RENAL DISEASE, THE METABOLIC SYNDROME, AND CARDIOVASCULAR DISEASE

Objectives: To describe the association be-
tween renal disease and other features of the
metabolic syndrome and its derivative illnesses
among Australian Aborigines in remote set-
tings.

Methods: Volunteering adults (N=2019) in
four remote communities were screened for
risk factors and markers of renal disease,
hypertension, and diabetes, and their cross-
sectional associations were evaluated. Rates of
the metabolic syndrome were estimated in
one community with comprehensive screening
data. The associations of albuminuria with
hospitalizations, coronary heart events, and
non-renal deaths were then followed for
>7 years in that same community.

Results: Rates of renal disease, hypertension,
and diabetes all increased dramatically with
age. They all overlapped. Renal disease and
hypertension were the most prominent and
earliest features of the syndrome, while di-
abetes was a later, less common and more
variable manifestation. All were strongly cor-
related with waist measurements, and high
waist measurements more comprehensively
characterized those with illnesses than did
the more restrictive definitions of the meta-
bolic syndrome. Albuminuria predicted non-
renal hospitalizations, first time coronary heart
disease events, and all-cause death.

Conclusion: Albuminuria/proteinuria is an
early and dominant element of a symptom
complex that is marked by higher waist
measurements, and it strongly predicts all-
cause and cardiovascular illnesses and deaths.
This finding implies a common background of
risk factors for renal disease, hypertension,
diabetes, and cardiovascular risk. The findings
support integrated, rather than disease-specif-
ic, surveillance programs, an important role for
albuminuria in predicting non-renal risk, and
a unified approach for primary and secondary
prevention of all elements of the syndrome.
(Ethn Dis. 2006;16[suppl 2]:52-46-52-51)
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INTRODUCTION

The metabolic syndrome might be
considered an anthropomorphic and
clinical profile that predisposes to car-
diovascular risk. In the late 1980s and
early 1990s, we and others proposed that
renal disease might be, in part, a mani-
festation of the metabolic syndrome,lf3
on the grounds that epidemics of renal
and cardiovascular disease are emerging
simultaneously in many groups in health
transition and that most people with end
stage renal disease die of cardiovascular
disease. In population studies, we and
others showed that albuminuria corre-
lates with many features of the metabolic
syndrome® and that albuminuria and
decreased estimated glomerular filtration
rate predict cardiovascular and other
non-renal illness and deaths, as well as
renal deaths.’™'?

Definitions of the metabolic syn-
drome are continuously developing.
Among the current ones are the 1999
World Health Organization definition
(WHO.MS), the Adult Treatment Panel
(ATP) II (or National Cholesterol Edu-
cation Program) definition (ATP.MS),
and the 2005 International Diabetes
Federation definition (IDF.MS) (Ta-
ble 1)."> They can include three or
more of various measures, including
central obesity (variably defined), insulin
resistance or dysglycemia or diabetes,
higher cholesterol or triglycerides or
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lower high-density lipoprotein levels,
and various elevations of blood pressure.
The WHO definition also includes
pathologic albuminuria as an optional
component of the metabolic syndrome
and so already recognizes the links to
renal disease. All definitions have the
drawback of being dichotomous variables
(yes or no), thus lacking any sensitivity
to gradations of features, which is, of
course, the pathophysiologic reality.

We describe cross-sectional data
from remote Aboriginal communities
in Australia’s Northern Territory that
support the concept that renal disease is
a manifestation of the metabolic syn-
drome, and of the increased abdominal
girth on which metabolic syndrome
definitions, in part, depend. We also
describe the powerful predictive value of
albuminuria and proteinuria for cardio-
vascular as well as other, nonrenal
illnesses and death on longitudinal
study in one of these communities.

METHODS

Adult members (=18 years) of com-
munities 1, 2, and 3, whose data are
presented in aggregate, were offered
a brief health screening between 2000
and 2003, with 1070 people participat-
ing, or 70% of the adult population.
The screening included a brief history,
waist and hip, and blood pressure and
blood glucose measurements. For this
report, high blood pressure was defined
by the IDFE.MS definition of =130/
85 mm Hg. Urine was tested for pro-
tein by dipstick, with albumin-to-creat-
inine ratio (ACR) assayed if the dipstick
was =14 or if the participant was
hypertensive or diabetic. An aggregate
diagnosis of renal disease was made if
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Table 1.

Evolving definitions of the metabolic syndrome

World Health Organization (WHO), 19993

Impaired glycemic regulation or insulin resistance with at least two or more of the following:
BMI>30 or WHR > 0.9 in men or > 0.85 for women

Blood pressure = 140/90 mmHg

Microalbuminuria: Albumin excretion > 20 pg/min

Triglycerides = 1.7 mmol/L or

HDL < 0.9 mmol/L in men or < 1.0 mmol/L for women

National Cholesterol Education Program: Adult Treatment Panel (ATP) Il 2001

Three or more of the following conditions:

Waist circumference > 102 cm for men and > 88 cm for women
Blood pressure = 135/85 mm Hg or on treatment for hypertension

Fasting plasma glucose = 6.1 mmol/L
Triglycerides = 1.7 mmol/L

HDL < 1.0 mmol/L in men and < 1.3 mmol/L for women

International Diabetes Federation (IDF), 2005'°

Ethnicity specific - waist circumference = 94 cm for Europid men and = 80 cm for Europid women

with at least two or more of the following:
Blood pressure = 130/85 mmHg
or on treatment for hypertension

Fasting plasma glucose = 5.6 mmol/L or known diabetes
Serum triglycerides = 1.7 mmol/L or on treatment for dyslipidemia
Serum HDL, <1.03 mmol/L in men and <1.29 mmol/L in women or on treatment for dyslipidemia

a participant had proteinuria =1+, an
ACR 3.4+, and/or a past history of renal
disease. Diabetes was defined by history,
current hypoglycemic medicines, or levels
of glycemia satisfying WHO criteria.

Nine hundred and thirty nine adults
(=18 years of age) in community 4,
whose data are presented separately,
were screened in the mid-1990s, with
>90% of the adult population partici-
pating. Assessment included all the
measures described above, but urine
ACR and blood lipids were also mea-
sured in all participants. These enabled
a more expansive and accurate diagnosis
of renal disease, defined as urine ACR
=3.4 g/mol, as well as estimates of
frequency of the metabolic syndrome.

Participants in the baseline screen in
community 4 were then followed
through the end of the 1999 for hospi-
talizations, until mid-2000 for deaths,
and through the end of 2004 for first-
time episodes of symptomatic coronary
heart disease events, with the total period
of follow-up as high as 7,369 years.

The associations of renal disease with
hypertension, diabetes, and elevated waist
measurements were evaluated on the
community profiles on aggregated data

from communities 1, 2 and 3. The rates
of the metabolic syndrome and their
associations with renal disease were
calculated in community 4. The pre-
dictive value of baseline levels of urine
ACR for hospitalizations, first-time cor-
onary heart disease events, and deaths
were also evaluated in community 4.

RESULTS

Figure 1 shows a progressive in-
crease of rates of renal disease, hyper-
tension, and diabetes with age. In
communities 1, 2, and 3, renal disease
was less common than elevated blood
pressure but both occurred at younger
ages and with greater frequencies than
diabetes. In community 4, which has
higher rates of renal disease and in
which ACR was the universal screening
test, renal disease was the leading
condition.'®!”

Extensive overlap of hypertension,
renal disease, and diabetes is demon-
strated by the Venn diagrams in
Figures 2A and 2B. In communities 1,
2, and 3, renal disease was not often
diagnosed in the absence of another
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condition, but in community 4, the
dominance of renal disease in the
aggregated symptom complex is appar-
ent. In both groups, people with di-
abetes nearly always had at least one co-
existing condition.

Rates of overweight and obesity by
body mass index criteria were not
uniformly excessive relative to those in
the Australian non-Aboriginal popula-
tion'®'? but, waist measurements were
often elevated, especially in females.'”
All conditions were significantly corre-
lated with waist measurements, as
shown in Figures 3A and 3B. In
multivariate modeling, waist, after age,
was the most powerful correlate whose
significance persisted after adjustment
for all other factors (age, community,
gender, alcohol use, smoking, and
where available, birth weight).

Waist circumferences were elevated
by IDF definitions in 72.9% of people
in communities 1, 2, and 3, and in
48.3% of those in community 4. Rates
of each disorder were significantly
higher in people with high waist
circumference, with rates increased
1.5- to 2-fold for hypertension, 2- to
2.5-fold for renal disease, and 3- to 4-
fold for diabetes relative to those with
normal waist circumference, after ad-
justment for age and sex (Table 2).

The proportions of people with the
metabolic syndrome, which could only
be calculated in community 4, were
much lower than the proportions with
elevated waist circumference. Table 3
shows that the (minimum) frequencies
of the metabolic syndrome by the
WHO, NCEP, and IDF definitions,
respectively, were 22.2%, 25.9%, and
20.6%. No significant difference was
seen by sex in those with WHO.MS,
but more of those with ATP.MS and
IDE.MS were female. This reflects the
dominant role of elevated waist mea-
surements, which are more common in
females,'” in driving the latter two
definitions. The IDF.MS definition
was more completely embraced by the
other definitions, with 88% of the
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Fig 1. Prevalence of hypertension, renal disease and diabetes by age group

people so defined included in one or
both of the other definitions (Figure 4).
The table also shows considerable
concentration of people with renal

disease among those with the metabolic
syndrome, however renal disease was
defined. This occurred to a similar
extent in all definitions, although only

A. Communities 1, 2 and 3.

BP_>130/85

O Renal disease
A )
s, Diabetes

O Everyone screened

B. Community 4.

ACR >3.4

O sr>13085
O

" .
v+ Diabetes

O Everyone screened

Fig 2. Overlap of hypertension, renal disease and diabetes
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the WHO.MS has albuminuria as an
optional defining criterion. However,
68.4% of people with renal disease did
not qualify for a metabolic syndrome
definition, a much larger proportion
than the 36.1% who failed to qualify for
a “high” waist measurement.

On longitudinal study in communi-
ty 4, albuminuria at baseline powerfully
predicted non-renal hospitalizations
(Figure 5),%° first time coronary heart
disease events in previously unaffected
people (Figure 6),'" and all-cause death
(Figure 7), as well as specifically cardio-
vascular death (Figure 8).572! Protein-
uria similarly predicted these events,
though with somewhat reduced discrim-
ination.

DISCUSSION

In these high-risk Aboriginal commu-
nities, increasing albuminuria or protein-
uria, higher blood pressures and increasing
levels of dysglycemia are all intimately
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Fig 3A. Chronic disease and waist, communities 1, 2, and 3

Fig 3B. Chronic disease and waist, community 4

related. They are probably features of cardiovascular disease, renal disease and

diabetes in Aboriginal people. Albumin-
uria marks the risk for most of the morbid

a single syndrome, of which albuminuria
is an early and central manifestation. The

co-existence of these conditions is com- and fatal outcomes associated with these
2226

patible with the simultaneous epidemics of conditions.

Table 2. Prevalence of hypertension, renal disease and diabetes by categories of
waist circumference, and odds ratios (95% confidence intervals), adjusted for age
and sex

BP=130/ OR Renal OR OR
85 (95% CI) Disease (95% CI) Diabetes (95% CI)
Communities
1,2,and 3
High waist 53.1% 1.43 43.7% 2.16 26.0% 3.12
(1.06-1.94) (1.56-3.01) (1.93-5.05)
Normal waist 37.2% Referent 22.1% Referent 8.3% Referent
Community 4
High waist 56.4% 1.98 63.9% 2.48 22.2% 4.19
(1.4-2.8) (1.79-3.44) (2.45-7.14)
Normal waist 43.6% Referent 33.2% Referent 4.7% Referent

P value for each set of observations <0.001.
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These conditions are more ade-
quately marked by high waist measure-
ments than by more restrictive defini-
tions of the metabolic syndrome. The
higher frequency of high waist measure-
ments in females is compatible with
their higher rates of renal disease and
diabetes than males, at least through
middle age."”

In multivariate modeling,” central fat
deposition, marked by waist circumference,
is only one of several factors correlating
with renal disease, but it is a very important
one. Preferential central fat deposition, in
turn, is itself a complex and multidetermi-
nant phenomenon, to which diet and
exercise, prenatal and intrauterine condi-
tions, inflammation, infections, alcohol,
and arguably, genetics contribute.

A common background of risk
factors* ™ implies that primary pre-
vention relies on a common set of
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Table 3.
syndrome definitions

Prevalence of renal disease in community 4 and by metabolic

Dipstick =1+ OR (CI)*

ACR 3.4+ OR (95% CI) ACR 34+ OR (95% CI)

All adults 32.9% Referent
WHO.MS 51.6% 2.93
(2.1-4.1)
NCEP.MS 56.7% 2.48
(1.8-3.4)
IDF.MS 51.9% 2.17
(1.5-3.1)

48.4%

Referent 20.9% Referent
76.9% 3.27 41.8% 2.76
(2.2-4.8) (1.9-4.0)
73.6% 2.73 43% 3.17
(1.9-3.9) (2.2-4.5)
75.6% 2.82 42% 2.82
(1.9-4.1) (1.1-4.1)

* OR (Cl) adjusted for age and sex.

O A sereened adults
© wHo_ms (22%)
© are_ms 20%)
Q© 1oF_ms 21%)

Fig 4. Metabolic syndrome by WHO,
ATP, and IDF definitions in Aboriginal
adults in community 4

strategies. The simultaneous expression
dictates the need for integrated screen-
ing programs to detect early disease, and
the late and more variable appearance of
diabetes in the symptom complex shows
that a diabetes-centric approach will be
seriously deficient. Coexistence of ill-
nesses implies that people will com-
monly need multidrug treatment,””*°
especially with advancing age, with
antihypertensive, renal-sparing, hypo-
glycemic, lipid-lowering agents and
aspirin and sometimes beta blockers
often needed together. In that respect,
particularly, a variety of fixed-dose
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Fig 5. Hospitalizations in adults, in community 4 by baseline ACR category,

adjusted for age and sex
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Fig 6. First coronary heart disease
(CHD) events by baseline ACR category
in community 4

combination medications®® and ex-
plorations of transdermal drug delivery
systems would be of great benefit.

The integration of illnesses also
means that healthcare providers and
specialty groups must advocate with
governments and other agencies with
one voice for effective programs of
primary and secondary prevention.*’
Much non-renal illness and premature
death, as well as renal failure, will be
avoided if this is done well.

ACKNOWLEDGMENTS

We thank all the members of these four
communities and their councils for their
support and participation. We also thank the
health workers, nursing staff, and the
medical officers working in these communi-
ties. The observations made in this manu-
script were approved by human research
ethics committee of the Northern Territories

Hazard ratio (95%CI)

100 200

05 1 34 10 34
ACR (g/mol)

Fig 7. ACR-cause mortality risk by
baseline ACR in community 4, adjusted
for age and gender



RENAL DISEASE, THE METABOLIC SYNDROME, AND CARDIOVASCULAR DISEASE - Hoy et al

Hazard ratio, (95%Cl)

05 1 34 10 34
ACR (g/mol)

100 200

Fig 8. Cardiovascular mortality risk by
baseline ACR in community 4

Department of Health and Human Services
and the Menzies School of Health Research
and by the relevant local councils/health
boards. We are grateful for the support
received from the Colonial Foundation, Rio
Tinto, Kidney Health Australia, and the
Office of Aboriginal and Torres Strait
Islander Health.

REFERENCES

1. Hoy WE. Insulin resistance/hyperinsulinemia
and syndrome X: the basis of the accentuated
susceptibility of transitional populations to
renal disease? In: The 31st Annual Scientific
Meeting of the Aust NZ Soc Nephrol;
Canberra; 1995.

2. Hoy WE, McFarlane R, Pugsley DJ, Norman
R, Mathews JD. Markers for cardiovascular
and renal morbidity: expectations for an
intervention programme in an Australian
aboriginal community. Clin Exp Pharmacol
Physiol. 1996;23(8):533-S37.

3. Hoy WE. Screening and treatment for renal
disease: the community model. Nephrology.
1998;4(Suppl I1I-1V):S90-S95.

4. Hoy WE. Reflections on the XVth ICN
meeting: renal and cardiovascular protection
in the developing world. Nephrol Dial Trans-
plant. 2001;16(7):1509-1511.

5. Hoy WE, Mathews JD, McCredie DA,
Pugsley DJ, Hayhurst BG, Rees M, et al.
The multidimensional nature of renal disease:
rates and associations of albuminuria in an
Australian Aboriginal community. Kidney Int.
1998;54(4):1296-1304.

6. McDonald SP, Maguire GP, Duarte N, Wang
XL, Hoy WE. Carotid intima-media thick-
ness, cardiovascular risk factors and albumin-
uria in a remote Australian Aboriginal com-
munity. Atherosclerosis. 2004;177(2):423-431.

7. McDonald S, Maguire G, Duarte N, Wang
XL, Hoy W. C-reactive protein, cardiovascular
risk, and renal disease in a remote Australian
Aboriginal community. Clin Sci (Lond). 2004;
106(2):121-128.

8. Hoy WE, Wang Z, VanBuynder P, Baker PR,
McDonald SM, Mathews JD. The natural
history of renal disease in Australian Abor-
igines. Part 2. Albuminuria predicts natural
death and renal failure. Kidney Int. 2001;
60(1):249-256.

9. Hoy WE, McDonald SP. Albuminuria: mark-
er or target in indigenous populations. Kidney
Int Suppl. 2004(92):525-S31.

10. McDonald SP, Hoy WE. Interfaces between
cardiovascular and kidney disease among
Aboriginal Australians. Adv Chronic Kidney
Dis. 2005;12(1):39-48.

11. Wang Z, Hoy WE. Albuminuria and incident
coronary heart disease in Australian Aboriginal
people. Kidney Int. 2005;68(3):1289-1293.

12. de Zeeuw D, Hillege HL, de Jong PE. The
kidney, a cardiovascular risk marker, and a new
target for therapy. Kidney Int Suppl. 2005(98):
$25-829.

13. Alberti KG, Zimmet PZ. Definition, diagnosis
and classification of diabetes mellitus and its
complications. Part 1: diagnosis and classifica-
tion of diabetes mellitus provisional report of
a WHO consultation. Diabet Med. 1998;
15(7):539-553.

14. Expert Panel on Detection Evaluation and
Treatment of High Blood Cholesterol in
Adults. Executive summary of the third report
of The National Cholesterol Education Pro-
gram (NCEP) Expert Panel on Detection,
Evaluation, and Treatment of High Blood
Cholesterol in Adults (Adult Treatment Panel
1IT). JAMA. 2001;285(19):2486-2497.

15. Alberti KG, Zimmet P, Shaw J. The metabolic
syndrome—a new worldwide definition. Lan-
cet. 2005;366(9491):1059-1062.

16. Hoy WE, Kondalsamy-Chennakesavan S,
Scheppingen J, Sharma S, Katz I. A chronicdis-
ease outreach program for Aboriginal commu-
nites. Kidney Int. 2005;68(s98):576-S82.

17. Hoy WE, Kondalsamy-Chennakesavan S,
Scheppingen J, Sharma S. Kidney and related
chronic disease profiles and risk factors in three
remote Australian Aboriginal communities.
Adv Chronic Kidney Dis. 2005;12(1):64-70.

18. Cameron AJ, Welborn TA, Zimmet PZ,
Dunstan DW, Owen N, Salmon J, et al.
Overweight and obesity in Australia: the
1999-2000 Australian Diabetes, Obesity and
Lifestyle Study (AusDiab). Med ] Aust.
2003;178(9):427-432.

19. Dalton M, Cameron AJ, Zimmet PZ, Shaw
JE, Jolley D, Dunstan DW, et al. Waist
circumference, waist-hip ratio and body mass
index and their correlation with cardiovascular
disease risk factors in Australian adults. J Intern
Med. 2003;254(6):555-563.

20. McDonald S. Renal disease, cardiovascular
disease and shared risk markers in remote
Aboriginal communities [dissertation]. Ade-
laide: Flinders University; 2003.

Ethnicity & Disease, Volume 16, Spring 2006

21. McDonald SP, Wang Z, Hoy WE. Physical
and biochemical predictors of death in an
Australian aboriginal cohort. Clin Exp Phar-
macol Physiol. 1999;26(8):618-621.

22. Australian Bureau of Statistics. The health and
welfare of Australia’s Aboriginal and Torres Strait
Islander peoples. ABS Catalogue no 4704.0.
Available at: hetp://www.aihw.gov.au.

23. Spencer JL, Silva DT, Snelling P, Hoy WE.
An epidemic of renal failure among Australian
Aboriginals. Med ] Aust. 1998;168(11):537—
541.

24. McDonald SP, Russ GR. Burden of end-stage
renal disease among indigenous peoples in
Australia and New Zealand. Kidney Int Suppl.
2003(83):5123-S127.

25. Plant AJ, Condon J, Durling G. Northern
Territory Health Outcomes. Morbidity and
Mortality, 1979-1991. Darwin: Northern
Territory Department of Health and Human
Services; 1995.

26. Hoy WE, Wang Z, Baker PR, Kelly AM.
Reduction in natural death and renal failure
from a systematic screening and treatment
program in an Australian Aboriginal commu-
nity. Kidney Int Suppl. 2003(83):S66-S73.

27. Hoy WE, Rees M, Kile E, Mathews JD, Wang
Z. A new dimension to the Barker hypothesis:
low birthweight and susceptibility to renal
disease. Kidney Int. 1999;56(3):1072-1077.

28. Singh GR, Hoy WE. Kidney volume, blood
pressure, and albuminuria: findings in an
Australian aboriginal community. Am J Kidney
Dis. 2004;43(2):254-259.

29. Hoy WE, Kondalsamy-Chennakesavan S,
Scheppingen J, Sharma S. The influence of
birthweight on blood pressure, proteinuria and
diabetes in young Aboriginal adults in remote
communities in the Northern Territory.
Nephrology. 2005;10(Suppl):A386.

30. Hoy WE, Kondalsamy-Chennakesavan S,
Scheppingen J, Sharma S. Setting up chronic
disease programs: perspectives from Aboriginal
Australia. Ethn Dis. 2006;16(suppl 2):s2-
74-s2-80.

31. Wald NJ, Law MR. A strategy to reduce
cardiovascular disease by more than 80%.

BM]J. 2003;326(7404):1419.

AUTHOR CONTRIBUTIONS

Design concept of study: Hoy

Acquisition of data: Hoy, Wang

Data analysis interpretation: Hoy, McDonald,
Kondalsamy-Chennakesavan, Wang

Manuscript draft: Hoy, McDonald, Kondal-
samy-Chennakesavan

Statistical expertise: Hoy, McDonald, Kon-
dalsamy-Chennakesavan, Wang

Acquisition of funding: Hoy, Wang

Administrative, technical, or material assis-
tance: Hoy, Kondalsamy-Chennakesavan

Supervision: Hoy

§2-51



