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Key Points of the Chapter

1. When considering risk factors of kidney disease,
longitudinal data that investigate incidence of dis-
ease may be more useful than cross-sectional data
assessing prevalence.

2. There is to date no firm evidence supporting blan-
ket screening for kidney disease irrespective of
underlying cause in the general population.
However, for specific forms of kidney disease, there
may be benefits of testing and early identification,
for example, amongst people with diabetes.

3. Urinary testing for albuminuria is infrequently
done in primary care, yet albuminuria is a key risk
factor for poor health outcomes.

65.1 Introduction

Abnormalities of kidney function or structure lasting
more than 3 months are considered as chronic kidney
disease (CKD). CKD is then classified further into cat-
egories of risk and severity of function loss based on
albuminuria and eGFR. The cause of kidney disease
should be recorded as well, though only a subset of peo-
ple in the general population are investigated as to the
cause of their kidney function loss. Typically, people in
the general population present with a decreased glomer-
ular filtration rate (GFR less than 60 ml/min per
1.73 m?). Urinary testing is infrequently done in general
practice, and structural kidney problems are often only
picked up during abdominal ultrasounds carried out for
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other reasons; hence, patients present less often with
gross proteinuria or structural abnormalities.

CKD is increasingly recognised as worldwide health
problem. This chapter reviews the epidemiology of
CKD. As CKD is a silent disease and often asymptom-
atic until the presence of established renal failure, there
are limited data on its natural history. This chapter aims
to put the available data from routine health care and
renal registries into context and discusses why screening
for CKD has not been established in many health set-
tings.

65.2 Incidence and Prevalence Explained
Using Renal Replacement Therapy
Data

Incidence of renal replacement therapy captures how
many new people start chronic RRT per unit time (typi-
cally years) per million population. 8 Figure 65.1 shows
the change in the UK RRT incidence since 1990. The
initial rise in incidence rate in the over 65 age group,
which occurred due to acceptance of elderly for RRT,
has plateaued, but there appears to be an upward trend
in incidence rate in individuals between 45 and 65 years
of age [1].

Prevalence refers to how many patients are on RRT
at a given point in time. Prevalence data are affected by
how many people start dialysis (incidence) and by how
long people survive on RRT. Trends of prevalence are
therefore much harder to interpret as there are a range
of factors that impact on incidence of RRT and factors
that impact on survival on RRT, both of which may
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affect total prevalence figures. For example, in the UK,
prevalence has increased each year by ~3-4%. When
comparing RRT incidence with prevalence data over
time, it becomes apparent that this yearly increase in
prevalent patient numbers on dialysis has been mainly
driven by improved survival and a larger surviving pro-
portion of transplant patients because in the same time
period, there has been an overall stable incidence of new
RRT patients (B Fig. 65.2) [2].

Prevalence data are useful to quantify costs to the
health system; however, incidence data are more useful
to understand underlying factors associated with
increases in dialysis or transplant take-on over time.

65.2.1 Limitations of Using RRT Data

Most renal registries record and report the incidence of
RRT for patients who have started and survived RRT
for at least 90 days as these patients are assumed to have
irreversible or established end-stage renal disease
(ESRD). This 90-day rule originated in the USA where
the government starts to pay for dialysis of patients
when they are deemed to be chronic. Many other renal
registries adopted the same rule to collect their national
data to allow for international comparisons. However,
collecting data only on people who survived more than
90 days on dialysis means that this measure does not
capture the information of the incidence of dialysis, and
it does not tell us how many patients in the population

1125

(o] m < wn O ~ o] (o)) o — o ™M < wn O

o o o o o o o o — — — — — — —

o o o o o o o o o o o o o o o

(g o (o] (g o (o] o~ (o] o o o (o] o o (o]
Year

needed acute or chronic dialysis. Not every patient who
needs dialysis may get started on dialysis, and not every
patient started on dialysis will survive for 90 days. When
making international comparisons of RRT incidence,
investigators therefore have to make a series of assump-
tions with regard to the referral and availability of RRT,
people with CKD stage 5 being started on dialysis,
reversibility of the kidney problem, survival in the first
90 days of the dialysis (numerator) and the population
(denominator).

Whether very elderly patients or those with other
chronic conditions such as HIV, malignancy or severe
cardiovascular disease are offered RRT depends to a
large extent on available resources, national legislation
with respect to life-prolonging therapy in the face of
chronic disease and the degree of renal knowledge and
ethical opinions of treating doctors.

65.3 Defining the Incidence and Prevalence
of CKD in a Population

The term CKD covers a number of primary disease pro-
cesses that result in structural and/or functional kidney
abnormalities persisting for at least 3 months. There
have been various staging systems over time. A widely
used version was from NFK-KDOQI which subdivided
CKD into five stages according to the eGFR. This stag-
ing was later superseded by the KDIGO CKD staging
system (B Fig. 65.3) which was based on solid epide-
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Albuminuria stages,
description and range (mg/g)
Al A2 A3
Optimal and High Very high and
high-normal 9 nephrotic
300-
<10 10-29 30-299 1999 >2000
Hiah and >105

G optimal

P 90-104

75-89

GFR G2 Mild
stages, 60-74
descrioption -
and range G3a Mild- 45-59
(ml.min per moderate
1.73m2) i

G3b Moderate 30-44
severe

G4 Severe 15-29

G5 Kidney <15

failure

DO Fig. 65.3 Composite ranking for relative risks by GFR and albuminuria (KDIGO 2009). (Reproduced with permission from Kidney
Disease: Improving Global Outcomes (KDIGO) CKD Work Group [3])

miological information on how single time point eGFR
and albuminuria test results relate to later risk of cardio-
vascular disease and incidence of ESRD.

The incidence of CKD is much harder to ascertain
than the incidence of RRT. In order to measure ‘incidence
of CKD’, i.e. true new CKD cases in a perfect epidemio-
logical cohort study, one would need to exclude those with
CKD at baseline from our follow-up study. The follow-up
requires re-measuring kidney function at regular time
points on every participant using the exact same assay
each time. This assumes a perfect measurement of CKD,
but as we discuss below, this is not feasible. In order to
have enough observations to understand the risk factors
for incident ESRD, a very large study would be needed.
For a million population in the UK, there would be about
150 incident RRT cases per year, so the cost of a proper
research study just to define CKD incidence, and how this
relates to RRT incidence, is prohibitive. To date, there is
no universal screening for kidney disease in the general
population at pre-specified time points in life. Due to the
use of changing creatinine assays over time and testing of
kidney function at irregular intervals according to patient
need, the use of routine data is therefore challenging and
relies on some untestable assumptions.

65.3.1 Limitations of Using CKD Definition

and Staging

The biggest problem of the NKF-KDOQI system was
that it did not reflect the true risk of who progresses to
RRT and, of those identified, who has a treatable kid-
ney problem. As mentioned before, pooled population-
based studies looking at risks for ESRD and death in
international studies provided evidence which led to the
KDIGO staging of CKD to include albuminuria as an
independent risk factor for RRT and low GFR; indeed,
albuminuria is an equally strong or potentially stronger
predictor of the risk of RRT than eGFR (B Fig. 65.3).
This is now firmly reflected in the risk system [3, 4] — a
person with persistent albuminuria who has an eGFR
>60 ml/min/1.73 m? has the same risk of ending up on
dialysis as a person with already reduced eGFR but no
albuminuria. However, in practice, the largest group of
patients to come to clinical attention with CKD are
those with reduced GFR (stages 3-5), for many of
whom the causes are multifactorial, and for whom it is
unclear whether detecting CKD has any implications
on specialised kidney care. Most people with CKD
stages 3-5 benefit from agressive cardiovascular risk
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management, as their risk of dying from cardiovascular
disease is very high. The vast majority of these patients
are frail elderly people who are traditionally managed
by general practitioners and geriatricians. Unfortunately,
the many patients with proteinuria/albuminuria and
maintained renal function who may merit relatively
more attention because there is a greater potential to
prevent progression are often not detected as they are
not tested for albuminuria.

The second issue is accuracy of measuring estimated
GFR. The traditional indirect measure of GFR in clini-
cal practice was the 24 h creatinine clearance. These 24 h
urine collections are subject to substantial measurement
error and not feasible in large studies. NHANES III was
the first population-based survey that assessed renal
impairment using a serum creatinine-based formula that
had been validated for the US kidney patient population
[5]. The typical eGFR formula requires simple input data
such as the age, gender and ethnicity, in addition to
serum creatinine. Because creatinine is a product of the
endogenous muscle metabolism, these calculations
assume the presence of a stable muscle mass. An investi-
gation in standardisation of creatinine assays showed
that the type of assay plays a role for an estimated GFR
>60 ml/min per 1.73 m?. Each of the available eGFR for-
mulae has its own biases, e.g. the MDRD formula over-
estimates presence of CKD in older women and has not
been validated in older age groups [6]. The CKD-EPI
formula is thought to perform better in Western popula-
tions [7] but does not appear to work in less well-
nourished populations in other parts of the world, and
using the ‘race’ adjustment in the formula has been
shown to lead to unintended health inequalities. The
measurement error around an eGFR measurement
ranges from 20 ml/min relative to the gold-standard
GFR measurement (with worse errors when eGFR is
>60 ml/min), and so any survey using eGFR data will be
imprecise by default [8]. Most epidemiologic studies only
use a single time point eGFR, and the reported risk asso-
ciations are to some degree affected by non-differential
misclassification.  Non-differential ~ misclassification
means that the observed associations for eGFR and spot
urine or dipstick measurements will be imprecise and not
capture true kidney function and true albuminuria per-
fectly. Hence, research studies underestimate the true
degree of risk associations for the true underlying kidney
function/damage. This is not a major problem for clinical
practice as we use repeats of these imperfect test results
to reduce measurement error for an individual patient.
Of note is that the current KDIGO classification system
is based on these imperfect test results.

Overall, despite above criticisms — in comparison
with pure serum creatinine measurements and 24 h col-
lections of urine, serum creatinine-based GFR estimates
and urinary albumin/creatinine or protein/creatinine
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ratios seem to perform well to detect the presence of
kidney disease.

65.4 What Influences Prevalence of CKD
and Incidence of ESRD?

Many community-based surveys in the USA, the UK and
elsewhere have highlighted that the prevalence of CKD is
much higher than previously appreciated and appears to
be increasing especially in countries with a rising preva-
lence of diabetes, hypertension, cardiovascular disease
and obesity. An updated NHANES survey which used
ACR >30mg/g and GFR <60 ml/min/1.73 m? showed
that the prevalence of CKD in the USA has increased
over the last 10 years by a factor of approximately 1.3;
increases in prevalence of microalbuminuria were
explained by increases in BMI, diagnosed diabetes and
hypertension; however, only parts of the overall decrease
in GFR were explained by the same factors. Cross-
sectional data suggest that proteinuria has different prev-
alence in different ethnicities and that these differences
already exist in childhood. Hispanic patients with CKD
seem to have a faster decline of GFR when compared to
non-Hispanic whites, when adjusting for diabetes.
Whether these ethnic differences in albuminuria and pro-
teinuria and disease progression are a function of a cer-
tain lifestyle or due to genetic differences remains unclear.
Most countries have similar CKD prevalence esti-
mates but very different RRT incidences. For example,
in the USA, the incidence of 90-day RRT is 340 pmp; in
the UK, approximately 150 pmp; and in Germany, 180
pmp — again highlighting that CKD prevalence and
RRT incidences are not measuring the same entity.
Within the USA, the prevalence of CKD as measured
by MDRD eGFR has remained stable over 10 years,
whilst incidence of RRT increases in the same time
period with a disproportionate number of patients with
diabetic ERF [9]. In Caucasian populations, variation
of RRT incidences is a function of the variation of dif-
fering age structures in the population. If this variation
is removed via age/sex standardisation and restriction to
those under 65 to account for a potential referral bias by
age, then the residual variation is partially explained by
varying RRT incidence of diabetic nephropathy [10].

65.5 Referral of Patients with CKD

CKD prognosis consortium data (B Fig. 65.4) shows
that there are many more patients within primary care
than seen by a nephrologist in secondary or tertiary
care. It is very evident that for every 100 patients seen in
primary care, there were 10 seen in clinics, and only 1
survives and reaches ESRD. To date, we do not know
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For every patient on renal
replacement therapy how many are
in the clinincals and general population

Survival and treatment bias

10 at clinics

Referral bias

100 in primary care
(~60 % found in 06/07 QOF)

B Fig. 65.4 CKD-ESRD spectrum: understanding biases in CKD
and ESRD data due to referral and survival or treatment biases
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B Fig. 65.5 Age- and sex-adjusted relative risk (RR) of end-stage
renal disease (ESRD) and death in the Chronic Renal Impairment in
Birmingham Study by baseline estimated glomerular filtration rate.
Both the horizontal and vertical axes are shown on a logarithmic
scale. The points in the right-hand panel have been adjusted so that

who this one survivor will be who will reach ESRD. This
means that a renal physician’s perspective of ‘late refer-
ral’ may in parts be true, but certainly there are plenty of
people in the community who had many other problems
in addition to CKD.

It is important to appreciate that as CKD gets worse,
the risk profile of patients changes. Whilst most patients
with CKD whom a general practitioner detects on
screening will die before ever reaching RRT, patients
with progressive renal disease who are seen by nephrolo-
gists may have been selected and therefore may show a
better survival prognosis with consequently more people
needing RRT.

Patients who were referred from primary care to renal
services and who have CKD stage 4 show higher cumula-
tive risks death or progression to ESRD than those with
earlier CKD (8 Fig. 65.5) [11]. Almost 65% of patients
with CKD stage 4 will have either a renal or a cardiovas-
cular event over the ensuing 5 years. As the GFR falls
below 20 ml/min per 1.73 m?, the focus moves to treating
the advanced CKD complications and planning for RRT.

All-cause mortality
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the absolute mortality rates they represent are comparable with the
absolute ESRD rates represented in the left-hand panel (thus, the
point at which the two lines cross is the level of eGFR above which,
in the CRIB cohort, the risk of death started to exceed the risk of
ESRD). (Reprinted with permission from Landray et al. [11])
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65.6 Understanding CKD Progression
and the Issue of AKI

1129

65.7 Defining an Underlying Cause of CKD:
Considerations and Causes Not to Miss

AKI is reported to complicate up to 5% of all hospital
admissions. In a study of over five million hospital
admissions in the USA, the AKI rate was 14.6 cases per
1000 discharges in 1992 and increased to 36.4 cases per
1000 discharges in 2001 [12] though case identification
was incomplete. Applying laboratory definitions of AKI
(an acute rise in serum creatinine), much higher inci-
dences of AKI have been observed. In 2003, in a well-
defined Scottish region, the incidences of AKI and
acute-on-chronic kidney disease (ACKD) were 1811
and 336 per million population (pmp), respectively, each
year. The median age for AKI was 76 years and for
ACKD was 80.5 years. Sepsis was a precipitating factor
in half of these patients [13]. The same authors repeated
this study a few years later and found that the AKI inci-
dence had risen to 2147 pmp per year. A higher propor-
tion of patients with AKI were now referred to
specialists, and treatment with RRT was almost four
times more common. Whether this is due to true
increases in AKI due to the changing population struc-
ture with more frail older patients being susceptible or
whether this is due to increases in better testing for and
coding of AKI due to physician awareness needs to be
investigated further.

There is increasing evidence that AKI returning to a
‘normal’ baseline may not be benign but significantly
predispose to CKD particularly in the context of multi-
ple or severe episodes [14]. It is increasingly appreciated
that AKI often occurs in patients with pre-existing
CKD - so-called acute-on-chronic kidney disease. This
is best thought of as an acute deterioration in renal
function occurring in an individual with limited renal
reserve, and not all of these acute-on-chronic declines in
kidney function are reversible.

In summary, AKI is common, and its incidence
appears to be rising in particular in the older popula-
tion many of whom have CKD. Of course, AKI will
impact on any epidemiological study of CKD progres-
sion. Emerging data suggest that the concept of ‘slow
CKD progression’” through CKD stages 1-5 does not
really hold up in the community setting. The idea of
slow progression may very well be true for defined
well-understood kidney disease entities. However, at
the population level, it appears that CKD progression
as a continuous phenomenon is not present in older
people, whilst the risk of AKI in the context of acute
illness is substantive due to a multitude of factors,
which require further investigations as to their pre-
ventability.

@ Figure 65.6 shows an approximate breakdown of
CKD causes. Within the British white population,
recorded primary causes of ESKD include in 20% dia-
betic nephropathy, in probably more than 15% severe
CVD unrelated to diabetes, in 8% polycystic kidney dis-
ease and in autoimmune diseases, as, for example, glo-
merulonephritis or systemic lupus erythematosus (SLE),
30%. Ideally, the primary cause of CKD should be estab-
lished in every patient, but a substantial percentage (20—
30%) of registry returns worldwide have ‘CKD unknown
cause’ as the reason for ESRD — partly because patients
may present with small kidneys so it is not appropriate or
possible for them to undergo a renal biopsy.

There are undoubtedly new renal diseases waiting to
be discovered in the CKD population as illustrated by
the recent discovery of C5 nephropathy in the Cypriot
dialysis population, or the Mesoamerican nephropathy
[15, 16]. Some authors refer to an epidemic of primarily
tubulointerstitial chronic kidney disease (CKD) of
unknown cause which has been acknowledged to cause
an enormous number of early deaths in the last two
decades in younger inhabitants in agricultural commu-
nities in low- and middle-income countries (LMICs) due
tounavailability of diagnostic servicesand RRT. Whether
this is one single disease entity of single causation or a
mix of different diseases is unknown [17]. Due to the
highly politicised nature of this problem as the hypoth-
esised causes are often directly related to the livelihoods
of affected populations, it has been difficult to carry out
solid epidemiological research into causation. Most
studies are cross-sectional and affected by reverse cau-

Whites

B Diabetes

M Hypertension
Renovascular
Glomerulonephritis

M Polycystic kidney
(PCKD)
B Pyelonephritis

m Uncertain

Other & missing

O Fig. 65.6 Pie chart of recorded primary cause of kidney disease
amongst people of white ethnicity using the UKRR 2016 data report
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sality (i.e. presence of kidney damage affecting other
biomarker assessments and risk factor reporting). There
have been occupational cohort studies which often lose
many participants over time and do not reflect the
underlying populations as most agricultural workers are
healthier than the average population (the so-called
healthy worker effect). It has been difficult to perform
screening tests as the natural history is not well under-
stood, and this kidney disease has not shown associa-
tion with traditional markers such as hypertension or
proteinuria. The existing eGFR formulae have not been
validated in affected populations.

Box 65.1
Suggest the Diagnosis

Genetic causes

In clinical practice, there are advantages to the
patient in honing down the differential diagnosis in
terms of (a) the possibility of an inheritable condition,
(b) recurrent disease and (c) potential on-going treat-
ment for systemic conditions. » Box 65.1 shows some
conditions worth considering in the patient first present-
ing with CKD in whom the diagnosis is not clear
(obstruction and other obvious causes excluded) and a
biopsy either non-diagnostic or inappropriate. This is
not a comprehensive list, nor are most of these tests
appropriate in most patients, but some in the right set-
ting can be very suggestive of the underlying disease.

Some Causes of ESRD to Consider (Beyond the Obvious) with Non-invasive Tests That May Make or

Nephronophthisis: AR, urinary concentrating defect, medullary cysts, screening NPHPI (and others) childhood and adolescent

CKD

MCKD1: AD, urinary concentrating defect (polyuria), preserved renal size

MCKD2: AD, gout in adolescence, high urate
RCAD: AD, HNFIB type 2 diabetes in youth (MODY)

Thin basement membrane nephropathy: AD, haematuria and family history, genotyping: COL4A3/4/5

CFHRS5 nephropathy: AD, haematuria and macroscopic haematuria (in Cypriots)

Branchio-oto-renal: AD, pre-auricular pits, deafness, branchial clefts

Alport’s syndrome: X-linked (and AR), deafness (but not always), haematuria, retinal signs

Anderson-Fabry: X-linked, angiokeratomas, eye and heart signs, pain, white blood cell alpha- galactosidase, urine for ‘Maltese

cross’

Nail-patella syndrome: AD, X-ray of pelvis (iliac horns), absent patellae and dystrophic nails (especially thumbs)

Nephrocalcinosis and ESRD

Primary hyperoxalosis: Nephrocalcinosis, oxalate levels, mutation analysis AGAT

Adenine phosphoribosyltransferase deficiency: AR, nephrocalcinosis, APRT enzyme level, stone analysis
Dent’s disease: X-linked, nephrocalcinosis, tubular proteinuria proximal tubulopathy

Cystinosis: AR, nephrocalcinosis, corneal crystals (photophobia), proximal tubulopathy

Infections

Tuberculosis: Sterile pyuria, early morning urines for TB culture, QuantiFERON assay, X-ray for calcinosis
Chronic pyelonephritis: Especially in diabetics, recurrent UTIs, scarring on DMSA (if function good enough) or USS/CT
Xanthogranulomatous pyelonephritis: Diabetes and stones (often staghorn), pyuria, recurrent UTIs, abnormal kidney on CT or

MRI

HIV, hepatitis B and C: Serology and viral load, polyclonal gammopathy, hypocomplementaemia, large bright kidneys suggest

HIVAN

Schistosomiasis: Obstructed system and or small high-pressure bladder, serology, early morning urine for ova, cystoscopy and

biopsy

Tubulointerstitial nephritis

Heavy metal toxicity: Anaemia, rashes, proximal tubular disorder/Fanconi syndrome, blood, urine or hair analysis ( Ar, Cd, Pb)

Lithium: Polyuria, nephrogenic diabetes insipidus

Analgesic nephropathy: CT scan small, irregular kidneys with papillary calcification

Balkan/aristolochic acid nephropathy: Endemic region, exposure to herbal remedies with aristolochic acid
I1gG-4-related disease: ‘Autoimmune’ pancreatitis, sialadenitis, aortitis, retroperitoneal fibrosis, elevated [gG-4 ratio
Sjogren’s syndrome: Dry eyes and mouth, sterile pyuria, anti SS-A and SS-B (anti-Ro and anti-La) antibodies, polyclonal

gammopathy

Sarcoid: Raised serum ACEI, sterile pyuria, hypercalcaemia (especially with vitamin D supplements), positive gallium scan

Sickle cell nephropathy: HbSS or HbSC, papillary necrosis
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Glomerular disease (significant protein or blood, dysmorphic RBC on microscopy)

IgA: Raised serum IgA may be a clue, ethnicity, history of chronic microscopic haematuria or episodes of synpharyngitic

macroscopic haematuria

FSGS primary: Usually history of oedema, frothy urine, relatively rapid course (NPHS1, NPHS2, NPHS3, other genetic

screening available)

FSGS secondary: Low birth weight, reduced nephron mass (e.g. subtotal nephrectomy), history of renal dysplasia, obesity, body
building (anabolic steroids), sickle cell disease, HIV, CMV, parvovirus, congenital heart disease (cyanotic), heroin, interferons,

lithium, pamidronate

Membranous primary: Anti-phospholipase A2 receptor antibody

Membranous secondary: Hepatitis B, C, HIV, schistosomiasis, cryoglobulinaemia, hypocomplementaemia, positive rheumatoid
factor, rheumatological conditions (SLE, rheumatoid, Sjogren’s syndrome)

MPGN primary and C3 glomerulopathies: Dense deposit disease: low C3, partial lipodystrophy, Drusen and retinal atrophy, anti-
C3Nef (80%), CFHRS5 nephropathy: Cypriot ancestry, family history, synpharyngitic macroscopic haematuria

MPGN secondary: Hepatitis B, C, HIV, schistosomiasis, cryoglobulinaemia, hypocomplementaemia, positive rheumatoid factor,
rheumatological conditions (SLE, rheumatoid, Sjogren’s syndrome)

Light chain-related disease: Igs, protein electrophoresis, Bence-Jones proteinuria, serum-free light chains (abnormal ratio), skeletal

survey, bone marrow biopsy

Amyloid: Usually heavy proteinuria and normal-sized kidneys, macroglossia, abdominal fat or rectal biopsy. Causes of AA
amyloid, i.e. chronic infection or chronic inflammatory disease, history of IV or subcutaneous drug abuse, causes of AL amyloid

(see above), serum amyloid-P scan

Systemic lupus erythematosus: Clinical features, low complement, raised antinuclear antibody, double-stranded DNA antibody,

polyclonal gammopathy

Vasculitis: Extrarenal clinical features, raised inflammatory markers, ANCA ( MPO or PR3 positive)
Goodpasture’s syndrome: Always presents acutely but results in ESRD if diagnosis missed, anti-GBM antibodies

Episode(s) of AKI

Documented or presumed episodes of AKI: Severity of AKI (1-3, especially need for renal replacement), length and number of
AKI, cancer therapy, major surgery (especially cardiac bypass or cross-clamping aorta/renal vessels), cardiac or liver disease,
non-renal transplant, episodes of sepsis, haemolytic uraemic syndrome, episodes of nephrotoxic drugs including chemotherapy.
Obtaining previous creatinines from previous hospital admissions invaluable

Miscellaneous

Diabetes: Proteinuria (evidence of progressive increase) and normal-sized kidneys, retinopathy, 20-year history for type 1

diabetes, other end-organ disease history

Radiation nephritis: Unequal-sized kidneys (if only one irradiated), low-grade TMA
Arterial/venous insufficiency: Unequal size, US/MRA-V of renal vessels, cholesterol emboli: episodes of low complement,

eosinophilia, vascular intervention

Impaired drainage: Chronic obstruction usually obvious on imaging but dysfunctional high-pressure bladder may not be
obvious, history of enuresis, UTIs or posterior urethral valves. Abnormal neurology, thick bladder wall, upper tract dilatation,

high detrusor pressure on urodynamics

Cardiorenal syndrome: Evidence of right or left heart failure (systolic or diastolic dysfunction), often low blood pressure and

‘saw-toothed’ pattern to creatinine

Hepatorenal syndrome: Exclusion of other causes in patient with cirrhosis, ascites, low blood pressure

Aside from known individual causes in selected patients,
there are also more population factors to consider. For
example, individuals born in developing countries may
be at increased risk of chronic kidney disease due to the
high prevalence of poor maternal health and malnutri-
tion leading to low birth weight, prematurity and smaller
renal reserve. » Box 65.2 shows the maternal factors
affecting birth weight and prematurity [18].

Data from Pakistan suggest that South Asian chil-
dren have higher blood pressure than white children in
the USA, with also a relatively high prevalence of pro-
teinuria. Data from the UK show convincingly that peo-

ple who have low birth weight and gain weight in early
adulthood will have a lower eGFR than people who are
overweight in middle or older age [19]. In short, some
patients may be preconditioned from birth to later
reduced GFR, and superimposition of secondary causes
such as hypertension, diabetes or even AKI such as
post-streptococcal glomerulonephritis may result in a
higher risk of CKD. This temporal delay in having kid-
ney disease related to diabetes may in part be related to
ethnicity. For example, South Asian patients seem to
have a two to four times faster progression of diabetic
nephropathy in comparison to their Dutch counterparts.
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Box 65.2 Maternal Factors Associated with Low
Birth Weight and Pre-term Birth

Maternal developmental and demographic characteris-
tics

1. Maternal birth weight (<2.5 kg or >4.0 kg)
2. Age (<18 or >40 years)

3. Maternal height (145 cm)

4. Ethnicity

5. BMI (obesity, low BMI)

Pregnancy and medical conditions

1. Maternal medical conditions (diabetes, hypertension,
kidney disease)

2. Pregnancy factors (pre-term birth, multiple
pregnancies, pre-eclampsia and eclampsia, assisted
conceptions, consanguinity)

3. Infections

4. Nutrient deficiency

5. Medications

Behavioural, socio-economic and environmental

1. Alcohol intake, tobacco use and substance abuse
2. Antenatal care

3. Childhood marriage

4. Socio-economic situation and education

S. Stress, war, environmental factors (famine)

6. Exposure to toxins

65.8 Prevention and Screening of CKD

According to the World Health Organization, coronary
heart disease is now the leading cause of death worldwide
with 60% of the global burden of heart disease in low- to
middle-income countries. Some say that cardiovascular
risk is very high in patients with CKD, which makes a
strong argument for screening for CKD. However, from
epidemiologic studies, it appears that a large proportion
of people with CKD have to do with lifelong exposure to
an adverse lifestyle, in particular, obesity. Hence, target-
ing common cardiovascular risk factors such as smok-
ing, obesity, diabetes and hypertension is likely to prevent
at least in parts CKD and development of renal failure.
Currently, there is no clear evidence showing that
‘screening for CKD’ should be done in all populations.
There are several criteria that need to be fulfilled to
qualify for screening. The condition should be an impor-
tant health problem which kidney disease undoubtedly
is. Its natural history should be understood — this is the
case for people with type 1 diabetes, but less so for the
general population where the importance of AKI has
only been recognised in the past decade. There should be
a recognisable early stage and an acceptable test — this is
undoubtedly the case as we have eGFR and albuminuria

tests. However, the key criteria to justify screening are
that a condition must be treatable, and an outcome pre-
vented, and treatment should be cost-effective. For many
forms of common kidney disease, there is no strong evi-
dence that treatment by nephrologists indeed prevents
poor outcomes — evidence from a recent hypertension
trial suggests that more intensive blood pressure treat-
ment may in fact cause AKI [20]. There is good evidence
that detecting and treating albuminuria and hyperten-
sion in the context of diabetes delays dialysis and that
detecting people requiring referral for dialysis prepara-
tion on time may prevent an unplanned start to RRT
[21]. However, considering the majority of patients iden-
tified in routine primary care, there is no strong evidence
that detecting a mildly reduced eGFR in an older person
who is already well managed in terms of cardiovascular
risk either prevents poor outcomes or is cost-effective.

65.9 Summary

CKD is common and is associated with an increased
risk of cardiovascular disease, mortality, progression to
ESRD and AKI. There is very little understanding of
the epidemiology of CKD progression in older people.
Robust systems for identifying at-risk populations to
prevent medication side effects, especially in the setting
of acute illness, and higher awareness of albuminuria
being a marker for progression to ESRD, may reduce
the risk for these patients.

0 Chapter Review Questions

1. Why do trends on prevalence of RRT provide
only limited information on causes of kidney dis-
ease?

2. Would you capture the entire population of
patients with CKD by applying blood tests?

3. Who is at higher risk of death, a person with
eGFR 50 ml/min without albuminuria or a person
of the same age and sex with nephrotic syndrome
but an eGFR of 88 ml/min?

4. In a given person, by how much can eGFR be
wrong relative to the true (but unmeasured GFR) —
and does that matter for clinical practice when
looking at repeat measurements for that person?

5. Were the guidelines for CKD derived on two mea-
surements of blood/urine more than 3 months
apart?

O Answers
1. RRT prevalence is not a good measure to use —
that is, the number of people on dialysis or living
with kidney transplants divided by the total popu-
lation irrespective of the duration of RRT. The
numerator of this figure is the number of patients
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starting dialysis in that year, plus the number of
people that were already on dialysis or living with
a kidney transplant in that year, minus the people
who died on dialysis or with a transplant. The
numerator is affected by a range of factors, which
include the causes that drive people to end up on
dialysis or with a kidney transplant, but also
importantly how long people survive on dialysis
or with a transplant which may mask any impor-
tant associations. It also does not capture people
with kidney failure who are treated conservatively.
No, CKD is defined by both urine and blood tests.
The person with nephrotic syndrome has higher
risk of death.

4. eGFR may be *20 ml/min erroneous, with the
error decreasing as GFR declines, i.e. the error is
much less in people with advanced CKD, com-
pared to those with normal renal function.
However, repeated measurement of eGFR over
time in the same patient is meaningful as this will
map kidney function change over time, provided
the muscle mass/nutrition and fluid status are in a
steady state.

No, all the risk associations that underlie the
guidelines derive from single time point measure-
ments. Clinical populations who are seeking health
care are quite different to cohort participants who
are in steady state — often patients who seek help
are unwell, which will mean that they are not in
steady state, and therefore the ‘chronicity’ crite-
rion was introduced based on clinical reasoning.
The epidemiological data are clear that a random
on-off measurement in steady state informs on
risk — a second measurement is not needed.
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