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Abstract
Background—Disadvantaged people include those experiencing economic, social or educational
deprivation and, in some cases, those undergoing rapid transition from subsistence to industrial
economies. Disadvantaged people worldwide are affected disproportionately by the global
epidemic of diabetes. They are also at increased risk of kidney disease attributable to diabetes, and
for many, the cost of managing their kidney disease far exceeds their available resources.

Methods—We review factors associated with disadvantage that may increase the risk of diabetic
kidney disease, and the barriers to care that hinder attempts to provide an adequate therapeutic
response.

Results and conclusions—A rapidly rising prevalence and magnitude of obesity among
children and adults, increasing frequency of intrauterine exposure to diabetes, and inadequate
access to healthcare are responsible, in part, for a surge in the frequency of diabetes and, in turn,
diabetic kidney disease among disadvantaged people. These factors may also predispose to an
earlier onset of diabetes and kidney disease, thereby perpetuating the disadvantage by reducing the
earning potential of those affected through illness and disability.
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Introduction
The World Health Organization (WHO) estimates that 180 million people worldwide have
diabetes and projects the prevalence will double by the year 2030 [1]. Most of the increase
will be due to Type 2 diabetes (T2DM). Most people with diabetes live in countries in the
developing world that are also projected to have a much greater increase in the number of
people with diabetes by 2030 than countries in the developed world (Figure 1). Many people
in the developing world are undergoing rapid changes in their economies, lifestyles, and
health, and many others experience similar changes as a result of immigration to the
developed world. In both places, they are often disadvantaged with respect to their health,
including kidney health. Factors contributing to the high rate of diabetic kidney disease in
these people may include exposure to a broader range of environmental factors than people
who lead more fortunate lives as well as differences in access to healthcare and genetic
susceptibility to kidney disease.
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This review is a condensed and updated version of previous reviews on the same topic [2,
3]. We examine risks for diabetic kidney disease of particular relevance and importance to
disadvantaged people and the impact that limited resources may have on their ability to deal
with the disease once it develops. We consider disadvantage to encompass people
experiencing economic, social and educational deprivation, but also those undergoing rapid
transition from subsistence to industrial economies, as such change is often disruptive and
can lead to significant negative as well as positive consequences.

Environmental factors
Environmental factors that affect the development of diabetic kidney disease may be divided
into those that influence risk before birth; those present after birth but before the
development of diabetes; and those that add to the risk of progressive kidney disease in
people with established diabetes. All of these factors are important in disadvantaged
populations and are deeply intertwined with socioeconomic factors. Several of these factors
that may be of greatest importance in disadvantaged populations are considered below.

Intrauterine exposures
Maternal malnutrition is common among disadvantaged people and often causes intrauterine
growth retardation in offspring, which may increase the risk of both T2DM [4, 5] and
diabetic kidney disease [6, 7]. Intrauterine growth retardation affects a quarter of live births
in developing countries [8] and represents a major potential cause of kidney disease in these
populations. The mechanism for increased susceptibility to kidney disease among
individuals with intrauterine growth retardation is thought to be impaired nephron
development. With fewer nephrons and a correspondingly reduced filtration surface area, the
resulting hyperfiltration may accelerate damage to the glomeruli initiated by diabetes [9]. In
keeping with this hypothesis, elevated urinary albumin is more prevalent among diabetic
Pima Indians with low birthweight [10] (Figure 2). Another manifestation of low nephron
mass may be hypertension, which is found more often in persons of low birth weight, as
reported in indigenous Australians [11].

Exposure to maternal diabetes while in utero may also greatly increase the risk of diabetic
nephropathy. In animal experiments, maternal diabetes during pregnancy reduces the
number of nephrons in offspring [12]. In Pima Indians, the odds of elevated urinary albumin
excretion were nearly four times as high in subjects exposed to diabetes in utero as in those
exposed to a nondiabetic intrauterine environment (Figure 3) [13]. The largest increase in
the number of people with diabetes during the childbearing years over the next several
decades will occur in the developing world (Figure 1) [1], suggesting that the impact of
intrauterine exposure to diabetes on the development of diabetic nephropathy will
disproportionately affect disadvantaged people.

Vitamin A (retinol) and its main derivative, retinoic acid, are involved in nephrogenesis, and
rats exhibit a dose-dependent effect of Vitamin A on nephron number [14]. Both retinol and
retinoic acid are potent stimulators of nephrogenesis, with a single injection of retinoic acid
given to a pregnant rat at mid-gestation inducing supernumerary nephrons. Although human
data on the relationship between vitamin A and nephron mass are not available, the existing
animal data suggest that a mild vitamin A deficiency during pregnancy could lead to a
nephron deficit in the offspring that enhances the risk of kidney disease. Vitamin A
deficiency is not a major health problem in developed countries, but it is frequently
encountered in developing countries, particularly in pregnant women, in whom intake of
vitamin A may be inadequate to meet the increased demands encountered during pregnancy.
Accordingly, fetal vitamin A deficiency may disproportionately affect disadvantaged
populations and contribute to their increasing incidence rate of kidney disease.
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Childhood obesity and youth-onset diabetes
The prevalence of overweight and obesity in both developed and developing countries has
risen rapidly in recent years; 1.7 billion people worldwide are now classified as overweight
or obese and at least 155 million of these are children, 22 million of whom are below 5 years
of age [15]. The prevalence of overweight and obesity among children in developing
countries adopting Western lifestyles has tripled in the past 20 years [16, 17].
Accompanying the increase in childhood obesity is an emerging epidemic of T2DM in youth
[18], a problem presumably amplified in disadvantaged people by their higher frequency of
intrauterine exposure to diabetes and its effect on development of diabetes and obesity in
youth.

Individuals with youth-onset T2DM are at considerable risk for development of diabetic
kidney disease [19, 20]. As in adults, the prevalence of renal complications of T2DM in
youth correlates with duration of diabetes, so that the onset of diabetes in youth leads to the
end-stage complications of diabetes, including kidney failure and death, much earlier in life
(Figure 4) [21].

Infections
Once diabetes is established, the risk of diabetic kidney disease may be increased by chronic
or repeated infections. A history of parasitic and bacterial infections, for example, was found
more frequently among Australian Aboriginals who developed diabetic kidney disease [22].
The highest risk appears to result from repeated bacterial infections of the eyes, ears, nose,
chest, skin and gut. Close living quarters and poor hygiene are largely responsible for the
repeated bacterial and parasitic infections in the Aboriginal community.

Environmental toxins
Exposure to environmental toxins may not increase the risk of initiation of diabetic
nephropathy, but may well accelerate its progression [23]. Disadvantaged populations may
experience high levels of toxic exposures at work, since access to types of employment with
less exposure may be limited by language and educational attainment. Those who live and
work in rural environments may be exposed more frequently to nephrotoxins used in
industrial agriculture including fertilizers, herbicides, and insecticides containing heavy
metals such as arsenic. Urban workers may be exposed to hydrocarbons and heavy metals
used in manufacturing, including cadmium, mercury, and lead.

Toxic exposures may also occur at home. As recent immigrants to cities, members of
disadvantaged populations may be less likely to own land or have influence over land use.
They are also more likely to live in neighborhoods where they are exposed to toxic
chemicals at unhealthy levels. Cultural practices that arise in response to economic forces
and social disruption may also lead to toxic exposures that harm the kidney. Moonshine, for
example, is an alcoholic beverage made cheaply by distilling ethanol in radiators typically
lined with lead and using copper pipe soldered with lead. Drinking moonshine distilled in
such containers may result in lead nephropathy, which could also hasten progression of
diabetic kidney disease [24].

Exposure to tobacco
In patients with T2DM, tobacco is an independent risk factor for onset and progression of
diabetic nephropathy [25, 26], and smoking also increases the risk of diabetic end-stage
renal disease (ESRD) [27]. Unfortunately, the prevalence of smoking is high in many
developing countries [28]. Moreover, economic transition appears to increase the prevalence
of cigarette smoking among Australian Aboriginals [29], and migration from rural to urban
areas is associated with increased prevalence of tobacco abuse in China [30].
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Socioeconomic factors
Economic transition can have different effects on socioeconomic status and on the risk of
developing T2DM. People who successfully undergo economic transition – those who
migrate to cities and take industrial jobs that pay well – experience an increase in
socioeconomic status and greater access to food. In India, higher socioeconomic status
increases the risk of diabetes [31], and in the US the risk of T2DM is highest among
Hispanics of highest socioeconomic status [32]. On the other hand, higher socioeconomic
status is generally associated with better education and with the resources to make healthier
food choices. In the US, for example, the risk of T2DM among African-Americans is lowest
in those of higher socioeconomic status [33]. Different levels of acculturation may, in part,
explain the differential effects of socioeconomic status on the risk of T2DM in different
populations [34].

Socioeconomic status also has an effect on the risk of diabetic complications. Once T2DM is
diagnosed, diabetes duration, glycemic control, blood pressure, and microalbuminuria all
predict future renal disease. Control of glycemia is dependent on a host of factors and poor
glycemic control disproportionately affects many members of transitional and disadvantaged
populations. In the Third National Health and Nutrition Examination Survey, glycemic
control was poorer among Blacks and Mexican-Americans than in non-Hispanic whites
[35]. In India, urban patients of lower socioeconomic status were more likely than those of
higher status to develop complications of T2DM [36]. Poor glycemic control may also be
exacerbated by a number of socioeconomic factors. Economic realities may make proper
diet, diabetes testing equipment, and medicines unaffordable. Further, disadvantaged
populations may have limited access to education, including health education. The benefits
of medicines prescribed to control blood glucose and blood pressure may not be as clear to
poorly educated patients, and the side effects of these medicines may discourage
compliance, which has very real consequences in diabetic nephropathy. 36% of diabetic
Mexican-American subjects ≥ 65 years old reported that they took their prescribed diabetes
medicines inconsistently. Those who took their medicines inconsistently increased their
odds of kidney disease by 1.6 compared to those with good consistency over a 7-year period,
after controlling for age, sex, diabetes duration, education, income, marital status, language
of interview, insurance status, medication type, cognitive function, presence of depressive
symptoms, and activity of daily living [37].

Socioeconomic status correlates with progression of kidney disease in a number of
disadvantaged populations. Among native Americans in Minnesota, family income and
educational attainment are inversely associated with increased urine albumin excretion [38].
African-Americans with early decline in renal function are more likely to be of low
socioeconomic status and have suboptimal health behaviors and suboptimal control of
glucose and blood pressure [39]. Similarly, socioeconomic factors are strongly associated
with the incidence of ESRD among indigenous Australians. Leaving school before the age
of 15 years, unemployment, low household income, and over-crowding in the home were all
found to correlate with increased risk of ESRD [40].

Barriers to care
There are many obstacles to the prevention, timely diagnosis, and treatment of T2DM and
diabetic nephropathy in disadvantaged populations. Most important of these are the same
lifestyle factors that increase the risk of T2DM and diabetic nephropathy. Changes in caloric
balance that accompany the transition from a subsistence lifestyle (hunting, gathering or
intensive agriculture) to an industrial lifestyle are not easily reversed once a diagnosis of
T2DM is made. Hence, a dietary prescription may be difficult to implement and sustain for
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some members of transitional and disadvantaged populations [41]. The poverty that is
associated with obesity and poor diet also limits the funds available to pay for healthy foods,
exercise, access to a healthcare professional, and medicine once diabetes develops.

“Functional health literacy” is a measure of a patient’s ability to perform basic reading and
numerical tasks required to function in the healthcare environment. It is distinct from
educational level or language ability [42]. Poor functional health literacy limits effective
communication between the patient and her/his healthcare provider, so patients are often
confused about their disease and the process of care required to successfully manage their
disease, and the practitioner is often frustrated by the patient’s lack of understanding and
inability to implement treatment plans [43, 44].

Intertwined with impaired functional health literacy are complex patterns of health beliefs,
motivations, and behaviors that also act as barriers to care of people with diabetes. Members
of disadvantaged populations may often feel more comfortable using home remedies or
seeking the help of traditional healers and, as a result, may seek the help of Western
medicine only as a last resort. By the time such a patient comes to the attention of a
practitioner of Western medicine, it is often too late to prevent nephropathy and the only
therapy that remains is dialysis [45].

Limited access to healthcare presents a significant barrier to disadvantaged populations. For
example, in small villages near Chennai, India, there are two physicians for every 25,000
people. While care and medicines are free, the patient must travel to the healthcare center
and lose a day’s wages in order to receive care. As a result, few patients will seek the care of
a physician unless they are in urgent need and they will not seek care for chronic diseases,
such as T2DM, that may have no symptoms [46].

Even when barriers to care are removed, the risk of diabetic nephropathy may still remain
elevated if standards of care are not met by the providers. Kaiser Permanente of Northern
California provides unfettered access to providers and to pharmacy benefits for participants
in its healthcare plan. Among 38,887 diabetic patients who were at high risk for diabetic
nephropathy because of hypertension and/or elevated albuminuria, 61% received ACE
inhibitors or ARBs. While there was no statistically significant difference in overall
prescription rate for ACE inhibitors or ARBs among the racial and ethnic groups, African-
Americans with albuminuria as the sole indication for therapy were less likely to have ACE
inhibitors or ARBs prescribed [47]. Whether this treatment difference was due to a belief
that ACE inhibitors or ARBs were less effective or contraindicated in African-Americans or
to a greater unwillingness of African-American patients to receive these medicines is
unknown. Among the Kaiser patients, Asians, African-Americans, and Hispanics had higher
incidence rates of ESRD than non-Hispanic whites, despite equal access to care [48]. The
persistence of ethnic disparities after removal of barriers to care suggests that other factors,
including genetic, socioeconomic, environmental and attitudes or beliefs of providers or
patients, may still have profound effects on outcomes of diabetes.

Conclusions
Diabetic kidney disease is a common and increasing problem worldwide, and it
disproportionately affects disadvantaged people. Poverty and, paradoxically, the rapid
emergence from poverty are, in part, responsible. Factors that contribute to the
disproportionate burden include a higher frequency of damaging intrauterine exposures,
including malnutrition and diabetes, a higher frequency of infectious diseases, and greater
exposure to environmental toxins, including tobacco. These factors may also predispose to
an earlier onset of diabetes and kidney disease, thereby perpetuating the disadvantage by
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reducing the earning potential of those affected through illness and disability. Unfortunately,
particularly in developing countries, the cost of managing diabetic kidney failure already far
exceeds the available resources. Accordingly, efforts to reduce the burden of diabetic kidney
disease in disadvantaged populations should be directed towards diabetes prevention and
early screening and intervention in those who already have diabetes.
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Figure 1.
Estimated number of adults with diabetes in developed and developing countries. Adapted
with permission of the World Health Organization [1].
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Figure 2.
Prevalence of elevated urinary albumin excretion (albumin-to-creatinine ratio > 30 mg/g) in
diabetic Pima Indians, by birth weight, adjusted for age, sex, duration of diabetes, HbA1C
and mean arterial pressure. Dashed lines represent twice the point-wise asymptotic standard
errors of the estimated curve, and the vertical tics on the x-axis are a frequency plot of birth
weights. Values of the covariates were set to their sample means. Reprinted with permission
from Oxford University Press [10].
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Figure 3.
Predicted prevalence (95% CIs) of elevated UAE (albumin-to-creatinine ratio > 30 mg/g) in
diabetic Pima Indians, by maternal diabetes status, adjusted for age, sex, duration of
diabetes, HbA1C and MAP. Values of the covariates were set to their sample means. In this
figure, “Prediabetic” means that the mother did not have diabetes during pregnancy but
developed Type 2 diabetes later in life. Copyright© 1998 American Diabetes Association.
From Diabetes, Vol. 47, 1998; 1489–1494. Reprinted with permission from the American
Diabetes Association [13].
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Figure 4.
Cumulative incidence of diabetic end-stage renal disease in Pima Indians by age at onset and
duration of diabetes. Adapted with permission [21].
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