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SUMMARY

Some renal diseases, i.e. rapidly progressive glomerulonephritis, are sufficient causes
of a rapid, permanent total loss of renal function. However, the majority of renal
diseases progress slowly over decades, initially often without symptoms, sometimes
making it difficult to define the aetiologies. There is growing evidence that a multitude
of lifestyle-related and environmental factors influence the risk and the progression rate
of chronic renal failure (CRF), although genetic factors also appear to be of importance.
Prevention is important since the prognosis of end-stage renal disease treated with
dialysis is poor, but mortality is substantially increased also in patients with mild CRF.

To identify risk factors for CRF, we performed a population-based nation-wide case-
control study. The study base was the entire Swedish population born in Sweden and
aged 18-74 years. Eligible as cases were subjects who had a serum creatinine that for
the first time and permanently exceeded 300 pumol/l (men) or 250 pumol/l (women)
during the two-year study period, 1996-1998. The final study population included 926
cases and 998 randomly selected controls from the study base. A face-to-face interview
and a self-administered questionnaire provided information about various exposures.

Despite an overall non-significant association, high daily smoking dose, long
duration of the smoking habit, and a high cumulative dose were associated with a
significant excess risk of CRF. In smokers with a cumulative dose of >30 pack-years,
the risk was increased by 52 % compared to non-smokers. A more than two-fold
increased risk among heavy smokers was observed for CRF classified as
nephrosclerosis, but significant positive associations were also noted with
glomerulonephritis, and among women — also with diabetic nephropathy. Other tobacco
use than smoking was unrelated to risk of CRF.

A high protein intake was strongly and positively related to an increased risk of
diabetic nephropathy. We cannot rule out that this association might be the result of
reverse causality and recall bias, however, in an analysis confined to diabetic cases and
controls, an almost 3-fold risk gradient with protein intake remained, albeit imprecise
due to small numbers. Protein intake was not associated with other types of renal
disease. We could not confirm our hypothesis that a high intake of antioxidants reduces
risk of CRF, with the possible exception that a high intake of vitamin E was linked to a
low risk in individuals with hypertension.

Being overweight in early adulthood and obese at anytime in life was associated
with an increased risk of CRF. A body mass index exceeding 30 kg/m” in men and 35
kg/m® in women anytime during lifetime was linked to 3-to 4-fold increases in risk.
Although much of the excess risk was driven by the higher prevalence of hypertension
and diabetes among obese, an additional pathway may exist. Birth weight was
unrelated to risk of CRF, while a short stature was associated with CRF, at least in men.

Isolated regular use of either paracetamol or aspirin was associated with a 2.5-fold
increased risk of CRF overall, with a positive dose-response. The elevations in risk
were observed for most types of underlying renal diseases, albeit not always
statistically significant. To avoid bias due to analgesic use triggered by CRF symptoms,
we disregarded more recent use, but the risks became only slightly attenuated. Our
results are consistent with an exacerbating effect of paracetamol and aspirin, but, we
cannot exclude that predisposing conditions of CRF may have prompted analgesic use.
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INTRODUCTION

The incidence of end-stage renal disease (ESRD) is rising rapidly in many countries "2,
although the increase has been less marked in Sweden °. Major driving forces behind
the global growth of the prevalence pool of treated ESRD patients appear to be broader
acceptance of older and sicker patients into renal replacement therapy, improved
survival from concurrent or underlying diseases owing to better management of e.g.,
cardiovascular diseases and diabetes, and increased occurrence of renal disease 4
Recently, there have been several reports from quite a few countries demonstrating that
early signs of kidney disease are common; up to 10-15 % of the general population
either has proteinuria, haematuria or a reduced glomerular filtration rate > °. Both
proteinuria and a small reduction in glomerular filtration rate are strong predictors of
future risk of established renal failure -*.

The survival among patients treated with dialysis, particularly among the elderly, is no
better than that documented in many cancers °, but even earlier stages of renal failure
are associated with 2-to 3-fold increased risks of death °. Patients with renal failure
have a high morbidity related to the kidney disease and the prevalence of
cardiovascular diseases is high. In addition, the financial burden posed by ESRD is
heavy '. Against this background, prevention of chronic renal failure must be of high
importance. There is growing evidence that a multitude of lifestyle-related factors or
environmental factors, many of them preventable, might influence the occurrence or
progression of chronic renal failure (CRF) ' ',

The aim of this work was to evaluate if, and to what extent, some lifestyle-related
factors influence the risk of CRF in Sweden.



BACKGROUND

DEFINITIONS

Chronic renal failure (CRF) is a pathophysiologic process with multiple aetiologies,
resulting in a progressive loss of function and number of functioning units (nephrons)
in the kidney. Due to the initially asymptomatic nature of renal disease, the condition is
often undetected until late in the course. The renal failure can lead to end-stage renal
disease (ESRD), which is defined as a condition where the irreversible loss of renal
function is of a sufficient degree to render the patient permanently dependent upon
renal replacement therapy (dialysis or transplantation) in order to survive '*.

Measurement of serum creatinine is the most commonly used screening test for renal
failure. However, it is an insensitive measure, as much as 50 % of the nephron mass
may be lost before creatinine concentration increases, and levels are influenced by
several factors such as sex, age, body mass, muscle mass and diet B Estimated
glomerular filtration rate (GFR) is the best measure of the level of kidney function, and
in clinical practice measurements of serum creatinine typically form the basis for such
estimates. The widely used Cockcroft-Gault equation, which includes age, weight, sex,
and serum creatinine, provides a rather valid assessment of GFR '*. In young adults the
GFR is approximately 125 ml/min, but after the age of 30 it declines by on average 1
ml/min annually '°. If GFR falls below 5 to 10 % of normal, continued survival without
renal replacement therapy (RRT) becomes impossible.

The National Kidney Foundation has suggested the following definition of chronic
kidney disease (CKD): established kidney damage with structural or functional
abnormalities or a glomerular filtration rate <60 ml/min/1.73 m” for three months or
more *. The classification of stages of CKD is based on the level of kidney function
measured by GFR, where stage 1 represents kidney damage with normal or elevated
GFR and stage 5 represents a GFR of less than 15 ml/min or treatment with dialysis.
However, this classification has not been generally adopted, and a new international
modified version is currently being developed '°.

DESCRIPTIVE EPIDEMIOLOGY

Registers of patients on renal replacement therapy (RRT) have been established in
several developed countries. The Swedish register of renal replacement therapy
(SRAU) started in 1991. Thus, the incidence and prevalence of patients with ESRD
accepted for RRT are known in countries with registers, although the absolute numbers
of ESRD are uncertain. In less developed countries economic factors and health-care
resources strongly affect the RRT rate 2 Typically, the occurrence of kidney disease
overall in the general population is unknown, with exceptions in countries or areas
where incidence or prevalence studies have been performed.
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Occurrence of end-stage renal disease

By the end of year 2002, 6,761 patients were on renal replacement treatment in Sweden
(36 % with haemodialysis, 12 % with peritoneal dialysis and 52% had a well-
functioning transplant), corresponding to a prevalence of 756 per million people (pmp).
Every year more than 1100 new patients enter the Swedish register, corresponding to
an incidence of 125 pmp per year °.

Internationally, the incidence rates and prevalence differ substantially between
countries. Japan has the highest prevalence worldwide (1730 pmp in 2001) followed by
Taiwan and USA 2. The incidence rate in USA reached 333 pmp per year in 2002 "7,
and varied in Europe between 76 (Iceland) and 170 pmp per year (Dutch-speaking
Belgium) in 2002 '*. A high incidence is also reported from Japan (252 pmp/year) '°,

whereas it is lower in Australia and New Zealand (92 and 107 pmp/year, respectively)
20

The need for RRT increases steeply with age; more than half of the patients treated
with dialysis worldwide are over 65 years *'. In Sweden, the average age of the
prevalent population treated with dialysis or renal transplantations in 2002 was 56.8
years, an increase of 4.7 years since the start of the register in 1991 *. The mean age of
new patients in 2002 was 63.4 years.

Occurrence of kidney disease

Early-stage kidney disease is commonly encountered in the population. In the US it is
estimated that 11 % of the adult population (about 19 million individuals) have some
sign of chronic kidney disease (proteinuria and/or reduced GFR). Approximately 5 %
have an estimated GFR of less than 60 mL/min °. In Australia, 16 % of the adult
population were reported to have at least one indicator of kidney damage (proteinuria,
hematuria, or reduced GFR) and about 11 % had a GFR that was lower than 60 ml/min
> In a study from United Kingdom 0.56 % of the general population had a serum
creatinine of >180 micromol/L (men) and >135 micromol/L (women) **. From another
UK study the incidence rate of CKD (defined as persistently increased serum creatinine
of >150 micromol/L) was 1,701 pmp per year >.

Trends

End-stage renal disease is an escalating public health problem throughout the world. In
2001, approximately 1.5 million people were undergoing treatment for ESRD, an
increase by 7 % compared with previous year. It is expected that the number of patients
will reach 2.5 million by 2010 2. A rapid rise is anticipated in developing countries. In
Japan the RRT rate has increased by 11 % annually during the last decade **, in Europe
by 4.8 % ** and in the US by 5.3 % in the early 1990s, albeit the increase has fallen
during the last years to below 2 % . In Sweden, the incidence rate increased during the
1990s, but has remained relatively stable during the last 5-year period °. Since 1991 all
types of RRT in Sweden have increased in prevalence, the annual average increment
has been 5.1%.
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Sex differences

There is a striking gender difference in the incidence of patients with ESRD accepted
for RRT. In 2002, the female to male ratio was 1: 1.7 in Sweden and 1: 1.4 in the
United States > *2. It appears that men have a more rapid progression of renal
insufficiency compared with women, at least in non-diabetic renal diseases * **. This
finding is supported by animal studies %. Sex hormones are suggested to mediate the
difference in progression rate, but it remains unclear whether the presence of
testosterone or the absence of estrogens, or both factors combined, might explain the
greater susceptibility of the male kidney *°.

Racial/Ethnic differences

There are dramatic ethnic/racial discrepancies in ESRD occurrence. A remarkable, up
to eightfold increased rate of RRT is seen among indigenous groups in Australia and
New Zealand compared with the non-indigenous population *'. In US, the incidence of
ESRD is four times higher among blacks than in whites *%. The reasons for these
differences are not fully understood but it appears that both genetic, environmental,
lifestyle habits and possibly health care-related factors are of importance **. A high
prevalence of hypertension and diabetes in some populations contributes to the
variation in risk, in addition, it appears that individuals with these conditions in some
ethnic/racial groups have a higher susceptibility to kidney damage and a more rapid
progress towards ESRD. However, also other types of renal diseases are more common
in some populations, e.g., glomerulonephritis in Afro-Americans and in indigenous
groups in Australia/New Zealand ** **. Since low birth weight (LBW) has been
tentatively linked to ESRD, and LBW is common in some high-risk populations, this
factor has been proposed to be one contributory reason for the disparate incidence rates
% An alternative interpretation, however, is that ethnicity might explain the association
between birth weight and risk of ESRD observed in some studies.

Prognostic aspects

According to the Swedish register, the mortality is approximately 28 per 100 person-
years among patients in dialysis and 3 per 100 person-years among patients with kidney
transplants. The crude five-year survival among patients in dialysis is approximately 23
%, and it varies between 70 % in the youngest patient group to 14 % among patients
older than 65 years. The five-year survival among patients with kidney transplants is
approximately 85 % °. Also moderate CRF is associated with a substantially increased
mortality; an estimated GFR of 30-44 mL/min almost doubles the risk of death
compared with the corresponding risk in the general population, and a more than tripled
mortality is seen among patients with a GFR of 15-30 ml/min °.
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ETIOLOGY AND RISK FACTORS

The “multi-hit” theory of renal disease

Some renal diseases, i.e. rapidly progressive glomerulonephritis, are sufficient causes
for a rapid permanent total loss of renal function. However, the majority of renal
diseases progress slowly over decades, initially often without symptoms, sometimes
making it difficult to define the aetiologies. There are strong indications that
environmental and lifestyle factors influence kidney function over time, although
genetic factors also appear to be of importance *°. First, renal function declines
generally with aging also in healthy subjects, however, the decline is not uniform but
varies substantially between individuals *’. Secondly, the incidence of renal injury
varies considerably among individuals who are at-risk for chronic kidney disease (e.g.
hypertension, diabetes mellitus). Finally, the rate of loss of renal function is highly
variable among individuals with the same underlying cause of renal injury ''. This
individual variability probably reflects the multifactorial nature of the etiologic and
biologic mechanisms involved in a substantial part of chronic renal failure.

In the “multi-hit” hypothesis of chronic renal failure it is suggested that a “single hit” in
many cases is insufficient for causing overt renal disease, but in combination with
several hits, overtly progressive renal disease may develop **. It is known from autopsy
studies that the number of nephrons varies substantially in humans, from 300,000 to
1,200,000 per kidney *°. A congenitally small number of nephrons might constitute a
“first hit” which predisposes for overt renal disease later in life. Although no strong
candidate genes have yet been identified, inheritance of hypothetical genotypes
associated with particular susceptibility may similarly constitute a first hit. Acquired
loss of functioning nephrons due to renal disease, ageing, obesity, and a multitude of
harmful exposures throughout life, would constitute “second hits”. Several risk factors
for the occurrence or progression of CRF are now identified or suspected (Table 1).

Table 1. Established or suspected factors associated with the occurrence or
progression of chronic renal failure.

Specific kidney diseases Race and ethnicity

Hypertension Familial aggregation /hereditary factors
Diabetes Low birth weight

Insulin resistance /Hyperinsulinemia Short stature

Hyperlipidemia Obesity

Chronic anaemia Cigarette smoking

Proteinuria Ilicit drug use

Oxidative stress Analgesics /other nephrotoxic drugs
Older age High intake of proteins

Male gender Lead, Cadmium and other heavy metals
Low socio-economic status Organic solvent
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Progression of renal disease

Although certain renal diseases and renal damaging conditions or exposures might have
their own specific pathophysiologic mechanisms that initially lead to nephropathy,
experimental animal data suggests that a wide variety of kidney diseases have a
common pathway for progression to CRF *°. It appears that when glomerular filtration
rate falls to about half of normal, further loss of function often ensues, regardless of the
initial causes of kidney damage '°. The common pathway of progression includes
systemic hypertension, glomerular hypertension, increased glomerular permeability and
proteinuria, ultimately leading to inflammation, scarring, and renal failure. It appears
that the excessive protein filtration, caused by the glomerular hypertension, might per

se have toxic effects on the kidneys and increases the rate of progression ***'.

Based on results from studies in rats, Brenner et al suggested, already in the 1980s, that
hyperfiltration and glomerular hypertension may play important roles **. Hyperfiltration
is observed in diabetes and obesity, but also in any condition associated with a reduced
number of nephrons *. To compensate nephron loss, the glomerular plasma flow rate
and glomerular capillary hydrostatic pressure increase in the surviving nephrons, thus
raising the single-nephron glomerular filtration rate. These changes are adaptive
initially, by maintaining the overall GFR. However, the glomerular hypertension has
negative long-term effects and causes progressive renal sclerosis in a self-perpetuating
vicious cycle, whereby nephron loss due to sclerosis further increases flow and pressure
in the remaining glomeruli leading to a gradual progress of CRF **. Angiotensin II
seems to be a central mediator of the observed glomerular hemodynamic changes, but it
also controls other factors that might be of importance in the progression of kidney
disease, such as the production of oxygen species, the regulation of cytokines and
profibrotic growth factors, among others. Inappropriate activation of other systems,
such as the sympathetic system, the endothelin system and of aldosterone, has also been
implicated in the progression of CRF **.

Renal disease

Renal diseases are of course the strongest risk factor for CRF and ESRD. Glomerulo-
nephritis used to be the leading cause of ESRD, but during the last decades there has
been a worldwide shift in the diagnosis of ESRD leading to RRT; diabetic nephropathy
and hypertensive nephropathy are now the most common diagnoses > *> *2. The
incidence of ESRD of uncertain origin has increased in many countries during the last
decades. In Europe, this group doubled in a 10-year-period, and in 1999 22 % of the
new patients entering the European register had not a clear diagnosis *°. In Sweden, 9.2
% of the incident patients had an unknown cause of the ERSD in 2002 3,

Hypertension

There is compelling evidence from the epidemiological literature that hypertension
causes a decline in renal function ® *> % and increases risk of ESRD 47+ %, However,
some investigators have questioned whether non-malignant hypertension (in contrast to
malignant) is an important initiator of kidney disease ***°. Although the evidence that
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hypertension accelerates the progression of already existing renal failure is
overwhelming, there is a lack of conclusive data from clinical trials that aggressive
treatment of hypertension reduces risk of kidney disease onset. A meta-analysis,
including 10 prospective controlled trials investigating the relation between
hypertension and subsequent loss of renal function, could not confirm that optimised
medical treatment of non-malignant hypertension prevented kidney disease *. It is
conceivable, though, that the duration of the clinical trials was too short to clearly
demonstrate the beneficial effect of good blood pressure control.

The diagnosis of hypertensive nephropathy (HN) now accounts for 18 % of incident
cases of ESRD in Sweden, and 30 % of new patients in United States 332 However, the
entity “hypertensive nephropathy”, i.e., CRF as a consequence of hypertension,
deserves some extra comment. Since hypertension accompanies virtually all renal
diseases it might be difficult to disentangle whether hypertension caused the renal
failure or was a consequence of it. A clear diagnosis of HN requires that a renal biopsy
is performed, which is rarely done. Hypertensive nephropathy is usually diagnosed on
clinical grounds alone and is sometimes a diagnosis of exclusion, or made when the
cause of renal failure is unknown >'. In a Japanese study of ESRD patients only 2.6 %
of those diagnosed with HN had a biopsy performed 2. Biopsy studies of patients
clinically diagnosed with HN have confirmed that misclassification, indeed, exists >> >,
In one study, only half of the HN patients, in fact, had genuine HN, while the rest had
“atheromatous vascular disease” >*, and in a case report, renal biopsies from two
patients showed signs of focal segmental sclerosis >. It appears that the clinical entity
of HN is composed of a mixture of CRF due to hypertension, renovascular disease,
small-vessel arteriosclerotic disease within the kidney, but it might also include
unidentified primary renal parenchymal diseases >.

Diabetes

Diabetes contributes importantly to the increasing burden of ESRD ** *’, and the
rapidly rising trend in type II diabetes prevalence throughout the world is of major
concern *°. There is considerable variation in incidence of type II diabetes-linked ESRD
between populations and countries, and it appears that this marked difference cannot
solely be explained by variations in the prevalence of type 2 diabetes *°. There are
indications that genetic susceptibility for nephropathy development may be in operation
in both type I and type II diabetes, although gene hunting studies have been unable to
identify any particular mutations which could explain the development of diabetic
nephropathy in the majority of diabetic patients ®. Beside genetic factors, changing
environmental or behavioural factors appear to be of importance for the development of
diabetic nephropathy. In Pima Indians, where both type II diabetes and diabetic
nephropathy are highly prevalent, the incidence rate of proteinuria among type 2
diabetics has increased nearly two-fold during the last 40 years, despite improvements
in plasma glucose and blood pressure °'.
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Tobacco

Historical remarks

Tobacco denotes a stimulant of leaves from any of numerous Nicotiana species. It has
been used for centuries, initially by indigenous populations in America for medicinal
and ceremonial purposes. It was brought to Europe by Columbus, primarily as a
medicinal plant as it was thought to act as a panacea for a diversity of medical
conditions. Later, tobacco started to be used as a stimulant, and early in the 20®
century the habit of using tobacco products was widespread *.

Prevalence of tobacco users

It is estimated that the total number of cigarette smokers worldwide is one billion *.
Generally, the tobacco smoking prevalence is decreasing in developed countries and
increasing in developing countries. Cigarette smoking has decreased steadily during the
past decades in Sweden; the prevalence is now the lowest in Europe. Between 1980 and
2003 the proportion smokers fell from 36% to 17% among men and from 29% to 18%
among women % In contrast, the use of smokeless tobacco has increased in Sweden,
particularly among male adolescents and athletes. In 1999, 19 % of men and 1% of
women were daily users of the Swedish product snus .

General health effects of tobacco

Tobacco smoking is considered to be the most common identifiable cause of adult
death in developed countries, with the exception of hypertension. The World Health
Organization estimated that 4.9 million premature deaths from smoking occurred in
year 2000, and the yearly number is expected to be 10 millions in 2020 if current
smoking patterns continue *. The effect of smokeless tobacco on human health is more
uncertain. Swedish studies about health effects of snus have shown no clear link
between such use and various types of cancer ***. A Swedish cohort study showed an
increased risk of death from cardiovascular disease among users of smokeless tobacco
% but this finding was not confirmed in a US study .

Tobacco and the kidney

In recent decades a growing body of literature has emerged, supporting the idea that
smoking is associated with adverse effects on the kidneys. Strongest evidence exists for
a detrimental effect of smoking on the kidneys in diabetes, but most data point to a
similar smoking-related negative impact on kidneys in individuals with hypertension or
a pre-existing renal disease. Moreover, experimental studies and population-based
epidemiological studies indicate that smoking may cause renal damage also in healthy
individuals, independent of other factors.

In diabetes, smoking has been linked to increased risks of microalbuminuria
development, accelerated progression from microalbuminuria to manifest proteinuria,
and accelerated progression of manifest renal failure ”'. Most data support a two- to
three-fold increased risk of nephropathy among smoking diabetics compared with non-
smokers ' although the WHO Multinational Study of Vascular Disease in Diabetes did
not find any association between smoking and CRF after, on average, 8.4 years of
follow-up "% Initially, the increased renal risk from smoking was only reported in type I
diabetes "> 7, but it is now recognised also in patients with type 2 diabetes "> . It
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appears that some diabetics are more sensitive to renal effects of smoking than others,
and a genetic susceptibility to develop adverse renal effects from smoking among
diabetics has been hypothesised .

In two cross-sectional studies, smoking was a strong predictor of both micro-
albuminuria and macroalbuminuria in hypertensive individuals " ", and a prospective
study showed that smoking was the most powerful predictor of a decline in renal
function among individuals with severe hypertension *°. In contrast, a large cohort
study of almost 12.000 hypertensive men could not confirm a statistically significant
relation between smoking and risk of ESRD after a minimum of 14-years’ follow-up *'.

The role of smoking in primary renal disease is less investigated. Two case-control
studies could not verify the hypothesis that smoking increases risk for appearance of
glomerulonephritis *" *. In contrast, studies have yielded positive associations between
smoking and progression rate among men with glomerulonephritis or autosomal
dominant polycystic kidney disease * **. Studies investigating the role of smoking on
progression in lupus nephritis have reported disparate results *>**.

A number of cross-sectional studies from the general population in Europe, USA and
Australia have demonstrated a higher prevalence of albuminuria/proteinuria among
smokers compared with non-smokers, independent of diabetes, hypertension and other
factors ¥, A case-control study among elderly reported that an increased serum
creatinine level was independently related to smoking °'. A cohort study with
individuals free of renal disease at entry, found a 42 % increased risk of renal
impairment (the fifth or lower percentile) among smokers, after a median follow up of
18.5 years °. Another prospective study found a significant association between

cigarette smoking and risk of ESRD *°.

To my knowledge there are no previous studies that have investigated whether
smokeless tobacco might be a risk factor for kidney disease.

Protein intake

Already more than 50 years ago Addis suggested that a low protein diet (LPD) could
preserve renal function in patients with CRF °°. He hypothesised that a LPD would
reduce the workload of surviving nephrons in diseased kidneys and thus minimise
further loss of renal function. Brenner et al extended this view and postulated the
“hyperfiltration theory”, based on animal studies. He suggested that sustained excesses
of dietary protein cause increases in renal blood flow and glomerular filtration rates that
lead to “intrarenal hypertension”, ultimately resulting in progressive glomerular

sclerosis and deterioration of renal function *.

Protein intake and progression rate of renal failure

Numerous studies have now investigated the effect of a LPD on progression rate in
various renal diseases, showing somewhat disparate results °**°. Although the largest
trial was inconclusive *°, post hoc analyses indicated that a LPD retarded the
deterioration of renal function '?’. Several meta-analyses report that dietary protein
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restriction slows the progression of moderate and severe, both diabetic and non-
diabetic, renal diseases °''% but the effect appears to be modest. These results,
together with the fact that a LPD relieves symptoms related to uraemia, has led to a
recommendation of a protein intake of about 0.6 g/kg/day in persons with moderate or
advanced CRF '™, A limitation of protein intake in kidney transplant recipients may

also be beneficial; this strategy appears to stabilise renal function ',

Protein intake and effect on kidneys without pre-existing disease

Whether an excessive protein intake can be detrimental in subjects without kidney
disease is less evaluated. Acute effects of a protein load (increases in renal blood flow
and glomerular filtration rate) have repeatedly been demonstrated, not only in animals
but also in physiological experiments among humans without pre-existing renal disease
' Data on long-term effects of a chronic high protein intake on healthy kidneys is
scant. In the Nurses Health Study there was no association between protein intake,
estimated from a food frequency questionnaire, and decline in glomerular filtration rate
among women with an initially normal renal function, after 11 years of follow-up '®°. In
contrast, in women with a mild renal failure at baseline (GFR between 55 and 80
mL/min), high protein intake was linked to a more rapid loss of renal function. One
cross-sectional study reported that a 0.1 g/kg/day increment of protein intake was
independently associated with an increased risk of microalbuminuria '”’, while another
study found a positive relation between a high protein intake and microalbuminuria
only in persons with both diabetes and hypertension '*. In type I diabetics, a high

protein intake was linked to proteinuria '%.

Oxidative stress and antioxidant intake

What is oxidative stress?

Reactive oxygen species (ROS) are not only toxic by-products of metabolism but act
also as essential biomolecules in cell signalling and regulation. ROS are tentatively
involved in various physiological processes such as cell proliferation and
differentiation, apoptosis, immunity, and defence against microorganisms ''’. Oxidative
stress (OS) occurs when there is an imbalance between the production of ROS and the
capacity of the antioxidant defence system. The defence is constituted by enzyme
systems that remove ROS and non-enzymatic endogenous scavengers, but dietary
antioxidants, such as vitamin C, vitamin E, beta-carotene, and other micronutrients (i.e.
caretonoids, polyphenols and selenium) play a major role in maintaining the oxidative
balance '''. The main sources of vitamin E are certain vegetable oils, whole grains, nuts
and green leafy vegetables. Fruit and vegetables are the major sources of many other
dietary antioxidants — not only vitamin C and beta-carotene. Oxidative stress may lead
to genetic alterations, impaired cell function, and plain tissue damage, and is implicated
in the pathogenesis of cancers, cardiovascular disease, hypertension and other chronic
diseases .
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Oxidative stress and the kidney

It is evident that oxidative stress is present in ESRD " °. It has been attributed mainly
to the uremic state per se and to the effect of the haemodialysis process '°. However,
there are several lines of evidence suggesting that OS has a role in the pathogenesis of
CRF. In experimental studies, OS causes pathophysiological changes typically seen in
renal scaring, such as cell proliferation, apoptosis, inflammation and vascular injury,
and pathological changes in the kidneys similar to those seen in chronic kidney disease
14 In addition, excessive amounts of ROS have been recorded in animal models of
kidney diseases for glomerulonephritis, interstitial fibrosis and hypertensive
nehprangio-sclerosis, among others ''*. In humans, oxidative stress is not only present
in uraemia but also in patients with mild CRF ', and there is no close relationship
between the degree of OS and the stage of renal failure ''°, facts suggesting that OS
may have a pathogenetic significance. Furthermore, both in animal and in humans,

treatment with antioxidants appears to ameliorate kidney damage ''*.

112

Several observational studies have found that a high intake of antioxidants, at least
vitamin E, reduces risk of cardiovascular disease "7 There are limited data from the
general population whether or not a large intake of antioxidants protects against kidney
disease. In an American cross-sectional study, serum vitamin E levels were not
significantly associated with serum creatinine elevations, whereas vitamin C was
inversely related to hypercreatininemia in two out of three studied races/ethnic groups
"8 Tn the latter study a high serum vitamin A appeared to increase the probability of
serum creatinine elevation. Another cross-sectional study found no association between
serum alpha-tocopherol and elevated urinary albumin, while concentrations of certain
diet-derived carotenoids were inversely associated with albuminuria '°.

The seemingly protective effect of antioxidants against cardiovascular diseases found in
observational studies has not been confirmed in controlled prospective studies ** '*!,
There are no such prospective intervention studies aimed at preventing CRF in the
general population, but several studies have investigated the impact of antioxidant
supplements, mostly vitamin E, on the progression rate in already established kidney
diseases. Vitamin E administration resulted in a normalisation of elevated baseline
creatinine clearance in type 1 diabetes '*, decreased proteinuria in children with focal
segmental glomerulosclerosis '* and (in combination with vitamin C) in type 2

diabetes '**. Treatment with vitamin C reduced albumin excretion rate among diabetics
125

Obesity

Prevalence of obesity

Obesity has become a major problem around the world. Although this phenomenon
used to be a result of altered dietary patterns and a sedentary lifestyle among people in
affluent developed countries, obesity is now a rapidly emerging problem also in
developing countries. Obesity rates have risen 3-fold or more since 1980 in some areas
of North America, the United Kingdom, Eastern Europe, the Middle East, the Pacific
Islands, Australia and in China. According to estimates by the World Health
Organisation (WHO), one billion adults are overweight (body mass index [BMI] >25
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kg/mz), and of these, at least 300 million are obese (BMI >30 kg/mz) 126 There are,
further, great concerns about the rising prevalence of overweight and obesity among
school children and adolescents. According to WHO’s definition of overweight and
obesity ', 64 % of the adult population in United States are overweight (BMI >25
kg/m?), almost one third are obese (BMI >30), and close to 5 % of the population are
considered to be extremely obese (BMI >40) '*. Although Sweden has one of the
lowest rates of overweight and obesity in Europe, rates are increasing '>. The
prevalence of obesity (BMI >30) in 1996/1997 was reported to be 11.9 % and 10 %,
among Swedish women and men, respectively. Obesity contributes significantly to the
burden of chronic diseases, numerous diseases are caused or made worse by obesity,
such as cardiovascular diseases, cancers, type 2 diabetes, and hypertension, among

1
others ¢,

Epidemiological studies linking obesity to kidney disease

The alarming increment of obesity worldwide has been paralleled by a steadily
increasing incidence of ESRD due to hypertension and type 2 diabetes > 2.
Unquestionably, much of the excess risk for CRF observed among obese people " '+
is driven by the increased prevalence of hypertension and/or type II diabetes > '**,
However, it also appears that obese individuals diagnosed with hypertension and
diabetes are at higher risk of developing nephropathy, compared with leaner subjects
with these conditions, independent of blood pressure, glucose concentrations and other
factors. In epidemiological studies, a high BMI was independently linked to proteinuria
among diabetics "> *°, and hypertensive subjects .

Obesity may also aggravate pre-existing nephropathies. Excessive body weight was
reported to be an independent risk factor for progression in IgA nephritis "**. Results
from a cross-sectional study investigating the effects of excess weight on renal function
after unilateral nephrectomy strongly indicate that obesity has an adverse effect on
remaining nephrons *°. In this study 92 % of obese subjects had developed protienuria
and/or renal insufficiency 20 years after the nephrectomy, whereas these complications
were only found in 12 % of non-obese subjects. In multivariate analyses, BMI at time
of the nephrectomy was the only statistically significant factor related to development
of renal disease, independent of hypertension, diabetes and other factors. In another

study obesity was reported to increase risk of graft failure after renal transplantation '*°.

There are indications that obesity may also affect the kidneys in otherwise healthy
subjects. Experiments in obese Zucker rats, a genetic model of obesity, have revealed
various renal disturbances, such as hyperfiltration and glomerulosclerosis '*"* '**. Renal
function studies in humans suggest that obese subjects have an elevated GFR and/or
renal blood flow '**'** and it appears that even moderate overweight is associated
with unfavourable renal hemodynamic patterns '*. Epidemiological studies from the
general population have found a link between BMI and proteinuria '** '*” and with a
reduction in GFR ®, independent of other factors. Further evidence for a link between
obesity and kidney damage is provided by the fact that weight loss in obese reduces
proteinuria and hyperfiltration '**'%.
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Suggested mechanisms of obesity-induced kidney damage

The mechanisms behind the adverse effect of obesity on kidneys are not completely
known, but there is an intriguing similarity between the hemodynamic renal effects of
obesity and those of diabetes. In both conditions an increased renal blood flow and
glomerular filtration rate is observed, mediated by vasodilatation of the afferent
arterioles " °* ! Animal studies suggest that this hyperfiltration and increased
glomerular hydrostatic pressure causes progressive glomerulosclerosis *'*°.

The hormone Leptin, mainly produced in adipocytes, has been implicated in the
pathogenesis of obesity-related kidney damage " "** !, In animals leptin stimulates
cellular proliferation and increases the expression of prosclerotic cytokines that may
lead to glomerulosclerosis. A low-grade systemic inflammation, commonly seen
among obese, may also be of importance *" % '*! It is known that adipocytes produce
cytokines and that obese subjects often have elevated levels of CRP, and higher levels
of CRP have been linked to a reduced GFR. Other suggested mechanisms include an
up-regulated activity of the renin angiotensin system, effects of obesity-related
hyperlipidemia and increased oxidative stress '*'-'°* 1",

There are suggestions from human studies that the fat distribution may be of
importance for the development of kidney disease. These studies showed that central
adiposity is a greater risk factor for kidney disease than peripheral adiposity '** '*.
Central adiposity is closely linked to the metabolic syndrome '**, and evidence relating
this syndrome to renal disease has emerged '**. Several conditions of the metabolic
syndrome, such as diabetes, hypertension and possibly dyslipidemia, are established
risk factors for the initiation or progression of CRF. However, insulin resistance and
concomitant hyperinsulinemia, other features of the metabolic syndrome, may also be
related to CREF risk, even in the absence of clinically manifest diabetes. Cross-sectional
studies suggest that insulin resistance/hyperinsulinemia is associated with
microalbuminuria 155, and with CRF 156, independent of diabetes and other factors.
Suggested adverse renal effects from hyperinsulinemia are preglomerular vasodilatation
and subsequent glomerular hypertension, stimulation of the expression of inflammatory
collagen and promotion of lipogenesis and subsequent renal lipotoxicity '>*.

Birth weight

Perinatal programming

The hypothesis that the fetal environment may have consequences for adult health was
first proposed by David Barker. He reported that low birth weight (LBW) was
associated with an increased risk of dying from ischemic heart disease °’. The elevated
risk appeared to be confined to those who were small at birth as a result of growth
retardation, rather than to those born prematurely. A considerable number of reports are
now published relating intrauterine malnutrition to a number of diseases in adult life,
such as cardiovascular disease, hypertension, diabetes and renal disease ">* '*°. This
concept is called perinatal programming, or the fetal origins of adult disease. However,
more recent data indicate that growth patterns in childhood may also be of importance

for future risk of disease '*°.
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Experimental studies suggest that not only energy restricted maternal nutrition, but also
altered nutrition, or prenatal exposure to certain substances, may increase adult risk of
chronic disease in the offspring '*°. The mechanisms by which perturbations in the fetal
environment increases the susceptibility for chronic diseases in adult life are not
established, but disturbances in several pathways and systems are suggested, such as
the hypothalamic-pituitary-adrenal axis, the sympathetic nervous system and the renin-

. . 160
anglotensinogen system .

The kidneys appear to be particularly sensitive to an unfavourable prenatal environment
160. 161 “Studies of human fetuses and new-borns showed an association between
intrauterine growth retardation and nephron number or reduced renal volumes. Animal
studies have revealed that maternal restriction of energy or protein results in a reduced
number of nephrons, but also restriction of Vitamin A or iron, as well as intrauterine
exposure to certain antibiotics, hyperglycaemia and high levels of glucocorticoids, may
reduce the nephron number. It is suggested that a small number of nephrons,
“oligonephropathy”, may result in hyperfiltration and glomerular hypertension, which
might lead to increased future risks of glomerulosclerosis, hypertension and renal

failure 1%,

Previous epidemiological studies of birth weight and kidney disease

Two previous case-control studies from the United States found that a birth weight
below 2.5 kg was independently linked to an increased risk of ESRD among whites '**
and blacks '* ' In a cross-sectional study in an Australian Aborigine community
(where both kidney disease and low birth weight is common), a 2.5-fold increased risk
of albuminuria was observed among those with a low birth weight, independently of
the presence of hypertension or diabetes *°. In contrast, neither a cohort study, nor a
case-control study of type I diabetics, found any relation between birth weight and
nephropathy ' '’ A study among Pima Indians revealed a u-shaped relation between

birth weight and albuminuria in diabetics ',

Height and kidney disease

Beside low birth weight, short stature has also been suggested to be a possible indicator
of an unfavourable intrauterine environment. In cross-sectional studies, short stature
was linked to the degree of albuminuria in both diabetics and non-diabetics """, A
small cohort study of type I diabetics showed that a short stature was associated with an
increased progression rate of nephropathy %,

Analgesics

Analgesics are widely used in the general population, both as self-medication sold
over-the-counter (OTC) and as prescribed drugs by physicians. In Sweden in 1996,
approximately 30 % and 20 % of women and men, respectively, reported use of OTC
analgesics during a two-week recall period, while 12 % of the women and 7 % of the
men had used analgesics with prescription '”. Currently, the most commonly
prescribed analgesic drug is aspirin, while paracetamol (acetaminophen) is the number

one OTC analgesic, followed by ibuprofen 7.
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Analgesics and kidney damage-the early reports

Fifty years ago, Spuhler and Zollinger observed an association between chronic
interstitial nephritis and excessive consumption of combination analgesics containing
phenacetin '”. Soon thereafter, reports of an increased occurrence of renal papillary
necrosis among heavy users of phenacetin started appearing '’ '”. A prospective study
among women in Switerland found a small but significant increased risk of proteinuria,
heamaturia and elevated serum creatinine after heavy use of phenacetin-containing
products "%,

In the Swedish town of Huskvarna it was observed that the number of deaths from
uraemia had increased dramatically during the 50s. The most striking findings from an
examination of uraemia-related deaths during 1952-61 was that 80 % of those who had
died from uraemia had been employed at the factory of the Huskvarna Company and
among these, 65 % used to be regular consumers of analgesics with phenacetin. The
origin of this abuse could be traced back to the Spanish influenza pandemic of 1918-
1919 when a physician named Hjorton was working in Huskvarna. He prescribed a
compound consisting of caffeine, phenazone and phenacetin — “Hjortons powder”,
against fever and muscle pain. Soon it was believed that this powder was strengthening
also in healthy individuals, and the phenacetin use became a social habit in Huskvarna,
and thereafter the powder spread to the rest of Sweden as an over-the-counter drug. The
abuse was particularly pronounced at the factory of Huskvarna Company, the
employees were encouraged to take a few “powders” regularly throughout the working
day to be able to keep up the productivity and to reduce strain. A study among the
employees at the factory was set up, and it revealed that among users of phenacetin 34
% had renal damage of varying degree, whereas only 2.4 % of non-users had such
injury '”.

“Classical” analgesic-associated nephropathy (AAN)

The nephropathy associated with analgesic use was initially called “phenacetin
nephropathy”, since phenacetin appeared to be the common denominator. However,
soon other analgesics also came under suspicion and the name was replaced by
“analgesic-associated nephropathy* (AAN). This condition has been characterised as a
slowly progressing renal disease, more commonly seen in women then in men, that
relentlessly advances to ESRD unless the analgesic use is discontinued. Related clinico-
pathological features described are relatively non-specific; anaemia, hypertension,
peptic ulcers, weight loss, sterile pyuria, hematuria, defect urinary concentration and
acidification, among others '®. The histological changes typically seen in AAN are
renal papillary necrosis, capillarosclerosis and chronic interstitial nephritis '*', although
not pathognomonic for AAN. Also the “hallmark ” of AAN — renal papillary necrosis —
is seen in other conditions such as diabetes mellitus, urinary tract obstruction or

. . . . 182
infection and sickle cell disease .

AAN emerged as a public health problem in many countries such as Switzerland,
Sweden, Denmark and Australia '®. Australia reported the highest incidence, in some
geographic areas almost 30 % of patients with ESRD were diagnosed with AAN in
1979 '™, After legislative measures against phenacetin-containing analgesics, which
coincided with a ban of combination analgesics in some countries, the incidence started
to fall in Sweden and in other countries. Yet, still in 1989, 16 % and 21 % of ESRD in
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Belgium and Switzerland, respectively, was attributed to AAN ', In 2002, the
European dialysis register reported that the incidence of ESRD due to AAN was low
(on average <2 pmp/year) and stable since 1980 '*. In some countries, such as Sweden,
Finland, Norway and Greece, the entity of AAN has virtually disappeared among
patients entered into the register, whereas the incidence is higher in Switzerland and
Belgium. In US, only 0.1 % of incident ESRD patients in 1997 were diagnosed with
AAN "%,

There are no universally accepted diagnostic criteria for AAN. The diagnosis is usually
made on the basis of exclusion of other renal diseases and on information of analgesic
exposure. Some years ago it was suggested that non-contrast CT scan would be the
gold standard for diagnosing AAN; certain specific morphological criteria such as
papillary calcification, bumpy contours of the kidneys and decreased renal volume,
were claimed to have a high specificity and sensitivity for AAN '*°. However, this
method has not been generally adopted '®. There has been a striking geographical
variation in incidence of AAN. Ecological studies indicated that countries or areas with
high incidence also had a large consumption of analgesics ™" '"®’. An inverse
relationship between the proportion of patients reaching ESRD due to an unknown
cause and the proportion with a diagnosis of AAN was noted '*. This could indicate an
underestimation of AAN in some geographic areas. Since there are no clear diagnostic
criteria for AAN the geographic variation may reflect differences in the threshold for
making this diagnosis.

Which analgesic(s) is nephrotoxic?

Although phenacetin was almost invariably sold as a combination drug, phenacetin was
quickly accused of being the culprit. In addition, phenacetin had other unacceptable
adverse effects, such as anaemia, cyanosis and methaemoglobinia "**. This led to
successive legislative measures; in Sweden phenacetin became a prescription drug in
1961 and thereafter it was gradually removed from the market. The availability was
restricted in several other countries during the following decade '*°. Soon, several
objections against “the phenacetin nephropathy concept” were raised; numerous animal
studies with phenacetin failed to produce renal papillary necrosis whereas other
analgesics did, the removal of phenacetin in some countries did not reduce the
incidence of AAN, and the prognosis for AAN was better if all analgesic were

discontinued and not only phenacetin '®.

Paracetamol (acetaminophen), rapidly became a popular drug after the removal of
phenacetin from the market '°. Already early on, its widespread use generated
considerable concern since paracetamol is the major metabolite of phenacetin.
However, many other types of analgesics, such as salicylates, other NSAIDS and
phenazones also came under suspicion '**. Animal studies indicated that several
analgesics, particularly salicylates, were capable of causing nephrotoxicity, including
renal papillary necrosis ''. In the 1970s a new hypothesis emerged, namely that it was
the combination of analgesics that was responsible for the renal damage ™. In 1996 an
Ad Hoc committee of the National Kidney Foundation stated that “AAN is caused by
use of analgesic mixtures containing at least two anti-pyretic agents and caffeine, or
codeine, on a daily basis, for at least 3 years” '°. This statement was strongly
influenced by the widely spread view that an isolated ban of phenacetin failed to reduce
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the incidence of AAN in Australia and Belgium. Not until combined mixtures were
banned a couple of years later in Australia, there was a decline in the incidence. No
such decline was observed in Belgium, where mixed analgesics were still available.
However, this conclusion has recently been re-evaluated and claimed to be incorrect '*>.
In 1999, a peer-review committee of international scientists reviewing the more recent
research on analgesics and nephropathy stated that whereas the association for
phenacetin is established there is insufficient evidence for a relation between non-

phenacetin combined analgesics and nephropathy '**.

Cyclooxygenase inhibitors have well-documented nephrotoxicity. They are known to
cause acute renal failure in susceptible patients (i.e., those with volume depletion, CRF,
diabetes, congestive heart failure, or old age). In addition, they may cause hypertension,
and thus increase the risk of kidney damage. Cases of interstitial nephritis, AAN and
renal papillary necrosis have been reported after cycloxygenase inhibitor intake, but
there is insufficient data to implicate these drugs as important contributors to chronic

. 1
renal disease '%°.

May analgesics cause CRF other than “classical AAN” and/or exacerbate renal
Sfailure?

During the last two decades, results from epidemiological studies have suggested that
analgesics do not only cause “classical AAN” but may also increase risk of CRF or
ESRD in general. Moreover, there are indications that analgesic use may exacerbate
pre-existing CRF. Most case-control studies have reported an increased risk of CRF
with the use of phenacetin ** 7, and several other have found positive associations
also with other types of analgesics, but often with lower risk estimates than for
phenacetin. There are reports of positive associations between use of paracetamol and
occurrence of ESRD '® or newly diagnosed CRF '°. Other studies found a positive
relationship with aspirin and other NSAIDs ', as well as with combination drugs '*°.
In contrast, Murray et al found no link between any analgesic drug and ESRD in
another case-control study *”’. Likewise, in a study from the “Physicians health cohort”,
where analgesic use was related to changes in serum creatinine from samples
undertaken in 1982 and in 1996, it was concluded that moderate intake of paracetamol,
aspirin or other NSAIDS among initially healthy men was not associated with risk for
impaired renal function **'. However, in this study creatinine measurements were
available for no more than 4,517 subjects out of 22,071, and the precision of the
relative risk estimates was fairly low. Moreover, subjects with clinically manifest CRF,
either at entry or at follow-up, as well as those dying during the follow-up (14 with
CRF) were not included in the computations.

Suggested mechanisms of nephrotoxicity

The mechanisms involved in analgesic-induced renal injury remains unclear, but direct
cell injury, free radical formation, prostaglandin inhibition, reduced medullary blood
flow and possibly an immunological mechanism are suggested modes of actions 2%,
Paracetamol accumulates in the renal medulla, and it is proposed that metabolization of
paracetamol results in reactive oxygen radicals, which may cause cell necrosis. It is
claimed that aspirin may exacerbate this toxicity by depleting stores of reduced
glutathione, which normally prevents bindings of reactive intermediates ***, but this
theory has been challenged because it is based largely on unverified extrapolations to
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humans from artificial in vitro systems '**. Prostaglandin inhibition by aspirin and other
NSAIDs causes redistribution of renal blood flow from the renal medulla to the renal
cortex potentially resulting in medullary ischemia and eventual necrosis of the renal

papillae ***.

Other risk factors

Socio-economic status

It is evident that socio-economic status is linked to the development of ESRD, both low
income and low educational level elevates risk 2°?°". In the United States, risk varied
up to 7-fold with educational level **’. Some of the variations across educational levels
appeared to depend on unequal access to medical treatment, but this did not solely
explain the large risk difference. In a previously published paper with data originating
from our case-control study, we reported that a low socio-economic status (based on
occupations), and low educational level, were risk indicators for chronic renal failure
2% Socio-economic status per se could reasonably not increase risk of kidney disease,
but is rather a marker for not yet identified risk factors. The elevated risk among
individuals with lower socio-economic status remained after adjusting for potential
confounders, such as smoking, alcohol, body mass index and analgesic use. In addition,
the prevalence of type 2 diabetes and hypertension were evenly distributed across
socio-economic strata, and could not explain the difference in CRF risk. It is unlikely
that unequal availability of medical treatment contributes importantly to the uneven
distribution of risk since Sweden has a public health care system with equal access for
all.

Occupational exposures

Several occupational exposures have long been accused of impairing renal function and
causing CRF 2*. Exposure to organic solvents has predominantly been linked to the
appearance and exacerbation of glomerulonephritis *'°. Previous literature has
suggested an adverse renal effect from silica and several heavy metals, such as
cadmium, chromium and lead *''. The most persuasive evidence exists for cadmium; it
causes proteinuria 2'* and has been linked to increased risk of ESRD "°. With data from
our nation-wide case-control study, the association between occupation and
occupational exposures with risk of CRF has previously been investigated 2'* 2'°.
Although there was substantial variation in risk of CRF across occupational groups, this
variation was not explained by exposure to lead, mercury, chromium or grain dust. In
contrast, the results suggested a small increased risk from exposure of cadmium and
silica. Organic solvents were not linked to risk. These results may partly reflect a
limited range of exposure owing to strictly enforced Swedish legislation regarding
workers’ protection.

Dyslipidemia

Renal failure, in early as well as advanced stages, is associated with abnormalities in
lipoprotein metabolism. Dyslipidemia appears to be independently associated with
increased progression rate of CRF in patients with kidney disease *'® 2", and with
increased risk of graft loss after renal transplantation *'®. Moreover, there are
indications that dyslipidemia might initiate kidney disease. Two cohort studies in the
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general population reported links between elevated plasma triglycerids, high total
serum cholesterol and low high-density-lipoprotein cholesterol on the one hand and
increases in serum creatinine at follow-up on the other 2'*?%.

Genetic susceptibility

There are indications that a generalised genetic susceptibility contributes to the
development of ESRD % *! 2 The observation that there is a clear familial
aggregation of ESRD due to diabetes, hypertension and glomerulonephritis, initiated
the search for specific “candidate genes” that might be involved in renal diseases. It is
suggested from various types of genetic association studies that genes of the renin-
angiotensinogen system and genes coding for cytokines and growth factors might be of
interest, among others **'. Some specific mutations are suggested to increase the
susceptibility for glomerular damage, and are implicated in the aetiology of focal
segmental nefrosclerosis >, at least in familial variants — their applicability in sporadic
focal segmental nephrosclerosis is more uncertain. However, in the search for specific
candidate genes for renal genetic susceptibility, independent evaluations have
frequently provided contradictory results. This might be due to the limited extent to
which each specific gene contributes; the susceptibility is more likely a result of
influences from many genes *°. Further, the studies have been carried out in different
populations with different methodological approaches, possibly contributing to the
disparate results. In addition, many studies were hampered by poor statistical power **'.
Studies using the genome scan approach, which has the potential for a more
comprehensive evaluation of inheritance throughout the genome and to locate
previously unknown genes related to diseases, have recently found evidence of

susceptibility loci for diabetic nephropathy ***.
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AIMS

The overall aim of this study was to identify risk factors for chronic renal failure. The
specific aims included in this thesis are;

To estimate the strength of the association, if any, of cigarette smoking and other use of
tobacco with risk of chronic renal failure.

To investigate whether variations in intake of protein and antioxidant vitamins, such as
vitamin C, beta-carotene and vitamin E, are associated with corresponding variations in

subsequent risk of chronic renal failure.

To explore possible associations between obesity and risk of CRF development, and to
study if height and/or birth weight are related to this risk.

To evaluate whether or not analgesic intake is linked to risk of chronic renal failure.
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SUBJECTS AND METHODS

SETTING

We conducted a nation-wide population-based case-control study during the period
May 20, 1996 through May 31, 1998. The study base was defined as the person-time
generated by all native Swedes, aged 18-74 years, who were living in Sweden during
the study period. The Swedish Population Register includes information on date of
birth, citizenship and country of birth on all residents in Sweden, and provided a well-
defined source population including 5.3 million persons, whose eligibility and vital
status could be followed throughout the case and control ascertainment period. Before
start of the study, all regional ethics committees and the Swedish Data Inspection Board
approved the study protocol.

CASES

Men and women, belonging to the study base, with newly diagnosed CRF (i.e., a serum
creatinine found to exceed 300 pmol/L [3.4 mg/dL] in men and 250 pumol/L [2.8
mg/dL] in women, for the first time and permanently, during the study period) due to
renal causes were eligible as cases. To verify the chronicity of the renal failure, a
second creatinine test was obtained three months after the first measurement. The
threshold of this second creatinine test was set lower (250 umol/L for men and 200
umol/L for women), to allow for day-to day variation. If the creatinine level had fallen
below these values, the patient was considered non-eligible. Only patients with a
disease “within” the kidney were eligible. All patients with prerenal causes (e.g., severe
heart failure) or postrenal causes (i.e. obstruction of the urinary tract) were non-eligible.
Eligible patients who had received kidney transplants before start of the study period
were excluded.

To ensure that eligible cases throughout the country were identified, we set up a
comprehensive organisation that included 68 medical laboratories covering practically
all inpatient and outpatient care in Sweden. These laboratories provided monthly lists
with all patients who had undergone serum creatinine measurements. We also initiated
collaboration with physicians working at all hospitals (n=60) where patients with renal
diseases are treated. These physicians reviewed medical records of all patients who
were found to have serum creatinine levels corresponding to our inclusion criteria, and
decided about final eligibility. They also asked the patients about participation in the
study. The diagnosis of the underlying condition that caused the renal failure was
determined by the treating physician, and was based on routine clinical work-up.

Of the 1,189 eligible cases identified during the study period, 926 could be enrolled
(78 % participation rate). In another 35 patients the eligibility could not be determined.
The reasons for non-participation were early death in 69 cases, very poor clinical
condition that precluded participation in 83, and patient refusal in 111.
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POPULATION-BASED CONTROLS

On three occasions during the study period, controls were randomly selected by
Statistic Sweden from 10-year age and gender strata in the Swedish Population register.
The number of selected controls in each stratum was chosen to mimic the age and sex
distribution among cases (i.e., frequency matching on age and gender). All controls
provided informed consent before enrolment. Of the 1,130 control subjects who were
contacted, 998 participated (75 % participation rate). Of the remaining, 221 individuals
refused to participate, 56 could not be located, and 55 were too ill to participate.

DATA COLLECTION

All cases and controls first received a mailed self-administered questionnaire. It
encompassed a wide range of questions about marital status, education, birth weight,
anthropometric measures, dietary habits, tobacco use and alcohol consumption.
Thereafter, professional interviewers from Statistics Sweden conducted a computer-
aided face-to-face interview, using laptop computers. This interview covered questions
on medical history, occupational history and work-related exposures, and detailed
information on use of non-narcotic analgesics (using a picture guide of relevant
packages). This interview lasted, on average, somewhat longer for cases (80 minutes),
compared with controls (70 minutes). This difference was largely explained by the
more complicated medical history among cases. The interviewers also scrutinised the
mailed questionnaire and assisted study participants in completing missing answers.
We were not able to blind the interviewers to the case/control status of the interviewees,
but they were unaware of the study hypotheses and were specially trained to conduct
the interview of all subjects in a strictly standardised manner.

Tobacco (paper )

Information about tobacco habits was obtained through our questionnaire. The study
participants reported whether they had used any type of tobacco (cigarettes, cigars, pipe
smoking or snuff), and if the use was ever regular. Our definition of regular tobacco use
was smoking either at least one cigarette per day or at least one cigar or pipe per week,
or using snuff at least once a week, for a period of 6 months or more. If any tobacco use
was reported as regular, we inquired about starting and stopping dates, amounts used,
as well as changes in use over time.

Diet (paper Il)

We focused on diet 10 years prior to interview. Dietary habits were assessed by a food-
frequency questionnaire, including 106 common foods and beverages. Most items had
9 predetermined response categories of consumption ranging from “never/seldom” to
“three or more times per day”. The participants also estimated the portion size of most
items (“small, “medium” or “large”), although some of the items had a predetermined
portion size. We also asked if the study participants had changed their diet during a
period lasting for at least for 2 years, what kind of diet they had switched to (e.g., a diet
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with reduced protein, vegetarian diet, diabetic diet), and during which years the diet
was changed. In addition, the questionnaire also inquired about vitamin supplements.

Body mass, birth weight and height (paper lll)

The self-administered questionnaire encompassed several questions on various aspects
of body weight, such as current weight, highest lifetime weight, weight at age 20, 40,
60, weight gains and weight losses. The interviewees also reported their height. The
questionnaire inquired about birth weight in 6 predefined categories (<2500 g, 2500-
2999 g, 3000-3499 g, 3500-3999 g, > 4000 g, or “do not know”). The exact birth
weight could also be reported, if it was known.

Analgesics (paper IV)

Before the computer-aided interview started, the study participants reviewed a booklet
with colour pictures of the packaging of all analgesics containing paracetamol
(acetaminophen) or phenacetin marketed in Sweden between 1960-1996, together with
78 of the most sold brands (out of 174) of other non-narcotic analgesics during that
period. Moreover, in order to check that the self-reports were reasonable, the
interviewers had detailed lists of dates of introduction on (and withdrawal from) the
Swedish market for all types, brands and preparations of analgesics. If the interviewees
reported regular use of any brand (e.g., according to our definition; at least one tablet
twice a week for two months or more), detailed questions followed on dosage and
duration for each period of regular use, and age of the study participant when each
period of use started. If subjects had taken more than 20 tablets of an analgesic but
reported no regular use (sporadic use), the lifetime cumulative number of tablets of that
analgesic was estimated. Nonusers of an analgesic were defined as those whose lifetime
cumulative intake did not exceed 20 tablets. The interview also covered questions on
changes in the patterns of use and reasons for these changes, as well as indications for
analgesic use.

Other covariates (paper I-1V)

Educational level was based on the number of years of education and categorized into <
9 years, 9-12 years and >13 years. During the face-to-face interview information was
obtained on every occupation lasting for more than one year. The individual’s socio-
economic status (SES), based on reported occupations, was derived from the official
Swedish socio-economic classification scheme **. We could, further, assess the
“household SES” since we also inquired about occupations among spouses and parents.
Alcohol intake was assessed from the mailed questionnaire with separate questions
about beer, wine and liquor consumption 10 years before the interview. The average
frequency and amount of alcohol was converted to total consumption of pure alcohol in
grams per week, and categorized into quartiles, according to the distribution among
controls.
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STATISTICAL METHODS

To estimate the relationship between risk of chronic renal failure and possible risk
factors we used unconditional logistic regression models. We computed odds ratios
(OR) and 95 % confidence intervals (CI), as measures of relative risk. First, we
estimated ORs in simple age-and sex-adjusted models, next we explored whether
confounding occurred. The frequency matching factors (sex and age in 10-year groups)
were always kept in the model, other covariates were retained if they were of statistical
importance, assessed using the likelihood ratio test **°, or of a priori biological
importance. Hypertension was not added in the final models since it may not be the
cause, but instead the consequence of CRF at this stage. However preliminary analyses
including hypertension did not change any risk estimates in this thesis. To test whether
effect modification occurred, we conducted both stratified analyses and tested
statistically for interactions in the final models through likelihood ratio tests. When
trend test were performed, we constructed semi-continuous variables by assigning each
category of exposure a score equal to the mean value. Then we fitted the resulting
scores into the model and tested for linear trend. Analyses were carried out for CRF
overall and for major groups of disease-specific CRF.

Tobacco (paper I)

Never regular smokers of any tobacco type constituted the reference group. In analyses
comparing never regular users to former and current regular users, the classification of
tobacco use was based on tobacco status 5 years prior to interview. The purpose was to
reduce the possibility that symptoms of early CRF influenced tobacco us. To assess
dose-effect relations we analysed lifetime average intensity, duration and cumulative
quantity. For cigarette smoking we used average number of cigarettes per day, years
and pack-years, respectively. The full multivariate model included gender, age,
education, alcohol consumption, use of salicylates and paracetamol. Mutual
adjustments for cigarette smoking, cigar smoking, pipe smoking, and snuff use were
made, when appropriate. No interaction terms needed to be included in the model. We
conducted stratified analyses according to gender, underlying renal disease, diabetes
status, and ever versus never use of angiotensin-converting enzyme (ACE) inhibitors.
In some tables results from men and women are presented separately because the risk
estimates differed somewhat in these analyses, however, there were no statistical
significant differences in results between genders.

Diet (paper Il)

To compute average daily intake of calories and nutrients, frequency data of food items
were multiplied by the nutrient composition of foods and beverages based on the
National Food Administration handbook **’ and by coefficients corresponding to
reported portion sizes (“small, “medium”, or “large”). The latter coefficients, specific
for each gender, were derived from a previous validation study using 4-weeks’ food
record method. Nutrients were energy-adjusted according to the residual method ***.
The reported mean energy intake among study participants was 2150 kcal/day. Intake
derived from supplements was added to the energy-adjusted nutrients. Quintiles of
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intake were created based on the distribution of controls. Univariate and multivariate
analyses were performed to estimate the risk of CRF in different strata of protein and
antioxidant intake. Analyses on protein intake were conducted in all subjects whereas
we restricted our analyses of vitamin, vegetables and fruit intake to the non-diabetic
stratum. The rationale for this decision was expected reverse causation among diabetics
regarding vegetable and fruit intake. In all analyses, the category representing the
lowest intake was used as reference. In the final multivariate model we included sex,
age, education, highest BMI in lifetime, smoking, alcohol consumption, use of
salicylates and paracetamol. Birth-weight and socio-economic status (instead of
education) were not included since they did not change the risk estimates, neither was
occupational exposures since it was unrelated to CRF risk. Presence of diabetes was not
used as a covariate in the regression model, instead we stratified according to diabetes
status. The results did not differ between men and women, hence, data for both genders
was combined in the final analyses.

Obesity, birth weight and height (paper lll)

In the final main analyses, we decided to stratify data by gender, since the ORs differed
somewhat between men and women, however, formal test of interaction was not
significant. In subanalyses, data from men and women was combined due to otherwise
small numbers. Body mass index (BMI=body weight divided by height raised to the
second power, kg/m”) was divided into quartiles according to the distribution among
controls, and the lowest quartile of BMI served at the reference in analyses. In addition,
BMI was categorised according to WHO's definition of overweight and obesity
(overweight; BMI >25 kg/m?, obesity; >30, severe obesity >35) '¥/, where subjects
without overweight constituted the reference group. Few subjects at age 20 had a BMI
exceeding 30 kg/m?; subsequently BMI at that age was dichotomised into <25 and >
25. Height in centimetres was categorised into quartiles. In addition, to increase the
resolution of risk assessments among the shortest study participants, the quartile
including the shortest subjects was further divided into tertiles. The quartile with the
tallest study participants served as the reference group. Birth weight was kept in the
predefined categories, the category including those with a birth weight between 3000
and 3499 grams was the referent. The final multivariate analyses included age,
education, smoking, alcohol consumption, and use of paracetamol and aspirin. Mutual
adjustments for BMI, birth weight and height did not alter the risk estimates, and were
therefore omitted. There was no significant interaction between any of the covariates.

Analgesics (paper V)

In the final analyses on analgesic use and CRF risk, we included in the model sex, age,
smoking, level of education, regular use of other analgesics, and finally an interaction
term between paracetamol and aspirin (when applicable). The reference category in
analyses of a given analgesic was nonusers of that analgesic. For each analgesic we
analysed the independent effect of that analgesic on CRF risk for sporadic use and
regular use. We further estimated risks associated with duration, average dose
consumed during regular periods of use, and cumulative lifetime dose of each
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analgesic. There was no heterogeneity in risks between gender so data for men and
women were combined. In an attempt to diminish the risk that symptoms related to
renal failure prompted use of analgesics, we conducted lagged analyses disregarding
the use of paracetamol and aspirin during the latest 5 and 10 years before interview.
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RESULTS
GENERAL RESULTS (PAPERS I-1V)

The female to male ratio for the 926 cases enrolled in the study was 1: 1.8 (Table 2).
The median serum creatinine at inclusion was 336 umol/L for men, and 281 pumol/L for
women, while the median predicted creatinine clearance was 22 and 19 mL/min,
respectively. A majority of the cases were in the pre-uremic stage; 80 % had a
creatinine level below 400 pumol/L, only 6 % had a predicted clearance lower than 10
mL/min. Approximately one third of female and male cases were diagnosed with
diabetic nephropathy, somewhat more frequently as a consequence of type Il than of
type 1 diabetes (Table 2). The second largest group was patients with
glomerulonephritis (28 % of men and 16% of women), followed by renal vascular
disease (17 and 12 % of men and women, respectively). The renal diagnoses were
based on biopsies in 30 %.

Table 2. Participating case patients with chronic renal failure. Measures of renal function and underlying

diagnosis.
Men Women
(n=597) (n=329)
Median Range Median Range
Serum creatinine at inclusion (umol/L)" 336 300-2,475 281 250-1,680
Creatinine clearance (mL/min)* 22 2-53 19 3-35
No of cases (%) No ofcases (%)
Diagnosis group
Diabetic nephropathy 180 (30) 106 (32)
Type I diabetes 75 46
Type II diabetes 97 54
Unknown 8 6
Glomerulonephritis 168 (28) 54 (16)
IgA nephropathy 55 8
No renal biopsy 40 14
Unclassified on biopsy 27 15
Proliferative 18 8
Focal segmental sclerosis 13 3
Crescentic glomerulonephritis 4
Other 7 2
Renal vascular disease 100 17) 39 (12)
Benign hypertension 91 34
Malignant hypertension 4 4
Other 5
Other diagnosis 149 (25) 130 (40)
Hereditary disease 58 40
Systemic disease or vasculitis 40 42
Other diagnosis 23 32
Unknown renal disease 28 16

! Conversion factor for conventional Unit (mg/dL) is 88.4. > Predicted creatinine clearance (Cockroft-Gault formula).
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Thirteen percent reported that they had not received a diagnosis of renal disease before
inclusion in this study. The median duration of known kidney disease among the other
cases was 4 years, and the mean duration was 10 years.

The mean age was 58 years for men and 57 years for women both among cases and
controls (Table 3). Approximately 40 % of cases and controls were in the highest age
group (65-74 years). Compared with controls, both female and male cases lived more
often alone and were on average less well educated. Both individual (not shown) and
household socioeconomic status, based on reported occupations, was, on average,
lower among cases than among controls. The prevalence of self-reported
hypertension was high among cases: 87 % of men and 85 % of women, compared
with approximately 25 % of male and female controls. Diabetes, present in slightly
more than one third of the case patients, was reported by 7 % of the control subjects
(both sexes). The proportion of alcohol users was lower among the cases, but the
mean consumption was higher among cases (data not shown).

Table 3. Selected characteristics of cases and controls.

Men Women
Cases  Controls Cases  Controls
n=597 n=653 n=329 n=345
% % % %
Age at interview, years
18-24 1 2 2 2
25-34 6 5 9 8
35-44 10 9 11 10
45-54 22 18 19 20
55-64 21 21 19 20
65-74 41 45 41 41
Household SES'
professionals 17 23 12 18
intermediate non-manual 20 21 16 23
assistant non-manual 16 16 26 21
skilled manual 28 23 19 15
unskilled manual 11 9 22 13
self-employed 7 8 6 10
Education, years
<9 years 59 54 57 49
10-12 years 22 23 24 28
>12 years 18 22 18 23
Married or living together 76 81 83 88
Diabetes 35 7 37 7
Hypertension 87 25 85 26

! The highest occupational SES group within the subjects family
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TOBACCO USE (PAPER )

Smoking and overall risk of chronic renal failure

The prevalence of “current” smokers 5 years before interview was 31 % of cases and
29 % of controls, whereas 27 % of cases and controls were former regular users at that
point (Table 4). Overall, current regular cigarette smoking was not significantly
associated with risk of CRF (OR 1.14, 95 % CI 0.89-1.47), neither was former cigarette
smoking (OR 1.18, 95 % CI 0.90-1.55). However, the risk increased with average
number of cigarettes smoked per day, number of years smoked and number of pack-
years. In relation to never regular smokers, smoking more than 20 daily cigarettes was
associated with a statistically significant 51 % excess risk of CRF, and a cumulative
dose of >30 pack-yeas yielded a 52 % increased risk. The OR for those who had
smoked >40 years, in relation no non-smokers, was 1.45 (95 % CI 1.00-2.09).

Table 4. Odds ratios (OR) and 95 percent confidence intervals (95 % CI) for chronic renal failure

among smokers '

Cases Controls OR? (95 % CI)
N o) N o)
Ever regular use of cigarettes , cigars
or pipe
No* 348 (38) 420 (42) 1.00 (referent)
Yes 567 (61) 574 (58) 1.17  (0.95-1.44)
Regular use of cigarettes
Former 252 (27) 268 (27) 1.18  (0.90-1.55)
Current 291 (31) 285 (29) 1.14  (0.89-1.47)
Average number of cigarettes/day
1-10 128 (14) 171 (17) 0.89  (0.66-2.11)
11-20 298 (32) 286 (29) 1.24  (0.96-1.60)
>20 117 (13) 96 (10) 1.51  (1.06-2.15)
Duration of cigarette smoking , years
1-20 180 (19) 225 (23) 099  (0.74-1.31)
21-40 259 (28) 238 (24) 1.23  (0.94-1.60)
>40 104 (11) 9 O 1.45  (1.00-2.09)
Number of pack-years, cigarettes
1-15 202 (22) 263 (206) 095  (0.73-1.24)
16-30 207 (22) 184 (18) 132 (1.00-1.75)
>30 134 (15) 106 (11) 1.52  (1.08-2.14)

! Smoking status 5 years prior to interview.
2 Adjusted for age, sex, education, alcohol, use of paracetamol and salicylates. Analyses of cigarette smoking also
adjusted for pipe smoking, cigar smoking and snuff use.

3 Never regular smokers of any tobacco type was the reference group for all comparisons.
In analyses stratified by diabetes status we found a 30 % increased risk of borderline

statistical significance linked to heavy smoking among non-diabetics (OR=1.3, 95 % CI
1.0-1.9), whereas no similar excess in risk was seen among heavy smoking diabetics
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(data not shown). However, the statistical precision was low; only 68 controls had
diabetes. Among never users of ACE inhibitors, smoking >20 pack-years was
associated with a statistically significant 70 % increased risk of CRF, in relation to non-
smokers. This risk increase was not found in the stratum of ever users of ACE
inhibitors (OR 0.7, 95 % CI 0.3-2.0), but the statistical power was low. This apparent
interaction was not statistically significant. Adjustment for hypertension did not change
the risk estimates.

Separated analyses of risk for disease-specific CRF

Among current regular smokers, the strongest overall association was found for CRF
classified as nephrosclerosis (OR=1.9, 95 % CI 1.1-3.2, both genders combined), the
association being slightly stronger for women (data not shown). This risk increased in a
dose-response manner (Table 5), and women who had smoked more than 20 pack-years
had an almost 5-fold increased risk of nephrosclerosis. There was a weaker and
statistically non-significant association between regular smoking and glomerulo-
nephritis, and the association was somewhat stronger and close to significant among
former smokers (OR 1.5, 95 % CI 1.0-2.4). A dose-response trend was observed for
both men and women (Table 5), but most results were statistically insignificant, except
the risk increase associated with a high daily dose (OR for >15 cigarettes/day=1.7, 95
% 1.1-2.6).

Table 5. Odds ratios and 95 percent confidence intervals for chronic renal failure by type of renal

disease among cigarette smokers, dose-effect analyses.

Diabetic nephropathy ~ Glomerulonephritis Nephrosclerosis
(n=286) (n=222) (n=139)

Odds ratio *(95 % confidence interval)

Average number/day

All 1-15 0.8  (0.6-1.2) 1.2 (0.8-1.8) 1.8  (1.1-3.0)
>15 14 (1.0-2.1) 1.7 (1.1-2.6) 14  (0.8-2.6)
Men 1-15 0.7 (04-12) 1.2 (0.7-2.0) 1.6 (0.8-3.2)
>15 1.1 (0.7-1.9) 1.7 (1.0-2.8) 1.4 (0.7-2.8)
Women 1-15 1.1 (0.6-2.0) 1.1 (0.5-24) 23 (1.0-5.2)
>15 20 (1.04.1) 1.9 (0.8-4.7) 1.5 (0.4-5.5)
Number of pack-years
All 1-20 09  (0.6-1.3) 1.3 (0.9-2.0) 1.3  (0.8-2.3)
>20 1.4 (0.9-2.1) 1.6 (1.0-2.5) 22 (1.3-39)
Men 1-20 0.7 (04-1.2) 1.3 (0.8-2.1) 1.2 (0.6-2.5)
>20 1.1 (0.6-1.8) 1.6  (0.9-2.7) 1.8 (0.9-3.5)
Women 1-20 1.1 (1.0-4.5) 1.2 (0.6-2.6) 1.4 (0.5-34)
>20 2.1 (1.0-4.5) 1.7 (0.6-4.5) 49 (1.8-13.5)

! Never regular smokers of any tobacco type was the reference group for all comparisons.
2 Adjusted for sex (when appropriate), age, education, alcohol, use of paracetamol and salicylates, pipe smoking,

cigar smoking and snuff use.
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Overall, there was no statistical link between regular current or former smoking and
diabetic nephropathy, however a nearly significant risk increase was observed among
currently smoking women (OR=1.6, 95 % CI 0.9-3.0), but not among men (OR =0.8,
95 % CI 0.4-1.3). Heavy smoking among women (>20 pack-years), was associated
with a more than doubled risk of diabetic nephropathy, in relation to non-smokers
(Table 5). Hereditary disease was unrelated to smoking whereas there was a significant
inverse relation with CRF caused by systemic disease/vasculitis, but this latter
association did not exhibit any consistent dose-effect trend (Table 6).

Table 6. Odds ratios and 95 percent confidence intervals for chronic renal failure by type of renal

disease among cigarette smokers, dose-effect analyses.

Hereditary disease Systemic disease/ Other
(n=98) vasculitis (n=82) (n=99)

Odds ratio "2 (95 % confidence interval)

Average number/day

All 1-15 1.3 (0.8-2.3) 0.5 (0.2-0.9) 1.2 (0.7-2.0)
>15 1.0 (0.5-1.9) 0.5 (0.2-1.0) 0.8 (0.4-1.5)
Men 1-15 1.3 (0.6-2.7) 0.6 (0.2-1.7) 04 (0.2-1.0)
>15 1.3 (0.6-3.0) 04 (0.1-1.2) 04 (0.2-1.1)
Women 1-15 1.4 (0.6-3.1) 03 (0.1-0.9) 24 (1.2-5.0)
>15 0.6 (0.2-2.5) 0.6 (0.2-1.8) 0.8 (0.2-2.6)
Number of pack-years
All 1-20 1.4 (0.8-2.3) 03 (0.2-0.7) 1.1 (0.6-1.9)
>20 09 (04-1.8) 0.7 (0.4-1.5) 09 (05-1.7)
Men 1-20 1.3 (0.6-2.7) 0.5 (0.2-1.3) 04 (0.2-1.0)
>20 1.3 (0.5-3.0) 0.6 (0.2-1.7) 04 (0.2-1.1)
Women 1-20 1.5 (0.7-3.3) 0.1  (0.0-0-5) 22 (1.0-4.8)
>20 0.5 (0.1-2.2) 1.2 (0.4-3.5) 1.2 (0.4-33)

! Never regular smokers of any tobacco type was the reference group for all comparisons.
2 Adjusted for sex (when appropriate), age, education, alcohol, use of paracetamol and salicylates, pipe smoking,

cigar smoking and snuff use.

Other type of tobacco use and risk of chronic renal failure

Ever regular pipe smoking was reported by 21 % of male cases and 20 % of male
controls. Snuff was used by 17 % and 18 % of male cases and controls, respectively.
Very few women reported any regular pipe or cigar smoking, or use of snuff. After
adjustment for other tobacco products, no significant associations were found between
CRF (overall or by subtype) and regular pipe smoking, cigar smoking, or use of oral
snuff. The OR among ever regular pipe smokers relative to never-smokers of any
tobacco was 1.0 (95 % CI 0.5-2.1), among cigar smokers 0.7 (95 % CI 0.2-2.4), and
among regular users of snuff 0.8 (95 % CI 0.6-1.1). These findings pertained to all
measures of dose-effect relations (data not shown).
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PROTEIN INTAKE (PAPER II)

We found a weak, statistically non-significant positive association between intake of
protein 10 years prior to interview and CRF overall (Table 7). The adjusted OR was 1.4
(95 % CI 1.0-1.9) among those in the highest quintile of protein intake compared with
those in the lowest. In stratified analyses according to underlying major subtypes of
CREF, the elevated risk only pertained to diabetic nephropathy, where a strong dose-
dependent association was seen. Subjects in the highest quintile of intake had a six-fold
increased risk of CRF compared with those in the lowest quintile. Few cases had been
recommended a protein-reduced diet due to CRF, and excluding those from analyses
did not change any estimates. When we restricted the analysis to cases and controls
with diabetes, the increased risk with a high protein intake remained, although the OR
was lower and did not quite attain statistical significance (OR=2.9, 95 % CI 1.0-8.2).

Table 7. Odds ratios and 95 % confidence interval for chronic renal failure, overall and by subtype,

associated with energy-adjusted dietary protein intake 10 years prior to interview.

All Diabetic Renal Glomerulo- Other
nephropathy vascular nephritis
disease

0dds ratio' (95 % confidence interval)

Protein intake

(g/day)

<732 1.0 (referent) 1.0 (referent) 1.0 (referent) 1.0 (referent) 1.0 (referent)
73.2-80.8 1.2 (0.9-1.6) 2.4 (1.3-4.5) 1.4 (0.8-2.5) 1.6 (1.0-2.6) 0.7 (0.4-1.0)
80.9-86.6 1.0 (0.7-1.4) 2.7(1.4-5.1) 1.2 (0.6-2.2) 0.9 (0.5-1.5) 0.7 (0.4-1.0)
86.7-93.4 1.2 (0.9-1.6) 4.4 (23-7.5) 1.1 (0.6-2.0) 1.0 (0.6-1.6) 0.8 (0.5-1.2)
>93.4 1.4 (1.0-1.9) 6.0 (3.4-10.7) 0.7 (0.4-1.4) 1.5(0.9-2.4) 0.7 (0.5-1.1)

'Adjusted for age, sex, education, smoking, alcohol, highest BMI in lifetime, use of paracetamol and salicylates,

and energy intake

ANTIOXIDANT INTAKE (PAPER II)

There were no important differences in risk estimates for any of the disease-specific
types of CRF (renal vascular disease, glomerulonephritis and “other renal diseases”),
therefore results are presented combined. Diabetics were excluded from our analyses. A
high weekly intake of vegetables was not statistically significantly associated with risk
of CRF, the OR was 0.7 (95% CI 0.5-1.1) among those in the highest quintile of intake
in relation to those in the lowest. Unexpectedly, a high intake of fruits was positively
associated with CRF risk (OR =1.5 for those in the highest quintile compared with the
lowest), but the association was statistically non-significant and showed no clear dose-
effect trend. We did not find any clear associations between intake of vitamin C, folic
acid, vitamin A or betacarotene and risk of CRF (data not shown). There was a
tendency of an inverse association between intake of vitamin E and CRF risk, the OR
was 0.7 (95 % CI 0.5-1.0) for subjects with a vitamin E intake corresponding to the
fourth and fifth highest quintiles compared with those in the lowest quintile.
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We conducted analyses with stratification for various factors that, according to the
previous literature, are allegedly associated with an increased oxidative stress, such as
smoking, obesity and hypertension. Among hypertensive subjects, an intake of vitamin
E corresponding to the fourth or fifth highest quintile in relation to the lowest, at least
halved the CREF risk, although no clear dose-response trend emerged (Table 8). No such
reduction in risk was seen among individuals without hypertension. The p-value for a
formal test of interaction was 0.05. Our data did not reveal other significant effect
modification of any factor on the association between antioxidant intake and risk of
CRF (data not shown).

Table 8. Odds ratios (OR) and 95 % confidence intervals (CI) among non-diabetics for risk
of chronic renal failure associated with intake of vitamin E from diet and supplements 10

years prior to interview. Analyses stratified by hypertension status.

Hypertension No hypertension
OR ' (95 % CI) OR ' (95 % CI)
Vitamin E (mg/day)
<4.54 1.0 (referent) 1.0 (referent)
4.54-5.16 0.6 (0.4-1.1) 1.2 (0.6-2.5)
5.17-5.82 1.0 (0.6-1.8) 1.3 (0.6-2.8)
5.83-6.79 0.4 (0.2-0.8) 1.3 (0.6-3.0)
>6.79 0.5 (0.4-0.9) 1.3 (0.6-3.0)

! Adjusted for age, sex, education, smoking, alcohol, highest BMI in lifetime, use of paracetamol and

salicylates, and energy intake.

BODY MASS, HEIGHT AND BIRTH WEIGHT (PAPER Iil)

Obesity and overall risk of chronic renal failure

We observed a positive association between BMI based on highest reported weight in
lifetime and overall risk of CRF. When study participants were categorized using
WHOQ's definitions of obesity and overweight, we found relatively strong dose-
dependent associations across the range of BMI categories in both sexes (Table 9).
Women and men with a BMI >35 kg/m” had 3 and 4-fold increases in risks,
respectively, compared with those without overweight. When using quartiles as cut
points, significant risk elevations were only found among men, those in the highest
quartile of BMI had a 2.3-fold increased risk of CRF overall, compared with those in
the lowest (data not shown). Men and women having a BMI of 25 kg/m” or more at age
20, had statistically significant 3-fold increased risks of CRF compared to subjects with
a BMI below 25 at that age (Table 9). Weaker positive associations were observed
between BMI at time of interview and CRF risk, at least for men (OR 1.9), but these
associations did not reach statistical significance (data not shown).
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Table 9. Odds ratios (OR) for chronic renal failure associated with body mass index (BMI). Cutpoints

in accordance with WHO’s definition of overweight and obesity.

Men Women
No of No of
cases/controls  OR' (95% CI)  cases/controls OR'(95% CI)

Highest BMI in lifetime,
(kg/m?)

<25.00 129/213 1.0 (referent) 96 /136 1.0 (referent)

25.00-29.9 265/323 1.4 (1.0-1.9) 115/133 1.2 (0.8-1.8)

30.0-34.9 130/79 2.7 (1.9-4.0) 49 /46 1.4 (0.8-2.4)

>35.00 56/18 4.4 (2.4-8.2) 48 /17 3.1 (1.6-6.1)
BMI at age 20
(kg/m®)

<25.0 3777506 1.0 (referent) 211/274 1.0 (referent)

>25.0 92 /40 3.1 (2.1-4.8) 30/13 3.0(1.4-6.1)

! Adjusted for age, education, smoking, alcohol, and use of paracetamol and salicylates

Stratified analyses by hypertension and diabetes status
In analyses restricted to non-diabetics and/or non-hypertensives, we found that subjects
with a highest lifetime BMI of 35 kg/m® or more had higher risk of CRF even though
they did not have clinically overt diabetes (OR 2.2, 95 % CI 1.3-3.8), or hypertension
(OR 2.8, 95 % 1.0-8.1) (Table 10). In analyses confined to subjects with neither
diabetes, nor hypertension, the point estimate was similar, but due to small numbers no
statistical significance was obtained. Subjects without diabetes and hypertension who
reported overweight at age 20 had a statistically significant 3-fold increased risk,
compared with those with normal weight at that age.

Table 10. Odds ratios (OR) for chronic renal failure associated with body mass index (BMI). Cutpoints

in accordance with WHO’s definition of overweight and obesity. Analyses restricted to subjects without

self-reported diabetes and/or hypertension.

No diabetes No hypertension No diabetes or
hypertension
OR'  (95% CI) OR'  (95% CI) OR'  (95% CI)
Highest BMI in lifetime (kg/m®)
<25 1.0 (referent) 1.0 (referent) 1.0 (referent
25-29.9 1.3 (1.0-1.7) 1.3 (0.8-2.0) 1.1 (0.6-1.8)
30-34.9 20 (1.4-2.8) 1.8 (1.0-3.5) 1.2 (0.5-2.6)
>35.0 22 (1.3-3.8) 2.8  (1.0-8.1) 2.1  (0.6-7.6)
BMI at age 20 (kg/m®)
<25.00 1.0 (referent) 1.0 (referent) 1.0 (referent)
>25.00 24  (1.6-3.6) 3.6  (1.8-7.1) 30 (1.4-64)

! Adjusted for age, sex, education, smoking, alcohol, use of paracetamol and salicylates.
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Separated analyses of risk for disease-specific CRF

In analyses of risks for disease-specific CRF, the highest risk was found for diabetic
nephropathy. OR was 2.8 (95 % CI 1.8-4.4) for those with a BMI >30 kg/m” compared
with BMI<25. The risk increase pertained only to diabetic nephropathy associated with
type II diabetes. Those with severe obesity (BMI>35) had a more than 17-fold excess
risk of type II diabetes-related nephropathy (data not shown). However, elevations in
risk were also seen for all other types of nephropathies. In relation to subjects with a
normal weight, those with a BMI of 30 or more had a statistically significant 2.4-fold
increased risk of CRF due to nephrosclerosis, and the risk of CRF due to
glomerulonephritis was doubled. Likewise, elevated BMI at age 20 yielded increases in
risk for all major types of CRF (data not show).

Height and birth weight

We found a 90 % increased risk of CRF overall among the shortest men (<169 cm)
compared with the tallest (Table 11). A corresponding 50 % excess in risk among the
shortest women (<158 cm) was not statistically significant. The association was
strongest for glomerulonephritis (OR=2.8, 95% CI 1.6-5.9 for men and women
combined), and diabetic nephropathy (OR=2.0, 95 % CI 1.1-3.4), while the 60 %
excess in risk for nephrosclerosis was statistically non-significant.

Table 11. Odds ratios (OR) for chronic renal failure associated with height and
birthweight.

Men Women
OR' (95% CI) OR'(95% CI)

Height, (cm)
Sex-specific quartiles™?

Q4 (highest quartile) 1.0 (referent) 1.0 (referent)
Q3 1.1 (0.8-1.5) 0.8 (0.5-1.4)
Q2 1.1 (0.8-1.5) 1.0 (0.6-1.6)
Q1 a(lowest quartile, highest subtertile) 1.2 (0.7-2.0) 0.7 (0.4-1.4)

b 1.2 (0.7-1.8) 1.3 (0.7-2.6)

¢ (lowest quartile, lowest subtertile) 1.9 (1.2-3.0) 1.5 (0.8-2.7)

Birth weight, (gram)

<2500 0.9 (0.4-2.0) 0.8 (0.3-2.1)
2500-2999 1.4 (0.9-2.1) 1.1 (0.6-1.9)
3000-3499 1.0 (referent 1.0 (referent)
3500-3999 1.1(0.8-1.5.) 1.0 (0.6-1.7)
>4000 1.4(0.9-2.2) 0.8(0.4-1.4)

! Adjusted for age, sex, education, smoking, alcohol, and use of paracetamol and salicylates.
2Q4: men 183-204 ; women: 168-186; Q3: men: 178-182; women: 165-167; Q2: men: 173-
177; women 161-164; Qla: men: 172; women: 160; Q1b: men: 169-171; women: 158-159;

Qlc: men: 154-168; women: 144-157

3 Quartile number one divided in sub-tertiles.

A relatively large number of study participants did not recall their birth weight (236
cases and 244 controls). Few study participants reported a low birth weight, only 30
cases and 33 controls had a birth weight below 2500 kg. After adjustment for potential
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confounders the analyses did not reveal any significant associations between self-
reported birth weight and CRF risk (Table 11). The OR for women with a birth weight
of less than 2500 g compared with those with a birth weight of 3000-3499 g, was 0.8
(95 % 0.3-2.1), the corresponding OR for men was 0.9 (95% CI 0.4-2.0). In further
analyses, we tested whether LBW could effect modify the association between obesity
and CRF, but this could not be confirmed (data not show).

ANALGESIC USE (PAPER IV)

Aspirin was the most commonly used non-narcotic analgesic; 37% of the cases and
19% of the controls reported periods of regular use. Paracetamol was used regularly by
25% of cases and by 12% of controls. Regular use of other analgesics, such as
dextropropoxyphene, NSAIDs and pyrazolones was also more frequent in cases than in
controls. Only 17 cases and 17 controls reported ever use of phenacetin, and 4 cases
and 6 controls had used this analgesic substance regularly.

Isolated effects of paracetamol and aspirin

Among subjects who did not use aspirin regularly, the regular use of paracetamol was
associated with a 2.5-fold increased risk of CRF (Table 12). A clear dose-effect trend
with lifetime cumulative dose emerged (p for trend<0.001). A high average daily dose
of paracetamol was strongly linked to risk of CRF. OR among subjects who took > 1.4
g/day during periods of regular use was 5.3 (95 % 1.8-15.1), relative to non-users.

Table 12. Odds ratios for chronic renal failure associated with the lifetime use of

either paracetamol or aspirin among subjects who did not use the other analgesic

regularly.'
Paracetamol use Aspirin use
OR (95% CI) OR (95% CI)
Never used 1.0 1.0
Ever used 1.3 (1.0-1.6) 1.5 (1.2-1.8)
Use or used regularly 2.5 (1.7-3.6) 2.5 (1.9-3.3)
Cumulative dose
1-9¢g 1.2 (0.9-1.5) 1.4 (1.1-1.7)
100-499 g 1.3 (0.9-1.8) 1.6 (1.2-2.1)
>500 g 3.3 (2.0-5.5) 1.9 (1.3-2.9)

! The odds ratios are adjusted for age, sex, level of education, smoking status, use of other
analgesics, and the interaction between aspirin use and paracetamol use. P<0.001 for the trend
toward greater risk with increasing cumulative doses of paracetamol; P=0.01 for the trend
toward greater risk with increasing doses of aspirin. Regular use was defined as the use of at

least two tablets per week for a period of two months or longer.
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Likewise, among subjects who did not use paracetamol regularly, the regular use of
aspirin was independently and significantly linked to CRF risk. The cumulative dose
showed a dose-dependent pattern of association, although the trend was slightly weaker
than that for paracetamol use (Table 12). In addition, those who had taken > 1.4 g/day
on average during periods of regular use had a more than 3-fold increased risk (OR 3.3,
95 % CI 1.4-8.0). The duration of paracetamol or aspirin use was not related to CRF
risk (data not shown).

Paracetamol, aspirin and disease-specific CRF risks

The odds ratios for disease-specific types of CRF associated with isolated regular use
of paracetamol varied between 1.6 and 3.6, but statistical significance was only attained
for renal failure classified as diabetic nephropathy and CRF associated with systemic
disease/vasculitis (Table 13). However, except for CRF due to renal vascular disease
and glomerulonephritis, all dose-related trends in risk were statistically significant.
Regular use of aspirin in the absence of regular use of paracetamol was associated with
statistically significant 2-fold or higher increases in risk for all types of CRF, except for
renal disease caused by systemic disease/vasculitis. In contrast, dose-risk trends were
only significant for glomerulonephritis.

Table 13. Odds ratios for chronic renal failure associated with isolated regular use of paracetamol or
aspirin according to the type of underlying renal disease '

Paracetamol use Aspirin use

n OR>  (95%CI) n OR’  (95%CI)
Diabetic nephropathy 42 3.6 (2.1-6.0) 68 2.9 (1.9-4.5)
Glomerulonephritis 17 1.6 (0.9-3.0) 57 2.6 (1.4-4.8)
Nephrosclerosis 12 1.7 (0.8-3.7) 39 2.1 (1.3-3.5)
Hereditary renal disease 6 2.2 (0.8-5.9) 19 3.1 (1.6-6.0)
Systemic disease / Vasculitis 15 2.8 (1.2-6.5) 8 1.1 (0.4-2.8)
Other renal disease 13 2.1 (0.9-4.6) 22 3.7 (1.8-7.7)

! Adjustments were made for age, sex, level of education, smoking status, use of other analgesics, and
the interaction between aspirin use and paracetamol use. Regular use was defined as the use of at least
two tablets per week for a period of two months or longer.

* The reference group was nonusers of paracetamol without regular aspirin use.

3 The reference group was nonusers of aspirin without regular paracetamol use.

Combined effects of paracetamol and aspirin

In analyses comparing regular users of both paracetamol and aspirin with regular users
of only aspirin, we found an increased CRF risk among users of both analgesics
(OR=2.2, 95 % CI 1.4-3.5). The risk increased significantly with increasing cumulative
lifetime dose of paracetamol (p for trend=0.03). The effect of combined use of
paracetamol and aspirin, relative to regular use of only paracetamol, did not reach
statistical significance (OR 1.6, 95 % CI 0.9-2.7). However, the trend toward greater
risk with increasing cumulative lifetime dose of aspirin was significant (p=0.02).
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Figure 1. Odds ratios and 95% CI for chronic renal
failure according to the cumulative lifetime dose of
paracetamol or aspirin in analyses based on different
periods of exposure. The odds ratios are for
comparison with nonusers of both classes of analgesics

Isolated effects of paracetamol and aspirin, disregarding recent exposure

A larger proportion of cases than controls started to use analgesics regularly within five
years prior to interview, 35 % versus 25 % for paracetamol, and 37 % versus 28 % for
aspirin. In an attempt to avoid reverse causation we disregarded the 5 and 10 most
recent years of exposure in analyses, but the odds ratios were only slightly attenuated
(Figure 1).

Other types of analgesics
No elevated risks for CRF were seen in association with use of other types of
analgesics than paracetamol and aspirin (data not shown).
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DISCUSSION

METHODOLOGICAL CONSIDERATIONS
Choice of study design

Intervention studies, or clinical trials, where the exposure or the treatment is randomly
allocated to the participants by the investigators, preferably in a double-blind fashion,
yield the most valid effect estimates owing to the inherent control of known and
unsuspected confounding. However, due to issues of cost, feasibility and ethics, other
types of studies than intervention studies are needed in many circumstances. In the case
of disease actiology epidemiology, where the effects of supposedly hazardous risk
factors are evaluated, intervention studies are typically not an option. If cohort and
case-control studies are properly designed and well conducted, and if data are correctly
analysed and interpreted, such observational studies may contribute significantly to our
understanding of the aetiology of many diseases.

Case-control studies are better suited for studying rare diseases than are cohort studies.
Notwithstanding the increasing trend, ESRD is still a relatively rare condition. The
incidence of RRT is 125 per million person-years in Sweden °. The incidence of CRF,
as defined in our study, was not exactly known during our planning phase. However,
we did not expect the incidence to be very high and concluded that the most efficient
way to study risk factors for moderate CRF would be a case-control approach.

The accuracy of epidemiological studies depends on the validity and precision. Lack of
validity (systemic errors) may follow from selection bias, misclassification of exposure
and/or outcome, and confounding. The main determinants of precision are sample size,
exposure prevalence, and outcome frequency. Lack of precision causes random errors.

Validity

Selection bias

Selection bias might occur if case and control subjects do not represent the very same
study base. Fortunately, the prerequisites in Sweden, with a geographically well defined
population, the ubiquitous use of National Registration Numbers that are assigned to
every resident, a very efficient population administration that holds a complete and
continuously updated computerized population register, combined with an entirely
public and homogenous health care, make case ascertainment and truly random
sampling of controls from a well-defined study base unusually simple. Selection bias
may also occur whenever the inclusion of cases or controls into the study depends in
any other way on the exposure of interest. The population-based design and the
fortunate circumstances cited above seem to insure that the identified cases and selected
controls adequately represent the study base, without any biased selection linked to the
studied exposures.
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In an attempt to identify all incident cases within the study base we set up a
comprehensive study organisation involving all nephrology departments and other
medical departments treating patients with kidney diseases, as well as essentially all
medical laboratories in Sweden. Since the ascertainment of cases was based on serum
creatinine tests in routine clinical practice, undertaken because of various symptoms
and not as screening, it is important that all symptomatic individuals in the study base,
regardless of their exposure to the studied risk factors and confounding factors, had the
same chance of having a serum creatinine test performed. Although it is conceivable
that that people with co-morbidities were more likely to be tested than were those
without, the creatinine cutpoint in our case definition was deliberately placed at a level
where symptoms were expected to almost invariably prompt medical consultations.
And since Sweden has a public health care system with equal access for everybody, and
the costs are virtually completely covered by a mandatory social insurance, we do not
believe that social or other lifestyle-related factors have importantly affected the
probability of creatinine testing. During our study period we identified 1, 189 eligible
cases, which corresponds to an incidence of 115 patients per million person-years. This
is somewhat lower than the incidence rate of patients starting RRT in Sweden. This
might indicate that we did not manage to identify all eligible cases. However, it must be
noted that we did not include patients over 74 years and those who not were born in
Sweden. In addition, patients with pre-renal or post-renal disease were not eligible.

Our case definition was carefully chosen. If the cut point of serum creatinine would
have been placed to far into the course of CRF, then it might have led to losses of cases
caused by rapid deterioration or death, potentially related to the exposure under
investigation. On the other hand, if the cut point was placed too early, when the disease
had not yet manifested clinically, there is a risk of ascertainment (detection) bias. With
our case definition, we do not believe that there is a large pool of unidentified eligible
cases in the population. This reasoning will, in the next section, be exemplified by the
importance of an appropriate case definition in paper I (tobacco exposure), but the
reasoning is valid also for the other papers. It is known that cigarette smoking increases
risk of death among patients with advanced CRF **, thus, a higher cut-point of CRF
would conceivably result in a selective loss of CRF patients who were smokers, which
would result in an underestimation of the true association. Contrary, an overestimation
of the link between smoking and CRF would presumably be the case if the creatinine
level was set to low, then smoking-related morbidity would probably increase the
likelihood of serum creatinine testing and hence CRF detection. Hence, our choice
reflects our balancing to avoid the above-mentioned risks.

Non-participation may be another potential source of selection bias if it is linked to
status of exposure under investigation. We cannot exclude the possibility that subjects
who refused to take part in the study or whose poor condition prohibited participation,
may have had other lifestyle habits than those who participated. This might have biased
our results in any direction. However, we managed to obtain a reasonably high
participation rate, and the difference in this rate between cases and controls was
relatively small (75 % of cases and 78 % of controls).
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Misclassification of exposure

The major threat to the validity of case-control studies is recall bias, i.e., differential
misclassification of exposure due to disparate reporting by cases and controls. Recall
bias might distort the true association in any direction, but it is likely to arise only when
the disease in itself increases the likelihood of over- or underestimation of the exposure,
or when there are preconceptions — among interviewees or interviewers — about the
association between the exposure and the disease. A generally poor recollection of the
exposure, similar in cases and controls, results in non-differential misclassification,
which tends to bias any association towards the null.

The fact that our study hypotheses were unknown to the public and that the interview
covered a multitude of exposures, not only the exposures of particular interest, probably
reduced the risk of recall bias. In addition, self-reported information on tobacco habits
and on anthropometric measures are previously reported to be relatively accurate %2,
However, there is a systemic tendency for overweight subjects to underestimate their
body size, and conversely, an over-estimation among very lean subjects **°. This might
have biased our results in paper IIl. If this misclassification was non-differential
between cases and controls, it would bias the results towards null. Recall of remote diet
is inevitably associated with some misclassification, however it appears that diet as far
back as 10 years may be recalled with an acceptable level of misclassification **. In the
study of CRF and analgesic use, we used photographs of products and their packaging,
which is known to improve the accuracy of the recall of drug intake ***. However, like
in all case-control studies, despite our efforts to avoid misclassification of exposure, we
cannot rule out that non-differential or possibly differential recall of exposure in cases
and controls may have had some impact on the results.

Another source of information bias that may lead to misclassification of exposures
comes from erroneous collection or interpretation of responses by interviewers.
Although we not were able to blind the interviewers to the case/control status of the
subjects, they were trained to follow the questionnaire carefully in a standardised
manner, and they were unaware of the study hypotheses. Therefore, this type of bias is
not likely in our study

Misclassification of outcome

We did not estimate serum creatinine levels among control subjects, hence, we cannot
completely exclude the presence of control individuals with a moderate renal
insufficiency. If this potential misclassification of case/control status is unrelated to the
studied exposures, then the observed exposure-CRF associations may have been biased
towards the null. However, because asymptomatic pre-uraemic CRF of the magnitude
required for being classified as a case is likely to be exceedingly rare (see above), it is
not likely that an appreciable number of controls were, in fact, misclassified cases.

Confounding

In non-experimental and non-randomised studies confounding may threaten the
validity. Confounding is a mixing of the effect of a main exposure on the disease with
that of another factor. This factor must be associated with the main exposure and,
independently of this exposure, be a risk factor of the disease. Further, the confounding
factor must not be a link in the causal chain between the studied exposure and the
outcome disease. To avoid confounding effects from sex and age we frequency-
matched cases and controls with regard to sex and age (in 10-year strata). We obtained
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detailed information on known or suspected risk factors for CRF and in multivariate
analyses we adjusted for these factors. However, if the confounding factors are
measured too crudely, there may still be room for some residual confounding.
Moreover, potentially there are not yet identified risk factors for CRF that could be
related to exposures under investigation in this work, thus, we cannot entirely rule out
some impact of confounding.

In all observational studies when assessing effects of drug intake on disease outcome,
the potential impact of confounding by indication must be considered. This is a bias
that arises when the indication for a drug is related to the risk of a future health
outcome of interest. This type of confounding was of major concern in paper IV. Many
of our cases had underlying diseases that are known to increase risk of CRF; some of
these diseases might also prompt the use of analgesics. However, the associations
between the use of analgesics and the risk of CRF were not consistently stronger
among subjects with predisposing diseases typically causing frequent aches and pains
than among subjects without such conditions (e.g. glomerulonephritis).

Our retrospective design may also include difficulties in establishing the temporal
relationship between exposure and outcome. Early signs of CRF might have introduced
use of analgesics, thus, the positive association observed would in that case be
explained by reverse causality. In an attempt to disentangle whether analgesic use
increased risk of CRF or if symptoms related to CRF triggered analgesic use, we
performed lagged time analyses. In these analyses we disregarded the use of analgesic
during the 5 and 10 years before the interview. This resulted only in minor reduction of
the risk estimates, which indicates that the use of analgesics was unlikely to be
commonly prompted by symptoms from CRF. It is unlikely that many cases had
symptoms from their CRF 10 years prior to interview, but in contrast, the underlying
conditions might have been present for decades, and they may have been associated
with aches and pain that triggered analgesic use. Thus, in the lagged analyses we could
not satisfactorily evaluate the potential impact of confounding by indication, and this
type of bias cannot completely be ruled out in paper IV.

The influence of reverse causation must be considered in all three other papers. We
cannot exclude the possibility that cases had been counselled to stop smoking or that
they had quitted due to symptoms from the renal failure (paper I). Indeed, we noticed
that more cases than controls had stopped smoking during the last 5 years prior to
interview. To diminish the possible impact of reverse causation we did not consider
smoking data at time of interview but analysed data based on smoking status 5 years
earlier. In paper I, to reduce the risk that symptoms from CRF and/or professional
advice had led to changes in dietary habits, we chose to inquire about dietary habits 10
years prior to interview. Excluding subjects who reported that they had changed their
diet at any point (i.e. to protein reduced, diabetic or vegetarian diet) did not alter the
relative risk estimates. In the analyses of CRF and antioxidant intake we decided to
restrict our analyses to non-diabetic subjects since diabetic patients with advanced
nephropathy are likely to have had diabetes for many years, quite often more than 10
years. A switch to a diabetic diet presumably results in a higher intake of fruits and
vegetables, thus increasing the probability of reversed causation. Whereas there was a
positive association between highest BMI in lifetime and CRF (paper III), current BMI
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was not significantly related to CRF. This suggests that the renal failure had led to
some weight loss.

Precision

Chance must always be considered as an alternative explanation of observed
associations, or of lack of associations. In our study we used 95 % confidence intervals
to provide information about the precision of our results. The relatively large number of
cases yielded generally good statistical power to detect moderately strong associations
in the main analyses. Given the observed dose-response, chance alone is an unlikely
explanation of the positive associations seen between smoking, obesity or analgesic
intake and CRF (paper I, III, IV). However, it must be kept in mind that a large-scale
case-control study that investigates many exposures in relation to several outcome
diseases (disease-specific types of CRF) simultaneously gives rise to multiple
significance testing, which inflates the risk of type I error. Moreover, we had too low
statistical power to detect a weak- to moderately strong association between low birth
weight and CRF, hence the risk of type II error was not negligible. We performed
numerous subgroup analyses, which might increase the risk for type I error, while
simultaneously being associated with considerable risks for type II errors due to small
numbers.

FINDINGS AND IMPLICATIONS

Tobacco (paper I)

We observed a moderately increased, dose-dependent risk for CRF among cigarette
smokers, not explained by age, gender, body mass, hypertension, education, or use of
analgesics or alcohol. Increases in risk seemed to be limited to nephrosclerosis and
glomerulonephritis in both genders, and to diabetic nephropathy in women. However,
due to small numbers in the subgroups analyses, there was a lack of precision in
analyses on smoking and other types of CRF. Our finding confirms the general
impression of smoking as a renal risk factor .

Our results suggest that heavy cigarette smoking increases the CRF risk at least as
much for women as for men. Some previous studies have reported that the risk of renal
damage from smoking appears to be restricted to men * ** °* ¥ which has prompted
speculations about a biological background for the gender difference **°. This
difference is not implausible, because men are generally more likely to progress to
ESRD **. However, most of these studies were limited by small samples of women, and
in some of the studies the smoking exposure was very low among women. In line with
our results, a recent study pointed to the same renal risk from smoking among women
as among men ~°.

Perhaps not surprising, we obtained the strongest association between smoking and
nephrosclerosis. Previous studies have suggested that smoking might increase risk of
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nephropathy among hypertensive subjects '* 7. Of even more importance is the fact
that the diagnosis group “nephrosclerosis” most likely includes individuals with
atherosclerotic disease in the small and large vessels of the kidneys, and not only
subjects with hypertensive nephrosclerosis °', as previously discussed in this thesis. As
smoking is a well-known risk factor for atherosclerosis related to cardiovascular
disease, it is not surprising that it also increases risk for atherosclerotic changes in the
renal arteries >*’. However, autopsy studies have revealed that smoking also appears to
be associated with intrarenal damage of small vessels, both in individuals with *** and
without pre-existing kidney disease ** 2**. Thus, it is likely that smoking-induced
atherosclerotic processes related to the kidney may both initiate kidney damage and
contribute to the progression rate in all types of renal diseases. Several mechanisms
may be involved in inducing damage of renal microvasculature, cigarette smoking
causes direct endothelial injury **' and increases smooth muscle cell proliferation **.
Other suggested mechanisms for smoking-induced renal injuries include adverse effects
from elevated oxidative stress and increased release of cytokines **, and negative

impact from an increased activity of the sympathetic nerve system ***.

Our findings are not consistent with an adverse effect on the kidneys from use of oral
snuff, pipe smoking or cigar smoking. These results must be interpreted cautiously
because our power to detect any dose-response increases in risk was limited. There is
no obvious explanation for the discrepancy in effects of cigarette smoking on the one
hand and pipe and cigar smoking on the other hand, the most likely explanation is
chance. Compared to cigarette smoking, use of smokeless tobacco causes more
prolonged sustained increases of nicotine levels **. Although such use has been
associated with an adverse cardiovascular risk profile (i.e. negative effects on lipid
profiles, increased oxidative stress and increased insulin resistance), it appears that the
cardiovascular risk is lower for users of smokeless tobacco than for cigarette smokers
5 if elevated at all " **. The mechanisms behind this discrepancy in cardiovascular
risk are not completely understood. By analogy, it is reasonable to assume that the
atherosclerotic changes observed in kidneys of smokers might be less pronounced
among users of snuff.

Protein intake (paper Il)

Recently, a cohort study was unable to find any link between a high protein intake and
reduction of GFR in women without renal failure, whereas such a reduction was
observed at follow-up in women with a mild renal failure at baseline '®. In our study
we could not disentangle whether a high protein intake would initiate kidney disease or
increase the rate of progression. However, we can conclude that a high protein intake,
within the range observed in our Swedish population, was not a risk factor for
development of incident moderately severe CRF of non-diabetic type.

In contrast, we found a positive strong association between protein intake and diabetic
nephropathy. This finding is in line with results from other studies. In a cross-sectional
study of type I diabetics, a protein intake exceeding 20% of total food energy intake
was associated with an increased risk of proteinuria '”. Another study yielded a
positive relation between a high protein intake and microalbuminuria, but only among
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those who also had hypertension '®. However, our positive link between a high intake
of protein and diabetic nephropathy might, at least partly, be the result of recall bias and
particularly reverse causation. We observed that the median protein intake was higher
not only among diabetic cases, but also among diabetic controls, compared with non-
diabetics. This might have been the result of diet modifications due to diabetes.
Although Swedish diabetics without nephropathy are recommended a similar protein
intake as individuals without diabetes (10-15 % of total energy intake), a too zealous
reduction of fat and carbohydrate consumption might have led to a proportionate
increase in protein intake. However, in an analysis confined to diabetic cases and
controls, an almost 3-fold risk gradient with protein intake remained, albeit imprecise
due to a small number of diabetic controls. Some reservation must be raised for the
possibility that case patients may have had diabetes longer than the diabetic controls,
and that some of the latter may not have been on diabetes diet 10 years ago. It is
biological plausible that a high protein intake might be more harmful in diabetics than
in non-diabetics. Both type I and type II diabetes are conditions known to exhibit an
increased glomerular filtration rate, caused by increases in plasma flow and glomerular
capillary pressure **’. Subsequently, the extra burden of hyperfiltration related to
excessive protein intake > might be particularly deleterious in diabetes.

The protein intake in our population was modest, and it cannot be excluded from our
study that a very high intake of protein might have adverse long-term consequences on
the kidneys. In the era of an alarming increase of obesity, high-protein weight-loss diets
have a growing popularity in several countries. To my knowledge there are no long-
term studies performed that can evaluate the effect of this diet on the kidneys.

Antioxidant intake (paper Il)

We hypothesized that a diet rich in antioxidants would protect against CRF. However,
our results contradict any strong link between intake of antioxidant vitamins and risk of
CREF overall or various renal diseases. There is limited data from previous studies, and
the results are inconsistent. A low serum level of vitamin C has been associated with
creatinine elevations ''®, another study found that low levels of certain diet-derived

carotenoids were related to an increased risk of albuminuria '*°.

Beside dietary patterns, several other factors seem to influence the antioxidant status in
individuals, i.e. hypertension ***, smoking habits, alcohol consumption, psychological
stress and ultraviolet light exposure ***. In an attempt to elucidate whether subjects with
a presumed increased state of oxidative stress benefit more from a high antioxidant
intake, we conducted analyses stratified by smoking, alcohol consumption, and
hypertension status. Our data lend some support for a moderately strong inverse
association with high vitamin E intake among individuals with hypertension. Our
finding is biologically plausible since oxidative stress appears to be an important factor
in hypertension, presumably both as a cause and a consequence >**. We only observed
this risk reduction from a high intake of vitamin E, and not from any other antioxidant
vitamin. This is in line with observational studies investigating the association between
antioxidants and cardiovascular diseases, where vitamin E was more strongly linked to
risk reduction than vitamin C or beta-carotene ''’. However, our observed association
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lacked a dose-effect trend, and there were no indications of positive effects in any other
stratum, including that of heavy smokers, where oxidative stress is equally implicated.
Moreover, we made multiple analyses, and we cannot exclude chance as an alternative
explanation. Our finding requires confirmation in other studies.

Since other compounds in fruits and vegetables than those specifically investigated
might be of importance, we also analysed the association of crude intake of fruits and
vegetables with CRF risk. Although there was a weak inverse association for vegetable
intake and a weak positive association for fruit intake, no statistical significant results
were obtained, and dose-effect trends were absent. Thus, our data did not support any
overall protective effect from fruits and vegetables.

Deficiency of folic acid causes hyperhomocysteinemia, which may cause oxidative
injury to the vascular walls *°, possibly including intrarenal capillaries.
Hyperhomocysteinemia is commonly seen in ESRD, but has also been associated with
microalbuminuria (an early indicator of kidney damage) '’, although this finding was
not repeated in another cross-sectional study ''*. Our results do not indicate that a diet

low in folic acid would increase risk of CRF.

Body mass, height and birth weight (paper lll)

We found that both overweight in young ages, and obesity any time later in life,
significantly increased risk of CRF overall. Our results confirm an accumulating body
of clinical and experimental data implicating obesity as an important etiologic factor in
renal disease °" >

It is well known that obesity strongly increases risk of diabetes and hypertension '** '**
and that both these conditions are important contributors to ESRD ** *’. Not
surprisingly, we found the strongest positive association between a high BMI and risk
of diabetic nephropathy (related to type II diabetes), and the second highest risk within
the group nephrosclerosis (almost all patients were reported having hypertension as
underlying cause of this diagnosis). Nevertheless, risk elevations were also observed
among those diagnosed with glomerulonepritis and “other renal diseases”. However,
many of the cases with these renal diagnoses also had hypertension, and some were
diabetics. It is clear that hypertension accompanies virtually all types of renal disease,
not only as a cause, but also frequently as a consequence of the renal failure. We could
not disentangle whether the CRF had led to hypertension, or if patients with
glomerulonephritis and “other renal disease” also had a diagnosis of hypertension
preceding the kidney disease, potentially related to obesity. To further elucidate the
effect of BMI on CREF risk, independently of hypertension and diabetes, we conducted
analyses stratified on diabetes and hypertension status. These results indicate that risk
elevations remained in subjects without diabetes and in those without hypertension.
Analyses confined to subjects who reported neither of these conditions produced a
point estimate of similar magnitude, although there was a lack of precision due to small
numbers. Notwithstanding that the adverse renal effects from obesity appear to be
driven mainly by hypertension and diabetes, our findings give a suggestion that obesity
might also damage the kidneys through other mechanisms. However, we cannot
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exclude the possibility that undiagnosed hypertension and diabetes might have played a
pathophysiological role.

In renal biopsies from severely obese patients with proteinuria, focal segmental
glomerulosclerosis (FSGS) and/or glomerulomegaly are common findings *****. The
occurrence of this condition seems to have increased; in a clinicopathologic study from
New York, the proportion of all renal biopsies exhibiting obesity-related FSGS or
glomerulomegaly increased ten-fold from 1986 to 2000 **. In our study this diagnosis
was not common, although a low rate of biopsies may have entailed
underascertainment. Only 16 of our cases were diagnosed with FSGS, and of these only
one had a lifetime highest BMI that exceeded 35 kg/m’. Since obesity-induced FSGS
has been mainly associated with morbid obesity, this entity might be a smaller problem
in the comparably lean Swedish population, than in other populations with higher
prevalence of severe obesity.

In contrast to other studies '**'® we did not find that low birth weight increases risk of
CRF. However, our results must be interpreted cautiously. The analyses were hampered
by a relatively large proportion of missing data on birth weight, and the statistical
power was poor since few subjects reported low birth weight. In addition, we do not
know whether the study participants reporting low birth weight were small for
gestational age or born prematurely. It appears that intrauterine growth retardation
rather than premature birth is of importance in this context °’. A short stature could
conceivably not be a risk factor per se, but is suggested to be linked with reduced
number of nephrons *>°. Contrary to our result of birth weight, a short stature was
related to an increased CRF risk, at least among men. This finding provides some
support for the hypothesis that “oligonephropathy” increases risk of CRF.

Analgesic use (paper IV)

Both intake of paracetamol and aspirin were positively linked with increased risk of
CRF, and the associations showed dose-response patterns. These associations are
consistent with the findings of several previous case-control studies '**'*®. However,
earlier cases-control studies aimed at investigating the relation between analgesics and
CRF have been claimed to suffer from methodological flaws such as selection,
information and confounding biases '** *°. One major concern is that several studies
did not adequately adjust for phenacetin use. We do not think our results are biased
from previous phenacetin use. We adjusted for phenacetin, moreover, since very few
individuals had used phenacetin it is unlikely that such use would have importantly
influenced CRF risk. Underreporting of phenacetin is unlikely, since the sales of this
drug were restricted in 1961, and phenacetin shortly after disappeared from the
Swedish market. Several of the previous studies were not population-based, and it was
sometimes questionable whether the cases were drawn from the same population as the
controls. We had a population-based setting, and controls were a true random sample
from the study base. Other weaknesses in previous studies include lack of adequate
adjustment for other potential confounders, such as race, sex, proxy response status and
socio-economic status — weaknesses that we could avoid. Unlike all but one of the
earlier studies, we used a visual aid, which is known to improve recall of drug intake
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24 and we obtained detailed information about lifetime analgesic use in face-to-face

interviews. To diminish the risk that symptoms related to CRF prompted use of
analgesics, our case patients had earlier-stage CRF than in most of the previous studies
where the case definition was ESRD. In an attempt to elucidate a potential role of
reverse causation, we performed analyses disregarding the latest 5 and 10 years of
analgesic intake, but the risk estimates were only slightly attenuated.

In conclusion, I believe that our study was carefully planned and we managed to avoid
most shortcomings. However, it must be kept in mind that not only symptoms from
CRF, but also from underlying diseases causing CRF may lead to increased analgesic
consumption (as discussed in “general discussion”, page 50), and like in earlier studies,
we were unable to confidently rule out “confounding by indication” as a contributing
explanation of our results. The interpretation of the association between aspirin use and
CREF is further complicated by the fact that individuals with cardiovascular diseases are
treated with aspirin. Since it is well known that chronic renal failure and cardiovascular
diseases are closely interrelated, it can be expected that CRF patients have a higher
consumption of aspirin due to this indication.

It can be concluded that there is previous strong evidence for a causal link between
phenacetin and AAN "*, but this could not be evaluated in our study since very few
subjects had used phenacetin. Although confounding by indication cannot be
completely ruled out, our results are consistent with an exacerbating effect of
paracetamol, and — with less certainty — of aspirin, on CRF. The results of a newly
published study support an exacerbating effect of analgesics not including phenacetin.
This study included 78 subjects with AAN, i.e., CRF in the absence of other renal
diagnoses and a positive history of excessive analgesic use. Among subjects who
continued to take analgesics, renal function declined 3.53 ml/min/year faster than
among the patients who stopped taking analgesics. After 64-70 months of follow-up,
continued analgesic use conferred a 6-fold increase in risk of death or progression to
ESRD *’. Another recent study, from the physician’s Health Study cohort, could not
confirm any accelerated decline in renal function among analgesic-using individuals
without pre-existing renal disease, but the investigators dichotomized the trend over
time, and the cutpoint used for deterioration may have been set on a level that was
consistent with normal, age-related loss of function **'. The results from these two
cohort studies, together with our findings, might, however, indicate that non-phenacetin
analgesics do not constitute strong renal risk factors among healthy individuals but may
increase progression rate among individuals with pre-existing kidney disease.

Socioeconomic status, gender and risk factors

As previously reported, there was a markedly increased risk of CRF among patients
with a lower educational level and lower socio economic status (based on occupations)
in our study *”. We also found that men have a higher risk of CRF than females. The
female to male ratio of cases in our study was 1: 1.8. This gender distribution is similar
to the distribution observed in the Swedish register of patients on renal replacement
therapy. The exposures that were associated with risk of CRF in this thesis could not
explain the effects of socio-economic status or gender. None of the exposures were
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stronger risk factors in those with lower socio-economic status or in men. Thus, these
variations in risk observed in our study (as well as in many other previous studies)
depend on yet unidentified factors.
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CONCLUSIONS

¢ Heavy cigarette smoking is a risk factor for the development of chronic renal
failure. The increase in relative risk is at least as strong in women as in men.
Chronic renal failure classified as nephrosclerosis was the subtype that was most
strongly linked to smoking, but significant positive associations were also noted
with glomerulonephritis, and among women, with diabetic nephropathy.

¢ Other tobacco use, such as cigar smoking, pipe smoking and use of oral snuff, was
not related to risk of chronic renal failure.

¢ A high intake of antioxidants from diet and supplements do not appear to protect
against chronic renal failure, with the possible exception that a high intake of
vitamin E might be protective in individuals with hypertension.

¢ A diet rich in proteins may increase risk of diabetic nephropathy, however, reverse
causation cannot be excluded as an alternative explanation of the findings. A high
protein intake, within the range observed in our Swedish population, does not
increase risk of non-diabetic moderate chronic renal failure.

¢ Being overweight in early adulthood or obese anytime in life is linked to an
increased risk of chronic renal failure. Although much of the excess risk is driven
by the higher prevalence of hypertension and diabetes among obese, an additional
pathway may exist.

¢ A low birth weight appears not to increase risk of chronic renal failure in the
Swedish population. However, some reservations must be made due to low
statistical power and potential misclassification. A short stature, another possible
marker of a low number of nephrons, is associated with increased risk of chronic
renal failure, at least among men.

¢ Regular use of paracetamol and aspirin might exacerbate chronic renal failure.
However, we cannot rule out confounding by indication as an alternative
explanation, i.e. that predisposing conditions for chronic renal failure prompted
analgesic consumption.
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FUTURE STUDIES

Population-based study of early signs of renal disease

Signs of early kidney damage are common in other countries > °. It would be of interest
to conduct a cross-sectional study with a large random sample from the Swedish
population to estimate the prevalence of any signs of kidney damage (hematuria,
proteinuria and reduced glomerular filtration rate) and to explore their relation to
suspected risk factors. With sufficient funding it would be exciting to form a cohort
from this cross-sectional study, and to follow the study participants with medical
check-ups and new questionnaires every fifth year, i.e., to investigate into the long-term
development of renal function, the incidence of CRF, and possible risk factors, in a
stratum of subjects without evidence of impaired renal function (with or without
predisposing diseases), and in strata with various signs of early kidney damage (again,
with or without predisposing diseases).

The study would include,

-A careful medical check-up to evaluate to what extent specific renal diseases,
hypertension, and diabetes might explain signs of early kidney damage. In addition
detailed information on cardiovascular diseases, other medical conditions, and drug
treatments.

-Blood pressure, weight, measurements of fat distribution, and height.

-Blood and urine samples for testing of proteinuria, hematuria, serum/blood
concentrations of creatinine, glucose, haemoglobin, urate and lipids, testing of insulin
resistance/hyperinsulinemia, inflammatory markers and HbA1C in diabetics. Extra
blood samples saved to have the potential to do genetic testing of renal susceptibility
genes and assess serum levels of antioxidant vitamins.

-A questionnaire encompassing questions on education, socio-economic factors, birth
weight, family history of renal disease and lifestyle factors such as tobacco, alcohol and
analgesic use.

Cohort studies with incident cases of individuals with diabetes and hypertension
There are of course many factors of interest to study in these groups of patients, both
for initiation of nephropathy and progression. Of particular interest might be to
perform genetic association studies of signs of nephropathy in relation to
angiotensinogen converting enzyme gene and angiotensin II receptor gene
haplotypes. In addition it could be evaluated whether specific haplotypes benefit more
from therapy with angiotensinogen converting enzyme inhibitors or angiontensin II
receptor blockers. Among diabetics, initially free from nephropathy, it would be
valuable to prospectively follow whether a high protein intake increase risk of kidney
damage.
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