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A prospective study of gout in New Zealand Maoris
GERHARD W. BRAUER AND IAN A. M. PRIOR

From the Epidemiology Unit, Wellington Hospital, Wellington, New Zealand

SUMMARY Results are reported from the first prospective study of gout in New Zealand Maoris
based on a sample of 388 males and 378 females. At baseline, high mean levels of serum uric acid
(SUA) were found, 0-422 ± 0-092 mmol/l (7.05 ± 1 54 mg/100 ml) in males and 0 350 ± 0-091
mmol/l (5.85 1 *52 mg/100 ml) in females. On the basis of traditional criteria (SUA above 0 42
mmol/l (7.0 mg/100 ml) in males and above 0*36 mmol/l (6-0 mg/100 ml) in females) the prevalence
of hyperuricaemia was 49 % in males and 42 % in females. The baseline prevalence of gout (8 * 8%
for males and 0 * 8 % for females) and the subsequent 11-year incidence rates (10 * 3% for males and
4 3% for females) are discussed in relation to specified SUA classes. When traditional, sex-specific
criteria for hyperuricaemia were used, no relationship was found between the prevalence of hyper-
uricaemia and the incidence of gout. There was, however, a sharp increase in the incidence rate of
gout in both sexes when SUA levels were above 0 48 mmol/l (8 0 mg/100 ml). In subjects with a

baseline SUA above this level, the age-standardised 11 -year incidence rate of gout was 29 1 % for
males and 37.2% for females. A previously unreported relationship linking muscle size to the
incidence of gout in males is presented as a major finding of the study. Other risk factors associated
with gout were body mass and blood pressure.

New Zealand Maoris have high levels of serum uric
acid (SUA) and are at high risk for gout (Lennane
et al., 1960; Prior, 1962; Prior and Rose, 1966;
Prior et al., 1966; Rose et al., 1966). This paper
presents the results of the first prospective epidemio-
logical study of gout and its risk factors in this popu-
lation, made possible by the recent completion of a
longitudinal data base encompassing 3 consecutive
epidemiological surveys of a group of New Zealand
Maoris: rounds I (1962/63), II (1968/69), and IIT
(1974). Findings consist of (a) a summary of baseline
(round I) data, including the distribution of SUA,
age and sex effects on SUA, an-d ine baseline pre-
valence of gout; and (b) the incidence study (between
baseline at round I and the follow-up at round o),
in which evidence is presented of a relationship in
males between muscle size and the incidence of gout.

Methods

WHO Special Committee recommendations on
methodology were followed in most instances. A
full description has been previously published
(Prior, 1962; Prior et al., 1966). Serum cholesterol
was estimated by the method of Abell et al. (1952)
and SUA by a non-enzymatic colorimetric technique
Accepted for publication January 30, 1978

correlating closely with uricase methods (Buchanan
et al., 1965). Traditional SUA cut-off values above
which subjects were considered hyperuricaemic are
0-42 mmol/l (7.0 mg/100 ml) for males and 0.36
mmol/l (6.0 mg/100 ml) for females subjects.*

Earlier publications using these data based a
diagnosis of gout on the presence of hyperuricaemia
(unless the subject was on uricosuric therapy), plus
one or more attacks of typical podagra affecting the
joints of the great toe or foot. However, in this
prospective study of the risk factors for gout it was
considered desirable that a diagnosis of gout be
independent of the SUA level, thus allowing study
of the latter as a risk factor. Furthermore, in a recent
study, Snaith and Coomes (1977) illustrate the
possibility of gout occurring at relatively low SUA
levels and this, plus the problem of classifying sub-
jects who may have been on urate-lowering medi-
cation, suggested that the diagnostic use of SUA
level be avoided. Consequently, for diagnosis of
clinical gout, a medical history of two or more
typical attacks of podagra affecting the great toe
was required.

* For conversion from SI to traditional units, the following
factors apply: SUA, mg/100 ml = mmol/l x 16.72; serum
cholesterol, mg/100 ml = mmolfl x 38-61. Both SI and
traditional units are provided in the text.
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A prospective study ofgout in New Zealand Maoris 467

In order to take into account the effect of time on
the manifestations of a chronic disease such as gout,
Z-score transformations were used in the final
analyses. This removed the effect of age on contin-
uous variables which are thus expressed in standard
deviation units. Student's t test was used to test for
the significance of differences between means.

Multivariate discriminant analysis was used to
select sets of variables capable of discriminating 2
groups (gouty and gout-free) by step-wise entry
of variables into a function which maximises a

generalised distance measure, in this case Mahal-
anobis' D2. Associations between continuous varia-
bles are described by Pearson and partial correlations.
Gout prevalence and incidence rates were age-
standardised (indirect method) to take into account
differing age structures of subgroups and to thus
allow comparisons between SUA classes and be-
tween males and females.

Total body mass was estimated by a body mass
index (BMI), weight/height2 (g/cm2). Following
Jellife (1966), upper arm muscle circumference was
estimated by upper arm circumference (cm) -7r X

triceps skinfold thickness (cm). The use of the latter
variable as an indicator of body composition is
discussed by Frisancho (1974).

Results

POPULATION
The age and sex characteristics of the 388 males and
378 females examined at baseline and their follow-up
status 11 years later are given in Table 1. Details
of the baseline population samples have been pre-
viously published (Prior, 1962; Prior, et al., 1966),

Table 1 Age and sex characteristics of subjects seen at
the baseline examination and their status at follow-up

Baseline Follow up survey
Age

No. Deceased Lost to Seen
follow up

Males
15-24 56 3 8 45
25-34 92 5 5 82
35-44 66 7 1 58
45-54 90 28 6 56
55-4 53 28 0 25
65-74 18 13 0 5
75+ 13 12 0 1
Total 388 96 20 272

Females
15-24 57 1 6 50
25-34 81 4 7 70
35-44 84 10 6 68
45-54 73 11 2 60
55-64 48 24 0 24
65-74 25 20 0 5
75+ 10 7 0 3
Total 378 77 21 280

Female subjects pregnant at baseline were excluded
from the incidence study.
The population at risk for gout at baseline includes

96 males and 77 females who subsequently died, as
well as 20 males and 21 females who were otherwise
lost to follow-up; these 2 groups were therefore
compared, on the basis of baseline variables with the
subjects who were seen at the follow-up survey.
Apart from an anticipated age difference, for which
some continuous variables were adjusted by means
of Z-score transformation, no baseline differences
were found between those subjects seen at the
follow-up examination and those who died after the
baseline survey. Those subjects lost to follow-up
were slightly younger than the resurveyed subjects
(males: t290 = 2*14, P = 0 *033; females: t299 =2.47,
P = 0.014); and in males this group had a lower
mean cholesterol (t28 = 3*89, P<0-001). This
indicated that mortality and other reasons for drop-
ping out of the study have not adversely affected
the assumption that the ' survivor' group was
representative of the baseline population at risk for
gout. Incomplete data for some subjects have resulted
in minor discrepancies between some totals presented
in the text and in tables, depending on the variables
concerned.

BASELINE DATA
The baseline distribution of SUA values by sex and
the mean values by age and sex are shown in Figs.
1 and 2. These distributions are similar to those
reported by Hall et al. (1967) for the Framingham
population, Mikkelsen et al., (1965) for the Tecumseh

Table 2 Baseline SUA levels and the frequency of
hyperuricaemia within age groups

SUA (mmol/l) Frequency of
hyperuricaemia

Age (years) No.
Mean (SE) No. (%)

Males (SUA >0 42 mmol/l)
15-24 55 0.411 (0-011) 26 (47)
25-34 90 0.415 (0-008) 47 (52)
35-44 66 0.439 (0-011) 34 (52)
45-54 89 0.420 (0-011) 41 (46)
55-64 53 0.442 (0-016) 28 (53)
65-74 18 0.389 (0-019) 5 (28)
75+ 13 0.400 (0-014) 7 (54)
Total 384 0-422 188 (49)

Females (SUA >0.36 mmol/l)
15-24 56 0.335 (0-011) 15 (27)-
25-34 81 0.327 (0-010) 27 (33)
35-44 83 0.346 (0-010) 35 (42)
45-54 73 0.349 (0-010) 29 (40)
55-64 48 0.393 (0.015) 32 (67)
65-74 25 0.389 (0-023) 15 (60)
75+ 10 0.355 (0-014) 6 (60)
Total 376 0.350 159 (42)

Conversion: SI to traditional units -SUA: 1 mg/100 ml s0-0598
mmol/l.
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468 Brauer, Prior

study, and Sturge et al. (1977) for a non-random
sample of adults in England and Scotland, with the
difference that the Maori values are higher overall
by about 0*10 mmol/l (2 mg/100 ml).

Regression analyses revealed a positive linear
relationship between age and SUA in female sub-
jects. To remove any such age-effect as well as to
counteract the skewness of the SUA distributions,
Z-score transformations of SUA values were used
in the incidence study. On the traditional basis of
0.42 and 0O36 mmol/l (7.0 and 6 0 mg/100 ml) as

20
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the SUA cut-off values for hyperuricaemia, in
males and females, respectively, the prevalence of
hyperuricaemia at baseline is 49% in males and 42%
in females (Table 2).
Of the 388 males and 378 non-pregnant females

examined at baseline, 34 males and 3 females were
diagnosed as having gout, a prevalence of 8.8%
and 0*8%, respectively. Since the small numbers
of the latter group preclude statistical analysis, the
only cross-sectional differences shown are those
between gouty and non-gouty males (Table 3).
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Fig. 1 Distribution ofserum uric acid
values. Maori round I (baseline).
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Fig. 2 Age-sex specific mean serum uric
I acid. Maori round I (baseline).

Males (n =384 )
- - - Females ( n =376 )

15-24 25-34 35-44 45-54

Age (years)

55-64 65-74 >75I

I
I
I
I

I

l

11

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.37.5.466 on 1 O
ctober 1978. D

ow
nloaded from

 

http://ard.bmj.com/


A prospective study ofgout in New Zealand Maoris 469

Table 3 Gout prevalence: baseline comparisons ofgouty and non-gouty males
Gouty (n=34) Non-gouty (n=354)

Mean (SE) Mean (SE) t P

Age (years) 51.8 (1-1) 41.4 (0-9) 7.54 <0.001
Weight (kg) 90-9 (2.9) 79*0 (0-8) 4.22 <0.001
Upper armcircumference (cm) 32.7 (0.4) 30.3 (0-2) 5.16 <0.001
Triceps skinfold (mm) 13.0 (0.9) 11.0 (0*2) 2.49 0.013
Musclecircumference (cm) 28.7 (0-4) 26-8 (0.2) 3.49 0.001
Subscapular skinfold (mm) 18.0 (1-0) 14.2 (0.4) 2.89 0-004
Systolicblood pressure (mmHg) 154.4 (4.7) 134.0 (11) 4-28 <0.001
Diastolic blood pressure (mmHg) 98-1 (2-3) 86.8 (0-6) 5-17 <0.001
Body mass index 3.11 (0-08) 2.72 (0-03) 4.47 <0.001
SUA (mmol/l) 0.512 (0-021) 0.413 (0-004) 4-68 <0.001
Serum cholesterol (mmol/l) 6.434 (0.303) 5-555 (0-061) 2-84 0.007

Conversion: traditional to SI units- systolic and diastolic blood pressure: 1 mmHg w 0. 133kPa.
Conversion: SI to traditional units- cholesterol: 1 mg/100 ml * 0-0259 mmol/l.

The age-standardised prevalence of gout in males,
within SUA classes at baseline, is shown in Table 4.
On the basis of relative risk of gout in male Maoris
a SUA discrimination value (Sunderman, 1975) for
hyperuricaemiaj of 0 *48 mmol/l (8.0 mg/100 ml)
would be more useful than 0 .42 mmol/l (7.0 mg/
100 ml).

INCIDENCE OF GOUT
The incidence study was based on 252 males and
279 females who did not suffer from gout at the
baseline examination and who were re-examined
eleven years later; a response rate of 90% of eligible
subjects. Comparisons were made (within each sex)
between those subjects who remained free of the
disease and those who at the follow up examination
reported having had recurrent attacks of gout.
Twenty-six males and 12 females reported recurrent
podagra affecting the great toe, an incidence of
10 - 3% and 4.3% in males and females, respectively.
The age-standardised attack rate and relative risk
of gout within SUA classes is examined in Table 5.

RISK FACTORS CONTRIBUTING TO GOUT
Those subjects with and those without subsequent
gout were compared on the basis of their baseline
variables (Table 6). Risk factors for gout common
to both males and females were found to be weight,

Table 4 Age-standardised prevalence ofgout in males
by baseline SUA classes*

SUA classes Age- Cases Risk relative
(mmol/l) standardised ofgout to prevalence

prevalence below 0-42
No. (per hundred) mmol/l

Less than 0-42 200 (4-48) 9
0-42 or more 188 (13-36) 25 2.98
0.48 or more 102 (18-84) 23 4.55
0-54 or more 40 (21.49) 13 4.80

*Indirect standardisation was used with the pooled male sample as
reference population.

BMI, blood pressure, and SUA. Age was a risk
factor in females, reflecting the effect of age on
SUA; although cross-sectionally the age difference
between gouty and non-gouty males (see Table 3)
was what would be expected in a chronic disease,
these groups did not differ significantly for age in the
incidence study. In both the cross-sectional and
prospective analyses upper arm muscle circumfer-
ence was greater in gouty males; the difference in
females was not significant. Subcutaneous fat and
serum cholesterol, greater in gouty than in non-gouty
males cross-sectionally, were not risk factors for the
incidence of gout.

In addition to univariate analyses to determine
individual risk factors, step-wise discriminant
analysis was undertaken to find the statistically
'best' set of baseline variables which would dis-
criminate between those subjects who developed

Table 5 Age-standardised incidence and relative risk of
gout, within baseline SUA classes, in males andfemales
over the 11-year period between baseline andfollow-up*

SUA classes (mmol/l)

A B C Total
<0-36 0.36-0-48 >0-48

Males
No. at risk 69 125 56 252
New gout cases 2 7 17 26
Incidence
Crude 2.9% 5.6% 30.6% 10.3%
Age-standardised 2.8% 5.7% 29.1% -

Risk relative to
class A - 2.0 10.4% -

Females
No. at risk 169 88 22 279
New gout cases 1 3 8 12
Incidence
Crude 0-6% 3.4% 36.4% 4.3%
Age-standardised 0*6y% 3.1% 37*2% -

Risk relative to
class A - 5.2 62.0

*Indirect standardisation was used with the pooled 'at risk' group
as the reference population.
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470 Brauer, Prior

Table 6 Gout incidence: baseline comparisons between those subjects with and those without subsequent gout

Gout subsequent to baseline

Yes No

Mean (SE) Mean (SE) t P

Males n=26 n=226
Age (years) 38-6 (1-9) 36.9 (0.9) 0.82 NS
Weight (kg) 91-8 (3-8) 78.2 (0-9) 3.52 0.001
Upper arm circumference (cm) 32.9 (0.7) 30.3 (0.2) 3.83 0.001
Triceps skinfold (mm) 10-7 (0-6) 11-0 (0-3) 0-43 NS
Muscle circumference (cm) 29*2 (0.5) 26.9 (0.2) 4.31 0.001
MusclecircumferenceZ-score 0-65 (0-16) -0-11 (0-06) 3.93 0.001
Subscapularskinfold (mm) 16-7 (1-4) 14.0 (0-5) 1.88 NS
Systolic blood pressure (mmHg) 141-4 (3*7) 130-8 (1.0) 3.19 0-002
Diastolic blood pressure (mmHg) 95.0 (2-0) 85.6 (0.7) 4.06 0.001
Diastolic blood pressure Z-score 0.54 (0-17) -0-09 (0-06) 3.31 0.001
Body mass index 3.09 (0-11) 2.69 (0.03) 4.19 0.001
SUA(mmol/1) 0.486 (0-016) 0.404 (0-005) 5.10 0.001
SUA Z-score 0.69 (0.19) -0.26 (0.07) 4.33 0.001
Serumcholesterol(mmol/1) 5.818 (0-296) 5.631 (0-072) 0.61 NS

Females n=12 n=267
Age (years) 46.3 (3.3) 38.0 (0-8) 2.10 0-037
Weight (kg) 83.4 (6-7) 72.0 (1.0) 2.34 0.020
Upperarmcircumference (cm) 30.8 (1-2) 29.1 (0-3) 1.35 NS
Triceps skinfold (mm) 20-8 (2-9) 19.8 (0-5) 0.42 NS
Musclecircumference (cm) 24.2 (0-8) 22-9 (0-1) 1-92 NS
MusclecircumferenceZ-score 0.34 (0-33) -0-04 (0-06) 1-39 NS
Subscapular skinfold (mm) 25.9 (3-7) 21.5 (0-6) 1.42 NS
Systolic blood pressure (mmHg) 165.2 (11-6) 135.9 (1-7) 2.51 0.029
Diastolicblood pressure (mmHg) 106.9 (5.0) 87.0 (0-9) 4.56 0-001
Diastolic blood pressure Z-score 1.03 (0.40) -009 (0.06) 2.73 0*019
Body mass index 3-27 (0-23) 2-86 (0-04) 2.11 0.036
SUA (mmol/1) 0.474 (0-023) 0.337 (0*005) 5.81 0.001
SUA Z-score 1.38 (0-27) -0-10 (0*06) 5.25 0.001
Serum cholesterol (mmol/l) 5.463 (0-301)) 5.391 (0-064) 0.23 NS

gout between examinations and those who remained
gout-free. In females SUA Z-scores alone provided
the best separation and further multivariate analysis
was not appropriate. In males, SUA and muscle
size, age-adjusted by Z-score transformation,
together provided the best discrimination between
the two groups (Table 7).

Discussion

The high prevalence of gout in New Zealand Maoris
has now been supported by a study of incidence

Table 7 Ability of a discriminant function of baseline
SUA and muscle size (adjusted for age) to correctly
classify subsequent cases ofgout and non-gout in males*
Actual group Predicted group membership

Group 1 Group 2

Group 1 (n=25) 18 (72 *0%) 7 (28 * OY.)
(New gout cases at

follow up)

Group 2 (n=221) 64 (29.0 Y.) 157 (71-0%Y)
(Non-gout at both

examinations)

*Percentage of male subjects correctly classified=71- 1 %.

cases over an 11-year period. The development of a
number of new cases in both males and females has
allowed some predictive factors to be determined.
As would be expected, SUA level was the most
important predictor. In subjects with levels above
0.48 mmol/l (8-0 mg/100 ml) the attack rate of
gout over the 11-year period was 29.1 % in males
and 37.2% in females. This represents a 5- and 10-
fold increase respectively, of the risk of subsequent
gout relative to the next lower SUA class, 0.36-
0.48 mmol/l (6.0-8.0 mg/100 ml). These findings
have important implications for the determination
of a discrimination value for hyperuricaemia in
Maoris, both male and female, and support the
suggestion (Rose et al. (1966) that a single SUA
level of 0.48 mmol/l (8.0 mg/100 ml) would be
a more useful cut-off level than the traditional sex-
specific values. On the Use of this single reference
value could provide a more effective basis for inter-
vention programmes. If used with these data, the
higher cut-off results in considerably reduced base-
line prevalences of hyperuricaemia (26.8% in
males and 10.1% in females) which then parallel
very closely the likelihood of developing gout
(10 * 3% in males and 4*3 % in females).
One of the striking findings in this long term study

has been the high incidence rate of gout, 37% over
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the 11-year period, in females with SUA above
0-48 mmol/l (8.0 mg/100 ml). This suggests that the
occurrence of clinical gout is dependent to a much
greater extent on SUA levels than on sex or other
possible precipitating factors. In the majority of
populations the number at risk will be extremely
small. The Polynesian predisposition to hyperuri-
caemia, however, sets them apart and places them
in the higher risk category.
A relationship between muscle size and the inci-

dence of gout does not appear to be referred to in
the literature and is presented as a major finding of
this study. The purine-rich nature of muscle tissue
suggests one reason why this variable might be
implicated, although the correlation between SUA
and muscle size (r = 0.237, P = 0.001) disappeared
when correlated for BMI (r = 0-010, P = 0.86).
Sturge et al. (1977) reported that lean body mass
(LBM) was positively correlated with SUA in both
sexes, but when entered into step-wise regression
together with a measure of total body mass (pon-
deral index) LBM in males no longer explained a
significant amount of SUA variation. A correlation
between SUA and LBM (t55 = 6.34 P<0.001) has
been reported by Kennedy et al. (1975); this result
is based on a pooled group of 27 males and 30
females and a sex difference in the effect of LBM
on SUA is not reported.

Further evidence that muscularity, in Caucasian
males, does not seem to be accompanied by elevated
SUA has been reported by Gertler et al. (1951). In
a study of the relationship between SUA and phy-
sique, using Sheldon's somatotype approach (Sheldon
et al., 1940) a clear correlation was shown with
endomorphy (a measure of obesity), but only an
equivocal relationship with mesomorphy (a measure
of muscularity). Sheldon and his co-workers
conclude that 'though it was expected that the muscle
mass of the mesomorphs would contribute to their
SUA, the dominant mesomorphs did not differ
appreciably from the mid-range physiques, thus
confirming the lack of correlation between meso-
morphy and uric acid'.
The finding of the present study is thus taken as

evidence for the existence of a factor in muscle size
which is involved in the pathogenesis of gout but
which does not seem to be involved by way of
elevating SUA. More research is now needed to
corroborate and investigate muscle size as a risk
factor for gout.
The characteristics of gouty versus non-gouty

males in both the cross-sectional and the longitudinal
analyses certainly highlight their higher blood pres-
sure, greater body mass, greater muscle size, and
higher SUA levels. This study now gives some more
definite leads towards the prevention of the long-term

effects of hyperuricaemia and clinical gout by
active intervention in high risk subjects, ie, males
and females with SUA levels above 0.48 mmol/l
(8.0 mg/100 ml), and particularly males who have
both a high SUA level and a large upper arm muscle
circumference.
There is still much to be learned concerning uric

acid metabolism and gout in Polynesian people.
Recent work by Campion et al. (1975) has established
that Maoris, both gouty subjects and asymptomatic
hyperuricaemics, were capable of binding more
sodium urate than Caucasian gouty or hyperuri-
caemic subjects. This involved binding to albumin
but the Maoris also had urate bound to globulins
which had not been shown in Caucasians. This
indicates a clear abnormality of urate binding and
these studies need to be carried further to determine
more clearly what part urate binding plays in the
differences in SUA levels within and between different
Polynesian populations.
A comparison between New Zealand Maoris and

Hawaiian Polynesians showed similarities in terms
of hypertension, obesity, and diabetes but gout was
uncommon in the Hawaiians and uric acid levels
were significantly lower than in Maoris (Healey
et al., 1966). This suggests that not all Polynesian
groups have the same measure of genetic predis-
position to hyperuricaemia. These differences have
not as yet been explained.

Progress must now be made with early recognition
and intervention in subjects at high risk. Weight
reduction and supervised long-term drug therapy
will be the cornerstones of this approach.

Further population studies can be justified when
undertaken to identify the distribution of SUA and
gout with a view to exploring basic mechanisms,
particularly those involving body composition and
blood pressure. This would include sub-sampling
males and females at different SUA levels to mea-
sure urate binding and other metabolic pathways.

This work was supported by grants to the Wellington
Hospital Epidemiology Unit from the Medical
Research Council of New Zealand and from the
World Health Organisation. We wish to acknow-
ledge the help of Drs P. J. Hatfield and B. L. J.
Treadwell who gave advice and criticism. The work
of the survey team and the help of the Maori people
who took part in the surveys is especially acknow-
ledged.
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