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ABSTRACT

Familial Risk Of Endstage Renal Di

The objectives of the current research were (1) to determine the contribution of Mendelian
inherited disease to the burden of disease caused by Endstage renal disease; (2) to explore the
possibility that polygenic disorders could contribute to the development of Endstage renal disease;
and (3) to describe the natural history of single-gene disorders associated with Endstage renal
disease identified in the Newfoundland population, with particular focus on new data associated

with Bardet-Biedl Syndrome.

To determine the risk of renal failure in family bers of ds with End Renal

Disease (ESRD), all patients who were receiving treatment for ESRD during 1987-1993 in the
province of Newfoundland and Labrador, Canada were studied. Detailed family histories were
taken from 584 (87%) of the 669 eligible probands. Of the 85 patients with incomplete family
histories, 60 (9%) could not be located and 25 (3.6%) refused to participate. The rate of renal
failure in relatives of probands was compared to the rate of renal failure in spousal control
families. Spousal controls were chosen because they have been shown to be less subject to
recall bias and generally are similar to their spouses for environmental influences. Family

histories were collected on 499 (85.4%) of the eligible spouses of probands. No spouses or




next of kin could be identified for 65 (11%) of the probands and 20 (3.4%) of potential

controls refused to participate.

To determine the original cause of renal disease in the probands the medical records were
reviewed. The information gathered was reviewed by a single clinical nephrologist who was
blinded to the identity of the patient. Diseases with a Mendelian pattern of inheritance
accounted for ESRD in 8.4% of the cases, 4.5% being autosomal dominant polycystic kidney
disease, 2.5% Alport's syndrome and the remaining 1.4% to other genetic diseases. This group
of cases was excluded from the subsequent familial risk analysis. Glomerulonephritis was the
renal diagnosis in 25% of the probands, diabetes mellitus in 20%, unknown in 14%, other in

12%, interstitial in 11%, hypertensive sclerosis in 5% and multiple causes in 4%.

Primary outcomes were defined as a positive family history of renal failure associated with renal
replacement therapy in a first, second or third degree relative of a proband or control. In the
group without a Mendelian pattern of inheritance, 28% had a first, second or third degree
relative with renal failure associated with death or requiring dialysis versus 15% of controls.
1.2% of first degree relatives of probands developed renal failure compared to 0.4% of first
degree relatives of controls (OR=3.0, 95% CI: 1.7-5.2). No difference was observed in risk

for second degree relatives, but a highly significant increased risk was observed for third degree
relatives of probands (OR=2.1, 95% CI: 1.2-3.4). The highest rate of affected first degree



relatives occurred in relatives of probands with hypertensive nephrosclerosis (2.3%), diabetes

mellitus (1.6%) and interstitial disease (1.6%).

The second control group utilized was the provinci: ion. The ion of relatives of

probands registered with the Canadian Organ Replacement Registry (CORR) was compared

to the rate of the general ion. The provincial inci of ESRD, regi: with
CORR, from 1981-1993 was 79/million, excluding 8% of patients with Mendelian inherited
disease. The comparable rate of ESRD in first degree relatives of probands without Mendelian
inherited renal disease was 297/million almost four times the provincial rate. The comparable

rate for first degree relatives of controls was 135/million.

Conclusions: We conclude that not only is the contribution of Mendelian inherited disease to
ESRD high, but there is also an increased risk of renal failure in first degree relatives of

probands without Mendelian inherited renal disease in a Caucasian population.
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PREAMBLE

The nephrology division in the Medical School at Memorial University has an ongoing interest in
the clinical epidemiology of genetic renal diseases. Casual interview of patients at one of the
Endstage renal disease (ESRD) treatment centres in Newfoundland indicated a number of renal
failure patients without a known Mendelian disorder who had other relatives receiving some
form of renal replacement therapy. A descriptive study was therefore undertaken in order to
determine the prevalence of ESRD among patient’s family members. This study had the overall
goal of establishing whether there was a familial tendency for common forms of renal disease

that had not previously been considered to have a genetic basis.

I became involved in the study during employment as an undergraduate student in the summer
of 1994. The nephrology research unit had already made valuable research gains on such
Mendelian renal diseases as Polycystic kidney disease and Bardet-Biedl syndrome. Drs.

Patrick Parfrey, John Harnett and John Bear were the coordinators and my supervisors

throughout the research. The research was suppx by the Kidney F ion of Canada,
Montreal, Canada and funded by Faculty of Medicine, Memorial. Collection of family histories
and medical records was done by myself and research nurse Donna Hefferton, without whose

valuable help the project would not have been completed. Diagnosis of primary renal disease



in probands was made by nephrologist, Dr. P. Parfrey. The computer and statistical program

was set up by our Dmitri Gerchikov. Statistical analysis was done by

myself.

As part of my Master's work, the natural history of Bardet-Biedl syndrome was described and
has recently been published in the American Journal of Kidney Diseases (ODea et al, 1996;
Table E). A consequence of our research has been the collaboration with molecular
biochemists Dr. William Davidson, PhD candidate Terry Young and Masters candidate
Michael Woods who are undertaking molecular linkage studies of our families with Mendelian

renal disease in the hopes of identifying the mutations responsible for the diseases.



Chapter 1
INTRODUCTION

L1 Genetic Epidemiol

Medical genetic studies have largely i which follow simple patterns of
fibrosis. The isms of many of these itions are relatively well understood. These
however, affecting only a small ionof th ion. Many disorders

that are both serious and frequent do not follow a simple mode of inheritance. These include

di hasdi i i » for

majority of mortality and morbidity in developed countries such as Canada. In many of these
s o — " e
greater than in the general population, but less than would be expected on a simple Mendelian

- On ionis that liability a

ek aawsia s = 2 o risk The

of each to liability is small (Mueller et al, 1995).

A search for familial aggregation often serves as an initial step in unravelling the genetic

epidemiology of common diseases (Khoury et al, 1986; Wickramartrie, 1995). If a familial



2
aggregation is found, the next step is an attempt to discriminate among genetic and/or cultural

factors that might be causing this clustering Finally, if evidence of a role for genetic factors is

found, analy igned to test for special genetic i (Susseretal, 1987,

Wickramartrie, 1995) .

The search for genetic factors which influence risk of common diseases is made more efficient by

advancesi ics and statistical ‘polygenic inheri This search has
practical implications. Improved knowledge of the details of genetic liability to an increasing

number of b di leads to refined di is, new i and disease

prevention (Vogel et al, 1979).

L2  Endstage Renal Disease - prevalence and cost
Kidney failure is a major medical, economic and social problem for patients and their families.

Treatment foris i i i i i The
Canadian prevalence rate of treated ESRD, of 536 per million Canadians a year, is similar to other
developed countries, although it is still lower than the US rate. Differences in prevalence rates

“ P e e

differences in referrals or acceptance for ESRD exist between countries. Thus a risk factor for

treated ESRD may reflect an ii ility of ing kidney failure or an increased

ity for bei kidney had occurred. The risk of selection bias is greatest
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in ions in which the ity of ESRD therapy is limited Newfoundland has the second
highest rate in th , witha, rate of 642 p per million. In 1993, the number
of C: i ivi form of renal py was 24,500, in 1983

(CORR, 1994). In the US, the prevalence rate in 1991 was 721 per million persons with an
annual increase of 9% between 1980 and 1991 (USRDS, 1993). There are several possible

for the increased rate of ESRD. One likely explanation is that fewer

patients are left untreated. There has also been an i inthe life of many
persons receiving ESRD therapy. The growing fraction of aged and diabetic persons in the

population also contributes to an increase in incidence of ESRD. People are living longer and

cariid o - ydi " have died before, making

it more likely that they will go onto to renal failure.

Inthe US it has been estimated that the direct cost of ESRD therapy amounted to 8.6 billion dollars
in 1991. Beside the monetary cost there is also the human cost of irreversible renal failure: marked

reduction in i i idityand ial loss in the quality of life it

of the need for continuing therapy and loss of employment (USRDS, 1991).



13 Evid for familial liability to ESRD
In the US disorders with a Mendelian pattern of inheritance account for 3.3% of cases who

develop ESRD and in Canada the proportion is 6.3% (USRDS, 1994; CORR, 1993). This

probably diffe - fendeli ithESRDb
the two countries as these ions are on the inci and for
treatment of patients with other diseases. This value i inly an ) b detailed

family histories may not have been obtained from many of the patients enrolled in the national

registries. The genetic contribution to ESRD in the remaining majority of patients becomes an

question. Are genetic i ausing a greater ility in ing renal
failure. Two questions of practical importance arise: What is the risk of ESRD in first degree

relatives? Is this risk higher than the population average?

In addition to ESRD occurring in families as part of a single gene disorder, accumulated evidence
from family studies (Roy et al, 1971; Bader et al, 1974; Agar et al, 1980; Walker et al, 1982;
Kikuta et al, 1983; Trannin et al, 1983; Julian et al, 1985; O'Connell et al, 1987; Rambausek et
al, 1987; Ferguson et al, 1988; Seaquist et al, 1989; Pettitt et al, 1990; Steenland et al, 1990,
Borch-Johnson et al, 1992; Noe, 1992; Quinn et al, 1992; Charasse et al, 1993; Freedman etal,
1993B; Nomura et al, 1993; Freedman et al, 1995A; Spray et al, 1995), HLA marker studies
(Tolkoff-Rubin et al, 1978; Klouda et al, 1979; Sabatier et al, 1979; Katz et al, 1980;

Kashiwabara et al, 1982; Nomoto et al, 1984; Welch et al, 1986; Naito et al, 1987; O'Connell
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etal, 1987; Berthoux et al, 1988; Glicklich etal, 1988A; Haskell etal, 1988; Huang, 1989; Hiki

et al, 1990; Li et al, 1992; Ogahara et al, 1992; Clark et al, 1993; Freedman et al, 1994A;

Freedman et al, 1994B; Muller et al, 1995), racial i (Si: etal, 1975; N d
al, 1982; Jenette et al, 1985; Berthoux et al, 1988; Hoy et al, 1989; Hughson etal, 1989; Hiki et

al, 1990; Van Buynder et al, 1993; Jacobson et al, 1995) and animal studies (Weening, 1986;

B etal, 1994) indi : variation in liabilit ek 1 di diabetic

hritis, i itial disease and hypi ive renal damage.

Investigation of familial aggregation using details from family pedigrees is a starting point for

disease. In addition to providing estimates of risks, familial

p Racial variation in disease

pr d& i possible role of genetic factors in disease.

origin, but may also reflect social class, culture or i ions of genetic ilities and
It is difficult to di the effects of these factors.

The iati ‘particular i A) alleles with particular diseases offers

evidence for genetic liability to several renal diseases (Silver, 1990). While some genetic traits are

1§ i itha i other traits represent genetic variation present in

confer i i in di Different HLA antigens




disequilibrium wi

Th be several di ility genes of the major

idertified Th " that the i A

allele identifies susceptible individuals who will develop the disease only after appropriate

environmental exposure. Some of the HLA iations with renal di h as idiopx
is, [gA reflux
qp stronger with such well studied di

rheumatoid arthritis and diabetes (Clark et al, 1993).

‘The major aim of fa

of risk for the development of renal failure of probands arising from a defined Caucasian

“The major mpart these previous i

the size of i i itic the study ion (Caucasian

of Anglo-Irish descent), and the nature of the control groups utilized. Previous investigators

employed age and sex matched controls selected from the general population or a hospital

‘This investigation has used I control subjects which, as will be discussed, offer

several potential advantages and also used the provincial population as a control.



131 Familial risks f if | disord

1.3.1.1 Glomerulonephritis

A growing body of evidence suggests the ility of a genetic ility to

damage. African Americans are four times as likely as white Americans to develop ESRD due to

glomerulonephritis(USRDS, 1993). ESRD y
in frequency among native American Indians (Hoy etal, 1989; Hughson et al, 1989) and Australian

Aborigines (Van Buynder et al, 1993). Inan investigation of an island Aboriginal community,

d ESRD were found to be familial (Van Buynder etal, 1993);

fESRD in thi i i ities living in similar

These i i inferred that glomerular renal disease in this

(Van

Buynderetal, 1993). Familialrisk for its has also been described in the Zuni (Hoy

etal, 1989) and the Navajo American Indians (Hughson etal, 1989). The Zuni have the highest

rateof renal disease of all Indian tribes, over half of thi di is non-diabetic,

proteinuria at a later age (Hoy et al, 1989). Genetic drift and high levels of consanguinity may

explain the predisposition observed in this group (Hoy et al, 1987).

The I reports of gl itis ing in identical twins (R al, 1971; Bader

etal, 1974; Kikuta etal, 1983; Charasse etal, 1993). Bader et al (1974) reported identical twins



vho had diffirent clinical s findings providing
support for d thy influence in the nephrotic syndrome.
C: dies. Often such little more
B — to

begin to accurately infer genetic and environmental influences on liability.

A study on the p of primary itis in relatives of patients with
in Brittany, France (Ch: 1, 1993), found 7 families, of 480, with at least
otlior - e . o TeA

1 familial case of iferati itis, 1 of

1 Th
father: i i i ir of ic twins. The resuits led the
suspect : and geneti i primary

ly i i iti i whose

disease was familial; ten percent of their patients had another family member diagnosed with

1987). i [ ! Lini 10%
of the patient's relatives were diagnosed with glomerulonephritis. While the majority (50%) of
these relatives had glomerulonephritis of Alport's type (which is a single-gene condition), a

had familial itis of Alj type. T

ty percent of
the relatives had atypical glomerulonephritis forms, 18% IgA nephropathy and 1.9% focal



segmental glomerulosclerosis.

1.3.1.2 IgA nephropathy

Th ions of genetic variation in risk of [gA Familial ing of IgA

nephropathy has been described (Julian et al, 1985; Levy et al, 1987; O'Connell et al, 1987;

etal, 1987; Ch 1, 1993). Levy identified 22 families wit iple affected

fIgA thy. A high is observed in Japan (Hiki et al, 1990), Australia

(O'Connell etal, 1987) and France (Berthoux et al, 1988) and certain regions of the US, but not

inother i has isson etal, 1975). The incide fIgA is much

lower in blacks (Jenette et al, 1985) , Asians and American Indians (Jacobson et al, 1995) than

inwhites. ities of TgA il i healthy

IgA nephropathy have been described (Egiclo et al, 1987). A Japanese study on relatives of

persons with IgA it the risk of first d lati i inuria was 10

times higher than the overall population risk (Nomura et al, 1993).

Dat 1ati h k i (HLA d IgA

are varied and contradictory. Early studies reported HLA identical brothers affected with IgA
nephropathy (Tolkoff-Rubin et al, 1978; Sabatier et al, 1979; Katz et al, 1980, Nomoto et al,
1984). An association of HLA-B27 and HLA-DR1 was found in Affican and white Americans

with [gA induced itis 1, 1994A). A HLA-B27 association has also
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been found in Australian Aboriginals (O'Connell et al, 1987). HLA B35 was found to be relatively
frequent in a large population of French patients with IgA nephropathy, and appears to be a risk

factor for progression to ESRD (Berthoux et al, 1988). Several studies have reported an HLA-

DR4 iation in Japanese IgA pati¢ ithi i function (Kashi al, 1982;
Naitoetal, 1987; Hiki etal, 199v) while a high frequency of HLA-DR12 is found in Chinese IgA
patients (Li etal, 1992). Not all studies, however, have found HLA associations (Rashid et al,

1983; Julian et al, 1985).

1.3.1.3 Idic ic focal sclerosis and ial sclerosis

Foridic i segmental sclerosis (

is by the of the disease in siblings, and through successive

generations (Agar et al, 1980; Walker et al, 1982; Kikuta et al, 1983; Tejami, 1983; Trannin et
al, 1983; McCurdy et al, 1987). Two of 27 patients with FS in Walker’s (1982) study were
sisters whose mother died of renal failure at a young age. The father of another of these 27 patients
died of renal failure at a young age. In a third family, 4 members with ESRD had renal failure due
to FS (Walker et al, 1982). A case report of one family found three out of four siblings had

hroti ith di i is, two of whom were a pair of identical twins

(Kikuta et al, 1983).

‘There are reports that HLA-DR4 and HLA-A28 are associated with idiopathic FS (Glicklich et
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al, 1988A). The HLA BW53 antigen allele was found to be increased in frequency among a group
©of FS patients whose renal failure was the result of drug abuse (Haskell etal, 1988). The sample

I i ion with ive data. Inamore

sizesin the a

recent analysis no HLA association was observed in a group of FS ESRD patients (Freedman et

al, 1994A). A stronger indication fora genetic predisposition, possibly HLA-linked, comes from

transplant studies of individuals with FS. There is a higher recurrence rate of focal sclerosis in

transplanted kidneys of FS patients if the donated kidney comes from a relative compared to if the

Zi 1979). Anumber of di

with FS or FS-like lesions, such as Alport's syndrome, diabetes and essential hypertension, are

K b inherited or familial trait ing et al, 1986). Studies in the laboratory rat have
fike lesions devel i poin o o rat strains, although
a i rariability in the ity of the lesions and the ing clinical is

found among different strains (Weening et al, 1986). A gene on chromosome 1 has been

as causing gl 1l is in the fawn hooded rat (Brown et al, 1994).
1.3.14 and acute ps glomer
There have been reports of (MN) ing in a pair of
twins and five pairs of b Satoetal, 1987). Multipl i reported in
nine families with -proliferativ itis (Berry etal, 1981; Stutchfield etal,

1986). In one of these families b iferati itis occurred in four
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brothers and a father. Analyses in several different ethnic groups reveal associations between

MNand HLA including HLA DR3 (Klouda et al, 1979; Welch et al,

1986; Huang, 1989; Clark etal, 1993; Freedmanetal, 1994B), HLA DRB1 (Muller et al, 1995),

HLA DRS (Freedman et al, 1994B) and HLA DR2 in the Japanese (Naito et al, 1987; Ogahara

etal, 1992). Sacks etal (1987) have identi iq icti leavage sites in HLA

DR3-positive with i itis, proving the presence of disease-

associated DNA polymorphism. There have been suggestions that the epidemic of

is observed in some families corresponds to recessive

inheritance (Rodriguez-Iturbe, 1984).

1.3.1.5 Hypertensive renal disease

There is evidence of a familial risk for hypertensive renal failure. The risk of ESRD from

foundtobe 18 times higherin whites inan study (] d

al, 1982). Even when black and white patients are matched for prevalence, severity and age of
onset of hypertension and diabetes, the relative risks compared to whites are still 5-6 times greater
for blacks (Whittle et al, 1991; Powe et al, 1995). The occurrence of renal failure in a close
relative was found to increase African Americans' risk of ESRD (Ferguson etal,1988). Freedman

etal (1993B) found that ive ESRD patic having another family member with

ESRD more often than other ESRD etiologies; forty percent of hypertensive patients had a family

history of renal failure. Th i in-1 i hasb
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risk of renal artery stenosis (Missouris et al, 1996). In addition , the HLA DR3 allele has been

found to be increased among black hypertensive ESRD patients (Freedman et al, 1991).

1.3.1.6 Diabetic nephropathy
Diabetic nephropathy occurs in 35-40% of type I diabetics with disease of 40 years duration or

greater. Increasing blood glucose levels, duration of diabetes and presence of hypertension are

known risk factors for i diabetic (Krolewski etal, 1985). This leaves

much of an individual's risk unexplained.

Racial dif inthe of diabetic renal di implicate genetic factors inrisk. The
Afican Ameri by i isk factor i risk
for i diabeti thi dition is 3-7 times more frequent in black

patients compared to white patients (Nostrand et al, 1982). Mexican Americans and Native

also have a di: i higher inci f renal failure from diabetes when

compared to other racial groups (Pugh et al, 1988).

Several studies h ugh ine whether diabetic ESRD could b
bythedi i i ion, and lower i pecific
ethnic groups. Tierney et al (1985) found, after 11 i for the of

diabetes, glucose levels, hypertension, heart failure and male sex, all of which are significantly
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92% higherin

blacks compared to whites. Black diabetics are at a higher risk for diabetic ESRD than whites,

jects with non-insuli diabetes(NIDDM), health

care, soci i i i for (Brancati
etal, 1992). As well, a 2.6 fold higher risk for overt proteinuria has been found in diabetic

Mexican i diabeti fispanic whites when the effects of glycemic level,

blood pressure, smoking and insulin are controlled (Haffner et al, 1989).

Several researchers have reported that the renal status of diabetic siblings best predicts the

istetal, 1989; Quinnetal, 1992; Borch-

Johnson et al, 1992). In insulin-dependent diabetes, 83% of diabetic siblings of probands with
diabetic nephropathy have evidence of diabetic nephropathy, compared with 17% of diabetic
siblings of probands without nephropathy (Seaquist et al, 1989). Familial clustering of diabetic
nephropathy has been observed in Pima Indians with NIDDM leading investigators to suspect that

e s ity to devel

NIDDM (Pettitt etal, 1990). Pettitt's study (1990) of 499 diabetic family members of a group of
NIDDM patients found that proteinuria occurred in 45.9% of the diabetic offspring if both parents

had diabetic renal disease. When diabetic renal disease was present in only one parent the

in diabeti pring was 22.9%, and 14.3% if neither parent had diabetic

renal disease. In a study by Freedman ct al (1995A), 37% of NIDDM ESRD patients reported



having a first, second or third ive with renal fail 7% of diabeti 12
without ESRD. It has been ised that ility to diabetic may be
inherited i i and that p ications will do so only

in the presence of diabetes (Bennett et al, 1971; Bamett et al, 1986; Seaquist, 1989; Pettitt et al,

1990).

A . o ; " i

factor for the development of nephropathy in diabetes. An increased risk of renal disease in

diabetic pe observed if i i disease was present in the parents

(Viberti etal, 1987; Krolewski et al, 1988; Earle et al, 1992; Stephenson et al, 1995). Earle et

al( e 2 7 s o o

‘without nephropathy and found that 40% of the parents of diabetic nephropathy patients died from

22% iz 1 i 1 this
difference being significant. Further support for the is that predisposition to
may play an important role in th il from studies of red blood
cell sodium-lithi ivity (Krolewski etal, 1988; Mangli etal, 1988; Joneset

al, 1990; Walker et al, 1990); there is increased activity in diabetic patients with nephropathy

compared to diabetic patients without nephropathy.
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et al (1995) found that the D-allele for the gene encoding the ACE inhibitors occurred more
frequently in patients with diabetic nephropathy compared to controls. Not all studies have
confirmed this finding (Bilo et al, 1995).

1.3.1.7 Vesicoureteral reflux

Primary Vesicoureteral reflux occurs infrequently among the black population suggesting that
genetic factors play an important role in this condition (Burger, 1972). Since the recording of
vesicoureteral reflux in identical twins by Stephens et al (1955) there have been a number of other

such observations (Mebust et al, 1972; Hampel et al, 1975; Kier et al, 1983; Sirota et al, 1986)

anda of iplets (Hayden et al, 1984). Th i | reflux in

members of the same family and in different generations has also been documented in several
studies (Breden et al, 1975; Dwoskin, 1976; DeVargas etal, 1978; Jerkins et al, 1982; Baily et

al, 1984; Aggarwal etal, 1989; Noe, 1992; Peeden et al, 1992). These reports establish the

o o S ity b The i oFves e
in normal healthy children is estimated as being 0.4 and 1.8% (Baily, 1979). A much higher
prevalence (11-52%) in siblings of patients has been found (Bredin et al, 1975; Dwoskin, 1976;
DeVargas et al, 1978; Jerkins et al, 1982; Baily et al, 1984; Aggarwal etal, 1989; Noe, 1992;
Peeden etal, 1992). A prospective study by Sirota et al (1986) on a highly selected group of 16

of ili i £100%, butssi

because, incach, two family i identified with reflux and 82% of the




siblings were symptomatic.
Vhile th on observed in these famili an inherited basis for reflux in
patients, i inheri i Milleretal (1972)and Lewy
etal (197 i ‘inherif vith variabl ionof the
X-linked i b by dle |
1975; Tobekinetal, 1964). ionanalysis of data from 88 famili supports
asingle maj inheri Ch: etal, 1985); the locus being dominant, with
45%of| iers affected. Thy frefl iblings hasalso b lained
interms of multifactorial - polygenic mode of inheri Age-related onset and i ion of
for iability i i issi i 1972,

DeVargas et al, 1978; Jerkins et al, 1982).

1.3.1.8 Other renal disease types
In patients with urolithiasis, a positive family history is extremely common (McGeown, 1960;
Resnick etal, 1968; Churchill et al, 1980; Ljunghall etal, 1985). Risk of developing renal cell

hash dtobe i 4

in patients with a family history of renal cell cancer (Eng

etal, 1993). Molecular studies have impli a specific gene on 13 (Steinetal,

1995).



Chapter 2

RESEARCH OBJECTIVES

21  Introduction

A prerequisite to measuring familial risk of inherited renal diseases is precise estimates of the

Fthese di . Th ‘inherited di will b i if

epidemiological investigation of families is not conducted.

22 P R h Objecti
L Tod i ESRDdt i ith a known Mendelian pattern of
inheritance in Newfoundland.

2: To determine whether relatives of ESRD patients have a higher risk of ESRD, than

relatives of control subjects.

3. To determine whether the rate of renal failure in relatives of ESRD patients, as confirmed
by CORR registration, is higher than that in the general population.

4. Toidentif ilies wil i ingle di for
further collaborative study.

5 To describe the natural history of diseases with single-gene inheritance identified in the



Syndrome.

with Bardet-Biedl
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This case~control study is the largest to date to examine the influence of familial factors on the risk.

of ing ESRD. F itfc ion which arises froma

genetic population. Drawing proband and control subjects from a large population-based case

control study with systematic ascertainment of all cases and controls, including deceased patients,

represents an improvement over previous family studies, which ined their study

from a single hospital setting over a short period of time (Steenland et al, 1990; Freedman et al,

1993B; Sprayetal, 1995). This study i 26 year period (1987-

1993). Over 1,000 probands and controls, from three health care facilities which together treat

all ESRD patients in dland and Labrador, were identif This avoids possible bias
arising from whatever selection factors lead indivi ilize a particular treatment centre. The
patients represent different i i and social

Several features placetod The oup
society, with its tendency to large families, i relative immobility and strength
of family ties provide for investigation of relatively large, ilies of several ions. The
S —— . . - . —
genetic variation i i Oy ities for founder effect and relatively
highlevel . _ 5 .

Ce i possible for many genetic disorders
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to be investigated in Newfoundland and Labrador.

Previous studis did not ascertain of ESRD among relatives of different

etal, 1990; F etal, 1993B; Spray etal, 1995). Their risk ratios
were based on the proportion of index cases that had a positive family history of renal failure
without any consideration of family size. The present study calculated risk ratios based on the

proportion of relatives having renal failure, as well as on the proportion of index cases with a

posit iy history. Risk ati P P "
can be influenced by family size. The increase in numbers in larger families will increase the
proband's chances of having a family member who has renal failure. Risk ratios based on

proportion of index cases who have a positive family history will thus overestimate risk.

Calculation of isk rati i ives positive for a family history of renal filure

ides ofrisk. This calculated risk ratio is less influenced by family

size.

Collection of family data for both spouses and controls was based on several interviews with

. oy s - = I s 2

interview with only one family member.

The use of spouses as a control group an additic imps over previous
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investigations by reducing recall bias and allowing fewer differences in envirommental exposures
(Coughlin, 1990; King, 1992; Drews, 1993; Wickramaratare, 1995). Previous investigators

loyed d from the general i a hospital ion. It

is believed that use of a random sample from the population provides less statistical power to

detect ili i it relatives

of i i ‘interest (Wi 1995). Finally, this study had a low

refusal rate for both the proband and control groups.



Chapter 3

STUDY DESIGN

31 Design

T idemiologi used to ine if familial ion occurs are: a) to
ipar lati ls,and b) par qf

in relatives of probands to the rate in the general population (Khoury et al, 1986).

T ine ifa familial clustering of renal failure in thi ion, a case-

control study was employed. [n this type of observational study persons with a given disease

(probands) and persons without the given di ls) are selected and fora
particular risk factor (Sackett, 1991). In the present study, probands were individuals who had
ESRD, and the controls were the proband's spouses who were from, in general, the same

environment and would be expected to be aware of the nature and significance of ESRD. To

determine whether family history played a role in the i of ESRD, the incide f

ESRD in relatives of probands and controls was compared.

Th renal fail i i to that i

d to the national registry for ESRD therapy
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(CORR). Attempts de to verify reports by family ffocted
with ESRD after 1981 with CORR.

32

While the case-control studit ively i : b inarelatively
short period of ti d alle ipti inci of disease, they are susceptible to several

sources of bias (Sackett, 1979). A major threat to the validity of case-control studies is recall bias,

hich iati distorted or created

from controls" (Drews etal, 1993). Differential recall will lead to spurious positive associations
or bias away from the null (Copeland et al, 1977; Barron et al, 1977; Raphael, 1987; Drews et

al, 1990). The recall of a positive family history could depend markedly on whether the informant

isacaseor control. Sackett(1979] is type of recall bi: ily i ion bi d
th d For instance, ina study on familial clustering
of i iti fa hi id arthritis in a parent has been

shown to be reported more often by an offspring affected with rheumatoid arthritis than a non-

ffected i 1979). P: possible risk be more vivid and
their iarity with the dis ‘Tepeated

ing ici their family history (Coughlin, 1990). Probands may have

previ i 0 i = the di: when they became

ill. Conversely, controls are less sensitised thereby decreasing the chances of recall.
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motivation to participate and answer correctly may be greater for patients than for controls

(Raphael, 1987). The result will be an inflation of risk estimates. Other potential problems of

I studi i ionofth i intervi “oughlin, 1990)
or extensive probing amongst the probands during the interview for the desired answer. An
additional source of error is pedigree error. This may be due to unknown non-paternity,

Pedi : 3 of famili

risk wh i they i dom indivi for: (Weis,

1982). Case-control studies also make the implicit assumption that as a rule, risk figures are

constant in time and space. Considering the envil changes this ion is not

necessarily true (Vogel, 1979).

Recall bi be minimized by usi who are likely to b i di tothe

same extent as probands (Coughlin, 1990; Drews etal, 1993). Wickramatrie etal (1995) found

that usil i i than using a control group of
relatives without the disease. The use of spousal control subjects offers several potential
advantages, including a lower tendency to recall bias and fewer differences in environmental

exposures between probands and controls. Spouses of patients with renal failure are likely to have

given family di less pron

to recall bias ("awareness bias") then the general population (Coughlin, 1990; King, 1992; Drews,
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1993). Several investi have al 3 ok wicall Aoag ot bias
of associations away from the null even when probands are more likely to accurately report

information than controls (Zierler et al, 1985; Mackenzie et al, 1989; Drews et al, 1990).

isolation and immobility of i's communities. These features also may predispose to genetic

spouses. This mi iation b family history and

renal disease due to polygenic inheritance.

Dentiie e loints : : . o oal

way to initially exami isk for di “This study bias
through: a) the selection of a control group which is similar in age and environment and has had

experience with renal disease and b) by repeatedly interviewing various family members. The

primary i in this study - ESRD - is a major event and likely to be remembered,

if dialysis is a of the disease.
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Chapter 4

METHODOLOGY

41  Study population
4.1.1 Ascertainment of probands

The study population was ascertained using Endstage Renal Disease (ESRD) registries and the

Canadian Organ Registry (CORR) hospitals where ESRD
treatment is available. Both ESRD data bases were used to obtain a complete list as it was
observed that there was some degree of underreporting (29.6%) to the CORR registry. The

Health Sciences Centre (HSC) and Salvation Army Grace General Hospital (SAGGH) serve the

‘theisland, i i Avalon Peninsula. Western Memorial Regional Hospital
(WMRH) serves the population in the western part of the province. These registries record all new

casesof ESRD, ic d: i i ion hi 1 di; A d date of

first ESRD therapy treatment.

Eligible cases were defined as all adult male and female patients who were receiving ESRD

is) in 1987 and any persons who began

therapy between 1987 and 1993, inclusive. Verification ofa di is of ESRD de cl

based on medical records. Probands had to be at least 17 years of age at the time of the
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investigation to be included in the study. Patients who died during this interval were included. The

principal exclusion criteria was renal failure that was i to be iall

(n=150). Thisj d linical i d with pertinent

clinical data and was blinded to patient identity and outcome. The decision was based on the

and ds f istil ic renal impairment and the nature and severity of the

pr

process leading to the need for dialysis.

This study population represents the entire adult and Labrador ion with

ESRD during this period. Because notall ESRD patients were registered with CORR (Table 1)

some WMRH pati i they were identified mainly through CORR
registries. Thi i however, ofthe WMRH I
received the HSC. Also missed are persons who torenal

refused or were turned down any form of ESRD treatment, because these patients would not have

been registered with hospital or CORR registries. It is unknown what this number is.

4.1.2 Classification of Renal Disease in the Proband
‘The medical records of all eligible patients were reviewed, including records for all hospital

il the diagnosis of ESRD. Pertinent i joa from clinic records

letters from ists and ding letters from icians were reviewed. If the
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records iewed. ion obtair patient included: disch: history
of hypertension (if present, length and any medication), history of diabetes mellitus (if present,

duration i i any other diabeti i historyof

is, history of urinary tract infecti diagnosis disease, age

at first ESRD therapy, discharge reports, renal ultrasound reports, biopsy reports, voiding
cystogram, renogram, blood and urine tests, autopsy reports and family history. Any additional

medical data relevant to underlying renal disease was also reviewed.

‘The information gathered was reviewed by a single clinical nephrologist, blinded as to the identity

ofthe patient, and each proband was allocated i fthe following ni

based on defined clinical criteria:

1) Glomerulonephritis - renal biopsy proven or urinary protein excretion of more than 3g/24hr
and presence of red blood cell (RBC) casts or 2+ hematuria or greater. Patients with bilateral,
smooth, small kidneys and proteinuria are not allocated to this group nor are patients with
glomerulonephritis secondary to other causes such as lupus, polyarteritis nodosa, Goodpasture
syndrome, Henoch Schonlein purpura, Alports syndrome. The major forms of glomerulonephritis

included are IgA nephritis, post-infective, iferative and diffuse
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2) Diabetes Mellitus -
Type I - developed diabetes before the age of 35, duration of 10 years or more
and remaining on insulin therapy since the diagnosis of diabetes; presence of
retinopathy.
Type II - receiving oral agents as therapy, or developed diabetes after the age of
35, with duration of 10 years or more. Patients with a concomitant history of

hypertension were retained in this category.

3)  Interstitial nephritis - urinary protei on of <2g/24hr in the p fa risk factor

fori itial disease; e.g. renal i ithiasis (bilateral renal

of obstruction or nephrolithiasis .

4) i i ? ion foratleast 10years, urinary protein
excretion of < 2g/24hr and either hy] i inal disease or i id f
left i Th i ive vascular di: £
renal fai 10 this group isti ion. These pati

had greater than 60% stenosis in both main renal arteries, or the single renal artery of a patient with

a single functioning kidney.
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5) Multiple Causes - p f two or more factors inferred as leading to ESRD; e.g.

uninephrectomy and some other disease.

6) Other - includes patients with diverse etiologies. This category includes: a) obstruction; b)
autoimmune disease; c) iatrogenic and; d) other causes. Obstructive uropathy includes congenital

malformations, such as posterior urethral valves, pelvic-ureteric obstruction, spina bifida or

neurogenic bladder, and acquired i lupus,
yrenal di includi Wegener
drom ll i di I i for renal failure include ESRD
secondary to radiation damage, isic abuse, ism and

nephrotoxicity. Other less frequent causes of ESRD include hemolytic uremic syndrome,

sarcoidosis and amyloidosis.

7) Polycystic Kidney Di: dominant ic kidney disease as confirmed by

imaging and appropriate family history.

8) Other Genetic Diseases- patients with recognised single gene conditions including X-linked

forms of Alport i Biedl svnd; 28

ia,C: i 13 Charcot-

Marie Tooth disease.
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9) Unknown - absence of clinical evidence in medical records sufficient to ascribe an etiology.
The majority of patients in this category first presented to a physician at the point where renal

di had e PP

to the point of i

the original renal pathology was not possible.

Theattribution of a primary diagnosis for ESRD is quite difficult and subject to opinion. The broad

nature of the ificati it ith differ i ispositions. Ce

of genetic risk. A substantially deeper study would be necessary to overcome this problem.
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42  Control population
o : ingval : i

(Drewsetal, 1993). An ion i i incing if it is found when different

types of control groups are used (Kelsey et al, 1986). The present study utilizes two control

e ith i . i i families. »
rate of renal failure in the relatives of probands with the prevalence rate of renal failure in relatives

of the probands' spouses. It also compares the prevalence of renal failure among probands'

relatives wit i l i the pr in the Canadian Organ

Replacement Registry (CORR).

4.2.1 Primary control group - Ascertainment of spousal families

Potentially, spouses can make up a population similar in age and environment to probands.

the sam ic and family envis p but are not usually close

biological relatives. A finding of increased renal disease frequency in biological relatives of cases

lati for genetic factors in liability. Use of spousal

bias. withrenal

may not be as aware of a family history of renal disease compared to the proband, the spouse's

with ESRD and if ity may spousal controls more likely to take note and

remember relatives who have had a history of renal complications, especially renal failure,
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bers of the I ion, who are much less likely to have had exposure
to renal disease. Spouses can also be expected to be motivated and cooperative in their

participation in a research study.

For probands without a spouse, a spouse of a sibling who gave information on the proband's family
history was used. These individuals were selected in a random fashion to avoid bias. Ina few

cases the control was a random friend of the proband who was willing to participate.

4.2.2 Secondary control group - CORR registry rate
The Canadian Organ Replacement Register (CORR) is a national information system on organ
failure which began in 1981. The data base system was established in an attempt to register all

dq sveofage. Data collected

pati
on patients who began treatment prior to 1981 is incomplete. Presently, CORR estimates that

fall dialysis pati 75% ofall ki

(CORR, 1993). A lower registry rate (70.4%) was noted in this ESRD population. This

discrepancy is most likely the result of incomplete notification of the CORR registry regarding

patients with ESRD in one of the ESRD The CORR

in this centre was 50%. In addition, in CORR was i in its initial years.

By i i i d I registered with CORR , itis
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possible to determine if the prevalence of renal failure is higher in relatives of probands. The

CORR regi ination of whether of renal failure i . probands
is higher i i ? CORR frenal
failure in relati th 1 jon. The i rate

fESRD due to the poor with

CORR and a failure to register patients who refused, were turned down by physicians for ESRD

treatment or have died prior to treatment initiation.



43  Collection of data on relatives
Each proband's family was sent a letter detailing the purpose of the study and the information
required (Appendix A & B). Informed consent was obtained from all study subjects, and the

study protocol d by the Universit igation Committee. For families

agreeing icipate in the study, pedi ing to third degree relatives were obtained
using telephone or person-to-person interviews by either a trained research nurse or a trained
researchassistant. Initial contact was with the proband. [fthe index case was deceased, another

family member (e.g. spouse, offspring, or sibling) was contacted as indicated on the patient’s

di d [fthefi d ‘member not provide all i ion, one or more
family members d following ission from initial family i

lasted less than i d the jority of families d2-3

times for March1, 1993 1,199,

Information obtained on each family member included sex, actual or approximate date of birth,

history of ion (if present ication), history of diabetes mellitus

(if present, age of onset and treatment regime), history of known renal disease, including renal

failure.

If a family member was reported as having ESRD, information on diagnosis, age of onset for

ESRD, i d CORR registrati ht. For is i ion was
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deceased; if deceased, i
on cause, year and age at death was sought. [fthe year of death was unknown, it was ascertained

whether the relative had died prior to 1980. When a relative’s current age or age at death was

£

ilyi theirages
siblings in that generation. [t was inquired whether any family members were blind and/or deaf

because several genetic disorders with these manifestations have renal disease as an additional

feature. [t was inqui i Bright's di dropsy. Bright'sdi

a common term used to describe a collection of kidney diseases characterised by edema.

Bright' di ifying term for kidney failure (Pemeger, 1995). Dropsy refers
to a general accumulation of fluid which may or may not be related to kidney dysfunction and,

fi describe indivi i i 1o other medical
h failure. ion was sought on infant deaths, stillbirths, half relatives,
twins and inity. The ity of birth of both proband's and spouse’s parents was also

A checklist was followed to ensure consistency in the response (Appendix C).
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Chapter 5

OUTCOME MEASUREMENTS AND ANALYSIS

The pri inmterest it ily history of renal fail
with dialysis or death in a first, second or third degree relative of a proband or control. First

uncles,

nieces, nephews and grandparents. Cousins, great uncles and aunts, and great grandparents are

third degree relatives.

52 Definition of pri in relati
A family member was considered to be positive for ESRD if he or she had undergone ESRD

©of ESRD or duration of treatment. In general, reports of renal failure in relatives were not verified

from th i it however, examined for family members

presently receiving dialysis therapy at WMRH, HSC, SAGGH, but who were not probands

ESRDtherap 1993.12. i d
members were not reviewed, causes of their renal failure could not be determined. Although no

effort was made to determine whether the renal failure was acute or chronic, this should not
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estimates found for| d the decision to label a relative

positive for renal failure, whether acute or chronic, was made equally between probands and

controls by a physician who was blinded as to whether the relative was that of a proband or

control. This would also not influence ison rate to the general ion as only those
lati i ith CORR for thi: 3 ed
whether they renal failure in relatives; jority

was not known.

The decision to label a relative as having died from renal failure was based on accumulated

the intervi renal failus i i ithdeath. While
although this method is partial to inaccuracies due to the subjective nature of the decision, the
resolution was made by a single nephrologist who was blinded as to whether the affected family
member was a proband's or a control's relative thereby equalizing the bias between the two groups.

Many of the family members who were reported to have had renal failure died before dialysis

b ilable and easily ible in about 25 years ago. Ifa relative was
have had il firm the report wi her family

member. For family members who began ESRD fter 1980 i ugh

using CORR registries. However, ESRD pati i with CORR, any

family member who required ESRD therapy after 1981, whether registered with CORR or not,

D-positive, if the i i another family member. Any
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relative who was scheduled to commence ESRD therapy but died before beginning treatment was
considered positive for ESRD. Relatives were considered positive for ESRD if their cause of
death was indicated as Bright's Disease. Any available information regarding length of renal

disease, symptoms (flank pain, hematuria, edema), treatment, hospitalizations, surgeries and

autopsy reports ired and used in the i ion. The actual medical records of family

instead, family i i detail:

Relatives who died with renal cell carcil i it D

only if they progressed to ESRD treatment.

Tn some instances, informants recollections of renal failure causing death of a relative were
contradictory. In these instances the outcome was classified as possible renal failure and not
analyzed for risk estimates. Probands had 41 relatives who were labelled as having possible

ESRD. Ofthese 14 were first d latives, 21 d d latives and 6 were third

degree relatives. Fifteen relatives of controls were labelled as possibly having renal failure.
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53  Stistical analysis
5.3.1 Demographic data and measures of risk
Demographic data collected included gender, age of onset for renal failure. Gender differences in
age of onset of renal failure were tested using student’s unpaired t-test. A p-value less than 0.05

was considered significant.

The statistical signi i latives of pati d controls in rates of renal

failure was tested using 2x2 contingency table and odds ratio (Appendix E) (Jaeschke, 1995).

of: ‘ . d di i

the probability of developing the disease in the exposed group compared to the non-exposed

group. A relative risk greater than 1.0 indicates a positi iation. B o incase-

isk of

control studi hosen by virtue of their dit itisnot

development of disease given the presence or absence of exposure. The relative risk was

estimated by an odds ratio and a 95 interval. When the lower limit of the

odds ratio was >1.0 the odds ratio wa: i 10 b i o Theoq

used to calculate relative risk and odds ratio can be found in Appendix D.
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532 Exciusion criteria for statistical analysis

familial risk of ian fc fESRD, with
_ g e ——
ctad icnes i d with dominant polycystic kidney disease (=30), Alport's
syndrome (e=18), Charcot Marie Tooth disease (=2), ia (0=2), 2.8
disease (=2), Bardet-Bied! (0=2) and Caroli (6=1). One proband with
ESRD due to interstitial disease is excluded from the analysi his proband wa

family in which autosomal dominant polycystic kidney disease occurs. One proband with
hypertensive renal failure is excluded because of the occurrence of renal failure due to Alport's
syndrome in several first degree relatives. Including the family histories of these two probands

frenal fail latives of probands.

In four of the control families, a single-gene disorder leading to ESRD was present. Three of these

several family members with A These four i dysis

5.3.3 Cases who refused to participate or could not be located

Probands (n=84) and ls (n=85) 1d not be located or refused to participate were not
analysed. It should be noted that for 6 of the eligible ESRD patients who could not be located or
refused to participate, renal failure in another family member has been previously documented in

the proband's medical record.
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Chapter 6
PROGNOSIS OF MENDELIAN RENAL DISEASES FOUND IN THE

NEWFOUNDLAND POPULATION

fESRD in6.7% patients d dialysis in Canada in

1993 (CORR, 1993). In the present study, i itions were ible for 8.2% of

all cases receiving ESRD treatment between 1987 and 1993. By far the most frequent cause was
autosomal dominant polycystic kidney disease (ADPKD), followed by Alport's syndrome and
other rare genetic diseases such as Caroli syndrome, 2,8 di-hydroxyadeneine, Charcot-Marie-

Toothdi i and ol svidh Theclinical. fthese

conditions is relatively well described; although that of Bardet-Biedl syndrome is not. This chapter

will briefly describe the is of the M ian diseases identified in this

62 A 1 i ic kidnev disease

Autosomal dominant polycystic kidney disease (ADPKD) is among the most common autosomal

dominant diseases in the world, ing in 1/1000 of the ion. ADPKD

for 4.5% of the Newfoundland ESRD population between 1987 and 1993. It involves cyst

formation in i liver, d spleen. Three forms of ADPKD have been identified,
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1, which differ inronset of It i 85%of
ADPKDi: ions at the PKD1 1985)and 15% due to PKD2 mutations
(Peters, 1993). a ilies have been described which o

from PKD1 and PKD2 (Daoust et al, 1995; Almeida et al, 1995).

ESRDi i ifestation of ADPKD. There is a variation in the clinical f
the different PKD forms. Comparison of PKD1 and PKD2 have shown PKD2 to be a milder

condition (Parfrey etal, 1990). The natural history of PKD!1 includes the development of renal

cysts befo 30, with i renal failure

in the fourth and fifth decades. FSRD occurs about 10 years after the development of renal

Li fPKDI i i years (Pacfrey, 1993). In PKD2, the
mean age of onset of ESRD in a Newfoundland population was found to be 68.7 years (Bear et
al, 1992). Newfoundland data show no difference between males and females for onset of ESRD
(Parfrey etal, 1990); however, larger studies have shown male gender to be associated with worse

renal function (Gabow et al, 1992; Choukroun et al, 1995).

F ionis icati ADPKD, whi ioration(Gabow,

1992). Parfrey etal (1990) found hypertension occurred in 25% of children with cysts and in 62%

of adults with cysts; similar to the findings of other investigators (Zeirer et al, 1988).
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63  Alport's syndrome

Alport's syndrome is an inherited, i i itis ised by
failure, in which hearing d it also

occur (Schrieretal, 1993). The synd: i i Th mode of

is X-linked d R

recessive. Patients with Alport's i 2.3% of ESRD probands in the present

study: similar to th 5 4 5 jents at the Mayo clinic (Milliner

etal, 1982).

Theclinical fAl dro i for The renal

more severe in males. Microscopic hematuria is present at birth, or shortly after, in almost all

Renal function inevitably i ESRD

of decline in renal function (Grunfeld, 1985). Males typically develop ESRD between the ages
of 15 and 40 (Grunfeld, 1985). However, there are reports of cases where onset occurs at an

earlier: 1973). There isa wide clini of renal i i I

b ic. A : g D

between the ages 15 and 30 years (Grunfeld, 1985; Schrier et al, 1993) or earlier (Schrier et al,

1993).
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Eighteen A bands, front 10 families, were identified in the dy. 10

were male and 8 female. Age of onset of ESRD for males ranged from 18-67 years witha mean
of 32.7 years. For females, the age of onset ranged from 18-60 with a mean of 35.0 years. The

medical records were reviewed to confirm the diagnosis in all Alport's cases. No attempt was

P ; AR _—
linkage analysis by Young etal ished data A ial) indicates a X-linked dominant
pattern in 6 of il h out X-lis ission in one family:; i the
family the pattern of inherif Id not b ined. The remaini ilies could not be
enrolled for linkage analysis.

64  Charcot-Marie-Tooth disease

Charcot-Marie-Tooth di ; - y ly inheritedin
an autosomal dominant pattern (Thoene, 1995). Its global prevalence is estimated at 1/2,500

(Theone, 1995). Renal ities have been ob ication of the disease in a few

individuals (Gheradi et al, 1985; Lemieux et al, 1967). The present study ascertained a mother and

daughter i i I fail to Charcot-Marie-Tooth disease at ages 28 and

16, ively. A clinical iption of these two patients has been publi (Paul etal, 1990).
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firstoccur in chil but; ini Y

at a young age (Hockaday et al, 1964). Two male probands, from two separate families, were

in thi ion. These individual renal failure at 7 and 23 years of age.

Their with renal ion has been (Paul et al, 1987).

28D d
fo e pur den i L1995,

America, Europe, Japan and Australia.
Th inci i is unknown, i for
the pr f ine. The ion of these stones results in a wide diversity of

clinical manifestations - symptoms can range from absence or mild to longstanding renal damage.

Kamatani et al (1987) reported a mean age at onset of 24.9 years (ranging 8 months - 72 years)

for symptoms such as hematuria, renal colic, dysuria i i ions. The di: may
lead to renal failure (Kamataui et al, 1987, Manyak et al, 1987; Glicklich et al, 1988B; Fye etal,
1993). Longstanding urolithiasis led to renal failure at ages 72 and 75, respectively, fora brother

and sister who were identified as probands in this study (Gault et al, 1981) .



48

6.7  Bardet-Biedl syndrome
Bardet-Biedl (BBS)isa ive di Three distinct genes have

e Oanri i i< has indicated that & possibl

fourth gene may be involved (Young et al, unpublished data B).

The syndrome is ised by phi ities, retinal obesity,

hypogenitalism in males and renal structural abnormalities (Green et al, 1989). Two probands,
from separate families, had BBS as a cause of ESRD in the present population. Because the

isnot well described. 38 BRS pati 4

from 21 families in Newfoundland, were prospectively studied as part of my Master's work has

recently been published in the American Journal of Kidney Diseases (ODea et al,1996). A

copy of this paper is appended (Appendix E).

BBSh: is, with early i obesity, ion and diabetes.

50% of patients were legally blind by age 18 and 100% by age 30 (O'Dea etal , 1996). Obesity

is present i Sreen etal, 1989).

diabx early, with 50% of indivi i i age 34 and 50% becoming

non-insulin dependent diabetics by age 55 (O'Dea et al, 1996).
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Structural renal abnormalities have been observed in up to 100% of patients reported in clinical

series (Hamettetal, 1988). 25% of Bardet-Bied]
and in the group with normal renal function, a further 25% had diffuse cortical loss on renal

The i ‘onset of i failure in thy ients was
2 years. Other dies h d i (Bluetetal, 1977; Tiederetal, 1982;
Linneetal; 1987). Life duced in these indivi with 25% dying by age 44.
In the eight deaths obx d in thi tudy, 3 resulted from ESRD and 3 were associated with

chronic renal failure (ODea et al, 1996).
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Chapter 7

RESULTS

Z1  Baseline Results
7.1.1 Proband population

Using CORR and hospital registries, 669 baseline ESRD patients were identified as eligible for the

study. This group is ive of the entire p i ing all

geographic areas of Newfoundland and Labrador. Family histories were collected on 584
(87.3%) of eligible patients, who are referred to as probands. Sixty (9.0%) patients could not be

located, and 25 (3.6%) refused to participate.

The mean age of probands beginning ESRD therapy was 50.1 years, lower than the national
average of 57 years in 1993 (CORR, 1993). The age range of first ESRD was 2-87 years of age.
32 of the probands began ESRD treatment before the age of 17. Mendelian disease accounted
for 60% of these 32 probands. ESRD was more prevalent in males (62.9%) than females
(37.1%), similar to other studies (Silliger, 1995). Males began ESRD at an earlier age than
females. All except one patient were Caucasian. The majority of probands received ESRD
treatment at the HSC (59.5%)), followed by the SAGGH (28.4%) and WMRH (12.1%) (Table

1).
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7.1.2 Canadian Organ Replacement Registry
70.4% (n=471) of eligible patients had been registered with CORR (Table 1). There was a low

registration rate for patients at the SAGGH (46.8%). Patients at WMRH were identified primarity

'ORR registry, which for the high registration rate seen for this centre.

7.1.3 Control population
Family histories were collected on 85.4% (499/584) of the eligible spouses of probands. The
majority of controls were female (59.1%) (as expected for spousal controls of a disproportionatety

male group). No spouse or any next ot kil ld be I d for 65 p ial Is(11.0%)and

20 (3.4%) declined to participate.
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7.2.1 Mendelian inherited diseases leading to ESRD

Table2 classi ian diseases lead ilure identified in this study.
Th 8.5%of i i imilar di:
0f6.3% and higher than the reported US of3.3%. dominant

kidney disease was the most common Mendelian renal disease noted, accounting for 4.5% of

baseli i d 52.6% of the Mendeli: d ‘This value is lower than that for Canada

as a whole (6.1% in 1993), but higher than the US rate of 3.2% (CORR, 1993; USRDS, 1993).

It should be kept in mind that the quoted prevalence is that of treated ESRD. It is unknown to

what i h I for ESRD different rates
of treated ESRD in various countries. This rate may be comparatively low in other countries as

a result of inaccurate ESRD diagnosis. This inaccuracy could be the result of less extensive

searching for a genetic cause for renal failure. The ion has been
d for many geneti itions owing to its ideal isolated, close knit population base.
M i ploring of family histories by icians who are aware of the genetic

diseases present in this population may have lead to correct identification of patients with

Mendelian disease. Patients with a Mendelian cause for renal failure are less likely therefore to be

under reported in the data registries. ian di may al for a smaller
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of ESRD asa result of i i iabetic and T I failure. This

bich inci FMendeli

diseases leading to renal failure.

Th fsingl frenal di otherth:
in the study population was 4.0%; higher than the comparable rate of 1.6% of ESRD cases in

Canada and 0.7% in the USA (CORR, 1993; USRDS, 1993). Alport's syndrome is the second

most common cause of Mendelian renal disease in the study lati ing for 2.7% of

baseline patients and 31.6% of Mendelian patients. There were 9 probands with rarer forms of

D. i 3 inant Charcot-Marie-Tooth di

(G i i )28 inine di )

2)and Caroli ). Th

families with previously unrecognized Mendelian inherited disease.

In that a major goal of this study was to gain a better understanding of genetic liability in non-
Mendelian forms of kidney failure, the remainder of this chapter will exclude from analysis the 57

probands with Mendelian disease and discuss those renal disease cases which do not appear to

From simple Mendelian inheril The family histories on 52 of Mendeliz ot




were acquired and used as control family cases.
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Simple Mendel: inheri be used to explain the majority of cases of ESRD

in Newfoundiand 91.5% (n=612) of probands did not have a recognised Mendelian form of

ESRD(Table 1). Oneof ‘primary iti ESRDin25.1%
of our eligible patients. The next most prevalent cause of ESRD was diabetic nephropathy,
accounting for 19.9% of eligible patients. In a large proportion of patients (14%) an underlying

cause of ESRD coul by i These th i for 59.3% ofeligibl

patients, similarto national registries (CORR, 1993; USRDS, 1993). The other causes of ESRD
in study population are shown in Table 1. Family histories were collected on 532 of the baseline

patients. Table 3 shows the diagnoses for these probands.

7.2.2.1 Glomerulonephritis
168 ESRD patients were identified in which the original renal discase was glomerulonephritis and

family histories in 158 of th (Table 1 & 3). Similar to the findings of

other investigators, males made up a greater proportion of GN cases than females (p=0.0004)
(Silbiger etal, 1995). The mean age glomerulonephritis probands entered an ESRD program was
44+ 18 years, with no difference between sexes. Age at first ESRD treatment ranged from 7 to

77 years.



7.2.2.2 Diabetes mellitus

Diabetics are classified as either type I (insulin-dependent diabetes mellitus, [DDM) or type I
(non-insulin-dependent diabetes mellitus, NIDDM). Type II is ten times more frequent in the
general population than type I, has a much stronger familial risk and is associated with insulin

resistance (McPhee, 1995). Although both type I and type II diabetics suffer the complete

30% oftype I patie i die of renal di i And: L

1983; Krolewski et al, 1985). Type II diabetic patients seem to develop renal failure less
frequently than type | patients. Although ESRD occurs more trequently in type I than type Ll

patients, type IT pati fora greater ion of the FSRD ion b fthe

greater prevalence of type II diabetics. Type II patients accounted for 11.2% (0=58) of the
baseline patient population and 56.4% of the diabetic ESRD population. Type I patients constitute
8.7% (n=75) of baseline population (Table 1). We were able to collect family histories on 114

baseline diabetic ESRD patients (Table 3).

ESRD. diabeti n=81; females:

n=52). Diabetics with type | diabetes progressed to renal failure at an earlier age than persons with
type I diabetes. The mean ages at which diabetic type I and IT patients commenced ESRD

therapy were 39.5 years (range: 21-63) and 65.8 years (range: 50-87), respectively.
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7.2.2.3 Interstitial disease
Interstitial disease accounted for ESRD in 10.5% (n=70) of baseline patients; it was possible to

(Table 1 & Table 3). Primary vesicoureteral reflux

‘accounted for 45.7% (1=34) of probands with interstitial disease (5.1% of baseline patients). The
‘majority of reflux patients were female (7=25) and the mean age of onset of ESRD for both males

and females was 27.3 years. Nephrolithiasis was the cause for ESRD in 12 probands (1.8% of

of whom6 leand 6 female. The average age of renal failure in these
patients was 54.7 years (range: 32-74). No attempt was made to diagnose specific stone

disorders. For 11 patients, i ESRD. S i history

of renal tuberculosis leading to renal damage with other renal complications also predisposing

ESRD. These patieats lassified as having multipl fESRD. In I3

cases, pyelonephritis was the cause.

Sixty-seven percent (n=47) of patients with interstitial disease were females (p=0.04). Patients

onset of ESRD of study

36.5+18.4 years (range 6-76).
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7.2.2.4 Hypertensive nephrosclerosis

8.9% ofthe Canadi: i ivit Din
1993 (CORR, 1993) even though we included disease in thi: gory. This small
group subgroup had isti ion. The rate of disease as a cause of

ESRD is probably rising, as the age of patients starting ESRD therapy increases. Our rate is

probably an i because we used a strict iteria, which allowed assignment

of patients to this category only if sufficient evidence was documented in the patient's medical
record. Of the hypertensive group, 57% were female (p=0.0475). The mean age of onset for
renal failure for this group was 69.8+ 9.3 (range: 41-81) years of age, higher than for any of the

other categories.

7.2.2.5 Other
Othertypes of renal disease were responsible for 12.4% (n=84) of baseline patients, for which 71

family histories were completed (Table 1 & 3).

Obstructive uropathy was for ESRD in 3.7% (2=25) of the population. Underlying
causes of i ypathy i i ients i i (n=4), posterior
urethral valves (n=5), spina bifida (n=3), spinal is(n=2), ich (n=2), ileal
conduit obstruction (1), bilateral megaureter (=2), other i ion (0=3) and oth

acquired obstruction (n=3). Males ised a signif greater ion of
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ESRD patients than females (p<0.005). The mean age of renal failure for patients with obstructive

ESRD was 41.5 (range: 4-77) years.

‘Among patients with an autoimmune etiology (m=17; 2.5% of the baseline patient population),

5), i ) 2), vasculitis

(n=2), itis (n=1) and lobulinemia (n=1) were found.

Malignant diseases caused ESRD in 2.1% (n=14) of baseline patients.

ic causes were ible for a small ion of cases (1.8%; n=12).
Mi fESRD for 2.4% (n=16) of baseline patients, and included such
as idosis (n=2) and ic uremic (n=1).

The mean age for ESRD observed for patients within the Other category was 53+17; 66% were

male.

7.2.2.5 Multiple Causes
Twenty eight baseline patients (4.2%) were identified as having more than one underlying
determinant of ESRD (Table 1). Family histories were taken for 25 of these 28 patients (Table 3).

The mean age of onset of ESRD in this group was 67.6+8.2 (range:52-81) years; with equal



numbers of males and females.
7.2.2.7 Unknown
The primary origin of renal di: eading to ESRD ined for 14% (0=94) of

baseline patients, similar to national registries (CORR, 1993) (Table 1). Family histories were

collected on 77 of these patients (Table 3). Of these patients, 63.6% arc male. The mean age of

renal failure was 58.6+18.7 years, with a wide range (8 to 85 years).

73 Preval ) familial risk of ESRD Jati
Familial clustering of renal disease can be assessed in two ways. One is to compare the proportion
of probands and controls reporting a family history of ESRD, regardless of the number of relatives
affected. A better approach is to compare the proportions of first, second and third degree

relatives positive for ESRD in proband control families.

73.1 Prevalence of ESRD in families

In this study, 11.9% (63/530) of probands had a first degree relative with ESRD, 9.1% (48/530)
had a second degree relative with ESRD and 8.3% (44/530) had a third degree relative with
ESRD (Table 4A). The percentage of probands having at least one relative with ESRD was
27.7% (147/530). Of controls, 2.8% (14/495) had a first degree relative with ESRD, 9.1%

(45/495) had dd lative and 2.8% (14/494) had a third degree relative with ESRD;
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14.7%(73/495; ive wil D. ESRD ignif i ith the

presence of renal failure in a first degree relative (OR: 4.63, p<0.0001; Table 4B) and third degree
relative (OR:3.11, p=0.0003; Table 4B), but not for a second degree relative. The proportion of

controls with a second degree relative with ESRD was surprisingly high.

73.2 Prevalence of ESRD among first, second and third degree relatives
1.20% of first degree relatives of probands had ESRD compared to 0.39% of first degree relatives

of controls (Table 5A). A person's risk of developing renal failure leading to death or renal

therapy, ifa renal failure, i that of the
controls (OR=2.96; 95% CI: 1.7-5.2) (Table SB). No difference was observed when risks were
compared for sccond degres relatives, but a significant increased risk was observed for third

degree relatives (0.37% vs 0.18%; OR=2.06, 95% CI: 1.2-3.4; Tables 5A & SB).

7.3.3 Familial risk of ESRD by cause of ESRD in proband

The renal failure in relati i iology of ESRD is shown

in Table 6. The risk of ESRD in first degree relatives is highest in families of probands with

hypertensive ESRD, interstitial renal disease and diabetic nephropathy.

7.4 CORR Results
The numbx lati d controls registered with CORR is small, but the




62
trends are consistent with the family history data (Table 7). First degree relatives of probands were

twice as likely to be registered with CORR as first degree relatives of controls. Second degree

relatives were three times as likely and third degree ives 2.4 ti likely to bx
Overall, the risk of a proband havi lative registered with CORR was 3.2 times that for
relatives of controls (p=0.002).

15

The Newfoundland provincial incidence of ESRD, as registered with CORR, from 1981-1993,
was' illion/year, i i itha Mendelian di (CORR, 1993). The rate for first
ds i pr 297/milli almost i | ion rate.

The comparable rate for first degree relatives in controls was 135/million/year.
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Chapter 8

IS THERE A FAMILIAL RISK FOR ENDSTAGE RENAL DISEASE?

ESRD, i i i i i d to

kidney iri intai 20 for survival

The prevalence of treated ESRD has increased substantially over the past decade, making it an

hrogic di in terms of di lity and Despite i

research, the etiology of ESRD remains to a large extent unknown. Disease following a classic

Mendelian pattern of inheri appear to by ible for only a small percentage of cases
(CORR, 1993; USRDS, 1993).

Evid: le of genetic factors and genetic-environmental
(Khouryetal, 1993). This it inlarge pan it biology, which h
ded ing of di th level and have facilitated investigation of

the genetic nature of many common diseases.

Geneti ity i forms of renal di i f clusters
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of renal disease in certain families (Julian et al, 1985; Ferguson et al, 1988; Seaquist, 1989;
Steenland et al, 1990; Borch-Johnson et al, 1992; Quinn et al, 1992; Freedman et al, 1993B;

Spray etal, 1995). y ina classic Mendelian fashion, some

forms of these diseases have been i tohavea i ial liability, ing the

interaction of multiple genes with environmental influences.

82  Glomerulonephritis

G s was the Of ESRD idemtified inthis population. Although

a ic liabili it indicated in the present data -0.76% of first

degree relatives had ESRD - other epidemiological studies suggest a genetic predisposition to

disease. 26% of | ESRDp inthis study had a first, second or third

degree relative with renal failure. This supports the results found by Spray etal (1995). In their

study, 24% of Caucasian patients wi ESRD had eithera first, second or third degree
relative withESRD. Fi B ion of African-A
ESRD pati : family i failure: 14%

first, second or third degree relative with renal failure.

There s evi Fhamilial and .« liabili i i Julian etal (1985)

least 18% of Kentucky-bor IgA pati i pedigrees.
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The clustering of IgA nephropathy in these cases was not restricted to individuals sharing a
common environmental factor. Familial IgA nephropathy has also been described in German
(Rambusek et al, 1987), Japanese (Nomura et al, 1993), French (Charasse et al, 1993) and
Australian Aboriginal (O'Connell et al, 1987) families. Certain HLA alleles are more frequent

ith[gA (Tolkoff-Rubintal, 1978; Sabetier

etal, 1979; Katz et al, 1980; Kashiwabara et al, 1982; Nomoto et al, 1984; Naito et al, 1987,
Julianetal, 1989; Hiki etal, 1990; Lietal, 1992; Freedman etal, 1994A. Pei et al, 1995); these

antigen markers for IgA nephropathy varying with racial group. Recently, an increase in the

AGT/TT of the i in system was found to possibly increase IgA
ithIg/ inga possibl e

etal, 1995).

Family studies, animal investigati A

glomerulosclerosis (Zimmerman et al, 1979; Agar etal, 1980; Walker et al, 1982; Kikuta et al,
1983; Tranninetal, 1983; Weeningetal. 1986; Glicklich etal, 1988A; Freedman etal, 1994A),

ikutaetal

(Kloudaetal, 1979; Welch etal, 1986; Naito etal, 1987; Huangetal, 1989; Ogaharaetal, 1992;

Clark et al, 1993; Sacks et al, 1987; Freedman et al, 1994B; Muller et al, 1995;).

Few of the patients of the present study were biopsied or fell neatly into one of the
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glomerulonephritis classifications. The family data was analysed in aggregate to assess whethera

to i ithin the of chronic

is disease. This ity may have obscured increased familial risks of

specific types of glomerular diseases.

Several investigators have postulated that it is not a genetic susceptibility to develop

withdiffe

th hand and devel result of| i the

other hand (Dworkin etal, 1986; Schmidt etal, 1990; Cusi etal, 1993). The interaction of these

rest of the d the

distinguishable etiologies of ESRD. Schmidt et al (1990) proposed increased genetic risk of
hypertension in glomerulonephritis patients based on the observation that the prevalence of

controls. Dworkil
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83  Hypertensive nephrosclerosis
In the present study, the group of probands who were classified as having ESRD secondary to

hypertensive nephrosclerosis or renal vascular disease were found to have the highest familial risk

of renal failure. 44% of the probands in thi: had relative with renal failure and

2.5% of their ives had renal failure. It is unclear whether the familial risk associated
with hypertension and ESRD results from true hypertensive nephrosclerosis or from vascular

causes of renal failure. It is well that there are signif racial di inthe

incidence of ESRD from hypertensive nephropathy, with up to a 20- fold increased risk in the

black i to the whole ion (Qualheim, 1991; McLellan, 1989). This

does not appear to bx ined by lated dif inthe p ageof

onsetor severity of hypertension (Whittle, 1991). Withinablack population evidence of familial
risk for ESRD has been reported. Ferguson et al (1988) found that ESRD was associated with
the presence of hypertension and chronic renal failure in first or second degree relatives of
hypertensive ESRD patients in a subset of African American families. They suggested a heritable

liability in this subset of families. In a study comparing prevalence rates of renal failure among

latives of 131 African. i uped by ESRD etiology and 115 age-sex and race-matched
controls without ESRD, the greatest familial risk was found for patients with hypertensive

nephropathy - 40% had a relative with ESRD (Freedman et al, 1993B). These findings were

d by Bergman and vh ined that 24% of African American dialysis

their ESRDhad a first
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degree relative with evidence of nephropathy, i.e. elevated serum creatinine or proteinuria
(Bergman, 1996). Freedman et al (1991) found an increased frequency of HLA DR3 among

black hypertensive renal failure patients.

It has been postulated that the kidney in blacks, compared to other races, may be more susceptible
to hypertensive injury by virtue of renal vasculature (Levy et al, 1978), renal hemodynamics

(Frochlich etal, 1983), renin levels (Dunne et al, 1973) and salt sensitivity (Dustan et al, 1987).

Further, black h ives are more likely to be vols ded (Lilly, 1976). Any of these

traits may have an inherited basis, and hence a familial influence on the likelihood of ESRD.

The inclusion of renal vascular disease in this group of p i the i

somewhat although only 3 probands had this diagnosis and they had preexisting hypertension.

Atheromatous renal artery stenosis is associated with numerous factors such as smoking and

h ipidemia. The role of geneti ispositi 1 dit

it ; date. Mi: is(1! i incid fthe ACE-D allele in patients

with renal artery stenosis than in age, sex and race matched controls (OR:1.7, 95% CI:1.0-2.8).

Thy this allele has bx i reported to be associated with coronary artery re-
p epol

stenosis in patients who have undergone coronary angioplasty (Ohishi, 1993; Kaski, 1994).
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84  Disbetes mellitus
Inthe present study, 22% of the 114 diabetic ESRD patients reported having a family member with

renal failure , and ESRD occurred in 1.34% of diabetic probands’ relatives. If only probands with

Typeldi i 1.6% of first i A

despite long term di lewsk etal, 1985). Risk forthe

progression of diabetic nephropathy include duration of diabetes for both IDDM and NIDDM
(Nelson et al, 1988), blood glucose level (Krolewski et al, 1988; Kunzelman et al, 1989) and
hypertension history (Parving, 1981); however, these risk factors leave much of the individual risk

variation unexplained.

Genetic factors are known to play an important role in the etiology of diabetes mellitus of all types
(Brosius ct al, 1992; Leahy etal, 1993). Numerous studies have shown associations of IDDM
liability with specific HLA and complement phenotypes (Brosius et al, 1992). Davies and

colleagues (1994) have recently undertaken a genome-wide search for human type I diabetes

d I ch e h

regions

ity genesand |
occur. Separate inherited risks may exist for diabetes on the one hand and the development of

diabetic nephropathy on the other hand.

A geneticasis for diabeti naybei iations wi history of
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or cardi disease (Viberti et al, 1987, Krolewski et al, 1988; Earle et al,

1992; 1, 1995), with i d sodiumn-lithi transport activity (Krolewski

ctal, 1988, Mangili et al, 1988), with race (Tiemey et al, 1985; Haffner et al, 1989; Brancati et

al, 1992), and from familial i iabeti i 1989; Pettittetal,
1990; Borch-Johnson, 1992; Brancati et al, 1992; Quinn et al, 1992; Freedman et al, 1995A).
Th incing evidence of this distincti astudy by Seaquistetal (1989) which

found that 83% of IDDM siblings of IDDM patients with nephropathy also had diabetic
nephropathy, as compared to 17% of IDDM siblings of IDDM patients without nephropathy.
Nephropathy in the proband was the only tactor predictive of the renal status of the diabetic sibling.
Quinn et al (1992) found that renal impairment occurred in 53% of DM siblings of probands
with nephropathy compared to 18% of IDDM siblings of diabetics without nephropathy. These

by Borch-Johy al (1992) who point out that ing may

be due to genetic inheritance or sib's-similarities due to sharing the same environment. More

recently Quinn et al (1996) i3 for diabetic in families with
multiple IDDM siblings. A siblings risk of diabetic nephropathy after 25 years of IDDM was
significantly higher if the proband had persistent proteinuria then if they did not (71.5% versus

25.4%), which the authors suggest is i with an i effect.

Genetic ibility to NIDDM has been it i i in the Pima

Indians, wh i both a high p of NTDDM and early age of onset of NIDDM
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(Pettitt et al, 1990). Proteinuria was observed in 45% of diabetic offspring if both parents had

NIDDM and proteinuria, compared to 14% if neither diabetic parent had proteinuria. The risk

d afteradj forblood pressure. Th ion of renal disease in these diabetic

families led Pettitt et al (1990) to suggest that susceptibility to renal disease was independent of the

ibility to develop diabx In African i Freedman et al (1995A) found that 37%
of NIDDM ESRD patients had either a first, second or third degree relative with ESRD, compared

to 7% of diabetic controls who did not have nephropathy.

It has been ised that in diabetic one or more genes, in combination with

factors, i i prody o o i pac hile diffe

gene(s) produce the renal manifestations of diabetes (Seaquist et al, 1986; Freedman et al,

1995A). Susceptibility to diabetic is only after diabetes.
Seaquist et al (1986) proposed that the biochemical ity encoded by the

gene" may i fths

free of after years of di havea ism that can tolerate the of
the diabetic state.

Another possibility is that ility to diabetic is due to genetic ism of

£th

matrix (Deckert etal, 1989). According to this theory, diabetic patients with genetic defects in the
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basement matrix in, namely

heparan sulphate proteoglycan, are at a greater risk of developing functional and structural

lead i ini (Deckertetal,

1989).
S 1 i i iabeti d, including familial
to ion as a risk factor. Several studies have found a greater prevalence
of i d i disease in the parents of persons who later develop diabetic

nephropathy (Viberti et al, 1987; Krolewski et al, 1988; Earle et al, 1992; Stephenson et al,

1995). Cusi etal (1993) props dditi ion of | ing high blood pressure and genes

d ol lar damage. Other studies h: t

diabetes, together causing

supported these findings (Mangili et al, 1988; Walker et al, 1990; Norgaard et al, 1991).

ity ishigheri

compared to those without (Krolewski et al, 1988; Mangili et al, 1988; Walker et al, 1990), higher

in a large subgroup of essential hypertensive patients (Canessa et al, 1980), and has a genetic basis,

dium-lithi ivi Id increase

age

the susceptibility to renal disease in diabetic patients and could be considered as a possible marker

for diabeti Mi inuric patients, a group at high risk of pi renal

disease, have also been found to have increased rates of sodium-lithium activity (Jones etal, 1990).



B
Not all investigations support these findings (Jensen et al, 1990; Elving et al, 1992). Jensen's

( y i ium-ithi ivity for

vith diabetic patients free of leading these authors to speculate that
the increased activity may be a consequence of diabetes per se and not a risk marker for the

development of nephropathy.

The D-allele of the ACE gene (Barnas et al, 1995) and HLA associations (Freedman et al, 1993A)

have also been suggested as possible risk markers for diabetic nephropathy.

85  Interstitial disease

Genetic susceptibility appears to be relevant in the development of ESRD in probands with
interstitial disease in the present study. 34% of probands with interstitial disease reported renal
failure as occurring in a first, second or third degree relative and 1.4% of first degree relatives were
affected. Other investigations have excluded interstitial patients from analysis, therefore
comparisons are not possible. The strong familial clustering is probably driven by the diagnosis of
reflux nephropathy. Vesicoureteral reflux patients accounted for over half of the interstitial group
and evidence points to a genetic causation in the development of renal failure for this etiology
(Bredin et al, 1975; Dwoskin et al, 1976, DeVargas et al, 1978; Jerkins et al, 1982; Baily etal,
1984; Hayden et al, 1984; Sirota et al, 1986; Aggarwal et al, 1989; Noe et al, 1992; Peeden et

al, 1992).
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Of interest was the observance of a proband having ESRD secondary to reflux, who had an
identical twin. Although both the proband and the twin had the same type of reflux, only the
proband had progressed to renal failure; showing the influence of genetic and environmental

in the ion of renal joration. There have been other reports of

il ing in twins (Stephens et al, 1955; Mebust etal, 1972; Hampel etal,

1975; Kier et al, 1983; Hayden et al, 1984; Sirota et al, 1986).
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86  Discussion
L ESRD itself, i
is complex. Ok i familial ions in the present may be due to genetic
y . ,
both.
‘geneticor 1
ofthe two. ing to the multifictorial theory, ESRD is a complex final
by many intermedi d exvi i There is a multi- of
genesatil loci whi i individual to kidney disease wit
the gene. ism of di 8 LSS

by this approach, and the number and nature of the genes involved remain unknown. Evidence

,1993). Many of thesesi it Mgt chinically
atill . by specifi . (Grandjean etal, 1991). Even with
facton i ity may
ultimate clinical manifestations.

The major fth dy thy ious i igati the familial
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ofthe study i the Is. This study

that first degree relatives of probands without Mendelian disease are at a three fold risk of renal

failure compared to those of controls. The reported incidence of ESRD, registered with the

national registries, i : 3 o 5 ith ESRD of i fendeli

etiology than in the general population. The renal failure rate of 297/million/year found in first

fourti i the ESRD rate for the entire:

Newfoundland population; higher than one would expect by chance. One must be cautious when

vith CORR on which
rates imated The i should be equal between relatives of

probands and controls therefore allowing for 2 comparison between the two groups.

£ 1 subi 4%). Third i i ird de
relatives of controls, but not higher than the first and second degree relatives of controls. The basis

for this latter ion is not clear. It i in third degree relatives of controls

is not actually as low as 0.2% given that a rate of 0.4% was observed in first and second degree

ify any



h I “This error is certainly possible fori

renal failure by medical records
was not done. When analysis was done based on those registered with CORR a difference was
observedinth i ddegree relati d have ESRD.

One can speculate that the failure to find a concentration of renal disease in second degree

relations, whil ing it in first and thi lati ive genetic liability
in a proportion of families increasing risk to, in particular, cousins of probands. Long term secular

dsindi . fESRD, : : inahighy

d i 1987). Second

degree relatives included aunts, uncles and grandparents. Most of these relatives belong to a

generation in which the availability to medical services in many parts of Newfoundland was

Even if renal di i ives it is highly possible that a diagnosis

of renal disease was never made. Third degree relatives of index cases are largely cousins. These

e N— ina s Hiiood of disgnosis and

treatment for h ffe h

are observed with the genetic components held constant.

Evidence for genetic liability has been addressed for a number of comraon renal diseases. The
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present study’s finding of a risk ratio of 3.0 for the presence of renal failure among first degree

at b witha value of 2.63 Spray etal (1995) in their
study of 103 Caucasian families. These risks are lower than the odds ratio of 9.1 observed fro
African American families found by Freedman etal in 131 African American families (1993B).
Steenland and associates (1990) studied 325 men with ESRD and found that they had a family
history of renal failure more frequently than controls (OR:9.3; 95% CI:8-10), although female and
diabetic patients were excluded in this study. 50% of this population was Caucasian. An obvious
explanation for the lower odds ratio found in the current study as compared to prior reports

(Freedman, 1993B; Steenland, 1990) is the differences in the etiology of ESRD in the African

1993B)
the study and the study by Spray etal (1995). Forexample, 21% of the African American study

group had ESRD to i which appears to be among those

diseases witha hi ili ion, while only 5% of i study and none

of the probands in the Spray study (1995) were classified as such.

‘The familial risk of ESRD observed in the present study and others may not be due to an inherited

di ity but i d could be the It of an inherited

torenal damage. Itis likely ibility will vary by disease process and by individual. In
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Freedman's study (1993B) on familial clustering of ESRD among African American families,

affected ‘multiplex ESRD farnilies typically had renal failure of different etiologies.
Members within the same family had ESRD di he result of ion, diabetes or

glomerulonephritis. Freedman etal (1993C) proposes that the inherited susceptibility to ESRD

observedin African i i ispositi i injury. B
al(1994 ESRDrelati jents with b i ikelyto have
diabetic as i . It seems to suspect a genetic

yillness. The final

of ESRD depend i d other genes. Thi isisin

line with the suspicions of several i i of diabetic (Seaquist et al, 1986;
Freedman et al, 1995A) and glomerular disease (Schmidt et al, 1990; Cusi et al, 1993), who

propose that the contribution of genetic factors in the development of renal damage in diabetic

h sclerosis and itis occurs il of the
insulin d dy ion. Indeed, the HLA DR3 antigen is
increased among patients with diabetic (F) etal, 1993A),

(Klouda et al, 1979; Welch et al, 1986; Huang et al, 1989; Clark et al, 1993; Sacks et al, 1987)
and hypertensive ESRD (Freedman et al, 1991). It may be a genetic propensity towards

disease, and damage which in combination with




p such as infection that ines the final phenotype.

There are a number of limitations inherent in a study of this type. It is recognized that not all
individuals with ESRD will be treated. Unfortunately, these people will not be accounted for in any
ESRD data bases. The apparent familial aggregation of a disease will be reduced if there are a high
proportion of "sporadic” cases in the study population. This is almost certainly the case in the

ESRD population, given the h ity of diseases in this group. In general caution must be

exercised when interpreting the significance of familial aggregation of disease. A high degree of

familial aggregation of any trait by no means proves an inherited cause. Conversely, a low familial

risk does not exclude an inherited ism. Familial clustering of renal disease could be due to
haringof similarenvi experi during childhood and adol for ple diet,
ise habits and exp i ion, all of which can infl progr to renal disease.

If these similarities included factors of importance in the etiology of nephropathy their effects may

mimic genetic inheritance.

Arelatively low degn iation with family history was observed. The implications of the
odds ratio of 3.0 for renal failure in first degree relatives of probands compared to controls,

reported in this study, may be judged by comparing it to the reported familial risk of other chronic
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diseases which may or may not be due to inherited factors (table 8). The mechanisms of the

diseases listed are not known, but inherited isposition with some type of envil trigger

is hypothesised in many cases. This study investigates a very heterogenous group of disorders

which may account for the low association observed. Consideri jologic b ity and

thologic diversi iseasesiti ising thata lower iois observed in this

investigation compared to diseases such as Alzheimer and Parkinson's which are clearly more
"narrow” in their etiology. A lower odds ratio may also be accounted for by the fact that the

phenotypic end point of renal disease - renal failure - was measured as the outcome variable.

Utilization of an out vhich lier in th fthe di h as raised serum

creatinine, may have produced higher odds ratios.

Several i ic study of renal disease. An important problem in interpreting
the current data is that of i in which indivi may possess a liability
genotype without expressing it (Weiss etal, 1982). P i i i ‘genotyp

be reduced by variable expressivity and late age of onset of disease symptoms, and gene-
environment interaction (Khoury et al, 1993). The extent to which genetic and environmental

factors interact is hard to establish.



A limitati i iatica of e ify the
of ESRD. Overall, some of th ification is going to bx but it is difficult
howmuch. The implicit i jon for the if ial model for common diseases

is that any given disease has the same etiology (King, 1992). This is not the case in this

investigation. The calculated odds ratio was based on a group of renal diseases which are

obviously i from ther in their etiology, manifestations and inheri This

etiologic heterogeneity of renal diseases i its genetic i igation. The dis

criteria 1 d the limits ous di iti notclearly
Diseases of discrete entities that may have different genetic and/or non-genetic

contributions have been lumped together under the same disease classification such as

glomerulonephritis and interstitial disease. A single disorder, such as ESRD or even

is, is in reality di but a group of diseases. Sucha broadly defined
disorder can have a number of different subtypes that are genetic or non-genetic in origin. A
specific subtype may be caused by two or three interacting major genes, by a set of genes acting
in a polygenic pattern or by an environmental agent. When the subtypes of a disease are

indiscriminately combined, the overall familial aggregation may not resemble a genetic

Renal S

hypertension are two such renal diseases that were allocated to the same diagnostic category
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Similarly, many i d i I

that is used on patients with a variety of underlying kidney diseases (Weisstuch, 1992). The
accuracy with which other diseases were excluded as contributing to ESRD was often not clear
in the patient's medical records. This was true for patients with diabetes type [I. Because the

" i v very SubjecH isthe problemn of misdi g L

true associations. Given the potential for error in classification of the cause of ESRD in the

familial risk

associated with any given disease.

Ttcould b that the clustering of ESRD in proband: its from di ial recall, which

would bias the results in favour of probands. It is certainly possible that patients on dialysis would

be more likely to knowifa i i i i i ial reporting
bias. However, this is unlikely for the present study, given that both probands and controls should

be equally aware of the presence of renal fail their siblings due to the severe

nature of the disease. Evidence shows that the uses of spousal controls offers several potential

the study of familial di: (Wi ie, 1995; Coughlin, 1990; Drews, 1993;

King, 1992). Souses of patients with renal failure are likely to have considered a given family
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disease to the same extent as probands and are therefore less prone to recall bias. A positive

family history was considered based on the data given by the informants. Because there was no

Fih ESRDin th member
an additional source of reporting bias. However, this reporting bias should have minimal affect on
the risks calculated as the bias should occur equally between proband and control families. The
criteria used to label a relative positive for renal failure was similar for both groups and the decision

de by 2 single clini ist who was blinded ‘hether the relati

that of a proband or control. Overall, ing bi unlikely to be forthe

results reported here, especially for the results observed for first degree relatives.

In the present study, the outcome of interest - renal failure - often occurs at the end of life or as
the final stage of renal disease. Many persons with renal disease such as glomerulonephritis and
diabetic nephropathy do not progress to ESRD, This is true even of Mendelian inherited diseases.
Individuals with the genotype for ADPKD, for example, will all develop cysts by the age of 30, but
only a 50% chance of dying or going on to dialysis by the age of 55 (Parfiey et al, 1990). Identical
twins can also be used to demonstrate how ESRD may be a poor genetic marker for renal disease.

Thy fadi h in i ble, but far: in indicator of i 1

appearance in the other. Indeed, in this study a pair of identical twins was observed, both of whom



85

had vesicoureteral reflux, but only one of whom progressed to ESRD. Furthermore, although
individuals in our study may have the genetic predisposition to develop renal disease they may

succumb to other co-morbid conditions such as heart failure, stroke or other unrelated diseases

before ESRD occurs. Th forinthe ESRD data base. Similarly, not

all persons who suffer ESRD will be treated.  As a result, ESRD may be a poor marker for a

ic d inthatrenal fail notoccurinall

family members signs of renal impairment ma

seriously i I di ithin families. I patients
with glomerular renal disease, 10% of their relatives had glomerular dysfunction. 80% of index

cases with affected family relatives, were not aware that this was the case until the investigators

itwith clinical i etal, 1987). B d
families of 40 black ESRD patients with a diagnosis of hypertensive nephropathy; evidence of
nephropathy was found in 39 first degree relatives of 26 of the index patients through clinical

screening. 11 ofthe ives had ESRD. Thi ilial risk for

disease, at least glomerular and hypertensive disease, may be higher than suspected, based on

1 studie i ily histories. Perhaps if frenal

dysfunction were used as a primary outcome, higher risks of familial renal impairment would have
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been demonstrated in the present study.

Thy i inthei igati potential ic inherif frenal disease,

therefore is to clinically screen family of inde for evide ata

stage prior to the development of ESRD. The focus of the research should centre first on those

group ofrenal di i behave ina familial pattemn. In i igation, the

risk of ESRD i first d lati ighest in families of probands wi ive ESRD,
5 dish,

Iready a familial predispositi diabetic renal disease (Seaquist,

1989). In this investigation, patients with reflux ised the jority of our

W( L et A Athy 3 istil i ic liability for reflux

Todate, little clinical investigati ilies wi i disease ha

been done. This investigation did show a familial tendency for renal failure in patients with
hypertensive renal disease. Clinical screening of family members from this group and an

may higher risk of renal disease. Observation of higher odds

ratios would supporta ics approach in affected siblings to identify which genes

were associated with the trait.
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Given thy findings and the ‘other investi the risk of ESRD not
10 Mendeli worth furtheri
multiplex families may . g ” ik for ESRD.
Theidentificationofa hishris i s _— - ingofthe
course of the disease and to assigning risk to indivi based on which may be
them. Although i i prise only a small
fall ofadisease in i maybea ically important group.
In the long run, ing family bers may be an iate intervention strategy for
and control. This i ially true for the group of probands who were classified as
having ESRI to i i disease. A

proportion (44%) of the probands reported having another affected relative with ESRD. This
familial aggregation was observed to be greater than that observed for diabetic nephropathy, which

has been found to have a strong familial component. By studying specific renal disease more

closely for B signs of kidney di

problem of disease heterogeneity with a more accurate estimate of risk.

Theaimofthe i igati h i a tisk

for renal failure in susceptible families. We conclude that there is an increased risk of renal failure
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in d lati probands wil a lian inherited renal disease in a Caucasian
Th that polygenic i it to this i ition is certainly

plausible, withindivi o - s g
to ping a clinical ition, perhaps in response to additional
triggers. The specifi i for genetic ility for the

majority of these diseases are not fully understood or in any cases not known. This ignorance

 challenge for the study of ic basis of di It is generally hoped that

molecular understanding of those aspects of these diseases that have genetic components will

imp ir therapy for their i i mapped
through the Human Genome Project, the testing of certain families wit tipl
may reveal the genomic regi losely linked to the development of kidney di such

as diabetic 4 and i itial disease (Brosius et al, 1992).
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Table 1. Characteristics of Baseline Patient Population

Mean Age (yrs) starting ESRD treatment

Median Age (yrs)
Range

Male (%)

ESRD Classification

Glomerulonephritis

Diabetes Mellitus

Interstitial Disease
Hypertensive Nephrosclerosis
Polycystic Kidney Disease
Mendelian Disease

Other

Multiple Causes

Unknown

Treatment Facility

Health Science Centre

TOTAL

Salvation Army Grace General Hospital
‘Western Memorial Regional Hospital

CORR Registration

Yes
No

50.1+19.2

398
190
81

471
198

53
(2-87)
62,9

59.5
284
12.1

70.4
296
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Table 2. Mendelian Diseases Leading to ESRD in Baselines Population

Autosomal Dominant Diseases

Polycystic Kidney Disease
Charcot-Marie-Tooth Disease

Autosomal Recessive Diseases

Bardet-Biedl Syndrome

2, 8 Dihydroxyadenine Syndrome
Hyperoxaluria

Caroli Syndrome

Alport’s Syndrome
TOTAL

N

—_NNN

%

Genetic

52.6
38

316

%

Total

45
03

03

03
0.1




Table 3. Cause ESRD in Probands without a Single-Gene

Inheritance for their ESRD
N %
Glomerulonephritis
158 29.7
Diabetes Mellitus
Diabetes mellitus type [ 50 9.4
Diabetes mellitus type IT 64 120
114 214
Interstitial
Reflux 32 6.0
Nephrolithiasis 12 23
Tuberculosis 7 L3
Unspecified 10 19
61 s
Other
Obstructive uropathy 22 4.1
Autoimmune diseases 16 3.0
Malignant diseases 12 2.4
Latrogenic 8 L5
Miscellaneous causes 13 17
71 1.9
Hypertensive Nephrosclerosis 26 4.9
Multiple Causes 25 4.7
Unknown 7 14.5

TOTAL 532
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Table 4. Number and Proportion of Probands (n=530) and
Controls (n = 494) who have a Family Member with ESRD,
with Odds Ratios and 95% Confidence Intervals

Degree of Probands Controls Odds | 95% CI
Relative Ratio
#of Probands #of % Controls
Probands | with Family | Controls | & Family Hx
Hx of of ESRD
ESRD
First 63 1.9 14 2.8 463 252907
Second 48 9.1 45 9.1 1.00  0.64-1.56
Third 44 83 14 28 311 1.65-6.22




Table S. Number and Percentage of First, Second and Third Degree
Relatives wit ESRD Among Probands and Controls, with Odds Ratios

and 95% Confidence Intervals
Degree of Probands Controls Odds | 95% CI
Relative Ratio
Number of | ESRD in | Number of | ESRD in
First 5780 67(1.2) 3807 15(0.4) 30 1.7-5.2
Second 15475 58 (0.4) 12093 53 (0.4) 09 0.6-1.2
Third 13194 49 (0.4) 11617 21(02) 21 1234
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Table 6. Percentage of Affected First, Second, and Third Degree
Relatives with ESRD According to Etiology of ESRD in Proband

Etiology of ESRD in % First Degree % Second %Third Degree

Proband Relatives Degree Relatives Relatives
Glomerulonephritis 0.76 046 022
Diabetic Nephropathy 135 0.26 031
Interstitial Disease 1.42 0.23 0.94
Hypertensive 247 0.69 0.44
Nephrosclerosis
Multiple causes 0.71 0.12 0.68
Other 0.81 027 0.65

Unknown 125 041 041
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Table 7. Comparison of Probands and Controls for Number of First, Second,
and Third Degree Relatives with ESRD who are Registered with CORR

Relation
First Degree Relatives

alive >1981
ESRD & CORR registered

Second Degree Relatives

alive >1981
ESRD & CORR registered

Third Degree Relatives

alive >1981
ESRD & CORR registered
First - Third Degree Relatives

alive >1981
ESRD & CORR registered

Probands (%)

4407
17 (0.4)

11910
14 (0.12)

11379
14 (0.12)

27696
45 (0.16)

Controls (%)

2846
5(0.18)

9239
4(0.04)

10378
5(0.05)

22463
14 (0.06)
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Table 8. Odds Ratios and 95% Confidence Intervals of Having
Affected First Degree i
Probands vs. Controls, in Published Case-Control Studies.

with

Diseases,

in Subjects

‘When the lower Confidence Limit is >1.0 the Odds Ratio is Significantly Increased.
95% Confidence Interval Not Calculated

Disease Author and Year Number of Control Type Odds Ratio
Subjects and Number (95% C.L)
[DDM Dalquist et al., 1989 339 population (528) 7.8 (3.6-16.8)
Alzheimer’s Amaducci et al., 1986%° 116 hospital (116) 50
Disease population (97) 26
Chandra et al., 19875 64 hospital (64) Lo
Graves ctal., 1990% 130 population (130) 22(1.17-4.18)
Multiple Midgard et al., 19965 155 hospital (200) 12.9 (1.73-552)
Sclerosis
Migraine Stewart et al., 1997 73 population (72) 1.5 (0.94-2.40)
Headaches
Atopic Eczema  Diepgen et al., 1996 426 population (628) 2.2 (1.58-2.96)
Parkinson’s Payami et al., 1994% 114 population (114) 35(13-94)
Disease
Marder et al., 1996* 233 population (1172) 23 (1.3-4.0)
Rheumatoid Jones et al., 1996% 207 population (180) 1.6(0.3-8.7)

Arthritis
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Al Initial letter to index patient

We are interested in learning more about how kidney disease tends to run in families.
Since you have been affected by diabetes, I would ask for your participation in a research
study to identify other family members with diabetes, kidney disease or high blood pressure.

A research assistant will be contacting you by telephone during the next few weeks to
ask if you would be willing to participate. Your participation in this study is entirely voluntary.
‘You may not decide to participate or may withdraw from the study at any time.

‘With your permission, she will ask you questions about your immediate family's medical
history. These questions will focus on whether any other family members have been diagnosed
with a diabetes, kidney disease or high blood pressure. The interview will last up to 20 minutes.
‘A mutually convenient time for this interview can be arranged. If any family members are
identified as having diabetes, she may ask you to contact them for permission to allow her to
contact them for information and to arrange a time where clinally investigation of renal function
can assessed through urine tests.

Your participation would be greatly appreciated.
Yours truly,

Dr. Harnett, MD
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B. Initial letter of contact to index patient's family

We are interested in leaming more about how kidney disease tends to run in families.
Since you have had a family member affected by kidney disease, I would ask for your
participation in a research study to identify other family members with kidney disease or high
blood pressure.

A research assistant will be contacting you by telephone during the next few weeks to
ask if you would be willing to participate. Your participation in this study is entirely voluntary.
‘You may not decide to participate or may withdraw from the study at any time.

With your permission, she will ask you questions about your immediate family's medical
history. These questions will focus on whether any other family members have been diagnosed
with a diabetes, kidney disease or high blood pressure. The interview will last up to 20 minutes.
A mutually convenient time for this interview can be arranged. If any family members are
identified as having diabetes, she may ask you to contact them for permission to allow her to
contact them for information and to arrange a time where clinical investigation of renal function
can assessed through urine tests.

Your participation would be greatly appreciated.

Yours truly,

Dr. Hamett, MD



C. Questionnaire Checklist

From Interviewee
1. Consent
2. Father's name
Date of birth
Living
cause of death
age of death
year of death (die before 1980)
History of renal disease, hypertension, diabetes
Community of birth
3. Father's parents names
Date of birth
Living
cause of death
age of death
year of death (die before 1980)
History of renal disease, hypertension, diabetes
3. Father's siblings i Hm—————
names
Date of birth
Living
cause of death
age of death
‘year of death (die before 1980)
History of renal disease, hypertension, disbetes
Number of children and their gender
Living
cause of death
age of death
year of death (die before 1980)




6. Mother's name
Date of birth
Living
cause of death
age of death
‘year of death (die before 1980)
History of renal disease, hypertension, disbetes
Community of birth
7. Mother's parent's names
Date of birth
Living
cause of death
age of death
year of death (die before 1980)
History of renal disease, hypertension, disbetes
8. Mother's siblings (including baif siblings and infant deaths)
names
Date of birth
Living
cause of death
age of death
year of death (die before 1980)
History of renal disease, hypertension, diabetes
Number of children and their gender
Living
cause of death
age of death
year of death (die before 1980)
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9. Propositus' siblings (including half siblings and infant deaths)
Names
Date of birth
Living
cause of death
age of death
year of death (die before 1980)
History of renal disease, hypertension, diabetes
Number of children
Living
cause of death
age of death
year of death (die before 1980)
History of renal disease, hypertension, diabetes

10. Propositus’ children in order of birth
Names
Date of birth
Living
cause of death
age of death
year of death (die before 1980)
History of renal disease, hypertension, diabetes

11. Obtain information on renal failure for all first, second and third degree relstives.

and obtain their

12. Identify who would be willing o git
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as needed.



142

D. 2x2 Contingency Table, Relative Risk Equation and Odds Ratio

Equation

2x2 Contingency Table - Unmatched cases and controls*

Table Al Observed frequencies of individuals relating their disease status to

factor exposure
Disease
Present, D+{(Cases) Absent, D-(Controls)
Present, F+ a b
(exposed)
Factor
Absent, F- c d
(unexposed)
Total n;=a+c ng=b+d
Proportion pi=a/n, Pob/ng
Odds ratio equation: a«d
cb
Relative risk equation: as(ctd)
ce(a+b)

*From Sackett, 1991

Total

m=ath

my=c+d

n=at+b+ct+d



143

F.  The Importance of Renal Impairment in the Natural History of
Bardet-Biedl Syndrome

INTRODUCTION
Bardet (Bardet, 1920), in 1920, and Biedl (Biedl, 1922), in 1922, described a syndrome

by ital obesity, retinitis pi; mental ion and

genital hypoplasia. In 1925, Solis-Cohen and Weiss (Solis-Cohen, 1925) mistakenly

combined this syndrome with a disorder, described by Laurence and Moon (Laurence, 1866)

in 1866, into one known as the L -Moon-Biedl Synds (Solis-Cohen,

1925). Today, Bardet-Bied! and L -M are ized as two

distinct disorders (McKusick, 1992; Editorial, 1988). While polydactyly is frequent in Bardet-

Biedl syndrome it is almost absent in the rarer La M As well,

observed in La M are not observed in Bardet- Biedl

patients (McKusick, 1992; Editoral, 1988; Schachat et al, 1982). Recent studies suggest that
the cardinal manifestations of Bardet-Bied! include not only retinal dystrophy, obesity,

d i i italism in males, but also renal abnormalities (Green et al,

1989). Other ies observed in this rare recessive ition include

mental retardation, hypertension and diabetes mellitus (Laurence, 1866; Green et al, 1989; Bell

etal, 1958; Escallon et al, 1989).
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In the past the care of patients with Bardet-Biedl Syndrome has not been optimal, particularly

because of their abnormal i itating bli and assumed mental

retardation. These patients may survive to adulthood and then present to nephrologists with
hypertension, abnormal renal imaging tests, or renal failure. However little information is
available concerning the natural history of affected individuals and the importance of renal
disease in their clinical outcome. Therefore we have re-evaluated Bardet-Biedl patients studied
in 1987 (Green et al, 1989), and have investigated additional Bardet-Biedl patients identified

since the original study. This paper reports on the age of diagnosis of important clinical

including bli ion, diabetes mellitus, renal failure and death, and

compares the frequency in patients and their unaffected siblings.
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METHODS
In our original study, 32 patients with Bardet-Biedl Syndrome were identified through the
registry of the Canadian National Institute for the Blind (CNIB), records in the Ophthalmology
Department at the Health Sciences Centre, St. John's, Newfoundland, and through subsequent
family studies (Green et al, 1989). Medical records were also searched to identify any persons
receiving treatment for Bardet-Biedl or Laurence-Moon-Biedl Syndrome. A further 6 patients
were identified since 1987. Thus 38 patients from 21 families with Bardet-Biedl Syndrome
were studied. Consanguinity was known or assumed in 7 families. 19 were female and 19

male, with ages ranging from 1-63 years at last follow up, with a mean age of 35 + 15 years.

There were 58 unaffected siblings in the 21 families and a further 6 infant deaths in whom
Bardet-Biedl diagnosis could not be ruled out. 28 of the siblings were female and 30 were

male. The ages of the siblings ranged from 7-59, with the mean age being 38 + 10 years.

The geographic distribution of families with Bardet-Biedl Syndrome is shown in Figure 1.
260,000 people live around the St.John's area and the remaining 300,000 are distributed in
coastal communities around the island. Until recently contacts between the communities were
by the sea, as there were few roads. The result of this isolation has been a clustering of many
recessive conditions in certain parts of the island, where consanguinity is likely to be high. The

families with Bardet Biedl Syndrome, however, were found to be scattered all over the island.
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A protocol for investigation was approved by the Human Investigations committee of St. John's

General Hospital. For those patients i ion an iate informed consent

was obtained.

17 patients with Bardet-Biedl Syndrome who were fully evaluated in 1986/7 were re-studied in
1993. A further 15 patients had complete evaluation in either 1987 or 1993, and the remaining
6 patients had partial testing. 45 of the 58 unaffected siblings were available for complete
testing in 1993. In addition, medical records were reviewed for all 38 cases and 45 of the

unaffected siblings to obtain ion of i i ing age of onset of legal

blindness, hypertension, diabetes mellitus, renal impairment and endstage renal disease.

At each visit blood pressure was recorded. Blood was drawn for measurement of serum urea,
glucose, in, calcium, alkaline phosphatase,

albumin, total protein, hemoglobin, complete blood count. Blood was also obtained for

measurement of follicle stimulating hormone (FSH), luteinizing hormone (LH), prolactin,
testosterone and estradiol. Urine samples were obtained and analyzed for blood and protein.
29 Bardet-Biedl patients underwent ultrasound of both kidneys, with 21 having serial studies

available, all of these being i by one radiologist (BCC). L siblings did not

undergo ultrasound investigation.
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The height and weight of 27 (15 female, 12 male) adult Bardet-Bied! patients and 42 (21
female , 21 male) adult siblings were converted to Body Mass Index scores (BMI) based on a

formula which integrates height (m) and weight (kg) (Healthy Weight, 1987).
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DEFINITIONS

Bardet-Bied] Syndrome: the presence of dystrophic extremities + polydactyly, retinal
dystrophy and obesity, in the absence of logi icati Other

include genital plasia in males, mental ion, and renal 1 ities, but

these were not incorporated into defining a case.

Hypertension: sitting systolic pressure >150 and/or diastolic >90mmHg or taking anti-
hypertensive agents. Age of onset of hypertension was considered to be the age at which the
first record of hypertension was observed in the medical charts.

Renal impail i inif of less than 1.2 ml/sec (70ml/min), using the

formula of Cockroft and Gault (Cockroft et al, 1976), or a serum creatinine > 120 pmol per
litre (1.35 mg/dl) when creatinine clearance values were not available (2 not available). Age of

diagnosis of chronic renal failure was taken to be the earliest recorded date of renal impairment.

Diabetes mellitus: glycosylated hemoglobin levels above the upper normal limit of 0.07 or
presently on a therapy (diet, drug or insulin) to control blood sugar levels. Age of onset of
diabetes was determined from the earliest clinical recording in the medical records.

Obesity: BMI greater than 27 (+, 1987).

Legal blindness: visual acuity of 20/200 or less, or a visual field of 20 degrees or less.

Primary testicular failure: serum testosterone levels below lower limit of normal with FSH and

LH levels above the upper limit of normal.



149
Primary ovarian failure: serum estrogen levels below lower limit of normal with FSH and LH
levels above the upper limit of normal, in females of reproductive age, corrected for time in the

menstrual cycle at which blood was taken.



STATISTICAL ANALYSIS
The Kaplan-Meier method was used to compare age of diagnosis of various clinical
manifestations in Bardet-Bied patients and their unaffected siblings (Dixon, 1988). Terminal

events included death, chronic renal failure, blindness, hypertension, and diabetes mellitus.

Two tail chi square tests were used to compare proportions. Fisher's exact test was used for
evaluating statistical differences for of cells having observed or expected frequency of less than
5. Differences in the quantitative variables were evaluated by student's unpaired t-test. P

values less than 0.05 were considered significant.

The total number of patients studied varied for the different investigations.
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RESULTS
The manifestations of disease present in Bardet-Biedl Syndrome are presented in Table 1. The

earliest manifestations are those associated with hi

syndactyly and brachydactyly.

Blindness: Of 36 patients with Bardet-Biedl Syndrome 86% were legally blind, as compared to
none of the 45 siblings evaluated. Since the BBS patients were identified primarily through the
CNIB a possible bias may exist. The blindness was usually incapacitating. At last examination
one patient had no light perception, 28% (N=7) could perceive only light, 16% (N=4) could
see only had movements, 28% (N=7) could do no better than count fingers. The remaining
24% (N=6) had visual acuity < 20/200. The age range of recorded legal blindness was
5-29 years of age. Figure 2 shows that 25% of Bardet- Bied] patients were legally blind by the
age of 13, 50% by the age of 18 and 100% by the age of 30. All five Bardet-Bied! patients not
yet legally blind were under the age of 12 years. Retinal dystrophy was observed in 100% of

our patients. For other ocular abnormalities see Green et al (Green et al, 1989).

Hypertension: 66% (25/38) of Bardet-Bied! patients were hypertensive compared with only
11% (5/45) of the unaffected siblings. 60% of the hypertensive Bardet-Bied] patients were
treated with antihypertensive agents. 25% of Bardet-Bied! patients had elevated blood

pressure by the age of 26, 50% by the age of 34 and 75% by the age of 53 (figure 3). In
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contrast, 25% of d siblings were hyp ive by the age of 49 (p=0.001).

Diabetes Mellitus: 12 out of 38 (32%) Bardet-Biedl patients investigated had diabetes mellitus

compared to none of the 45 unaffected siblings. Two patients were insulin dependent, four

were prescribed oral hypoglycemic agents and 6 were maintained with dietary
Figure 2 shows that 25% of Bardet-Biedl patients were diabetic by the age of 35 and 50% by

the age of 55. The age of diagnosis ranged from 24-55 years.

Renal Failure: Renal impairment occurred in 9 of 36 (25%) patients, 4 of whom progressed to
end stage renal disease. The earliest age of onset observed was 2 years old. By age 48, 25%
of Bardet-Bied] cases had chronic renal insufficiency (Figure 2). Only 1 unaffected sibling had

mild renal impairment.

Renal Structure: Fetal lobulation was present in 96% of 28 Bardet-Biedl patients investigated
with ultrasound, abnormal calyces in 96%, calyceal diverticula or cysts in 58% of patients,
diffuse cortical loss in 25% and focal cortical loss in 7%. In three patients with renal
impairment at the time of last ultrasound, 2 had diffuse cortical loss and 1 (4%) had focal loss.

Of 25 patients with normal renal function at time of ultrasound 1 had focal loss and 5 (20%)

had diffuse cortical loss, two of whom showed ive loss on serial
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Survival Analysis: 8 of 38 (21%) Bardet-Biedl patients died by last follow up (3 males, 5
females). The ages of death ranged from 1-63. Three (38%) of these deaths were the result of
End Stage Renal Disease (ESRD), 2 from congestive heart failure both of whom had chronic
renal failure, 1 from metastatic renal cancer who also had chronic renal failure, 1 from
pulmonary embolism and morbid obesity, and the 8th from respiratory failure and sepsis
following surgery for Hirschsprung’s disease at age 1 year. Thus renal failure was present in

75% of patients at the time of death.

Of the 58 unaffected siblings only one (1.7%) had died (as a result of a myocardial infarct at the

age 36).

Figure 4 shows the cumulative survival in 38 Bardet-Bied! patients and their 58 unaffected
siblings. Life expectancy was significantly worse in patients with Bardet Biedl Syndrome than in
their unaffected siblings with 25% of Bardet-Biedl patients dead by the age of 44 years of age

(p<0.0001).

Obesity: Figure 5 shows the distribution of Body Mass Index in affected and unaffected
siblings. The range of BMI for female Bardet-Bied! patients was 30-55 (mean 40.1+8.3)
compared to 20-40 (mean 26.5+5.14) for unaffected female siblings. Female Bardet-Bied!

patients had significantly greater BMI compared to their affected brothers (p<0.01). For male
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Bardet-Bied! patients, the BMI ranged from scores of 21-55 (mean 33+8.7) compared with
20-42 (mean 29.1+5.2) for their unaffected male siblings. The obesity in Bardet-Biedl patients
was responsive to calorie restriction, as 5 patients lost substantial amounts of weight on calorie

restriction diets.

Gonadal Dysfunction: During the study 10 males had tests of gonadal function 4 of whom had
evidence of primary testicular failure. One of the 9 females of reproductive age (excluding 3

being treated with contraceptives) had primary ovarian dysfunction.

Mental Retardation: Forty-one per cent of the patients were considered mentally retarded.

Further details of objective IQ testing can be obtained from Green et al (Green, 1989).
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DISCUSSION
Bardet Biedl Syndrome is a rare disorder. The incidence rate in Switzerland is 1 in 160,000
live births (Klein et al, 1969). Among the mixed Arab population of Kuwait the prevalence
rate is estimated at 1:36,000. However, among the Bedouin in Kuwait, where consanguinity is
frequent, the rate is estimated at 1:13,500 (Faraj et al, 1989). A similar prevalence rate has
been observed in the Newfoundland population (1:17,500) (Green et al, 1989). The scattered
geographic distribution of the families we studied is striking, unlike the clustering often seen in

autosomal recessive conditions.

Prognostic data for Bardet Biedl Syndrome is of particular interest to families with affected
individuals or at risk of having children with the syndrome, as well as to physicians who must
advise and treat them because of the serious clinical manifestations and the lack of

demonstrated preventive therapy.

ds is the earliest i ion of the and is

; and/or

birth. A delay in achieving developmental milestones may be expected in many affected

due to mental ion or vision (Green et al, 1989). Obesity is

present in childhood. Bli usually develops in the teen years. In early

adulthood hypertension, diabetes mellitus and renal failure occur. Longevity is substantially

reduced.
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Qbesity: This manifestation usually begins in childhood and increases in severity with age (Klein
etal, 1969; Dekaban et al, 1972; Bauman et al, 1973). Bauman et al (1973) reviewed 73
cases where birth weight and subsequent weight gain were recorded in order to better define
the age of onset of obesity. 71% of Bardet Bied! patients were >50th percentile at birth with
38% being >90th percentile. For those that were above the 50th percentile at birth, 33% of
these cases were obese by one year of age. This adiposity noted during early life has usually

been as diffuse and in dit ion. By hood, however, this adiposity

becomes the most prominent in the trunk and proximal section of the limbs.

Blindness: Severe retinal dystrophy is another feature presenting early in affected individuals.
The earliest manifestation of retinopathy has been observed to be either loss of central visual
acuity and or decreased night or peripheral vision (Schachat et al, 1982; Jacobson et al, 1990;
Leys et al, 1988; Fulton et al, 1993; Riise et al, 1987; Lyle et al, 1946; Krill et al, 1961).
Retinal degeneration leading to blindness has been reported to appear between the ages of 4
and 10 (Dekaban et al, 1972; Krill et al, 1961; Campo et al, 1982) with 73% of cases being
blind by the age of 20 (Klein et al, 1969). Other studies have found that visual acuity was
moderately reduced at the beginning of their teens, after which it rapidly decreased by the age
of 30 (Jacobson et al, 1990; Leys et al, 1988; Riise et al, 1987; Campo et al, 1982).
Deterioration of eyesight occurred rapidly in our patients with 25% of Bardet-Bied! patients

being legally blind by the age of 13, 50% by the age of 18 and 100% by the age of 30. The
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wide range in ages of diagnosis of legal blindness (ages 5-29) observed in our patients may be
the result of late or inaccurate recording of precise age at which individuals were legally blind.
This may be particularly true for older patients. The severity of blindness is often incapacitating,
as demonstrated by the fact that in 76% of patients examined visual acuity was at the level of

counting fingers only or worse.

was observed and at young age in Bardet- Bied!

patients - 50% affected by age 34 years. It is difficult to know whether hypertension is a direct

result of the mutant gene, or an indirect result of renal involvement, obesity or diabetes mellitus.

Diabetes mellitus: A higher rate of diabetes was observed in our group of patients (36%) than
in those studies by Amman & Klien (14%) (Klein et al, 1969). This abnormality in glucose
metabolism occurred early, with 50% of our Bardet-Biedl patients developing diabetes mellitus
by the age of 55. The cause of diabetes in Bardet-Biedl patients remains unclear. Pancreatic
histological abnormalities have not been observed in autopsy reports to account for the

presence of abnormal glucose levels (Fraccaro et al, 1953; Franke, 1938 et al; Churchill et al,
1981). Obesity could lead to the development of diabetes by a reduction of the cellular insulin
receptors, which in tum leads to a decrease in insulin sensitivity and an increase in insulin levels

(Rizza et al, 1981; Olefsky et al, 1981). Diabetes in Bardet-Biedl syndrome is probably type I
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diabetes because increased insulin levels have been reported following a glucose load in
Bardet-Biedl syndrome (Green et al, 1989) and only 2 of the 12 Bardet-Biedl patients with
diabetes were insulin dependent. Therefore it is likely that dietary management would be

helpful, at least in the initial phases.

Renal Impairment: Renal disease is a istic feature of the (Green et al, 1989;

Harnett et al, 1988; Churchill et al, 1981; Allon et al, 1973; Hurley et al, 1975; Tieder et al,
1982, Linne et al, 1986). Structural renal abnormalities have been observed in up to 100% of
patients reported in recent clinical series (Harnett et al, 1988). The radiographic observations
of fetal lobulation, calyceal clubbing, blunting, cysts or diverticula, in our Bardet-Biedl patients
are characteristic of the syndrome. Twenty five percent of patients had impaired glomerular
filtration rate and in the group with normal renal function a further 20% had diffuse cortical loss

on renal ultrasound. One suspects that the latter group will go on to develop renal impairment.

Impairment of glomerular filtration rate often occurred at an early age. By the age 48 years
25% of Bardet-Biedl patients had renal impairment. The earliest age of onset of chronic renal
impairment was two years of age. Case studies (Tieder et al, 1982; Bluett et al, 1977; Linne et
al, 1986) have shown even earlier onset of chronic renal failure, with a 3 month and 6 month

old infant developing chronic renal failure.
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Longevity: There are no reported data on the life expectancy of Bardet-Biedl patients.
Longevity is certainly reduced, with 25% of individuals affected with Bardet-Biedl Syndrome
dying by the age of 44 compared to only 2% of unaffected siblings. Renal failure has been
observed to be a frequent cause of death. (Klein et al, 1969; Churchill et al, 1981; Nadjimi et
al, 1969). A review of 16 autopsies by Churchill et al showed that 56% of deaths resulted
from renal failure (Churchill et al, 1981). 38% of the deaths observed in our study were the

result of chronic uremia and a further 38% of patients had renal impairment at time of death.

The early onset and severity of the various i ions of this make early di;

of the syndrome essential if the patient's function is to be maximized. Only the feature of

d; hil ities may be ized at birth. However, the presence of retinal
dystrophy, severe obesity and renal structural changes should lead to an early diagnosis. The
fact that many patients are not mentally retarded (Green et al, 1989) and do not become blind
until their teen years suggests that special education could maximize patients ability to function

in adulf d. ing for it glucose levels and renal

function is indicated, as early of these i ions could be

Heterozygotes: Swift and Croft (Croft et al, 1990) have postulated that heterozygote siblings of

Bardet-Bied! patients are at an i risk of also ing obesity, ion, diabetes

and renal disease. This is based on the frequent observation of these complications in a review
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of 75 relatives of 2 Bardet-Biedl patients. Other studies also report on unaffected family
members with obesity (Ehrenfeld et al, 1970) and renal impairment (Runge et al, 1986).
Although 57% of unaffected siblings in our study had a body mass index greater than 27 and
25% of unaffected siblings were hypertensive by age 49 years, only one had mild renal

impairment, none had diabetes mellitus and there was only 2% mortality by the age of 50.

The rate of hypertension may be artificially elevated in the unaffected siblings because they were
assessed only once, as part of the study. In a group of autosomal dominant polycystic kidney
disease families studied in a similar manner we observed hypertension (as defined in the current
study) in 23% of unaffected adults aged 40-59 years (Parfrey et al, 1990). It is possible that

on repeat testing blood pressure may not remain elevated.

At present the evidence to support an increased risk of clinically important disease in

heterozygote siblings is not strong.

C it Bardet-Biedl has an adverse is with early onset of obesity,

blindness, hypertension and diabetes mellitus. Renal impairment is frequent and an important

cause of death. Survival is substantially reduced.
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Table 1: Clinical Manifestations of Bardet-8led] Syndrome.

N N %
With Examined
Abnormality

Syndactyly or polydactyly* 29 n 93
Polydactyly* 18 n S8
Brachydactyly of feet* 22 2 100
Legally blind N 36 86
Severe blindness® 19 25 76
Retinal dystrophy* 28 28 100
Mental retardation® 13 32 41
Obesity 25 27 93
Hypogenitalism in men 7 8 88
Primary testicular failure 4 10 40
Primary ovarian failure 1 9 n
Diabetes mellitus 12 38 2
Hypertension 25 38 66
Reduced glomerular

filtration rate 9 36 25
Renal fetal lobulation 27 8 96
Abnormal renal calyces 27 28 96

*Data obtained from reference (8).
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