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Abstract

The prevalence of diabetes is increasing worldwide, with the greatest increases occurring in low-
and middle-income countries. In most developed countries, type 2 diabetes is presently the leading
cause of end-stage renal disease and also contributes substantially to cardiovascular disease. In
countries with weaker economies type 2 diabetes is rapidly replacing communicable diseases as

a leading cause of kidney disease and is increasingly competing for scarce health care resources.
Here, we present a narrative review of the prevalence and incidence of diabetes-related kidney
disease worldwide. Mortality among those with diabetes and kidney disease will also be explored.
Given the high morbidity and mortality associated with chronic kidney disease, we will also
examine the level of awareness of this disease among people who have it.
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INTRODUCTION

Diabetes mellitus is a major public health challenge, both in developed and developing
nations.! In 2015, an estimated 8.8% or 415 million people were living with diabetes
worldwide, nearly double the 4.6% (151 million) estimated in 2000, and this number is
expected to increase to 10.4% (642 million) by 2040.2 The most commonly diagnosed forms
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of diabetes are type 2 and type 1. Other types of diabetes, including gestational diabetes,
monogenic diabetes, and secondary forms of diabetes, are much less common.

Type 2 diabetes accounts for 87% to 91% of the global burden of diabetes and is the

most frequent cause of kidney complications.3 The onset of type 2 diabetes, unlike that of
type 1 diabetes, often goes undetected and therefore both prevalence and incidence rates
are generally under-reported. The age-adjusted prevalence of type 2 diabetes is highest in
North America, the Caribbean, Western Pacific, Middle East, and North Africa and lowest
in sub-Saharan Africa.2# Most people with type 2 diabetes live in urban areas and in low-
and middle-income countries, which are also projected to experience the highest increase in
national prevalence of type 2 diabetes over the coming decades.? The highest rates of type
2 diabetes are reported in certain ethnic groups across the globe, including the indigenous
people of Nauru, American Indians in the United States, First Nations people in Canada, and
indigenous people in Australia and New Zealand.4-

Type 1 diabetes accounts for 7% to 12% of the global burden of diabetes, 23 its incidence
varying substantially by geography,8 from around 60 cases per 100,000 people/y in Finland®
and 40 cases per 100,000 people/y in Sardinial to about 0.1 cases per 100,000 people/y

in China, India, and Venezuela.10 Half a million children aged <14 years lived with type 1
diabetes worldwide in 2015, with the highest number residing in Europe, North America,
and South-East Asia.2 In the United States, 1.25 million children and adults have type 1
diabetes! and this number continues to increase.1?

Although the latest estimate from the International Diabetes Federation shows that
prevalence of diabetes is increasing,? reports have emerged indicating that prevalence may
be stabilizing in some populations. A recent study on adults in the United States,3 using
the National Health Interview Survey (NHIS), showed a doubling in the prevalence and
incidence of diagnosed diabetes during 1990 to 2008 followed by a plateauing between
2008 and 2012. The age-adjusted prevalence of diabetes was 3.5% in 1990, 7.9% in 2008,
and 8.3% in 2012. The age-adjusted incidence per 1000 persons was 3.2 in 1990, 8.8

in 2008, and 7.1 in 2012. The study also reported that both prevalence and incidence of
diabetes continue to increase in non-Hispanic black and Hispanic subpopulations and those
with less than high school education. Similarly, a study using a large US claims database
reported that the overall prevalence of type 2 diabetes in adults remained stable from 2007
(1.24 million cases/15.07 million enrolled; 8.2%) to 2012 (2.04 million cases/24.52 million
enrolled; 8.3%), whereas the percentage of newly diagnosed cases fell dramatically from
2007 (152,252 cases; 1.1%) to 2012 (147,011 cases; 0.65%).14 In Laxa, central Sweden, the
prevalence of diabetes has not increased since 1988, and the incidence rate was relatively
stable for both type 1 and type 2 diabetes since the 1970s.1% In Scotland, the incidence of
type 2 diabetes remained stable between 2004 and 2013.16 By contrast, in Taiwan the total
population with diabetes increased by more than 70% between 2000 and 2009, representing
a 35% increase in age-standardized prevalence rate, whereas the age-standardized incidence
rate was nearly constant from 2000 to 2009.17-18 Nonetheless, incidence rates of type 2
diabetes are increasing rapidly in persons aged <35 years, which may be of particular
relevance with regard to personal and societal cost of long-term complications, and in those
older than 75 years, in part because of greater longevity in developed countries.
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People with diabetes are at increased risk of developing a number of disabling and
life-threatening complications, including cardiovascular disease (CVD), kidney disease,
blindness, and lower-limb amputations.? In this review, we will summarize the current
evidence on the epidemiology of one of the most common complications associated with
diabetes—CKD. Furthermore, we will explore trends in the incidence and prevalence of CKD
in diabetes, mortality among those with CKD, and the level of awareness about kidney
disease among patients with CKD.

Search Strategy

We searched PubMed and Medline for published articles with the following search terms
“diabetes” AND “kidney disease” or “renal disease” or “ESRD” or ESKD” or “diabetic
nephropathies” AND “epidemiology” or “prevalence” or “incidence” or “mortality” or
“awareness.” The search was limited to articles that are published. We also searched the
reference lists of articles identified by this search strategy and selected those we judged
relevant.

EPIDEMIOLOGY OF CKD IN DIABETES

Risk Factors for CKD in Diabetes

CKD in patients with diabetes, like in other diseases, is clinically defined by the presence

of persistent albuminuria (albumin-to-creatinine ratio [ACR] =30 mg/g for at least 3 months)
and/or persistent low estimated glomerular filtration rate (eGFR <60 mL/min/1.73 m?)
regardless of etiology.19

Certain risk factors for diabetic kidney disease are important targets in the prevention

or delay of CKD and for personalizing treatment strategies. Genetic factors, male sex,

age, and duration of diabetes, are among the nonmodifiable risk factors associated both

with onset and progression of kidney disease. The modifiable risk factors include poor
glycemic control, hypertension, lipid abnormalities, smoking, obesity, insulin resistance, low
intensity of physical activity, high salt intake, birth weight, exposure to diabetes in utero, and
periodontal disease (Box 1).29-23 Many of the listed risk factors prevail in disadvantaged and
displaced populations across the globe, predisposing to more frequent and earlier onset of
diabetes and CKD.2425

Prevalence of CKD in Diabetes

People with diabetes have nearly 2-fold higher odds of CKD than those without diabetes.
The odds ratios for CKD vary between 1.3 and 4.6, depending on the region of the world,
and this risk is compounded by the presence of hypertension.26 Among those with diabetes,
CKD prevalence varies widely between countries (Table 1),27-43 with estimates ranging
from 27.1% in Shanghai, China to 83.6% in Tanzania.36:41 In the US National Health

and Nutrition Examination Survey (NHANES) 2009 to 2014, CKD prevalence was 26.2%
among adults with diabetes, taken into account albuminuria persistence. In those aged =65
years low eGFR was significantly more prevalent than among younger age groups, whereas
persistent albuminuria prevalence was comparable.** A similar type of survey in Shanghai,
China, reports a CKD prevalence of 33.5% among patients with diagnosed diabetes in
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2008.34 Information about diabetes duration was not collected in this study, however, the
age-, sex-, body mass index—, and hypertension-adjusted prevalence of CKD was similar
among participants with previously diagnosed and undiagnosed diabetes, 24.5% and 23.3%,
respectively (median age 59 and 57 years, respectively), suggesting a relatively short
duration of diagnosed disease; CKD prevalence was significantly lower without diabetes:
12.1% in participants with prediabetes and 9.8% in those with normal glycemia (P <

.001 for trend).3* In contrast, in Singapore, CKD prevalence was 53% in 2011 to 2013
among a multiethnic group of primary care patients with type 2 diabetes*%; 21% had eGFR-
Modification of Diet in Renal Disease <60 mL/min/1.73 m2, 48% had ACR =30 mg/g, and
28% had diabetic retinopathy, a marker of diabetes-related CKD. Patients at high risk of
CKD were older, of Malay ethnicity, with longer duration of diabetes, higher body mass
index, Alc, blood pressure, and lipid levels. Different from the Chinese survey, this was

an ethnically diverse, urban, clinic referred population. Unlike the US survey mentioned
previously,** the Asian studies used single spot urine ACR measurements to define CKD,
which may in part explain the higher CKD prevalence in these Asian populations.

In Europe, where health care is universally subsidized by governments, CKD prevalence is
2 to 5 times higher in those with type 2 diabetes than in those without diabetes and age-
and sex-adjusted values vary between 15.4% in the Netherlands and 41.5% in Germany.*®
Factors accounting for the variation may include differences in diabetes prevalence across
the European Union, and local factors that may additionally impact risk of CKD, such as
differences in access to nephrology care, genetic predisposition, public health policies, and
environmental exposures.

In low- and middle-income countries around the world, access to screening and availability
of treatment, including renal replacement therapy, vary widely and are affected both by

the level of economic development, the relative prioritization of health care, and the
distribution of existing resources toward more prevalent and equally severe diseases, such
as HIV, tuberculosis, and CVD. A meta-analysis examining CKD epidemiology in 21
mostly sub-Saharan African countries found a substantial overlap of communicable and
noncommunicable diseases increasing the risk of CKD.6 In high-risk populations, including
those with diabetes, hypertension, or HIV, CKD prevalence varied widely between 3% and
38%; the pool of higher quality studies indicated an overall prevalence of 14%. In another
systematic review of diabetes-related CKD from 16 countries in Africa, the prevalence of
CKD ranged from 11% to 84%, with proteinuria being almost exclusively used (96%) as the
sole diagnostic marker.#” Furthermore, a high usage of herbal and traditional medicines in
this region may be related to the higher rate of hospital admissions with a diagnosis of acute
kidney injury than in developed countries (4.5%-35% vs 2.5% in the United States).*8 With
less than 1 nephrologist per million population in many of the sub-Saharan countries and

a limited public health infrastructure, detection, prevention, and treatment of CKD remain
substandard,*? even as Africa, like the rest of the world, is experiencing an increasing trend
in noncommunicable diseases.

In Central America and South Asia, the high prevalence of diabetes interacts with
environmental exposures to increase the burden of CKD. For example, exposure to
polychlorinated biphenyls and persistent pesticides, agrochemicals that have been used
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around the globe for decades and persist in the environment for long periods of time,
increase the risk of diabetes-related ESRD.50

Much of the variation in CKD epidemiology reflects true regional differences; however,
considerable variation is caused by using different equations and thresholds for estimating
GFR, differences in the timing, frequency, and method of albuminuria measurement, and
study design.>! Most studies used primary care-based populations, and few others are
true population-based studies. Prevalence estimates also differ with regard to duration of
diabetes, ascertainment method, and type of diabetes. Ohta and colleagues3! reported that
patients with type 2 diabetes are more than twice as likely as those with type 1 diabetes

to have CKD because of an age-independent higher prevalence of albuminuria and age-
dependent decreased eGFR.

Prevalence of Nonalbuminuric Kidney Disease in Diabetes

Albuminuria is considered an early indicator of diabetic kidney disease. However, a number
of studies have documented that nonalbuminuric CKD (eGFR <60 mL/min/1.73 m2 in

the absence of albuminuria) occurs relatively frequent in persons with diabetes and its
prevalence is increasing.452:53 |n NHANES 1988 to 1994,54 30% of participants 40 years
and older with type 2 diabetes and low eGFR had no albuminuria or retinopathy. In more
recent years, the National Evaluation of the Frequency of Renal impairment cO-existing
with NIDDM (NEFRON) survey of primary care patients with type 2 diabetes found that
55% of those with low eGFR were persistently nonalbuminuric. This percentage was lower
in Indigenous (17%) or Polynesian (<20%) patients.>® Although specific treatments were
not explored in this study, the authors indicate that medicines known to reduce urinary
albumin excretion (UAE) were commonly used in the care of these patients. Among 109
patients with type 2 diabetes attending a single tertiary referral center, nonalbuminuric CKD
was reported in 39% of them.%® After excluding those patients whose normoalbuminuric
status was possibly related to treatment with renin-angiotensin-aldosterone system (RAAS)
inhibitors, the prevalence of nonalbuminuric CKD was 23%.5¢ This phenotype has also
been reported in clinical trials. In the UK Prospective Diabetes Study, of the 1132 patients
with type 2 diabetes and incident kidney dysfunction (Cockcroft-Gault estimated creatinine
clearance <60 mL/min or doubling of plasma creatinine), 575 (51%) were found not to
have preceding albuminuria.>’ Although albuminuria and low kidney function shared many
of the same risk factors, certain nondiabetes-related factors specifically contributed to loss
of kidney function (high systolic blood pressure, central obesity, female sex). Similarly,

in the Diabetes Control and Complications Trial/Epidemiology of Diabetes Interventions
and Complications (DCCT/EDIC) study, 24% of the 89 patients with type 1 diabetes who
had sustained low eGFR did not have albuminuria.>® Those with initial alouminuria had
significantly longer diabetes duration and experienced a steeper decline in kidney function
than those without albuminuria.

The Developing Education on Microalbuminuria for Awareness of renal and cardiovascular
risk in Diabetes (DEMAND) study, a multinational cross-sectional clinic-based study
conducted in 2003, found that 21% of the patients with an average duration of type 2
diabetes of 7.6 years had kidney dysfunction (assessed by the Cockcroft-Gault equation)
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with normal albuminuria.®®-60 Qverall, 12% of this cohort had diabetic retinopathy. In a
2007 cross-sectional survey of primary care patients in Catalonia, Spain, with 7 years of
diabetes duration, 15% of the patients had nonalbuminuric CKD.33 These patients had better
metabolic control, lower prevalence of smoking and macrovascular disease, and were more
obese than those with albuminuria. On the other hand, CKD may be due to other causes
than diabetes per se, particularly when diabetic retinopathy is absent. Few studies, however,
include information on retinal examination, a simple, noninvasive, ambulatory screening test
that may help identify persons most likely to have kidney disease because of diabetes.

Incidence of CKD in Diabetes

Generally, the annual incidence of albuminuria is about 8% in type 2 diabetes or mixed
diabetes type populations, and approximately 2% to 3% in type 1 diabetes.51 The incidence
of low eGFR is approximately 2% to 4% per year regardless of type of diabetes; however,
pooled incidence rates for CKD are not feasible because of substantial heterogeneity in
population estimates.51

The UK Prospective Diabetes Study reported that 38% of persons with newly diagnosed
type 2 diabetes developed albuminuria during a median follow-up of 15 years,>’ 29%
developed renal impairment (Cockroft-Gault estimated creatinine clearance <60 mL/min

or doubling of plasma creatinine), and 14% developed both conditions. The risk of these
outcomes increased with longer duration of diabetes, and the risk of developing albuminuria
was higher among men than women. In the DCCT, the cumulative incidence of persistent
moderate albuminuria (ACR 30-300 mg/g) was 14%, 33%, and 38% at 10, 20, and 30 years
duration of type 1 diabetes, respectively, among persons with conventional hypoglycemic
treatment (mean Alc 9.6% [81 mmol/mol]). However, the incidence was lower, 10%,

21%, and 25%, respectively, with intensive diabetes treatment (mean Alc 8.9% [74 mmol/
mol]).82 Eighteen years after the end of randomization in DCCT, those formerly assigned to
intensive treatment had a 57% lower adjusted risk for moderate albuminuria and 84% lower
risk for severe albuminuria (ACR =300 mg/g) compared with those who never received
intensive therapy, suggesting a long lasting beneficial effect of tight glycemic control on the
development of kidney damage.53 A long-term postrandomization effect was also observed
with regard to kidney function, those in the intensive treatment arm having a 44% reduction
in persistently low eGFR when compared with those who were treated conventionally. Other
studies have shown that improving bodyweight, Alc, and systolic blood pressure reduces
the incidence of advanced CKD (defined as eGFR <30 mL/min/1.73 m? regardless of ACR;
eGFR <45 mL/min/1.73 m? and ACR =30 mg/g; eGFR <60 mL/min/1.73 m2 and ACR >300
mg/g; or onset of dialysis) after a median follow-up of 8 years. An overall improvement

in healthy lifestyle has a favorable effect on incidence of albuminuria over a short time
period.64.65

Population-based data on incidence of albuminuria, low eGFR, or both are virtually
inexistent in other parts of the world. In sub-Saharan Africa, a study enrolling 4815
participants from Ghana, Kenya, and Nigeria found that the adjusted odds of low GFR were
twice as high in those with that without type 2 diabetes, and the risk was highest among
those with both diabetes and hypertension.66 A study comparing South-Asian migrants with

Aav Chronic Kidney Dis. Author manuscript; available in PMC 2024 April 08.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Koye et al.

Page 7

type 2 diabetes from the Indian subcontinent with matched European Dutch counterparts
found that more South-Asians had albuminuria after 5 years of follow-up (26% vs 14%,
adjusted relative risk = 2.8; 95% CI, 1.08-4.9) and kidney function declined at a faster

rate, although at baseline the South-Asian group was younger, had fewer cardiovascular risk
factors, and lower blood pressure than the European group.®7 In Chennai, India, of the 2630
patients newly diagnosed type 2 diabetes without albuminuria, 44% had >500 mg/d urinary
protein excretion after a median follow-up of 11 years; the presence of diabetic retinopathy
and high Alc being the strongest predictors of this outcome.%8

In general, the residual lifetime incidence of CKD is estimated to be 54% for an individual
aged 30 to 49 years and no CKD at baseline; the probability of developing CKD declines
with age and is 42% after 65 years.%9 Incidence of diabetes has an unfavorable impact
mostly on those with advanced CKD. Approximately half of all patients with type 2 diabetes
and one-third of those with type 1 diabetes will develop CKD over the course of their
lifetime.”0-73 This difference is mostly because patients with type 1 diabetes are younger and
healthier at diagnosis and carry fewer comorbid condition than those with type 2 diabetes.?!

Secular Trends in CKD in Diabetes

A secular decline in the incidence of diabetes-related CKD has been described for type 1
diabetes but not for type 2 diabetes. The trends in type 1 diabetes coincide with a trend
for earlier initiation of antihypertensive treatment after the onset of diabetes, expansion

of RAAS inhibitor usage, and sustained improvements in glycemic and blood pressure
control,70.72.74-76

In type 2 diabetes, Afkarian and colleagues** reported that overall prevalence of diabetes-
related CKD based on NHANES data has not changed significantly from 1988 to 2014.
The prevalence was 28.4% in 1988 to 1994 and 26.2% in 2009 to 2014 (age-, sex-,

and race/ethnicity-adjusted prevalence ratio = 0.95; 95% ClI, 0.86-1.06; £ = .39 for

trend). Specifically, the prevalence of albuminuria declined from 20.8% to 15.9% (adjusted
prevalence ratio = 0.76; 95% CI, 0.65-0.89; £ < .001 for trend), largely because of declines
among adults <65 years and non-Hispanic Whites. The prevalence of low eGFR, however,
increased from 9.2% to 14.1% (adjusted prevalence ratio = 1.61; 95% CI, 1.33-1.95; P
<.001 for trend), without differences in age or race/ethnicity—specific eGFR trends. This
increase in the prevalence of low eGFR was despite increased use of glucose-lowering
medications and RAAS inhibitors in people with diabetes. The SUrveillance, PREvention,
and ManagEment of Diabetes Mellitus (SUPREME-DM) Data Link study in the United
States, including 879,312 persons with diabetes,”” found that age- and sex-standardized
prevalence of CKD diagnosis codes increased from 10.7% in 2005 to 14.3% in 2011 (an
average relative increase of 4.1% per year, P<.001). However, ascertainment of low eGFR
declined from 9.7% in 2005 to 8.6% in 2011 (an average relative decrease of 2.3% per year,
P<.001). The discrepancy with the NHANES results likely reflects the poor concordance
between laboratory measurements and diagnosis codes for CKD.
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ESRD in Diabetes

Globally, 80% of ESRD cases are caused by diabetes, hypertension, or a combination of the
both. Compared with adults without diabetes, the incidence of ESRD is up to 10 times as
high in those with diabetes. Even so, only a limited number of patients with diabetes-related
CKD will ever receive renal replacement therapy, as 78% of these people are living in

low- and middle-income countries where resources, coverage, and access to dialysis and
kidney transplantation are limited. The proportion of diabetes-related ESRD varies greatly
between countries around the world. In 2014, between 5% and 66% of new ESRD cases
were primarily caused by diabetes,”® the highest proportion being reported in Singapore,
Malaysia, and the Jalisco region of Mexico, and the lowest in Norway, Romania, and
Iceland. Most countries at the upper end of this distribution experienced a steep increase in
diabetes-related ESRD incidence over the past decade; between 2001 and 2015 top increases
were by 1448% in Thailand, 981% in Russia, and 378% in the Philippines. Because these
rates are reported for the overall country-specific populations, they essentially reflect the
increasing prevalence of diabetes in those populations, in part as a consequence of disease
burdens moving away from infections toward chronic lifestyle-related diseases and increased
life expectancy. Treated ESRD prevalence was highest, ranging from 1568 to 3219 per
million population, in the Asian countries of Taiwan, Japan, Singapore, and the Republic of
Korea, as well as the United States, Portugal, and the Jalisco region of Mexico.”® Although
treated ESRD incidence rates have been quite stable or have declined in many countries
during recent years, the prevalence has steadily increased in all 32 countries that provided
data from 2001 to 2014.

In the United states, 44% of new cases of ESRD is attributed to diabetes (either type 1

or type 2), with non-Hispanic Black people having the highest and non-Hispanic White
people the lowest rates.”172.78.79 Detailed quantitative information on the trend in diabetes-
related ESRD and how it relates to other diabetes complications in the United States

comes from the analysis of several nationally representative databases (NHIS, National
Hospital Discharge Survey, US Renal Data System, and National Vital Statistics System)
between 1990 and 2010.89 In the population with diabetes (largely type 2 diabetes), rates

of myocardial infarction, stroke, amputations, ESRD, and death from hypoglycemia have
declined, with the largest decline in cardiovascular events and the smallest in ESRD. In the
1990s, diabetes-related ESRD incidence was low, as cardiovascular morbidity and mortality
represented important competing events. The reduction in these competing causes over the
following decade allowed people with diabetes to live long enough to progress to ESRD,
which explains why the decline in ESRD is more limited. Even so, after the year 2000 the
study found a statistically significant decline in diabetes-related ESRD across all age groups,
paralleling considerable advances in adoption of renoprotective treatments nationwide.44:81
Similar declining trends have been reported in Denmark and Catalonia.82:83

In Australia, diabetes has surpassed other causes of ESRD over the past 2 decades, to
become the single leading cause of ESRD. In 2012, 38% of new ESRD cases had a primary
diagnosis of diabetes, compared with 13% in 1991, representing an annual incidence rate
of 1 case/1000 in 2012.84 The prevalence of diabetes-related ESRD was 208 per million
population at the end of 2012, a 130% increase since the 1990s, and one of the largest
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among high-income countries.84 This growth in diabetes-related ESRD is predominantly
due to the increased prevalence of type 2 diabetes in the Australian population, improved
survival among those with diabetes, and a greater willingness to treat older and sicker
patients with ESRD.

Diabetic Kidney Disease and Mortality

People with type 1 or type 2 diabetes!6:85:86 experience higher risk of premature death
compared with the general population, and the presence of CKD further increases this
risk.21.78.87-90 For example, in the US adult population, age-standardized 10-year cumulative
all-cause mortality was 7.7% among persons without diabetes or CKD (ACR =30 mg/g
and/or eGFR <60 mL/min/1.73 m2), 11.5% among persons with diabetes but without CKD,
and 31.1% in the population with both diabetes and CKD.%!

In the FinnDiane study, a cohort representing 16% of the population with type 1 diabetes in
Finland, the presence and severity of CKD was a major predictor of all-cause mortality.92
The presence of moderate albuminuria (UAE = 20-200 ug/min) was associated with a nearly
3 times higher risk of death than in the general Finnish population (adjusted standardized
mortality ratio (SMR) 2.8; 95% Cl, 2.0-4.2), CVD representing 56% of these deaths; severe
albuminuria (UAE =200 pg/min) was associated with 9 times the death rate observed in the
age- and sex-matched general population (adjusted SMR 9.2; 95% Cl, 8.1-10.5), 45% of
these being caused by CVD. Other major causes of death with severe albuminuria included
infections and cancer. Among persons with ESRD, the SMR was 18.3 times as high as in
the general population, with the same leading causes of death.%2 In contrast, persons without
albuminuria had similar mortality as the general population, regardless of the duration of
diabetes (adjusted SMR 0.8;, 95% ClI, 0.5-1.1), indicating that kidney disease is a major
driver of excess mortality in diabetes. Irrespective of the albuminuria level, the eGFR was
independently associated with mortality, but in a U-shaped fashion, possibly reflecting
confounding from other comorbid conditions unrelated to kidney disease at high eGFR
levels. The Pittsburgh Epidemiology of Diabetes Complications Study in patients with type
1 diabetes showed similar findings.93 SMR was 2.0 (95% Cl, 1.2-2.8) without albuminuria;
6.4 (95% Cl, 4.4-8.4) for patients with moderate albuminuria; 12.5 (95% CI, 9.5-15.4) for
those with severe albuminuria, and 29.8 (95% Cl, 16.8-42.9) for ESRD.

The global burden of disease study showed that age-standardized death and disability-
adjusted life year (DALY) rates associated with noncommunicable diseases have been
declining globally. However, such favorable trends were not found for CKD.% For the 51
countries studied, CKD ranked among the top 10 causes of years of life lost, DALYS, or
both in 2013. Specifically, age-standardized death rate for CKD due to diabetes increased
from 1.4 to 2.9 per 100,000 people from 1990 to 2013, a 107% change. Similarly, the
age-standardized DALY rate for CKD due to diabetes increased from 59.3 to 90.9 per
100,000 people from 1990 to 2013, a 53% increase.%4

Awareness of CKD

One in 3 adults with diabetes are estimated to have CKD and most of them are not aware
of having kidney disease.%> Moreover, claims data indicate that testing for urine albumin, an
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early marker of kidney disease in diabetes, is being done in less than half of patients.% Early
detection and better management of CKD can slow its progression, prevent complications,
and reduce cardiovascular outcomes.®’ However, early kidney disease is asymptomatic and
consequently most patients with CKD are unaware of their condition.%8-100

Globally, the level of CKD awareness is less than 10% in the general population of CKD
patients.29:41,101-105 The NHANES!0L collected data on the level of awareness among US
patients with CKD by asking participants whether they had ever been told they had “weak
or failing kidneys.” From 1999 to 2004, in the general population of CKD patients, only 6%
reported being told that they had weak or failing kidneys (3.7%, 3.5%, 7.8%, and 41.8%

for Stage 1, 2, 3, and 4, respectively). Participants at high risk of CKD reported better
awareness: 17.8% of those with diabetes were aware of having CKD compared with 5.9% of
those without diabetes.9

Among 7853 participants with diabetes and CKD in the US Kidney Early Evaluation
Program (KEEP), 9.4% were aware of their CKD; awareness level was 6% in those with
CKD Stages 1 and 2 and 10.9% in those with later-stage CKD.102.103 | line with this
study, the ADD-CKD study (Awareness, Detection and Drug Therapy in Type 2 Diabetes
and Chronic Kidney Disease) in the United States reported that although more than half of
participants with type 2 diabetes had CKD as manifested by changes in the urine protein
excretion, a decreased eGFR, or both, only 12% had their CKD identified by the primary
care practitioners. It also reported that clinicians were more likely to identify advanced than
early CKD.106 Although regular physician visits were not associated with greater awareness
in a Canadian study,107 they were in other studies from the United States and Canada.100.108
Studies in other populations reported similar CKD awareness, between 5% and 10%, with
lowest values among people with low socioeconomic and educational statuses.104105 |n

a single center study in Tanzania, mostly in patients with type 2 diabetes, more than
three-quarters (83.7%) had CKD and 80% had significant albuminuria, however, none of
them was aware of their illness.36

CONCLUSION

Increasing prevalence of diabetes around the world and changes in clinical practice have
influenced the epidemiology of CKD in recent years. In many countries, including the
United States, diabetes is responsible for over 40% of new cases of ESRD, surpassing
other causes to become the single leading driver of incident kidney failure. Persons with
diabetes-related CKD have lower survival relative to those without CKD, primarily because
of the excessive risk of coexistent morbidity, particularly CVD, associated with CKD.
Nonetheless, wide variation was observed in the epidemiology of CKD among populations
with diabetes globally, largely because of the lack of high quality population-based studies
with validated measures of CKD. Although considerable research is under way in search
for better diagnostic means and more effective treatments, outside the research community
and the realm of health care professionals, awareness of CKD has remained very low even
among patients with diabetes.
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CLINICAL SUMMARY
. The prevalence of diabetes is increasing in most parts of the world.

. The prevalence and incidence of end-stage renal disease remain high, driven
largely by the high prevalence of diabetes and better survival among those
with diabetes.

. Chronic kidney disease is associated with most of the excess all-cause and
cardiovascular mortality in patients with diabetes.

. The level of chronic kidney disease awareness around the world is very low.

Aav Chronic Kidney Dis. Author manuscript; available in PMC 2024 April 08.



1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Koye et al.

Page 18

Box 1

Nonmodifiable

Modifiable

Risk Factors for CKD in Diabetes

Genetic factors

Male sex

Age at onset of diabetes between 5 and 15 years
Long duration of diabetes

Increasing age

Family history of diabetic kidney disease, type 2 diabetes, hypertension, and
insulin resistance

Ethnicity

Poor glycemic control

Hypertension

Lipid abnormalities

Smoking

Obesity

Socioeconomic disadvantage

Sedentary lifestyle or low intensity of physical activity
Maternal gestational diabetes or developmental glucose exposure
Metabolic syndrome

Insulin resistance

Low-grade inflammation

Endotoxins

Advanced glycation end products

Recurrent or chronic infections

Episodes of acute kidney injury

Salt intake

Vitamin D deficiency

Periodontal disease

Birth weight

Aav Chronic Kidney Dis. Author manuscript; available in PMC 2024 April 08.
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