysis of nearly 16,000 AAs [11]. EXOC3L1 is strongly 

expressed in vascular endothelium and forms part of a 

protein complex that is an important facilitator in the 

trafficking of lipid receptors [11]. Moreover, the minor 

allele of rs868213 is observed at a much higher rate in 

studies done with AA cohorts with 43% versus allele 

frequencies of 6% in American populations of 

European descent [11]. This discovery is one of many 

novel findings concerning the genetic differences in the 

makeup of AA lipid profile at a genetic level.  

 

    With the emergence of GWAS, numerous genetic  

loci  associated  with   serum  lipid  levels  have  been 

 

 

successfully identified and known to be risk factors for 

CVD [12]. Although studies have reported significant 

association of gene loci with these lipid traits in 

populations of European ancestry, research has shown 

that there is racial/ethnic variation in blood lipid levels 

among AAs [13], that is lower TG and higher HDL and 

these differences seem to have their basis in genetic 

determinants of lipid profiles of AAs [12]. Based on 

GWAS studies, genetic variation may be contributing 

to the different distributions of outcomes of 

populations from different ethnic backgrounds [12].  

 

Modifying Metabolic Syndrome diagnostic criteria 

for more inclusivity: 

    It is clear that there is a paradoxical lipid profile of 

AAs with respect to diabetes diagnosis, that is, there is 

high HDLC and low TG among AAs and AAs with 

insulin resistance. These two major criterion, TG and 

HDLC, of MetS may have implications for the diagnosis 

(or missed diagnosis) of possible individuals at risk of 

T2DM, among other cardiometabolic diseases. 

Therefore, at risk AA individuals may not be 

adequately accounted for by the standard MetS 

criteria.  Moreover, as potential risk factors of T2DM, 

not acknowledging this discrepancy may continue to 

lead to overwhelming numbers of increased AA 

populations with diabetes. 

 

    The NCEP ATP III set cutoffs thresholds used to 

define hypertriglyceridemia (TG level ≥150 mg/dL) 

and low HDL levels (<40mg/dL in men and <50 

mg/dL in women) may be not appropriate set points. 

Since these parameters are used for MetS, the cutoff 

set for these lipids may in turn lead to underestimation 

of MetS among AAs [4] and future underestimate 

potential T2DM cases among AAs. Therefore, the cutoff 

points currently defined by the MetS guidelines may 

not be at a level that can identify high risk populations 

like AAs for T2DM. 

 

    Applying uniform cutoff points for TG and HDL 

cholesterol concentrations for all ethnic populations 

may results in substantial misclassification [4]. 

Consideration may need to be made to adjust cut off 

points by referencing data that is specific to incidence 

among AAs. Another method would be to use other 

lipid profiles such as VLDL, LDL concentrations [4] as
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alternative parameters for MetS risk among AAs.  This 

in turn may provide a better estimate of lipid-related 

risk of MetS among AAs and therefore better suited to 

help in the prognoses T2DM risk. Therefore, the 

criteria for MetS may need modification in order to be 

more inclusive of AA populations. 

 

Discrepancies of HbA1c as a marker of T2DM 

among AAs: 

    African Americans are disproportionately affected by 

T2DM-associated complications such as lower-

extremity amputation, retinopathy, and end-stage 

renal disease [14]. Glycemic control, therefore, is 

critical in preventing microvascular complications. 

Hemoglobin A1c (HbA1c) or glycosylated hemoglobin is 

a marker used in the diagnosis and monitoring of 

blood glucose levels in T2DM over a period of time and 

research has suggested the control of HbA1c shows 

poorer control among minority populations versus 

non-minority groups [14]. 

 

    A genetic variant rs1050828 on the X chromosome 

in non-diabetic individuals (all forms) associated with 

Glucose-6-phosphate dehydrogenase (G6PD) enzyme 

that is linked with red blood cell parameters that may 

play a role in reducing red cell life span [15]. G6PD is 

highly prevalent among AAs with 1 in 10 AAs 

possessing the genetic deficiency [16]. 

 

    This G6PD variant poses clinical relevance as this 

variant would mean HbA1c levels would need to be 

0.8% higher in males versus the current guidelines of 

6.5% in comparison to individuals without the variant, 

in order to meet the criteria of a T2DM diagnosis [15]. 

This would mean a longer period of underdiagnosed 

T2DM among AAs, longer exposure of blood glucose 

and in turn increased risk of long term T2DM 

complications in AAs versus EAs [15]. Research has 

shown that a shift from using fasting glucose to HbA1c 

to diagnose T2DM could result in over 600K cases of 

undiagnosed T2DM AAs with the consideration of this 

new discovery of this variant allele [15]. Although 

research has not directly shown these variants in 

diabetic patients, one could assume that this genetic 

difference would have a similar effect on those with 

T2DM [15]. 

 

 

    HbA1c is the most common laboratory test 

performed in people with T2DM used to measure 

recent blood glucose levels and is also implemented in 

T2DM medical interventions and in the assessment of 

escalation of medical therapy [15]. However, there are 

often discrepancies found between self-monitored 

blood glucose and HbA1c in those with T2DM [15]. 

 

    It has been shown from clinical studies that 

implemented repeated glucose measures from 

Continuous Glucose Measurements as compared with 

concomitant HbA1c from the same individual with 

T2DM revealed intra-heterogeneity in the relationship 

between these two measurements and genetic 

differences may be a prime factor in explaining this 

variation [15]. Moreover, the genetic influences may 

play a part in the heterogeneity of intensive therapy 

outcomes in people with T2DM as some clinical trials 

have shown [15]. 

 

    Alternatives for T2DM diagnosis and management 

have been considered in other glycated proteins such 

as glycated albumin or fructosamine either by itself or 

combined with HbA1c [15]. An alternative way to 

measure blood glucose in AAs should none the less be 

at least considered based on genetic dissimilarity from 

non-minority groups based on genetic variations as 

discussed.  

 

Precision Medicine: Looking into the future of 

diabetes diagnosis and management: 

    Advancement in biotechnology using genetics and 

genomics in the last two decades has made the concept 

of “Precision Medicine” a new reality.  The concept 

works to find therapies for subgroups of individuals 

with unique features [17] using advancements 

specifically in genetic biotechnology which started with 

the Human Genome Project; the creation of a complete 

map of the human genome. Using this map, 

technologies developed to utilize this information 

birthing the GWAS [17].  The study of genomics has 

diversified into other technologies such as 

epigenomics, proteomics, metabolomics, all of which 

for the purpose of understanding the human genetic 

makeup for potential use in understanding disease 

pathways and for future therapies. Hundreds of loci 

within the human genome have been discovered for
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many complex diseases which have large public health 

impacts [17]. 

 

    Personalized medicine in cancer is one example of 

biomedicine at its best. Tumors have a unique set of 

genetic and epigenetic profiles and in turn the direct 

detection of these penetrant somatic mutations in the 

manifestation of diseased tissue is highly possible [17]. 

Although the genetic makeup of cancer and T2DM are 

different, T2DM may be caused by both a combination 

of genetics and the environment [17], genetics still 

confers a risk on an individual for T2DM. 

 

    Over 100 genetic loci have been identified in GWAS 

meta-analysis that has significant association with 

T2DM or related traits [17]. Although genetic risk 

variants at these loci may only have slight effects on 

disease predisposition (~10-15% of overall risk), there 

is still a potential for new therapeutic approaches 

based on these novel findings [17].  

 

    Most novel in this new era is the discovery of disease 

heterogeneity and possible ethnic specific alleles, made 

possible by genotyping and sequencing studies in 

diverse populations [17]. It is clear that diversifying 

genetic studies with minority populations such as AA 

may uncover more variation associated with T2DM 

and its related traits specific to this population. Since 

T2DM is one of the major causes of morbidity and 

mortality affecting AAs, it is of even greater 

importance. Biomarkers used in the diagnosis and 

management of the disease such as HbA1c and lipid 

profiles may be a good place to start in the uncovering 

genetic variations. Biomarkers that are not determined 

using all risk factors such as genetic determinants of 

T2DM do not make for all-inclusive parameters, which 

may in turn exclude minority populations such as AAs 

rather than help in alleviating the epidemic. 

 

Conclusion  

    In conclusion, parameters used in the diagnosis and 

management of T2DM such lipid and HbA1c 

biomarkers may not be efficacious when it comes to 

AAs. African Americans may have genetic risk factors 

that contribute to their disproportionate numbers of 

T2DM diagnosis and its accompanied morbidities. 

Advancements in genetic research using GWAS reveal 

 

 

variation in biological markers specific to AAs that can 

improve the prognostic and diagnostic value of current 

clinical markers of T2DM. 

 

    It has been well documented that most of the 

Human Genome Project was undertaken with 

participants of majority groups such as Caucasian 

Americans and Asians, with limited genetic profiles 

collected for minority populations such as AA 

populations. With all of the advancements occurring in 

personalized medicine, populations that are most 

afflicted with disease disparity, as in the case of AAs 

with T2DM, may have their specific and unique genetic 

variations unrecognized in turn possible genetic risk 

factors, diagnostic biomarkers and therapies also 

overlooked. Even in the 21st century with novel 

advancements in medical biotechnology there is yet 

still “genetic disparity” among AAs in the inclusivity of 

T2DM genetic research. It is important that future 

genetic and genomic studies include more AA 

populations to identify additional variants and possible 

therapeutic advancements unique to this population. 

Moreover, additional studies in this ethnic group are 

essential to identify, establish, and improve diagnostic 

therapeutic efficacy to combat disease progression. 
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