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motivation to seek out answers came 
from the nagging desire to develop 
efficient, targeted and optimized pre-
ventive strategies. To try to seek out 
answers, this article attempts to:
	 1) Identify population groups that 
are at high risk for diabetes mellitus 
and its complications
	 2) Extract meaning from the 
trends seen with different clinical 
presentations, always keeping in 
mind how foot pathology is related
	 3) Allow the reader to appreciate 

Having practiced all my 
life in various urban 
and rural areas with 
ethnically and racial-
ly diverse demograph-

ics, I have repeatedly observed in 
my practice unambiguous patterns 
in the clinical presentation of diabe-
tes, demonstrating distinctly differ-
ent phenotypes, which are replicated 
consistently within each of my differ-
ent patient population groups.
	 I always wanted to know why 
these stark differences occur. Was it 

the individual’s culture and/or cui-
sine that each was immersed in, i.e., 
the typical Mexican diet, or the soul 
food that was central to the southern 
African-American culture? Or was it 
merely biology or genetics, or a com-
bination of nature and nurture?
	 Why did I observe certain groups 
of Hispanic men to be generally thin 
and on dialysis, and African Amer-
icans as more obese?31 Women of 
Mexican descent having more vis-
ceral fat around the belly? Caucasian 
women being more Rubenesque? The 
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migration status all play a vital and 
distinct role in the development of 
diabetic complications.
	 Risk factors for type 1 diabetes 
include family history, race (with 
whites at higher risk than other racial 
or ethnic groups), and certain viral 
infections during childhood, suscepti-

bility to which may be sometimes bi-
ologically or genetically established.
	 Risk factors for type 2 diabetes 
are more diverse; some are modifi-
able, and others are not. Non-modi-
fiable risk factors for type 2 diabetes 
include age, race, ethnicity, family 
history and genetic predisposition, 
history of gestational diabetes, and 
low birth weight (Figure 2).
	 One illustration of how race and 
ethnicity become risk factors for de-
velopment of diabetes is that African 
Americans are more likely to devel-

the most effective approaches 
that would, if possible, pre-
vent these complications of 
diabetes. This effort must in-
corporate any ethnic and/or 
racial influences.

	 Many factors contribute 
to the mosaic pattern of the 
clinical presentation and com-
plications seen in diabetes. To 
begin the process of exploring 
the mystery of what’s behind 
these myriad variations—and 
the role that ethnicity and 
race might play—it is import-
ant to elucidate the definitions 
of ethnicity and racial catego-
ries. This lends clarity to our 
conversation regarding the 
clinical patterns of diabetes 
being passed on from genera-
tion to generation.

Two Categories of Ethnicity
	 Primarily, there are two 
categories of ethnicity typically used 
as the benchmarks when discussing 
this subject:
	 • Non-Hispanic or Non-Latino.
	 • Hispanic or Latino
	 Ethnic groups included with 
those of Hispanic origin are the 
following: Mexican, Puerto Rican, 
Cuban, Central American, South 
American, others of Spanish origin 
regardless of race. It is interesting to 
note that nearly all Americans of His-
panic origin are racially classified as 
White.
	 Race, on the other hand, is a so-
cial construct and not a consistent 
biologic one and may change over 
time. This presents a challenge in 
reconciling classifications represent-
ing diversity of populations. Howev-
er, traditionally, there are five basic 
race categories:
	 • Black or African American
	 • Asian
	 • Pacific Islander, which includes 
those from Guam, native Hawaiians, 
Samoans, natives or descendants 
from other Pacific Islands.
	 • American Indian, including 
Alaskan native
	 • Caucasian or White
	 Of course, deciding which factors 

are inherited and which are not is a 
daunting task for epidemiologists.

Factors that Come into Play
	 There are genetic as well as pure 
biologic factors. For instance, the more 
fatty tissue one has, the more resis-
tant cells are to insulin. (Figure 1) Are 

there groups of people that tend to 
have more body fat than another? 
Men vs. women? The more active you 
are, the less risk there is for diabetes. 
Are there inherited factors that would 
predispose someone to different activ-
ity levels?
	 There are social as well as envi-
ronmental factors that play into var-
ious health behaviors. These are in-
fluenced by economic factors, level 
of education as well as health care 
access and health insurance consid-
erations. Religion, belief systems, 
cultural differences, cuisine and im-
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Figure 2: Risk Factors of Diabetes

Religion, belief systems, cultural differences, 
cuisine and immigration status all play a role in the 

development of diabetic complications.
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ly that multiple genes influence dis-
ease expression, making it difficult 
to isolate and characterize the effects 
of each disease-determining locus. 
Genes may interact (epistasis) or in-
duce susceptibility independently 
(heterogeneity). And of course the 
idea of pinpointing causation is made 
even more difficult because of social 
and environmental factors.
	 While macrovascular complica-
tions affect the coronary, cerebral 
and peripheral arteries, microvascu-
lar complications cause diabetic kid-
ney disease (DKD), which can lead 
to renal failure, diabetic retinopathy 
(DR) that often leads to loss of sight, 
as well as peripheral and autonomic 
neuropathy. Pathologically elevated 
blood glucose levels, measured as gly-
cated hemoglobin, are a major risk 
factor for both micro and macrovascu-
lar disease. In addition to clinical risk 
factors, it is important to discuss how 
genetic factors affect the risk as well.

op diabetes type 2 than Caucasians.1 
Moreover, the disease is often pre-deter-
mined to show up in adulthood because 
of deficient prenatal care and low-birth-

weight, which is commonplace with 
babies in the black communities.
	 Another illustration: in Native 
Americans, the rates of diagnosed di-
abetes range from 5% to 50% in dif-
ferent tribes and population groups. 
Little difference exists in terms of 
sex. Besides genetic factors, non-ge-
netic or lifestyle risk factors (such 

as diet and physical activity) appear 
also to be significant culprits.1

Major Diabetic Complications: 
Their Racial and Ethnic Influences
	 Diabetic complications affecting 

the kidneys, retina, nerves, and the 
cardiovasculature are the major caus-
es of morbidity and mortality in di-
abetes; and based upon recent find-
ings, especially from genome-wide 
association studies2, there appears 
to be a certain amount of genetic 
ethnic basis for these complications. 
For most complex diseases, it is like-
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D2T is often pre-determined to show up 
in adulthood because of deficient prenatal care and 

low-birth-weight, which is commonplace with 
babies in the black communities.
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	 DR is one of the leading caus-
es of blindness worldwide9 affecting 
30% of subjects with T2D (type 2 di-
abetes) and 50–80% of subjects with 
T1D (type 1 diabetes).14,15 In addition 
to partially shared pathophysiological 
mechanisms, there is evidence of a 
shared genetic background between 
DR and DKD27 In one study, among 
the T1D subjects with severe renal 
complications, nearly all have at least 
some level of diabetic retinal changes.1

	 Interestingly, DR has the high-

Diabetic Retinopathy
	 Diabetic retinopathy (DR) is the 
most common microvascular compli-
cation of diabetes. Visual loss from 
diabetic retinopathy results primar-
ily from two complications: 1) new 
vessels grow on the retina; this is 
known as proliferative retinopathy 
and accounts for the majority of se-
vere visual loss; and 2) retinal blood 
vessels can become permeable and 
cause swelling of the center of the 

retina—this is called diabetic macular 
edema. Clinically significant macular 
edema is a leading cause of moderate 
visual loss in diabetes. Proliferative 
retinopathy, severe non-proliferative 
retinopathy and clinically significant 
macular edema can be considered 
as sight-threatening retinopathy. The 
established risk factors of DR include 
prolonged exposure to hyperglycemia 
and hypertension. However, DR can 
progress despite optimal control of 
these risk factors. It is thought that 
genetics play a central role here.9
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interesting to note that according to 
one major study38 there is a two-fold 
risk of women developing ESRD over 
men. Also, there is a strong genetic 
susceptibility seen in African Amer-
icans for many non-diabetic renal 
diseases. This study also indicates 

that end stage renal disease attrib-
utable to diabetes is greatest among 
black men and women and lowest 
among white women. The apprecia-
tion of these inheritance patterns in 
subjects with T2D is then likely due 
to unrecognized non-diabetic renal 
disease co-occurring with T2D. This 
highlights the challenge of pheno-
typic heterogeneity, particularly in 
subjects with T2D: while most sub-
jects with T1D and albuminuria have 
pathological renal lesions character-
istic of diabetic nephropathy, there 
is a spectrum of renal pathologies in 
subjects with T2D where only a third 
of the patients with albuminuria have 
typical diabetic nephropathy.33

	 Furthermore, genetic variants of 
T2D suggest an increased suscepti-
bility to DKD with increasing BMI, 
suggesting that BMI and metabolic 
changes behind T2D also play the 
same role in the development of DKD 
and T1D. There is also genetic evi-
dence that supports epidemiological 
findings that smoking cessation is 
beneficial for avoiding DKD. In addi-
tion to proposing novel genes for the 
pathology of DR, some authors2 sug-
gest that DNA patterns could be used 
as biomarkers to predict
	 DR, a step in the right direction 
for employment of our available ge-
netic technology to potentially pre-
vent this devastating complication.
	 Interestingly, various other clini-
cal studies show that African-Amer-
ican and Hispanic Americans have 
higher prevalence rates of end-stage 
renal disease (ESRD) but with lower 
mortality rates as compared with 
Non-Hispanic Whites. In other stud-

est sibling recurrence risk of the mi-
crovascular diabetic complications16 
and the heritability estimates for DR 
range from 25 to 52%.17,21

	 One study1 reports that in type 2 
diabetes, the prevalence of any DR 
was highest in African/Afro-Carib-
beans ; and was higher than South 
Asians with European Caucasians the 
lowest. Similarly, sight-threatening 
DR was also significantly more prev-
alent in Afro-Caribbeans and South 
Asians compared to White Europe-
ans. Differences observed in Type 
1 diabetes did not achieve levels of 
statistical significance.
	 Recent studies showed that the 
prevalence of any diabetic retinopa-
thy and macular edema was signifi-
cantly higher in Blacks and Hispanics 
than in Caucasians or Chinese.28 Mex-
ican-Americans were found to have 
significantly higher prevalence of DR 
than Non-Hispanic Blacks. Native 
Americans have one of the highest 
prevalence rates of DR when com-
pared with all Non-Native American 
populations. Significant independent 
predictors of any retinopathy were 
found to be: longer duration of diabe-

tes, higher fasting serum glucose, use 
of diabetic oral medication or insulin 
and greater waist to hip ratio. In these 
studies, race, in and of itself, howev-
er, was not considered an indepen-
dent predictor of any retinopathy.
	 In other research5 on DR, genet-
ic markers were found in Mexican 
Americans, Taiwanese, Chinese, Jap-
anese and White Australian subjects 
with T2D and in
	 European subjects with T1D. Mi-
nority ethnic communities with type 
2 diabetes in the UK were found to 
be more prone to diabetic retinopa-
thy, including sight-threatening reti-
nopathy and maculopathy, compared 
to White Europeans.

Renal Complications in Diabetes
	 Diabetic kidney disease (DKD) 
(Figure 3) is a devastating sequela of 
both T1D and T2D. This progressive 
disease classically commences with 
microalbuminuria (urinary excretion 
of low concentrations of albumin) 

and progresses to macroalbuminuria 
(urinary excretion of high amounts of 
albumin); it then leads to a decreased 
estimated glomerular filtration rate 
(eGFR), heralding a loss of renal 
function. This loss can also occur 
without albuminuria. Despite ad-
vances in medical care, from 2-20% 
of those with T1D develop end-stage 
renal disease (ESRD) requiring dial-
ysis or renal transplant, which poses 
a 14-fold risk of mortality compared 
with diabetic subjects without renal 
complications.9

	 The way that DKD presents clin-
ically is termed the phenotype, and 

various specific phenotypes and their 
associated genetic markers show up 
in different ethnic and racial groups. 
In the population of European Ameri-
cans who have T1D, there have been 
genetic loci isolated for DKD by itself. 
In those who claim European ances-
try outside of the United States who 
have T1D, genetic loci have been iso-
lated for both phenotypes; one that 
presents with both DKD and ESRD 
together; and another that presents 
with just ESRD. In Finnish subjects 
there are genetic markers for just al-
buminuria. With T2D, there are ge-
netic loci isolated for the phenotype 
DKD in both the Japanese and the 
African American population. It is 
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In other studies Asians had significantly 
higher rates of End-Stage Renal Disease as compared 

to all Non-Hispanic Whites.

Recent studies showed that the prevalence 
of any diabetic retinopathy and macular edema was 

significantly higher in Blacks and Hispanics 
than in Caucasians or Chinese.28
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variance among different ethnic or 
racial groups. However, these results 
should be interpreted with caution, 
as there was variability in the defi-
nition of diabetic neuropathy, con-
sistency of methodology, as well as 
cultural and language barriers that 
could have impacted the results.

Cardiovascular Complications in 
Diabetes
	 Cardiovascular disease (CVD) 
is a major cause of morbidity and 
the most common cause of death in 
those afflicted with either T1D or 
T2D. Here, genetic background acts 
in concert with lifestyle factors to 
determine the rate at which risk fac-
tors degenerate into the three main 
avenues by which CVD manifests 
itself: coronary artery disease (CAD), 
cerebrovascular disease and periph-
eral arterial disease (PAD). Research-

ies Asians had significant higher rates 
of ESRD as compared to all Non-His-
panic Whites.

Diabetic Neuropathy
	 Diabetic neuropathy is the most 
common complication of diabetes 
mellitus (DM), affecting as many as 
50% of those afflicted with either 
Type 1 or Type 2 diabetes. This con-
dition is thought to result from a mi-
crovascular injury to the small blood 
vessels, the vasa nervorum, which 
delivers blood and nutrition to the 
interior parts of peripheral nerves 
and their coverings (Figure 4). It is 
also one of the most common com-
plications seen affecting the feet, 
showing up as a spectrum of clinical 
manifestations. This clinically man-
ifests in myriad expressions, includ-
ing sensory neuropathy, autonomic 
neuropathy and/or motor neuropa-
thy. Moreover, each of these types 
of neuropathy has its own varietal 
expression. Sensory neuropathy can 
be revealed through a host of symp-
toms such as severe pain, loss of sen-
sation, burning and itching. Motor 
neuropathy presents as atrophy and 
weakness. Autonomic neuropathy is 
expressed as dryness and/or atrophy 
of the skin, as well as the dysfunc-
tion of the autonomic physiology of 
the body, most commonly affecting 
urologic, cardiac and gastrointestinal 
function. Distinct distribution pat-
terns such as mononeuropathy, cra-
nial nerve palsy, and polyneuropa-
thy are also characteristic of different 
forms of neuropathy.
	 It therefore becomes apparent, 
as evidenced by the many clinical 

variations possible, that defining a 
specific phenotype that encapsulates 
peripheral neuropathy is virtually un-
attainable. Because of these challeng-
es, only a few studies focusing on 
inheritance patterns in diabetic neu-
ropathy have been performed. There 
have been, however, a few studies2 
on individual genes, deletions and 
insertions that show some evidence 
of inheritance patterns that could po-
tentially be aligned with diabetic neu-
ropathy. In addition, familial cluster-
ing has been documented,33 but the 
numbers are more modest than for 
other microvascular complications. 
One recent study34 demonstrates an 
inheritance pattern for diabetic neu-
ropathic pain; and when stratified by 
gender the heritability was higher in 
males (30%) than in females (15%).
	 In other literature, a comprehen-
sive review1 of the available stud-
ies found no statistically significant 
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Figure 4: Nerves and Blood Vessels: Healthy vs Damaged by DPN

Figure 5: Stages of Atherosclerosis
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and with women and men equally 
affected.35,36 It is worth mentioning 
that among subjects with T2D, an ad-
verse cardiovascular risk profile can 
be observed, even before diabetes di-
agnosis,37 whereas CVD occurs much 
quicker in the disease process and is 
a long-term complication, in T1D.
	 One has to consider the inheri-
tance patterns unique to each clinical 
pathway displayed in CVD.2 In CAD 
specifically, family history is an im-
portant risk factor in both the general 
population and among insulin-treated 
subjects with diabetes, suggesting a 
genetic influence. In family studies 
in T2D, a heritability of 41% was 
attained for intima media thickness, a 
marker of subclinical atherosclerosis 
that would eventually lead to frank 

coronary artery disease. Also, there 
are markers that were identified on 
certain genes associated with the de-
velopment of CAD in persons with 
both types of diabetes, but in non-di-
abetic participants, no association of 
this same marker was identified.2 To 
complicate the picture even more, ge-
netic patterns have been studied that 
proposed that the degree of morbidity 
and also the degree of mortality are 
individually inherited traits. Further, 
there are genes present in those with 
diabetes as well as those without that 
represent equal cardiovascular risks 
in the face of normoglycemia. How-
ever, with poor glycemic control in 
T2D these same genes magnify the 
risk of CAD considerably, leading to 
the postulation that these genes are 
only triggered by hyperglycemia.
	 Concerning the genetic basis of 
cerebrovascular disease, or stroke, in 
T1D as well as T2D, we do know that 
the incidence is elevated, particularly 
in the presence of other complica-
tions. Genetic studies on stroke in di-
abetes are currently lacking; some of 
the genetic studies on cardiovascular 
complications in diabetes have in-

ers have discovered how diabetes 
and insulin resistance, by driving in-
flammation and therefore slowing 
blood flow, dramatically accelerates 
atherosclerosis, or hardening of the 
arteries (Figure 5), which is essential 
to the development of CVD. Experts 
once believed that atherosclerosis de-
veloped solely when too much cho-
lesterol clogged arteries with fatty 
deposits called plaques; and when 
blood vessels became completely 
blocked, heart attacks and strokes oc-
curred. Today most agree, however, 
that the reaction of the body’s im-
mune system to fatty build-up, more 
than the build-up itself, creates car-
diovascular risk.2 This inflammatory 

condition is the main contributor to 
narrowing of the arteries; and the 
resulting compromised blood flow 
to organs such as the heart muscle, 
the brain and the extremities is what 
causes the devastating sequellae of 
cardiovascular disease. Herein lies 
the vital impact that an inflammatory 
lifestyle has on the complicated eti-
ology of cardiovascular disease. Still, 
genetics also play a key role in the 
development of this morbidity.
	 It is interesting to note that dia-
betes has been considered a “CVD 
equivalent,” i.e., subjects with diabe-
tes have the same risk of a cardiovas-
cular event as subjects with pre-ex-
isting CVD, shedding uncertainty on 
the role of diabetic-related pathology 
in the development of CVD, and the 
relative significance of the associated 
inheritance patterns.
	 What do we know? One thing 
is that the connection between 
DKD and CVD is particularly strong 
in T1D: 40% of patients with DKD 
develop CVD by the age of 40, as 
compared to 7% in patients without 
DKD.35 CVD also occurs much ear-
lier in life in T1D than in T2D, with 
a more rapid disease progression, 

In Coronary Artery Disease, family history is an 
important risk factor in both the general population and 

among insulin-treated subjects with diabetes.
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with the subtle influences of economics, access to care, 
environment, attitude, behavior, lifestyle, social support, 
quality of life, personal responsibility and self-care. A 
clear-cut demonstration of inheritance patterns is therefore 
indeterminable because the missing link in the equation is 
the patient himself, who still has control over his life and 
has a major impact on the severity of his own disease.
	 In conclusion, there is a lot more that needs to be dis-

cussed to fully appreciate racial and ethnic influences in 
the development of diabetes and its complications. Fur-
ther discussions should focus not only on the biologic sci-
ences but also on the social, political and economic issues 
that impact care for those with diabetes, a life or death 
condition for those that we see as patients, and those we 
probably wouldn’t. PM
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We have seen that there are racial and 
ethnic influences that play a role in the 
clinical landscape of diabetes mellitus.
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